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Executive Summary
Water resource management is a major challenge in Baja California, where all
sectors are being affected by drought. Stakeholders are in need for alternative
solutions and are open for innovations like SWS. However, the implementation
and adaptation of these solutions is challenged by the (local) political
environment, the compliance with the regulations, and the social acceptance
among others. To assure a successful implementation of SWS, the following
challenges must be overcome:

Social acceptance
The main challenge identified for the implementation of the project is the social
acceptance of using reclaimed water. Agriculture in Maneadero mainly consists
of high value crops for exportation, which is a very competitive market having
strict sanitary regulations. If recovered water proves to have a quality suitable for
irrigation, farmers will see the technology as a viable solution for their water
supply and will particularly favor the limited footprint and smaller required
investment compared to the use of desalinated water and its infrastructure.

Legal framework
The legal framework allowing the use of treated wastewater for aquifer recharge
(NOM014- CONAGUA) is very strict. Recharge is only allowed if the treated
water fulfills the (chemical) characteristics of drinking water quality. Two permits
are necessary to start the pilot. One for drilling and constructing the (monitoring)
wells, and one for extracting and utilizing the water. This makes the permitting
process time consuming, uncertain, and complicated. It is thus recommended to
start the permitting process for a full-scale implementation as soon as the first
results of the field pilot are obtained. Early start of the permitting application will
keep stakeholders engaged.

Collaboration among parties
During the design process and the pilot implementation, stakeholders seemed
very enthusiastic and cooperative. However, when their action is required, they
seem to forget the agreements and restart questioning the process and the
distribution of tasks, making the steps towards implementation and the
corresponding responsibilities and obligations unclear, thereby decelerating the
process. This was already encountered when the monitoring campaign of the
field pilot was drafted. Assumed commitments in the information gathering
process, and in the drafting/execution of the sampling campaign, required a
double confirmation to ensure that all parties agreed on the tasks and (financial)
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obligations. Good alignment between parties is core for the implementation
of the system and of the following steps. A clear and detailed agreement on
cooperation and commitment levels between different actors, strongly focusing
on their financial obligations and possibilities, is required prior to implementation
of the system. A constant and timely information flow is important to keep
relationships warm and stakeholders (future users) enthusiastic and committed.
The communication strategy, as part of the road map to the full-scale
implementation of SWS, will be strongly based on the results of the field pilot.
These results will prove that the required water quality can be achieved through
application of SWS, and updated models will be used to confirm that the required
freshwater volumes are available when SWS are implemented on full-scale.

Financial options and ownership of the system
Another challenge is the funding of the system. Stakeholders are very interested
in the solution but are not willing to invest in something of which the success has
not yet been proven. Better strategies to divulge the results of the pilot could help
in gaining engagement and future funding possibilities.
Regarding the ownership of the field pilot system, the ideal candidates to
manage the pilot seem to be the Ejido, CESPE and UABC. However, conflicts
have arisen in the past regarding fees and investment costs required for the
connection of farmland to the pipe system that runs from Ensenada for reusing
treated wastewater. Similar conflicts are expected when no clear decision is
made regarding the distribution of the exploitation costs and benefits of the novel
water source. The creation of a consortium seems to be the most feasible model
to solve the financial and operational problems.
Key success factors for the current field pilot to grow to a full-scale system are:
•

•

•
•

An effective communication campaign, addressing a constant flow of
information and (realistic) expectations management. Information must be
technically sound and preferably shared by making use of illustrations;
A solid stakeholder management strategy that assures the early and
constant engagement in the process, using existing communication lines
of local farmers organizations, (local) authorities, and knowledge centers
(UABC, CICESE) as base;
A phased approach based on go/no-go moments, where intermediate
results are presented and where realistic expectations are provided;
Water quality analyses to confirm the appropriate quality of recovered
water for the end users. Even when the water is expected to be of high
quality (e.g. with respect to viruses, pesticides, bacteria), end users want
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•
•

this confirmed by results produced by unbiased and acknowledged
parties;
If possible, external innovation budget and/or external assistance could be
used to move forward towards a full-scale installation;
Know the risks and how to cope with them.

Once the Freshkeeper pilot is in operation, regular monitoring and reporting
on the performance of the system and the recovered water quality is
important to maintain confidence in the provided solution. The results of the
cost-benefit analysis also support the development of a new “sales strategy”
to search for further funding options. The aforementioned process are
summarized in Image 1.

Conclusions
A full-scale implementation of a SWS system to overcome the imbalance of
available freshwater in a saline groundwater environment takes both
communication and technical skills. Using reclaimed water as a potential water
source to positively influence the local freshwater balance is technical feasible
but strong social barriers will be encountered that need to be accepted. Parallel
paths should be followed for researching the possibilities on geohydrology and
geology, as well as for the social acceptance. This will stimulate a smooth
implementation. The engagement with local partners is essential to obtain
knowledge, but also to create a strong positive image towards the stakeholders
involved. It will at least take over two years to come to a full-scale implementation
of SWS.
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1. Introduction
More than 40% of the global population lives in areas impacted by water scarcity.
Water demand is expected to increase by 55% between 2000 and 2050,
amplifying the already existing problems related to water scarcity. Moreover,
more than 70% of the total water demand can be attributed to the food
production chain. Water scarcity is therefore considered as “one of the most
pressing development challenges of the early 21st Century” (SWFF, 2015).
The penincula of Baja California, where Maneadero is located, hosts one of the
major agricultural regions in Mexico. High valued crops like grapes, vineyards,
tomatoes, and oranges, along with flours and plants are grown in this area.
These products are produced for the Mexican market, but are also exported to
the markets of America and Europe (o.a.). The area is a strong economic force
within Mexico. However, the threat of fresh water scarcity is increasing.
Frequently used techniques for desalination, such as Reverse Osmosis (RO), are
no sustainable solutions for Maneadero, since brackish groundwater abstraction
promotes the intrusion of seawater and further salinization of the aquifer. In
addition, RO does not represent an economically feasible solution due to the
economic importance of the valley.
Subsurface Water Solutions (SWS) offer an innovative, robust, and practical
solution to protect, enlarge, and assure availability of water throughout the year.
Accordingly, this enables proper groundwater management and better control of
freshwater resources.
Water resource management is a major challenge in Baja California, where all
sectors are being affected by drought. Stakeholders are in need of alternative
solutions and are open to innovations like SWS. However, the implementation
and adaptation of these solutions is challenged by the social acceptance among
others, the compliance with the regulations, and the (local)political environment.
The creation of a locally adapted strategy increases the interest towards these
solutions and enhances their public acceptance. This report will address the
roadmap for the implementation of SWS in Maneadero, focusing on the key
aspects to achieve success and the main challenges that have been detected.
Furthermore, based on the market scans that have been executed in surrounding
regions, a general approach for further development of SWS via replication areas
in Baja California in particular, and Mexico in general, is part of this report.
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2. Current (ground)water management at Maneadero
Maneadero Valley
Maneadero valley is a 35 km2 coastal alluvial plain located 15 km south of
Ensenada, Mexico (Figure 1). The local climate is Mediterranean-like dry, with a
yearly precipitation between 100 and 450 mm. Occasionally, more precipitation
can occur due to the influence of the El Niño Southern Oscillation (ENSO).

Figure 1 Location of Maneadero

The main economic activity in the area is agriculture focused on the production of
high quality and high valued crops, mainly for exportation. This generates over
2,500 direct jobs and a large number of indirect jobs throughout the whole supply
chain (transport, packaging, accountants, technical advisory and marketing).
The primary source of water is groundwater, provided by the Maneadero aquifer.
Currently, the aquifer is overexploited as the exploitation concessions exceed the
aquifer recharge by 17.6 Mm3/y (Table 1). This has led to a fast decrease of the
water table; between 2001 and 2009, the groundwater table dropped in average
by 1.6 m with local extremes of 6 to 10 m.
Aquifer
Maneadero

Medium annual Natural Compromised Concessioned Extraction volume according Meduim annual
DEFICIT
recharge
Discharge
Volume
to technical studies
availavility of water
20.8

0

38.377

30.6

0 -17.577

3

Table 1 Maneadero Exploitation (Amounts in Mm /y) (OFD, 2015)

The decrease of the water table caused an instability of the saline and fresh
water boundary leading to an increase of saltwater intrusion to the aquifer. Figure
2 shows the change of the concentration of TDS in the aquifer from 1974 to
2011, demonstrating the steep increase of salinity in the aquifer. In addition,
several parts of the aquifer are highly brackish (Table 2).

7

Type of water
Fresh
Brackish
Highly Brackish
Saline
Sea Water
Brine

PPM of TDS
<1,000 ppm
1,000-5,000
5,000-15,000
15,000-30,000
30,000-40,000
40,000-300,000+

Table 2 Water classification according to TDS content (WQA,2015)

Figure 2 TDS concentration change over time1974-2011. (UABC data)

Due to the increase of salinity, several exploitation wells have become unsuitable
for agriculture, leading to more than 1,000 ha taken out of production in
Maneadero Valley. To counteract this, the Baja California state government built
a 20 km pipeline to distribute reclaimed water (RW) from the El Naranjo
wastewater treatment plant, located south of Ensenada, to the south of
Maneadero Valley, where it is stored in two reservoir ponds. As a result 100 ha of
agricultural land has been brought back to production. Currently RW is used
exclusively for the irrigation of flowers and animal feed crops. The creation of the
reservoir ponds was also expected to have an impact on the infiltration of water
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into the aquifer. However, this did not happen, mainly due to buoyancy
effects between fresh infiltrated water and ambient saline groundwater.
Complications of this solution include (1) its limitations in space availability, as
available land is preferred to be used as agricultural land; (2) high evaporation
rates, which lead to a higher TDS concentration in the infiltration water; and (3)
the farmer’s hesitation to use reclaimed water for the irrigation of crops. The
latter mainly occurs when crop importers are sceptical towards the new irrigation
method.

Exploitation of aquifer recharge
Recharge to the Maneadero aquifer mainly proceeds by infiltration from the San
Carlos and Las Animas creeks, having average annual flows of 10.34 Mm3 and
22.96 Mm3, respectively (Figure 3). The valley soil is composed of sediments and
its surrounding area consists of igneous rocks.

