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Executive Summary

At two field sites, ASR-Coastal set-ups have been operating between 2012 and 2017 to
store (very) fresh rainwater in a brackish to saline sandy aquifer (10 to 40 m deep). Both
sites showed distinct characteristics, but followed the same basic ASR-Coastal strategy:
water could be infiltrated and recovered via various independently operated well screens in
different segments of the aquifer to increase the recovery of freshwater.

The Nootdorp ASR-Coastal system functioned rather smoothly and was always able to
supply sufficient irrigation water to the local horticulturist (~ 7 200 m?/yr after infiltration of
~14 000 m3/yr). The required maintenance was limited and the recovered water quality
was very constant after Cycle 1 and met the owners demands. With total costs of 0.59
euro/m3, the ASR-Coastal system provided a significantly cheaper source of high-quality
freshwater compared to alternatives. The owner will keep using the system as only source
of irrigation water.

The Westland ASR-Coastal system functioned satisfactorily, but clearly suffered from
saltwater leakage via a nearby older borehole, which reduced the recovery efficiency from
40% to 22.5%. Per year, 7 500 to 16 000 m?3 could be supplied, while 28 000 to 70 000
m3/yr was infiltrated. The system was not able to meet the yearly demand of the local
horticulturist. Additionally, yearly cleaning of the infiltration system and ASR wells was
required at the start-up of the system after long periods without infiltration. Despite these
additional obstructions, the total costs were acceptable (0.84 euro/m?). The owner will
keep using the system as additional supply, together with aboveground rainwater storage
and brackish water reverse osmosis.

The two sites show that the ASR-Coastal technique is mature and robust (TRL8) and can
be further implemented. It also shows that local conditions and mode of operation can lead
to differences in performance and operational costs, and should therefore be taken into
account.
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1. Introduction

Two ASR-Coastal pilots have been operated in close cooperation with greenhouse
horticulturists. The aim of these ASR-Coastal systems is (1) to maximize the recovery of
infiltration water using the flexible multiple partially penetrating wells by fine-tuning of the
infiltration / recovery scheme, and (2) to intercept (and use) mixed infiltration/brackish water
by deep wells to protect the shallower freshwater.

The Nootdorp pilot has a yearly infiltration capacity of about 15 m3/h of roof-collected, treated
rainwater. The rainwater is stored into a brackish groundwater aquifer located at a depth of
10-40 m. The pilot system has been running since 2012, and the recovery of the stored
freshwater during summer met the needs for high-quality irrigation water of both the orchid
grower and a neighbouring grower. The Westland pilot is a larger scale system, harvesting
rainwater from rooftops of 4 adjacent tomato growers. The capacity of the system (in
operation since 2013), is around 30 m3/h.

The aims at