Figure 3 Maneadero valley composition and surrounding rivers

Accurate infiltration rates can not be estimated due to unknown soil
characteristics and subterranean flow from the rivers. Therefore, the data
published by the Official Federation Diary (OFD) was considered the standard.
The Maneadero aquifer has a medium annual recharge of 20.8 Mm3 and its
exploitation concessions account for 38.377 Mm3/y, leading to a yearly deficit of
17.577 Mm3 (almost 46% of the demand) (Table 3). According to technical
studies, the actual exploitation only amounts to 30.6 Mm3/y. However, the
concessions data will be further used, since the exploitation distribution is also
determined by exploitation concessions and not only by extracted volumes.
Medium
Natural
Extraction volume Meduim annual
Concessioned
annual Compromised
according to
availavility of DEFICIT
Volume
recharge
Discharge
technical studies
water
Baja California 0212 Maneadero
20.8
0
38.377
30.6
0 -17.577
Aquifer Number

Aquifer

3

Table 3 Maneadero aquifer data (till 30/06/2014), published by DOF on 20/04/2015. Numbers are in Mm .
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The Maneadero aquifer is regulated by the National Water Commission
(CONAGUA for its initials in Spanish), who, by law, has the obligation to make all
information from exploitation concessions publicly available. This information
forms the Public Register of Water Rights (REPDA for its initials in Spanish) and
was consulted for the distribution of groundwaer exploitation. However, total
values didn’t match the official numbers published by the OFD. Therefore, the
values were compared with data from other sources. It was observed that the
concessions of Ensenada State Public Services Commission (CESPE for its
initials in Spanish) amounted to 6.31 Mm3/y (Medellin, J et al., 2013), while
REPDA data considered only 4.95 Mm3/y. The CESPE values of total
exploitation concessions were modified with this information. Based on the
assumption that concessions remain in the same distribution percentages, total
values were subsequently adjusted by a factor of 1.12 that is given by the ratio
between OFD and REPDA data. It is thought that these inaccuracies are due to
deprecated records in REPDA registers. An overview of the concession values
and their distribution is given inTable 4, which shows that agriculture represents
72% of the total water concessions and its reduction could represent the
difference between overexploitation and sustainable exploitation of the aquifer.
Use
Agriculture
CESPE
Public urban
Services
Industrial
Livestock
Multiple
Domestic
Total

Concession
3

[Mm /y]
24,718,417.5
6,310,000.0
2,396,280.0
428,096.0
215,100.0
103,009.0
51,000.0
36,833.5
34,258,736.0

%
72.15
18.42
6.99
1.25
0.63
0.30
0.15
0.11
100.00

Estimated consumption*
3

[Mm /y]
27,689,833.9
7,068,529.0
2,684,338.3
479,557.7
240,957.3
115,391.8
57,130.7
41,261.3
38,377,000.0

*Affected by 1.12 -ra ti o to fit expl oi ta ti on conces s ions publ i s hed i n the OFD for 2015

Table 4 Exploitation concessions by use- Own creation with REPDA- CONAGUA data adaptations

Another fact to consider when evaluating the accuracy of the published data is
that almost 49% of the extraction wells does not have a measuring device
installed to control the extraction (Table 5). Therefore, this could be larger than
the permitted concession (REPDA CONAGUA, 2015).
Type of exploitation
Non Applicable (manual exploitation)
Existing Measuring device
NO Measuring device

Exploitation Concession
[m3/y]

6,798
17,532,509
16,719,429

%
0.02
51.18
48.80

Table 5 Exploitation distribution by measuring device. REPDA- CONAGUA with CESPE’s exploitation
correction
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Waste Water Treatment Plants
All Waste water treatment plants (WWTPs) in Ensenada are operated by
CESPE. Hence, information used for this analysis was collected through
CESPE’s website.
Table 6 shows that most of the WWTPs in the area operate below their design
capacity except for El Noreste, which exceeds its capacity by 23%. When a
WWTP needs to operate above its design capacity, the installation will not meet
the obligated effluent quality. Therefore, effluent from this plant is not expected to
have an appropriate quality for infiltration.
Installed
Operation Performance
Disinfection
Treatment procedure
capacity [lps] capacity [lps]
%
Method
El gallo
200
168
84 Activated sludge
chlorine
500
371
74 Oxidation ditch
chlorine
El naranjo1
El sauzal
120
35
29 Oxidation ditch
chlorine
Noreste
26
32
123 Activated sludge
UV
Maneadero
30
4
13 Activated sludge and UF polishing step
UV
WWTP

Table 6 Ensenada WWTPs operation

Due to the distance between the Maneadero Valley and the WWTPs, CESPE’s
functionaries consider El Naranjo WWTP to be the only feasible source of RW.
As this WWTP is operating within the design capacity, it is expected that the
water quality of this effluent will be within its limits. This will be verified by
measurements during operation of the pilot site.
Figure 4 gives an overview of the locations of the aforementioned WWTPs in the
area and the location of Maneadero Valley, represented by the name of Rodolfo
Sánchez Taboada, which is the official name of the community.
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Figure 4 Location of WWTPs

Water quantity

Up to date information about the compromised effluents was not available
through CESPE’s website, and contact persons were not willing to share the
information directly. Therefore, the current situation was approximated with data
published in the program of preventive and mitigation measures for drought
(SEMARNAT, CONAGUA, 2014). Since this information was published early in
2014, data is expected to be from 2012. Reused effluent from El Naranjo WWTP
has increased since 2014, considering the 50 lps used by Maneadero valley.
Operation
Reuse purpouse
Discharge to ocean
Reuse*
capacity
Green
area*
Compactactation*
Agriculture*
Industrial*
%
[Mm3/y]
[Mm3/y]
[Mm3/y]
[Mm3/y]
[Mm3/y]
[Mm3 /y]
[Mm3 /y]
El gallo
5.30 0.049
0.003
0.046
5.25
99.1
1
El naranjo
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
Maneadero
0.13 0.137
0.137
WWTP

*Asuming original quantities in thousands of m3
1
Agriculture value updated adding 50lps that are currently distributed to maneadero Valley
Table 7 WWTP effluents and reuses –

It is important to note that all water from El Naranjo WWTP is already being
transported to Maneadero, where, besides the amount used for agriculture, a
portion is stored in the reservoir ponds that are currently present. The remaining
water is discharged to the ocean.
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Maneadero has plans to increase the current use of reclaimed water from
50lps to 200lps, expecting to bring a total of 400 ha back to production, in
contrast to the 100 ha of today (COTAS, 2015). As this amount of water is
already distributed to the area, the project will require only some infrastructure
investments, like local pipelines and the construction of reservoir ponds. These
ponds will include geomembranes in their design to avoid infiltration. Therefore,
they will not represent an advantage for this project. However, they will reduce
the availability of RW from 10.05 Mm3/y to 5.32 Mm3/y.
The effluent from Maneadero WWTP is already being reused in the area for
irrigation of flowers and crops for animal feed.
Figure 5 shows the location of the RW reservoir ponds and the current and
expected irrigation areas.

Figure 5 Mapping of Maneadero Area

The final water balance in Maneadero aquifer can be observed in Figure 6 .
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Figure 6 Water Balance of Maneadero Aquifer
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Water quality

Water for infiltration must comply with the quality parameters specified by law. The water
qualities of reclaimed water from El Naranjo, El Sauzal and El Gallo WWTPs and the
regulatory parameters that apply are compared in Table 8, Table 9, and Table 10. The
operational organizations do not publish information about the effluent water quality and
therefore only some outdated (2012) data was found in a public presentation. In addition,
not all parameters specified by law are being compared in the tables below, since only few
parameter measurements were available. Updated and complete information was
requested to CESPE with unsuccessful outcomes.
The parameters settling solids, TSS, Total N, Total P and mercury were observed to not
comply with the specifications. Therefore, intermediate treatment is required before
infiltration. However, as information is out of date and not representative, it was decided
not to perform any treatment analysis untill more accurate information is available.
Parameter

Units

2012

NOM 001-SEMARNAT (pollutant
discharge in national waters and
holdings)

PH
Temperature
C
Oil and grease
mg/l
Floating material
absent
Settling solids
ml/l
TSS
mg/l
DBO5
mg/l
DQO
mg/l
Total N
mg/l
Total P
mg/l
Fecal coliforms MPN/100ml
Arsenic
mg/l
Cadmium
mg/l
Cianurum
mg/l
Cupper
ml/l
Chrome
mg/l
Mercury
mg/l
Niquel
mg/l
Plumber
mg/l
Zinc
mg/l
Worm egg
(helminto)
units/l
TOC
mg/l
E.coli
MPN/l
TDS
mg/l
1

23
1.2
absent
7
13
12
68
9
4
145
0.00122
0.0012
0.04664
0.0046
0.0045
0.0027
0.0036
0.0038
0.02636

1

5-10. ND
40 OK
15 OK
absent OK
1 NOK
40 OK
30 OK
N.A.
15 OK
5 OK
1000 OK
0.1 OK
0.1 OK
1 OK
4 OK
0.5 OK
0.005 OK
2 OK
0.2 OK
10 OK
1/l non restricted irrig
5/l restricted irrigation OK
N.A.
N.A.
N.A.

NOM-003-ECOL-1997 -maximum
permissible pollutant discharge for
reused water in public services

15

30
30

1000

5

N.A.
N.A.
OK
N.A.
N.A.
OK
OK
N.A.
N.A.
N.A.
OK
N.A.
N.A.
N.A.
N.A.
N.A.
N.A.
N.A.
N.A.
N.A.
OK
N.A.
N.A.
N.A.

NOM-014-CONAGUA-2003 aqcuifer artificial recharge
with reclaimed water

0.01
5

N.A.
N.A.
N.A.
N.A.
N.A.
N.A.
OK
N.A.
N.A.
N.A.
NOK
OK
OK
OK
OK
OK
NOK
N.A.
OK
OK

1
16
absent
1000

OK
ND
ND
ND

30

absent
0.01
0.005
0.07
2
0.05
0.001

Maneadero- type C water body

**Extra list for chemicals and metals

Table 8 El Naranjo
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Parameter

Units

NOM 001-SEMARNAT (pollutant
discharge in national waters and

2012

holdings)

PH
Temperature
Oil and grease
Floating material
Settling solids
TSS
DBO5
DQO
Total N
Total P
Fecal coliforms
Arsenic
Cadmium
Cianurum
Cupper
Chrome
Mercury
Niquel
Plumber
Zinc
Worm egg
(helminto)
TOC
E.coli
TDS
1

C
mg/l
absent
ml/l
mg/l
mg/l
mg/l
mg/l
mg/l
MPN/100ml
mg/l
mg/l
mg/l
ml/l
mg/l
mg/l
mg/l
mg/l
mg/l

23
8
absent
ND
31
27
122
47
11
353
ND
ND
0.0547
0.0113
0.00164
0.0003
ND
ND
0.0224

units/l
mg/l
MPN/l
mg/l

1

5-10.
40
15
absent
1
40
30
15
5
1000
0.1
0.1
1
4
0.5
0.005
2
0.2
10
1/l non restricted irrig
5/l restricted irrigation

ND
OK
OK
OK
ND
OK
OK
N.A.
NOK
NOK
OK
ND
ND
OK
OK
OK
OK
ND
ND
OK
OK
N.A.
N.A.
N.A.

NOM-003-ECOL-1997 -maximum
permissible pollutant discharge for
reused water in public services

N.A.
N.A.
OK
N.A.
N.A.
NOK
OK
N.A.
N.A.
N.A.
OK
N.A.
N.A.
N.A.
N.A.
N.A.
N.A.
N.A.
N.A.
N.A.

15

30
30

1000

5

OK
N.A.
N.A.
N.A.

NOM-014-CONAGUA-2003 aqcuifer artificial recharge
with reclaimed water

absent
0.01
0.005
0.07
2
0.05
0.001
0.01
5

16
absent
1000

N.A.
N.A.
N.A.
N.A.
N.A.
N.A.
N.A.
N.A.
N.A.
N.A.
NOK
ND
ND
OK
OK
OK
OK
N.A.
ND
OK
N.A.
ND
ND
ND

Maneadero- type C water body

**Extra list for chemicals and metals

Table 9 El Gallo
Parameter

Units

2012

NOM 001-SEMARNAT (pollutant
discharge in national waters and
1

holdings)

PH
Temperature
C
Oil and grease
mg/l
Floating material
absent
Settling solids
ml/l
TSS
mg/l
DBO5
mg/l
DQO
mg/l
Total N
mg/l
Total P
mg/l
Fecal coliforms MPN/100ml
Arsenic
mg/l
Cadmium
mg/l
Cianurum
mg/l
Cupper
ml/l
Chrome
mg/l
Mercury
mg/l
Niquel
mg/l
Plumber
mg/l
Zinc
mg/l
Worm egg
(helminto)
units/l
TOC
mg/l
E.coli
MPN/l
TDS
mg/l
1

21
ND
Absent
ND
6.4
2
27
2.8
5.9
12
0.0096
ND
0.0194
0.0038
ND
ND
ND
ND
0.0483

5-10.
40
15
absent
1
40
30
15
5
1000
0.1
0.1
1
4
0.5
0.005
2
0.2
10
1/l non restricted irrig
5/l restricted irrigation

ND
OK
ND
OK
ND
OK
OK
N.A.
OK
NOK
OK
OK
ND
OK
OK
ND
ND
ND
ND
OK
OK
N.A.
N.A.
N.A.

NOM-003-ECOL-1997 -maximum
permissible pollutant discharge for
reused water in public services

15

30
30

1000

5

N.A.
N.A.
ND
N.A.
N.A.
OK
OK
N.A.
N.A.
N.A.
OK
N.A.
N.A.
N.A.
N.A.
N.A.
N.A.
N.A.
N.A.
N.A.
OK
N.A.
N.A.
N.A.

NOM-014-CONAGUA-2003 aqcuifer artificial recharge
with reclaimed water **

absent
0.01
0.005
0.07
2
0.05
0.001
0.01
5

16
absent
1000

N.A.
N.A.
N.A.
N.A.
N.A.
N.A.
N.A.
N.A.
N.A.
N.A.
NOK
OK
ND
OK
OK
ND
ND
N.A.
ND
OK
N.A.
ND
ND
ND

Maneadero- type C water body

**Extra list for chemicals and metals

Table 10 El Sauzal
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Some lab tests have been performed by the Water and Environment lab of the IIO-UABC
(Oceanology Research Institute of the UABC) in the current reservoir ponds. Their results
were compared to the parameters stablished by the NOM 014 CONAGUA or the NOM 127
SSA in case it was applicable. Dissolved solids, turbidity, ammonia and coliforms must be
removed during infiltration or with a previous treatment step to meet the norms/standards.
However, it should be noted that the tests were not performed by a certified laboratory and
the analysis were not extensive. Therefore, the information is only to be used for a general
impression. Further analysis of all the parameters specified by the NOM is included in the
piloting including the use of a certified lab.
Parameter

Units

PH
TDS
mg/l
Oil and grease
mg/l
DBO5
mg/l
Total Coliforms MPN/100ml
Fecal coliforms MPN/100ml
Turbiduity
NTU
TSS
mg/l
Nitrates
mg/l
Ammonium
mg/l

Sample #
1

2

4

5

6

7

8

9

11

12

13

14

15

7.8
7.2 8.68 7.27 7.98 7.23 7.2 7.21 7.45 7.16 7.17 6.93 6.98
2653 2776 2327 3038
2670 2910 3300 3460 3530 3480
3.41 3.14 3.14 3.14
5
5
5
5
5
5
5
5
5
24.54 18.48 18.33 36.96
20
9
17
13
16 11.4
10
5
2
460
430
430
0
0
70
33 240
33
50
80
4
2
460
430
430
0
0
46
33
23
33
50
50
2
21
7
18
13
5
7
4 11.8
2 5.4
4
34.57
25
5
11
5
14
14
5
5
9.24
3.6 4.9 6.6 2.8 2.2 2.2 2.5
2
4 4.6 3.9 23.1
30
2 3.4 3.5

Average
7.4
3014.4
4.4
16.6
140.9
119.9
8.9
13.2
4.0
9.3

NOM 014 CONAGUA or
NOM 127 SSA (if
applicable)

5-8.5
1000
15
30
Absent
Absent
5
40
10
0.5

OK
NOK
OK
OK
NOK
NOK
NOK
OK
OK
NOK

Table 11 Water quality analysis of Reservoir Ponds in Maneadero
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3. Groundwater flow modeling
Aims and approach
To assess the SWS feasibility, a detailed hydrological model of the study area was
developed. The aim of the model was to explore the impact of SWS on the local fresh-salt
water interface and the freshwater infiltration from the recharge pond. The outcomes of
this modeling study will guide the setup of a field pilot, including the (research) questions
to be answered through the pilot.
SEAWAT Version 4 (Langevin, Thorne Jr et al. 2008) was chosen as modelling code for
this purpose because of its ability to simulate three-dimensional variable-density
groundwater flow coupled with multi-species solute transport. This allows for accurate
description of the groundwater flow movement, taking into account the density differences
between fresh and saline water (buoyancy effects and upconing).
Hydrological parameters of the study area, infiltrated and abstracted volumes in and close
to the infiltration pond, distribution of the infiltrated treated water below the pond, and
information on the seawater intrusion in the coastal aquifer of Maneadero were all based
on studies performed by CICESE and COTAS. These parameters were used as initial
conditions (‘reference situation’) in the model and were used to optimize other unknown
parameters. Once the model described the hydrological processes and the salinity
distribution in the area satisfactorily, different scenarios and SWS designs were run to
study the most optimal design.
In the following sections, the extension of the model, parameters used, boundary
conditions and the different scenario runs are described.

Model domain and boundary conditions
The model area is located around the treated waste-water infiltration pond, located 15 km
South of Ensenada. The infiltration pond is located in a relatively flat sedimentary area
where several rivers discharge to the ocean. More specifically, the study area lies between
las Ánimas Creek (South) and San Carlos creek (North). The sedimentary aquifer surface
is around 75 km2 and its volume is estimated to be 2,940 Mm3. Granite forms the basis of
the aquifer, which dips from a depth of 400 m in the north to between 580 m and 1,000 m
in the southern aquifer, where the Agua Blanca fault is located. Elevated topography can
be found to the East and South of the flat plain, resulting in a regional groundwater flow
towards the Pacific Coast in the west (Gil Venegas 2010). The local groundwater flow
highly depends on the pumping rates, despite the original regional groundwater flow
towards the sea. In fact, recent piezometric head development indicates reversal of the
groundwater flow direction towards the inland due to severe water table drops (Figure 7).
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.
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Figure 7 Water table depth with respect to sea level (isolines every 5m), location of the infiltration pond and extension of
the model.

Detailed information on hydrogeological parameters of the study area was provided by
CICESE. The study of Sarmiento López (1996) contains the lithology encountered during
several drillings. One of the drillings (PEZA 3: Figure 8), located 400m West of the
infiltration pond, was used to schematize the geology of the model. Furthermore, pumping
test data was available from four locations in the Maneadero aquifer (Figure 9).
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Figure 8 Geological description of drilling PEZA 3.

Figure 9 Location of the pumping tests performed in the Maneadero Aquifer (yellow pins) and of the salt water infiltration
measured through geophysical methods ((LUJÁN and Romo 2010))
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The groundwater quality in the Maneadero aquifer has been monitored in the last years.
The water quality deteriorates resulting from extensive water extraction for agricultural and
urban supply, salinization by seawater, and nitrate pollution derived from septic tanks in
the town of Maneadero and from fertilizer and manure input (Daesslé, Pérez-Flores et al.
2014). Daesslé et al. provide information on the TDS, Cl, Na, NO3 and F concentrations
measured in different wells in the Maneadero aquifer, including wells 161 and 157, located
close to the infiltration pond (Table 1, Figure 11 and Figure 12). In addition, the
geophysical study performed by LUJÁN and Romo (2010) provides local information on
soil conductivities very close to the infiltration pond (blue line in Figure 11). According to
the resistivity distribution found, sea water intrusion is well beyond the infiltration pond.

Figure 10 Resistivity measured by (LUJÁN and Romo 2010)along profile 3of their study. Resistivity is related to salinity of
the water, the less resistant the more saline the groundwater is expected to be. The figure indicated the possible location
of the salinization front in 2011.

Figure 11 TDS distribution in 2011 based on geophysical studies by CICESE. The blue dot indicates the location of the
infiltration pond and the blue line the location of the third geophysical profile performed by (LUJÁN and Romo 2010).
Modified after (Daesslé, Pérez-Flores et al. 2014)
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Recent information on the salinity concentrations (as TDS) measured in observation wells
located close to the infiltration pond (Figure 12) is summarized in Table 1, together with
the water quality measured in the infiltration pond by GARCIA (2016).

Figure 12 Location of the pumping and observation wells closest to the infiltration pond. The yellow line indicates the
extension of the sea-water intrusion
Table 1. Coordinates, filter depth and TDS measured in the infiltration pond and surrounding wells

Well

Longitude

Latitude

Depth filter

Year TDS
measurement

TDS

M36
M16/ 157

N
3509759.24
3506211.479

E
536636.83
537744.916

m-surf
60
48

2016
2011

Ppm
17000
16000

161
P1
Pond
Pond
Pond

3509818
3509863
3509872
3509872
3509872

537324
536910
536939
536939
536939

25
12
2.5
2.5
2.5

2011
2017
2016
2014
2014

25600
3820
2100
2653
2776

The hydrogeological conditions found within a radius of 1 km from the infiltration pond
were replicated to set a model domain of 1.2 km in width, 4km in length and 200 m deep,
designed with sufficient distance to the boundaries and, therefore, less artificial impacts on
the simulated fresh-salt water interface. A half-domain type of model was used to reduce
calculation time, i.e. the groundwater behavior is mirrored in the other half that is not
included in the model. One of the boundaries thus passes through the infiltration pond and
the two surrounding wells (Figure 7).
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The model was subdivided in 6 geological layers based on the geological description of
drilling PEZA 3 and the information on pumping tests. Model layer thicknesses were
chosen to study the shallow subsurface in more detail. The top 6 m below the surface level
was assumed to be unsaturated and therefore not included in the model. The horizontal
extent of the model cells in the vicinity of the wells and the infiltration pond was 10m by
10m. The porosity, horizontal and vertical conductivities (Khor/Kver), storage coefficients,
and salinity are given in Table 2. These coefficients are based on the information of the
pumping tests and on common values for the given lithology observed in drilling PEZA 3.
Model dispersivity was set to 0.1m and the molecular diffusion to 8.64E-5 m2/d. The
reference density (ρf ) was 1000 kg/m3 and the volumetric concentration expansion
gradient (βC) was set to 0,7 (m3/ppt salinity)
Table 2 Main parameters used in the model. The values between brackets correspond to the thickness of the model
cells. BSL = below surface level
Geological
Layer

Depth
(m BSL)

Model Layers
(thickness of
cell in m)
3 (1 m)

Porosity
(-)

Khor/Kver
(m/d)

Storativity
(-)

Salinity
(ppm)

1

6-9

0.2

10. / 3.33

1·10-3

0.3

40. / 40.

1·10-6

61 - 67

10 (1 m)
21 (2 m)
3 (2 m)

2,500 (2 m)
25,000 (1 m)
25,000

2

9 - 61

3

0.2

10. / 3.33

1·10-4

16,000

4

67 - 81

1 (14 m)

0.3

40. / 40.

1·10-6

16,000

5

81 - 102

1 (21 m)

0.3

30. / 30.

1·10-6

16,000

6

102 - 200

2 (49 m)

0.3

30. / 30.

1·10-6

16,000

Boundary conditions were set as depicted in Figure 13. The left-hand (west) side of the
model was set as constant head of -6m (sea level = 6m below surface level) and constant
concentration boundary, with a high salinity (TDS = 25000 ppm) for simulation of sea
water intrusion. The right-hand (east) side of the model also has a constant head
boundary. No head differences were imposed between the two boundaries since regional
groundwater flow is counteracted by surrounding pumping wells. The infiltration pond was
simulated using Modflow’s River Package with the parameter values included in Table 3,
in which concentrations were assumed to be constant at TDS = 2500 ppm, i.e. the salinity
of the reuse water currently fed to the pond. The pond was simulated to be 20 meters wide
and 30 meters long, since only half of the pond is simulated (real extent: 20 m by 60 m).
For modelling the actual situation, including an unsaturated zone in the top 6 m below
surface level and the river package in the top few meters would be required in the model.
However, model instabilities are encountered by the partial rewetting of model cells near
the infiltration pond. Therefore, it was decided to simplify the model by excluding the top 6
m (unsaturated zone) below surface level in the different scenarios, and to model only the
saturated zone.
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The three pumping wells that are aligned with the pond: M36, 161 and 157 (or M16), are
located as depicted in Figure 13. They were simulated to be out of operation during the
model runs and only used as observation points for salinity measurements to test whether
freshening will occur.

Figure 13. Conceptual model of the area surrounding the infiltration pond. The red box indicates the extent of the model
in a regional scheme of the area and the boundary conditions chosen

2

Table 3. River package parameters. Total conductance is the sum of the model cells’ conductance values in m /day. BSL
is below surface level (sea level = 6 m BSL).
Model
Layer

Top
(m BSL)

Bottom
(m BSL)

Total conductance
(m2/d)

1

5.5

7.0

30.0
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Scenario modeling
The Freshkeeper (i.e. brackish water interception wells that prevent salinization of
(freshwater) abstraction wells) was selected as SWS solution, since the infiltration facility
was already in place (the pond). Hence, only the facility to recover the infiltrated freshwater
had to be provided. Several scenarios were run with different Freshkeeper configurations
to acquire insight in potential freshwater production from the subsurface below the pond
(Figure 14).
Scenarios A: Freshkeeper wells at a large distance from the pond

The scenario runs involved both Freshkeeper wells and the nearest existing abstraction
wells. The idea was that Freshkeeper wells could bring the abstraction wells back to
operation by increasing freshwater infiltration around the infiltration pond and deepening
the fresh-salt water interface. Different well configurations were studied:
1. Scenario E1: Freshkeeper wells (marked red in Figure 14) located further away from the
infiltration pond than the existing abstraction wells (25 m west of pumping well M36,
25m East of well M16, and 525m North of the infiltration pond);
2. Scenario E2: Freshkeeper wells located half-way between the existing abstraction wells
and the infiltration pond, and 500m North from the infiltration pond;
3. Scenario E3: Freshkeeper wells located underneath the existing abstraction wells.
These scenarios, however, rendered very poor improvement regarding freshwater
infiltration, even when run for 20 years with Freshkeeper abstraction rates of 100 m3/day.
The Freshkeeper configurations proved to be too far from the infiltration pond with the
given local conditions and discharge rates should be considerably higher to impact the
current infiltration rate.

Figure 14. Scenarios run with different Freshkeeper configurations related to the existing wells. The blue rectangle
represents the infiltration pond, the orange part of the aquifer the brackish groundwater and the blue the expected fresh
groundwater.
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Scenarios B: Freshkeeper wells close to the pond
Implementation of Freshkeeper wells at a large distance from the pond did not
(significantly) influence the infiltration rate at the infiltration pond and buildup of a
freshwater lens. Therefore, a second Freshkeeper configuration was setup that would not
employ the existing abstraction wells but would enlarge the present lens nearby the
infiltration pond by abstracting deeper brackish groundwater in the vicinity of the pond.
Because of the position of the wells close to the infiltration pond, it was chosen to refine
the previous grid to 1 by 1 meter around the wells and the infiltration pond.
A total of 8 scenarios (Table 4) was run. In all scenarios, saline water was abstracted by
four Freshkeeper wells at a distance of 20 m from the outer edges of the pond (West,
North, East, and South; filter depth 41 – 51 mBSL). In half of the scenarios, shallower
abstraction wells were used to recover the infiltrated freshwater (indicated by “withRecov”).
The other half of the scenarios excluded direct recovery from the shallower wells
(Freshkeeper wells only: “noRecov”), and were used as a reference for the withRecov
scenarios. Maximum well rates of the shallow recovery wells (filter depth: 10 to 15 m BSL)
were 100 m3/d. This freshwater recovery was automated, i.e. the wells were set to abstract
only when TDS <3000 ppm. Note that this TDS is close to the salinity of the infiltrating
water (2500 ppm), thus allowing for very little mixing of infiltrated water with ambient
groundwater. The maximum (constant) well rates of the Freshkeeper wells were either 100
(FK100), 500 (FK500), or 1000 m3/d (FK1000). After interpretation of these scenarios, two
additional scenarios where included with shallower Freshkeeper wells (at 25 – 35 m BSL).
These shallow Freshkeeper wells were thought to improve the freshwater recovery of the
system. The starting salinity of the simulations is shown in Figure 15.
Table 4: Scenario runs. BSL = below surface level
Scenario name

1: FK100_noRecov_D
2: FK100_withRecov _D
3: FK500_noRecov_D
4: FK500_withRecov_D
5: FK1000_noRecov_D
6: FK1000_withRecov_D
7: FK100_noRecov_S
8: FK100_withRecov_S

Maximum well rate
Recovery wells
3
(m /d)
0
100
0
100
0
100
0
100

Freshkeeper well rate
3
(m /d)

Depth of FK wells
(m BSL)

100
100
500
500
1000
1000
100
100

41 – 51
41 – 51
41 – 51
41 – 51
41 – 51
41 – 51
25 – 35
25 – 35
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Figure 15. Reference situation after simulation of 2 years of Infiltration by the pond. The maximum depth occurrence of
the lens is 15 m BSL (below surface level). The black and red markers indicate the location of the Recovery and
Freshkeeper wells (studied in the “Deep” scenarios).

The most significant model results are highlighted by using salinity cross-sections and the
freshwater recovery, directly obtained from the model. For brevity, only the most distinctive
model scenarios are discussed in this section, including:
1
2
3
4
5

Scenario 1: FK100_noRecov_D
Scenario 2: FK100_withRecov_D
Scenario 6: FK1000_withRecov_D
Scenario 7: FK100_noRecov_S
Scenario 8: FK100_withRecov_S.

Scenarios 1 and 2: 100m3/day Freshkeeper, without and with freshwater recovery

Salinity distributions (cross-sections) after 5 and 10 years of operation for scenarios 1
(FK100_noRecov_D) and 2 (FK100_withRecov_D) are presented in Figure 16 - Figure 19.
The salinity distributions for both scenarios were the same, because recovery of
groundwater with a salinity <3000 ppm was insignificant during the first 10 years of
operation in the FK100_withRecov_D scenario. The freshwater lens increased in
thickness, due to brackish water abstraction via the Freshkeeper wells, but the increase
was marginal only (ca. 3 m). The lens widened as well, spanning a distance of 300m after
5 years of operation. Wide but thin lenses are difficult to manage, as indicated by the poor
recoverability of the infiltrated freshwater. Both results (slight increase in thickness and a
widening of the lens) indicate that the buoyancy effects were hardly counteracted by the
Freshkeeper wells. Over a period of ten years, the salinity below the freshwater lens
decreased from 25000 to 16000 ppm, especially directly below the pond. This is a result of
mixing of infiltrated freshwater with ambient brackish groundwater, as well as inflow of
deeper, less saline groundwater.
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Figure 16. Salinity cross-section (W-E) through the center of the pond after 5 years of implementation of scenario 1:
FK100_noRecov_D.

Figure 17. Salinity cross-section (W-E) through the center of the pond after 5 years of implementation of scenario 1:
FK100_noRecov_D.

Figure 18. Salinity cross-section (W-E) through the center of the pond after 5 years of implementation of scenario 2:
FK100_withRecov_D.
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Figure 19. Salinity cross-section (W-E) through the center of the pond after 10 years of implementation of scenario 2:
FK100_withRecov_D.

Scenario 6: 1000 m3/day Freshkeeper, with freshwater recovery

In scenario 6, the (brackish water) abstraction rate of the Freshkeeper well was increased
to 1000 m3/day to test whether this would result in a deeper freshwater lens in the
Maneadero aquifer. Salinity distributions after 5 and 10 years of operation are shown in
Figure 20 and Figure 21. The freshwater lens increased significantly in depth (below the
pond up to 15 mBSL; below the Freshkeeper well up to 25 mBSL), and was indeed
narrower than in previous scenarios and centered around the infiltration pond. The high
brackish water abstraction rate caused salinization at some distance from the pond
(outside the range of the figures), forming a steep fresh-salt water interface there. A
significant proportion of infiltrated freshwater was “consumed” by the deeper Freshkeeper
wells, resulting in losses of otherwise recoverable freshwater. Similar to previous
scenarios, mixing of infiltration water with ambient groundwater and inflow of less saline
groundwater from deeper down, resulted in a lower salinity right below the freshwater lens.
Despite the narrower and deeper freshwater lens, recoverability of the infiltrated
freshwater was still low; the fresh-to-brackish water abstraction ratio was in the order of
4:100 only. Important causes for this low recoverability are the high salinity of the ambient
groundwater (strong buoyancy effects) and the lack of confining and/or less conductive soil
layers, promoting upward movement of (saline) groundwater during freshwater recovery.

Figure 20. Salinity cross-section (W-E) through the center of the pond after 5 years of implementation of scenario 6:
FK1000_withRecov_D.
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Figure 21. Salinity cross-section (W-E) through the center of the pond after 10 years of implementation of scenario 6:
FK1000_withRecov_D.

Scenarios 7 and 8: shallow Freshkeeper wells

The previous scenarios all had Freshkeeper (brackish water abstraction) wells with a filter
depth of 41 – 51 mBSL. A disadvantage of this relatively large filter depth is the large
proportion of brackish water flowing to this well laterally and from below, making the well
less efficient in counteracting buoyancy effects and in stabilizing / developing the
freshwater lens, resulting in inefficient freshwater recovery. Therefore, scenarios 7 and 8
included shallow Freshkeeper wells,having a filter depth of 25 – 35 mBSL. The brackish
water abstraction rate of the shallow Freshkeeper well was set equal to the abstraction
rate in scenarios 1 and 2, i.e. 100 m3/day.
Salinity profiles of scenarios 7 and 8 are presented in Figure 22 and Figure 25. Similar to
scenarios 1 and 2, a thin, wide freshwater lens developed with time. Some of the infiltrated
water was lost to the Freshkeeper wells and a significant inflow of less saline groundwater
from deeper down remained. However, these effects were not as severe as in the previous
(deep Freshkeeper) scenarios. In contrast to scenario 2, it was possible to frequently
recover freshwater with the shallow recovery wells in scenario 8 (FK100_withRecov_S).
The recovery efficiency was, however, still very limited: the fresh-to-brackish water
abstraction ratio was in the order of 8:100 only, again stressing the challenges for efficient
freshwater storage in the Maneadero aquifer.

Figure 22. Salinity cross-section (W-E) through the center of the pond after 5 years of implementation of scenario 7:
FK100_noRecov_S.
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Figure 23. Salinity cross-section (W-E) through the center of the pond after 10 years of implementation of scenario 7:
FK100_noRecov_S.

Figure 24. Salinity cross-section (W-E) through the center of the pond after 5 years of implementation of scenario 8:
FK100_withRecov_S.

Figure 25. Salinity cross-section (W-E) through the center of the pond after 10 years of implementation of scenario 8:
FK100_withRecov_S.

Lessons learned from groundwater flow modeling
The objective of the modeling study was:
- to gain insight into the functioning of the Maneadero aquifer;
- to explore the possibilities of storing and recovering freshwater in/from the aquifer;
- to guide the pilot setup and the research questions to be addressed and answered.
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The most important lessons learned are:
1. The Maneadero aquifer is relatively thick and highly permeable in the model. It lacks
confining (or less conductive) clay layers, which is disadvantageous for the realization of
an effective Freshkeeper. A large proportion of the brackish water that is abstracted by
a Freshkeeper well originates from deeper down in the aquifer, which makes it hard to
lower the hydraulic head below the pond to promote transport of freshwater to deeper
parts of the aquifer. This negative effect amplifies when the depth of Freshkeeper well
screens below the pond is increased. Therefore, Freshkeeper wells should be placed at
relatively shallow depth. A better insight in the (local) hydrogeology and geology should
be obtained during the pilot, since clay layers are often present but not properly
detected during drilling or geophysical explorations. The presence of clay layers affects
the attraction of deep groundwater, and thereby the efficiency of the Freshkeeper.
2. Seawater intrusion causes the modelled groundwater below the infiltration pond to be
highly saline. Strong buoyancy effects, i.e. a large density difference between fresh
infiltration water and ambient brackish groundwater can be disadvantageous for the
development of a freshwater lens and for the recoverability of infiltrated water. In the
simulations this was illustrated by (1) the thin, wide freshwater lenses that formed,
except when Freshkeeper abstraction rates were set 1000 m3/d, and (2) the rapid
upconing of ambient, saline groundwater during recovery of the infiltrated water.
3. The salinity distribution as imposed in the model was derived from regional studies and
model calibrations. Although this distribution significantly impacts the freshwater
recovery, limited information is available on the actual salinity distribution in the vicinity
of the infiltration pond. A pilot should provide more details on this salinity distribution.
4. The infiltration rate was simulated and optimized by calibrating the modelled river
conductance, rather than using field observations or field tests. Understanding the
control of the infiltration rate is crucial for the design and operation of an efficient aquifer
storage system in Maneadero. If infiltration rates are no longer limiting, a relatively thick
freshwater lens can develop because of the difference in hydraulic head between the
pond and the groundwater. Assessment and improvement of the infiltration rates should
thus be an important aim of a field pilot.
Based on the current worst-case insights, it is concluded that freshwater production from
the combined system of an infiltration pond and a Freshkeeper is limited but not unviable.
A detailed quantification and optimization based on a detailed characterization and a
small-scale pilot is required for further assessment of the actual feasibility.
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4. Effects of early use of reclaimed water Maneadero
Municipal reclaimed water has been successfully reused worldwide for crop irrigation after
aquifer recharge, which limits water quality deterioration and increases water availability in
times of demand. Major challenges associated with these practices include health risks
and environment pollution due to the transport of contaminants and pathogens in
reclaimed water. Long-term (geological) and recent (anthropogenic) hydrochemical
processes that affect groundwater composition need to be understood with respect to
space and time to obtain an adequate treatment of the effluent and attenuate groundwater
contamination. Understanding the processes and factors that control water quality in the
aquifers has important implications for water resource management.

Figure 26: Regional distribution of the TDS and the clusters from the Q-mode HCA in April 2016. The isolines indicate
the water level. (fig. 2 Effects of reclaimed water discharge in the Maneadero coastal aquifer, Baja California, Mexico;
Christian Gilabert-Alarcóna,d, Luis W. Daessléa, Saúl O. Salgado-Méndeza,Marco A. Pérez-Floresb, Kay Knöllerc,
Thomas G. Kretzschmarb, Christine Stumpp)

Two projects have been executed in 2008 and 2014 with the aim to use reclaimed water
as a water source in the area of Maneadero. Pipelines connections were established to
irrigate abandoned agricultural land near the coast by using the WWTP El Naranjo.
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The effect of this infiltration water was studied by UABC: ”Effects of reclaimed water
discharge in the Maneadero coastal aquifer, Baja California, Mexico; Christian GilabertAlarcóna,d, Luis W. Daessléa, Saúl O. Salgado-Méndeza,Marco A. Pérez-Floresb, Kay
Knöllerc, Thomas G. Kretzschmarb, Christine Stumpp”.
These results indicate that reverse ion exchange and mineralization are the main
processes influencing the groundwater composition. The Cl/Br ratios identified seawater
intrusion and solid waste, wastewater and animal waste as the main sources responsible
for these processes, overlapping with the ratios of reclaimed water. Nitrates are pervasive
throughout the aquifer and attributed wastewater and animal waste are determined as the
major nitrate inputs.
Multivariate statistics were able to separate seawater and human-derived processes. The
applied monitoring and determination method showed the effect of mixing, indicating
recharge sources other than precipitation. A mixing model revealed the mixing proportion
of seawater; whilst the over- and under-estimates of reclaimed water contribution are
indicative of missing end-members. The Na-Cl-Br-B systematics, however, suggest that
reclaimed water result in cation-exchange and adsorption reactions and once the
adsorbed sites become saturated with respect of Na+, Br−and B−can be reflected in the
groundwater composition. Additionally, resistivities indicate that reclaimed water interacts
between the fresh and brackish groundwater. Monitoring the efficiency of the vadose zone
to retain contaminants and distinguish them from reclaimed water is essential for
evaluating groundwater quality.
Hydrogeochemical and geophysical evidence suggests that reclaimed water has probably
reached wells located >1 km downstream from the discharge spot, indicating high
permeability conditions for the site. As part of a managed aquifer recharge project, the
quality of reclaimed water could be eventually improved by taking advantage of
contaminant attenuation processes. Consequently, the results from this study show that
the capacity of soil to adsorb PO43-P and K+ is reached. However, the long-term recharge
of reclaimed water with high levels of these elements could lead to an equilibrium with
respect to these elements, which could be reflected in the groundwater composition. It is
essential to monitor these and other organic pollutants, such as emerging medical
residues and pesticides, to predict groundwater contamination. Because the aquifer was
already contaminated by seawater intrusion and nitrates prior to discharge, it is also
important to distinguish sources for these and other contaminants from the reclaimed
water effluent source.
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Figure 27: 2D resistivity profiles obtained along the Las Ánimas creek. The black rectangles indicate the location of the
wells that cross the sections and the dash blue rectangles the riverbed of Las Ánimas creek. The star symbol indicates
the discharge point of reclaimed water. (fig. 10 Effects of reclaimed water discharge in the Maneadero coastal aquifer,
Baja California, Mexico; Christian Gilabert-Alarcóna,d, Luis W. Daessléa, Saúl O. Salgado-Méndeza,Marco A. PérezFloresb, Kay Knöllerc, Thomas G. Kretzschmarb, Christine Stumpp)
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5. Stakeholder meetings
Several visits to Maneadero and surrounding potential replication areas have taken place
during the project. These visits resulted in the support of local knowledge centers (UABC,
CICESE), municipalities (Maneadero, Valley de Guadalupe) and farmer organizations
(Ejido’s Maneadero and Valley de Guadalupe). This support enabled to find a potential
location for establishing a SWS pilot site. A pTA session (stakeholder session) was
organized at the local Ejito (farmers organization) office to ensure this pilot site will also
fulfill the local need for freshwater and fresh groundwater management.
Figure 28 gives an overview of all stakeholders involved in Maneadero.

Figure 28: Stakeholder overview Maneadero

The pTA session had two major objectives:
1. Informing the local community and governmental officials about SWS and the
potential of these solutions for the region;
2. Understanding the needs, thresholds, and position towards SWS by these
stakeholder groups.
Due to the attention given to the stakeholders in the month prior to the session, the
invitation for the workshop was very well received. Over 40 people visited the session and
gave their reflection on SWS and shared their thoughts and concerns. Table 5 shows the
topics they consider to be most important with regards to the use of reclaimed water for
infiltration and reuse purposes.
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Importance of topics related to the use of reclaimed water

Total
average

1: Water quality (microbiological security)
2: Acceptation of products irrigated with this water
3: Security of supply
4: Costs
5: Impact on surrounding nature and environmental considerations
6: Impact on aboveground function (foundations, infrastructure, agriculture)

2
4
4
4
3
4

Table 5: Priority on the topics related to the use of reclaimed water; very important 1, not important 6

Table 5 clearly shows that the concern for the microbiological water quality is of highest
priority. There is also a need for obtaining information about the pilot, the implemented
techniques, the results, and the effects. Education will also be of essence to keep the
support for SWS. Therefore, having educational organizations, like UABC and CICESE,
among the project partners is important. The signed memorandum of understanding
addresses the topic of supporting knowledge development. Not only within the two
universities, but mainly to the local communities and authorities.

Technical information
The aforementioned conclusion is supported by the feedback of the stakeholders during
the workshop. In general, stakeholders feel the need for more technical information about
the project, since there are some concerns about the viability of the design. No data of the
aquifer characteristics and the reclaimed water were presented during the workshop
presentations, resulting in limited knowledge about the subsurface amongst the
stakeholders. Consequently, there is uncertainty about the water quality and the retention
capacity of the subsurface. Simultaneously, there is a need to have a clear comparison of
cost, quality, environmental impacts and advantages of SWS implementation compared to
other technologies, including RO, UV disinfection and/or Ozone.

Participation of stakeholders in SWS initiatives
The workshop addressed the topic of participation and implementation of SWS to ensure a
pilot will be supported by the community. The participants all encounter the presented
water challenges and feel the need for action. As a result, the participants were positive
regarding the project, but more technical information is needed for them to be fully
committed. Most of the participants were interested in supporting the project. For instance,
Pronatura is willing to contribute regarding the environmental impact. COTAS can
contribute regarding the quality effects on the produced crops, and on vegetable quality
and possible recharge sites. Inhabitants can contribute by actively supporting the project
and stimulating the government towards the acceptance of the project.

40

6. SWS Pilot setup
Information of the previous study about reclaimed water, the effects of human activities
and (waste) water management, and the geohydrological information of the area around
Maneadero was used to design the pilot. The realization of the pilot has not yet started due
to delayed permit procedures. This chapter elaborates on the pilot setup, the agreements
with local organizations to achieve the construction and operation of the pilot site, and the
sharing of expected results. Finally, this chapter anticipates on the results of the field pilot
as comparison to the existing conditions and the possibilities to replicate similar sites at
other communities in Baja California.

Characterization of the subsurface
The modeled Maneadero aquifer is relatively thick and highly permeable and seems to
lack confining (or less conductive) clay layers. This is a disadvantage for realization of an
effective Freshkeeper for several reasons:
1
2

a substantial proportion of the brackish water that is abstracted by a Freshkeeper
well originates from deeper down in the aquifer;
it is hard to lower the hydraulic head below the pond to promote transport of
freshwater to deeper parts of the aquifer.

During drilling activities, a better insight into the (local) geology will be obtained. Drilling
activities will start in 2018, depending on the proceedings of the permit process. This will
provide the required insights in the structure of the subsurface through lithological columns
that can be processed in the hydrogeological model. This will also enable the formulation
of conclusions regarding the differences and implications for the expected efficiency of the
hydrogeological model and the pilot site itself, and will result in an improved model.

Water quality
Salinity distribution

The model considered the salinity distribution as derived from regional studies and model
calibration as summarized in Table 6. The location of the different wells and sample
locations are presented in figure 6 of chapter 3.

41

Table 6 Coordinates, filter depth and TDS measured in the infiltration pond and surrounding wells

Well

Longitude

Latitude

Depth filter

Year of TDS measurement TDS

N

E

-m-surf

M36

3509759.24

536636.83

60

2016

17000

M16/ 157

3506211.479

537744.916

48

2011

16000

161

3509818

537324

25

2011

25600

P1

3509863

536910

12

2017

3820

Pond

3509872

536939

2.5

2016

2100

Pond

3509872

536939

2.5

2014

2653

Pond

3509872

536939

2.5

2014

2776

Ppm

During the pilot, the actual salinity distribution will be measured, which enables the
derivation of a complete profile. After completion of the well, meassurements will be
conducted and a monitoring program will be constructed. This will provide insights into the
long term effects of the infiltration pond to the equilbirium between the fresh and salt water
bodies.
Reclaimed water

As shown in Table 7, the TDS concentration is considerably higher than the maximum
concentration specified by the NOM127-SSA (1,000mg/L). Given that soil passage does
not reduce the salinity, it is assumed that additional meassures will be required for the full
scale implementation to reduce the TDS, e.g. the use of a brackish water RO system. An
RO-system is implemented as part of actual operational SWS pilots at different replication
sites in the Netherlands. Depending on the measurements during the Maneadero pilot site,
operations of an RO-system can be designed and implemented.
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1

Table 7 Observed hydrogeochemical parameters in reclaimed water (Gilabert et al, 2018) . Sampling locations A: St
Carlos Creek, B&D: Las Animas Creek, C: infiltration pond (field pilot location)

Reclaimed water
Parameter

Unit

pH

A:
nov-15

B:
apr-16

C:
aug-17

D:
aug-17

7

7.2

6.8

7.6

EC

(μS/cm)

4885

3982

4671

4432

TDS

(mg/L)

3017

2691

2886

3663

Temperature

(°C)

27.7

24.2

26.9

22.4

Hardness

(CaCO3 mg/L)

889

1057

915

870

Reclaimed water
Parameter

Unit

A:
nov-15

B:
apr-16

C:
aug-17

D:
aug-17

Na+

(mg/L)

440

437

536

491

K+

(mg/L)

23

27

25

21

Ca2+

(mg/L)

215

255

223

210

Mg2+

(mg/L)

86

102

87

84

Cl−

(mg/L)

1005

1282

1084

981

HCO3-

(mg/L)

270

398

401

448

CO32−

(mg/L)

133

196

197

220

219

296

240

217

2.3

2.1

SO42−
NO3—N

(mg/L)

Br−

(mg/L)

B−

(μg/L)

878

PO4 3-P

(μg/L)

5140

3
2

2.3

1

Gilabert, C., Daessle, L., Salgado, S., Perez-Flores, M. et al. 2018. Effects of reclaimed water discharge in
the Maneadero coastal aquifer, Baja California, Mexico. Elsevier.
https://doi.org/10.1016/j.apgeochem.2018.03.006
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If additional treatment of the abstracted water is required, the business case for
implementing SWS in Maneadero might not turn out positive compared to the directly
treatment of saline water. Experiences at other SWS locations reveal that brackish water
can be treated with less RO-membrane units and lower energy consumption. The actual
costs for a full-scale operating site should be determined during the pilot and should be
compared to an operating site where saline water is used as resource.
The presented water quality of the reclaimed water is reletively constant throughout the
year. This indicates that the water treatment facility operates at a constant efficiency, since
these locations represent the major infiltration locations of reclaimed water. However,
based on the information provided by the study of Gilabert et al. (2018) (chapter 4), and on
the publicly available water quality data of the WWTP (chapter 2), this is not the case at
every location in Maneadero. The public data show elevated concentrations of nitrates,
phosphates and coliforms, unsuitable for infiltration purposes. Sampling and analizing
water in the infiltration basin is part of the pilot. Comparing the measured concentrations to
the water quality data of the monitoring wells will reveal the geochemical effects of storing
freshwater in the subsurface and of the interaction of this freshwater with the brackish
groundwater. It is vital to share this information with the stakeholders. The expectation is
that a positive equilibrium will be established, resulting in a more robust fresh groundwater
management. However this hypotheses still needs to be confirmed by actual analyses.
Achieved treatment through soil passage

One of the main challenges identified for (large scale) application of reclaimed water in
Maneadero Valley is the social acceptance and the farmers’ concerns about the assurance
of microbiological safety of reclaimed water for irrigation purposes. Aquifers are well
capable of removing pathogens and other potentially hazardous substances. Rule of
thumb for the removal potential to be effective is a residence time/soil passage time of the
infiltrated water between 60 to 90 days.
The study of Gilabert et al. (2018) show that infiltrated reclaimed water can travel long
distances in the aquafer of Maneadero due to the permeable soil structure. It also shows
that agricultural use of fertilizer and manure has a great impact on the (water) quality of
fresh groundwater reserves. However these substances also interact with the aquifer
material, resulting in a stable healthy chemical composition of the groundwater. This effect
differs with location. A response strategy can be formed on the basis of the results of the
monitoring and sampling campaign of the pilot.
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Infiltration rates
The infiltration rate was simulated and optimized by the calibration of river conductance in
the models. The infiltration rates will continuously be observed during the pilot. Monitoring
reports on flow, water quality data and concentration of pathogens will be drafted
periodically. The local partners, UABC and CICESE, will observe the field pilot and
supervise the monitoring wells of the local authority COTAS. UABC will monitor the
(bio)chemical composition of the infiltrated water and CICESE will monitor the physical
effects of the infiltrated water. They will continue this work to support a full-scale
implementation.
Primarily, the following steps have been agreed upon for the pilot site operations:
1. Reference situation
- Lithology
- Pumping test
- Water levels (piezometric heads) near basin: both manual and with sensor
- Water quality stratification
• Chemical quality
• Microbial quality
• Physical quality
• Geophysical (borehole) logging + ERT (Electrical Resistivity Tomography)
2. Enlargement of freshwater lens
- Action plan:
• Situation 1 (pull): Deep Freshkeeper next to basin
 Pump & Dispose
• Situation 2 (push): Remove clogging material from basin
- Water levels  place sensors
- Sampling campaign  Water quality (see Topic 1)
- Geophysical logging / ERT
3. Microbial water quality evolution
- Dating of groundwater age
• Tracers such as tritium (3H)
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7. Challenges and encountering them
Subsurface Water Solutions are capable of addressing all water management issues in
Baja California, they are low-cost and low-tech, and they fit the local institutional capacity.
The hydrogeological model proved that the installation of a Freshkeeper is a viable and
effective solution that would further increase the sustainability of the area (chapter 3).
However, the success largely depends on the adaptation to the local environment and the
stakeholders’ acceptance of the SWS. Stakeholders realize that they are in need of
alternative solutions and are open to innovations like SWS. However, due to the lack of
understanding of the system and the uncertainty on recovered water quality, they hesitate
towards implementation of the system. The monitoring, sampling and analyzing activities
during the pilot should provide insights in these matters of concern. UABC, CICESE, KWR
and Arcadis need to set up a periodic reporting initiative to share these insights. These
activities are currently part of the talks with both Mexican partners and KWR and Arcadis.
The stakeholders are skeptical but remain positive and interested in the solution. They ask
for more concrete information about the future project. The presented model does not
seem technically founded, as no concrete data were presented. In addition, the costs,
quality, environmental impacts, and advantages of the Freshkeeper should be compared
to other technologies. Due to the delay caused by the permitting procedure, this
information is not yet shared with stakeholders other than those directly involved with the
project, i.e. the land owner, the drilling company and universities. Recent contact with
Mexico on the progress of this permitting procedure has not given positive responds yet.
A constant and solid dialogue with all stakeholders and authorities prior to decision making
and implementation is core to assure local support and cooperation, and to find a solution
that is adjusted to local needs and resources. This was underestimated for the pilot
project, since all parties involved, including the permitting authority, expected this
procedure to be relatively simple because it involves a pilot.
Furthermore, a communication- and action plan is essential. The stakeholders indicated
that the crucial factors to address are ‘acceptation of products irrigated with this water’,
‘security of supply’, ‘costs’, and ‘impact on aboveground function’. These topics will be
further elaborated on with the pilot results. They are crucial building blocks of the business
case towards a full scale implementation of SWS.
Despite the similitude in the stakeholder’s responses, small variances in the main interest
are observed per sector. The agricultural sector is mainly interested in assuring that the
recovered water won’t have any quality issues that can affect to the crops exportation
value or acceptance. Authorities are interested in assuring that the water quality complies
with the regulations. Organizations want to demonstrate that the technique does not
damage the environment. Local residents want to secure a constant supply that will
stimulate the economy in the area.
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Based on the statements discussed in the previous paragraph. It can be summarized into
the following (general) challenges that will be encountered in Mexico, as well as at other
future replication sites.

Social acceptance
The main challenge identified for the implementation of the project is the social acceptance
of using reclaimed water. Agriculture in Maneadero mainly consists of high value crops for
exportation. This is a very competitive market and its sanitary regulations are very strict.
Therefore, farmers are concerned about the pathogens that might be present in the
reclaimed water and the possible effects to their crop value. Also, there is uncertainty on
the acceptance of crops treated with recovered water by vegetable importers. If recovered
water proves to have sufficient quality for irrigation, farmers will see the technology as a
viable solution for their water supply, and will particularly favor the limited water footprint
and reduced investment compared to the use of desalinated water and its infrastructure.
This social acceptance is shared among all reclaimed water users and remains a topic to
be addressed at replication sites and future applications of SWS with reclaimed water.
Hence, the importance of this pilot extends to other application sites. When subsurface
storage is proven to ensure a stable water quality at the Maneadero pilot site, or even
improves the microbiological and chemical composition of the water, the incentive to apply
the system elsewhere will be amplified.
The discussion on water quality is also encountered with the use of RO-systems. The
treatment of brackish water via RO results in a concentrated stream of minerals (salt o.a.)
next to the desalinated water. This concentrated stream can be utilized like in Maneadero.
However, this evokes questions on the effects on soil quality. This is part of the broader
discussion including other storage and recovery sites. Therefore, the results of the pilot in
Maneadero will serve as input for the discussion and for the design of mitigating solutions.

Legal framework
The legal framework allowing the use of treated wastewater for aquifer recharge (NOM014CONAGUA) is very strict. Recharge is only allowed if treated water fulfills the (chemical)
characteristics of drinking water quality. The implementation of SWS requires careful
treatment of reclaimed water and continuous monitoring and documentation of the water
quality. At the pilot site, TDS levels (mainly salinity) are currently above the parameters
accepted by law. Additional measures, e.g. the installation and use of an RO system, must
therefore be considered as a pretreatment step.
Furthermore, the permit application for full scale implementation is expected to take a
longer processing time due to the potential environmental risks. As soon as the first results
of the field pilot are available, it is advised to initiate the permitting process. Early start of
the permitting application would keep stakeholders engaged.
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Legislation is not only a challenge for subsurface water storage in Maneadero, Mexico.
Europe has just started to rethink its legal framework on infiltration, storage and recovery
of the stored water. It will, however, be an important piece of the puzzle to make circular
water management work in the upcoming trend of circularity. Most of the challenges of
circular water management are related to congestion: there is enough water but not at the
time and location where it is needed. In Maneadero, where water is scarce and natural
resources are limited (precipitation, river run off, …), the challenge is to keep the available
freshwater where it is needed.
Legislation can be supportive to that challenge. Within the Subsol program, one of the
studied areas is Pernambuco in Brazil. It is one of the Brazilian federative units to resource
politics with definitions of objectives and legal instruments for the establishment of
Integrated Water Resources Management. In Brazil, the law specifically mentions that the
government should stimulate private entities to implement artificial recharge by reducing
public fees. The environmental department is willing to use the law to support the
implementation of SWS. This information is shared with our partners in Mexico, hoping to
bring a change to the current modis operandi of the permitting authorities.

Collaboration among parties
During the design process and the pilot implementation, stakeholders were observed to be
very enthusiastic and cooperative during the planning meetings. However, when their
action is required, they seem to forget the agreements and restart questioning the process
and the distribution of tasks. This makes the steps to implementation, and the
corresponding responsibilities and obligations, unclear, which decelerates the process.
This was already encountered during the initiation of the pilot’s monitoring campaign.
Assumed commitments in the information gathering process and in the drafting/execution
of the sampling campaign, required to be confirmed twice to ensure the agreement of all
parties on tasks and (financial) obligations.
Good alignment between parties is core for implementation of the system, and ensuring
implementation of the following steps. A clear and detailed agreement on cooperation and
commitment levels between different actors, strongly focusing on their financial obligations
and possibilities, is required prior to the implementation of the system.
Another factor that largely influences the commitment level to the project is the fluency of
the communication. During the pilot, long periods without communication had a negative
impact on the image of the project and led to an uncertain feeling towards the project team
(SubSol) and its supporters (Universities UABC and CICESE). This shows the importance
of a constant and timely delivery of information to keep relationships warm and
stakeholders (future users) enthusiastic and committed. Furthermore, it is important to
keep the main stakeholders interested and informed of the main activities of the project,
since they can help to enforce certain actions through their power stakes and relations.
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The connection must be made with the challenge of social acceptance. Communication
and regularly providing information (digitally or physically) are essential, having the
potential to kill two birds with one stone. The communication strategy of the road map to
the full-scale implementation of SWS will be strongly based on the results of the field pilot
and on the concerns of future users. Communication requires an immediate start, as the
time between the last workshop, the submission of the permit application and interaction
with the stakeholders is already more than 2 months. This is currently being discussed
with the Mexican project partners and will be picked up in Q4 of 2018.

Financial options and ownership of the system
Another challenge is the funding of pilots. Stakeholders are very interested in the solution
but are not willing to invest in something of which the success has not yet been proven.
Better strategies to divulge the results of the pilot could help in gaining engagement and
future funding possibilities. The opportunity to ‘scale-up’ a well field in time is interesting. A
spread investment (instead of a full initial investment) enhances the possibilities of
acquiring funding from private parties and through governmental instruments. This also
gives the opportunity to gain more knowledge on the water demand and the operational
conditions of the system, which translate to higher selling points.
From the interviews with local farmers, the implementation of RO systems seems to be
largely favored by the authorities. The existence of subsidies for equipment and electricity
costs make this an attractive option. (National) Authorities are aware of the urge of the
water scarcity issue, but not of the available alternatives to address them, like SWS. With
RO, large volumes of concentrated saline water will be produced. Local authorities have
not yet set permit obligations to these streams, since they have not yet encountered large
desalination sites more inland. However, as encountered at the pilot site in Maneadero,
thoughts must be given to the most suitable solution for the use of this water. The effects
on the environment must be studied, which is also the case for the delivery of abstracted
brackish water to the semphire farm in the vicinity of the pilot site.
Regarding the ownership of the field pilot system, agreements have been signed with
UABC and CICESE for operation of the pilot. Ideally, they would be supported by the Ejido
and CESPE as well, because they are the representatives of the actual water users.
However, conflicts arose in the past regarding fees and investment costs that are required
for the connection of farmland to the pipe system from Ensenada for the reuse of treated
wastewater. The same conflicts are expected if no clear definition is made regarding the
distribution of the exploitation costs and benefits of the “new water source”. The creation of
a consortium seems to be the most feasible model to solve for the financial and
operational problems. During the first operational period of the pilot, this topic will be
addressed, and a solution will be found together with the stakeholders. The need is too
high to not come to an agreement.
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8. Keys to success
A list of factors that are key to success is constructed based on the studies in this report
and on the workshop with all stakeholders. The success factors for a SWS field pilot, and
specifically for the Maneadero pilot to grow to a full-scale system are:
•

•

•
•

•
•

An effective communication campaign, addressing a constant flow of information
and (realistic) expectations management. Information must be technically sound
and preferably shared by making use of illustrations;
A solid stakeholder management strategy that assures the early and constant
engagement in the process, using existing communication lines of local farmers
organizations, (local) authorities, and knowledge centers (UABC, CICESE) as base;
A phased approach based on go/no-go moments, where intermediate results are
presented and where realistic expectations are provided;
Water quality analyses to confirm the appropriate quality of recovered water for the
end users. Even when the water is expected to be of high quality (e.g. with respect
to viruses, pesticides, bacteria), end users want this confirmed by results produced
by unbiased and acknowledged parties;
If possible, external innovation budget and/or external assistance could be used to
move forward towards a full-scale installation;
Know the risks and how to cope with them.
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9. Roadmap from pilot to full scale implementation
Full implementation of Freshkeeper in Maneadero Site
Once the Freshkeeper pilot is in operation, regular monitoring and reporting of the
performance of the system is important. Sharing these results and the achieved water
quality to the local community is important for maintaining the confidence in and support
for the provided solution.
The current permit states that the pilot needs to be active for at least six months to monitor
the results of the extraction, infiltration, and water quality in the area surrounding the
infiltration pond, i.e. the pilot site. This is suitable moment to evaluate the pilot results and
to share the results with governmental organizations and local communities. Six months is
not long for natural processes to equilibrate. The pilot should run for at least one year to
come to a strong supportive conclusion and to get a general idea about the (seasonal)
influence of climate on processes. Once the first year has finished, the planning for the fullscale implementation process should be initiated.
When positive results are obtained from the pilot, and stakeholders are still interested in a
full-scale implementation, the permit application process for upscaling can be initiated
start. The monitoring activities will continue during the time it takes to process the
application and come to a decision. The obtained results can be further analyzed and used
for developing an optimized hydrogeological model, and for a model of the full-scale
implementation. The outcomes of the hydrogeological model can be translated into a costbenefit analysis. Positive outcomes of the hydrogeological model and of the cost-benefit
analysis will be shared during the permit application process and helps to (re)gain
confidence from current partners and opens the possibility to gain new partners. A clear
MOU has to be maintained at all times to assure a smooth collaboration among parties.
The results of the cost-benefit analysis should also support the development of a new
“sales strategy” to search for further funding options. The pilot installation has been
implemented with financial support of SubSol. For the full-scale implementation, financial
support must also be provided by the farmers and state or local institutions. This generates
further engagement into the project and assures that the system will be embraced by the
community and will remain in good operational conditions.
The above-mentioned process has been summarized in Image 1.
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Image 1 Schematized approach for full-scale implementation of Freshkeeper in Maneadero

Replication sites
The potential of SWS in Maneadero has been found at more locations in Baja California,
Mexico, and at several locations in Brazil. One of the most promising areas is the area
Valley de Guadalupe. This valley has a strong concentration of vineyards, a high valued
economic area encountering the same water scarcity problems as Maneadero. Recently it
is decided to construct a pipeline from the waste water treatment facility of the city of
Tijuana to the valley, making it possible to use reclaimed water as irrigation water for the
vineyards.
The experiences from the Maneadero field pilot will be of added value for the companies in
Guadalupe. Based on the enthusiasm during the mission visits, a replication site might be
established in this area.
With the help of the insights gained during the visits to potential replication sites in Mexico,
a general approach for new SWS projects in Mexico was drafted. The steps shown in
Image 2 are universal, but the timeline is specifically for the Maneadero field pilot to a fullscale implementatuion.

Image 2: Expected timeline for full-scale implementation of Freshkeeper in Maneadero

Based on the lessons learned in this project of Maneadero a step by step decision scheme
is constructed (Image 3). It touches all topics encountered while growing from finding the
need via a pilot setup to a fullscale application.
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Image 3 Schematized approach from start to finish of new SWS projects

The scheme in Image 3 can be summarized in different steps as follows:
Identify the problem and stakeholders

The first step is to conduct a desk study to gain insights in the current situation of the study
area. The main points to identify are:
•
•
•
•

the origins and severity of the (fresh water) problem;
the status of the available water resources;
the status of the available water infrastructure;
the main stakeholders.

By mapping the stakeholders involved, a better image can be obtained regarding the
different kinds of stakeholders, their power (decision makers, enablers...), their
relationships, and their interests. A first approach of the unique buying reasons of the
system can be drafted with this information, as exemplified in Table 8.
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Table 8 Draft of unique buying reasons from agricultures

Incentive
Unique buying reasons

Agriculture
• Securing Return on Investment by eliminating
production limitation risks due to water shortages;
• Autonomy of production by guaranteeing
availability of fresh water for production;
• Affordable and circular water supply solutions;
• Comply with water quality and quantity impact
regulations.

Once a good image is obtained of the current situation, it is important to contact
international and, in this case, Mexican organizations to deepen the acquired knowledge
and gather additional information. It is also important to assess the available technical
knowledge, capabilities and capacity. The relevant information to gather is mainly
composed of the region’s (geo)hydrological conditions. Information regarding the interest
of stakeholders in sustainability and their openness to innovative technologies is also key.
Finally, a water balance of the area can be constructed to understand the current water
use, and to assess the availability of possible infiltration sources. A water balance also
helps to quantify the gap between water use, water demand, and water availability, which
needs to be overcome to come to a robust freshwater management of the basin/area.
Make strategic alliances

Knowing all stakeholders in the area and ensuring early involvement in the process is an
advantage towards the later engagement of possible users. Stakeholders have good
knowledge of the area and all projects that are being performed there. They also possess
good relations in diverse groups of society, which facilitates the arrangement of meetings
and accelerates the achievement of goals. Furthermore, stakeholders like scientific
researchers are well recognized in the area and have credibility to the general audience.
In the case of Baja California, the stakeholders of the possible replication sites are looking
for a freshwater solution and did not require further awareness raising. However, making
the stakeholders feel comfortable with the concept of SWS can require a lot of time and
effort. The strength lies in repetition of the message, listening to the audience, and
planning of subsequent follow-up meetings. Using positive examples is very strong when
creating partnerships, and finding financial support and positive approach by the local
authorities.
Find an early-adopter

Promotional activities play a key role in creating awareness and finding early adopters of
the system. These activities are usually performed as workshops, where the SWS
concepts are presented in an accessible and uncomplicated way to allow participation and
discussion making among the interested stakeholders. During the workshops, the following
topics are approached:
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•
•
•
•
•

verification of the problem;
inform the stakeholders (present);
introduce SWS to a broader audience;
discuss feasibility of SWS implementation;
cover existing knowledge gaps.

The main aim of the workshop is to initiate the dialogue between different kinds of
stakeholders (farmers, authorities, NGO’s…) and gain insights in their main concerns and
the criteria that the system must live up to, like the expected water quality, the costs, the
environmental concerns, etc. The participation of diverse stakeholders provides valuable
input on how to improve, enhance and manage the effect of the technology in a given
setting. This process is also important to draft a clear overview of possible investors,
owners, operators and even opponents of the system. Furthermore, the workshop helps to
stimulate the stakeholders’ interest to jointly identify and outline ideas for potential SWS
projects and to enhance commitment. Positive outcomes of different workshops include:
•
•
•
•
•

Bringing key stakeholders together and mobilize them to commit to the process;
Facilitate a positive attitude towards the project among local stakeholders;
Result in land owners welcoming pilot drilling activities on their land;
Paved the way for the permit for the pilot studies;
Illuminated conflicts of interest and hence identified key issues that require
further dialogue or process.

Perform a business case study

Once the first hurdles of introducing SWS are taken, i.e. creating awareness and finding
an early adopter, a hydrological model can be developed for a location-based evaluation of
the suitability and possible outcomes of the system.
In this step, the potential of SWS to reduce the current pressure on groundwater is
evaluated, together with the tangible economic benefits, such as cost savings compared to
other solutions like RO.
Quantifying the impacts of drought and salinization of wells shows that the project will
address several problems from various angles such as agriculture, society, finance, and
sustainability. Understanding and analyzing the advantages and challenges for
implementation and performing a case-specific risk assessment are also key components
at this stage. Furthermore, the analysis must include an assessment of the involved
regulatory framework and the required activities to comply with it.
The outcomes of this analysis will help to convince others and give early-adopters
confidence. Capacity building and creating an environment for the early adopters is an
important aspect which needs to be continuously addressed during this process. Based on
experience, the timeframe required to raise awareness, identify early adopters, and get a
business case study going for innovative techniques, typically takes at least one year.

57

Perform a pilot installation

The results of the pilot help in proving that the system does not only work on paper, but
also allows a better analysis of the actual operational capacity of the system, without
having to invest substantial amounts of resources.
The key issues to be addressed in the pilot include:
•
•

obtaining a better insight in the (local) hydrogeology and geology, including more
detailed information on the salinity close to pilot site;
an assessment and improvement of the infiltration rates and of the chemical and
microbiological water quality changes during infiltration and aquifer passage.

During this process, the continuous monitoring, documentation and communication of the
water quality may be important in order to build trust among users, key customers of
agricultural products, and authorities. This will require some level of capacity building of
the research and scientific monitoring resources in the replication area at hand. Setting up
a proper sampling, analysis, and monitoring system is crucial to fulfill the desire for
information and practical results of all stakeholders involved.
Full-scale installation

The last step is to design the full-scale implementation of the SWS. This system will be
based on the improved models, the pilot monitoring results, and the need for freshwater of
the stakeholders related to the area under study.
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10.

Conclusion

A full-scale implementation of a SWS system to overcome the imbalance of available
freshwater in a saline groundwater environment takes both communication and technical
skills. Using reclaimed water as a potential water source to positively influence the local
freshwater balance is technical feasible but strong social barriers will be encountered that
need to be accepted. Parallel paths should be followed for researching the possibilities on
geohydrology and geology, as well as for the social acceptance. This will stimulate a
smooth implementation. The engagement with local partners is essential to obtain
knowledge, but also to create a strong positive image towards the stakeholders involved. It
will at least take over two years to come to a full-scale implementation of SWS.
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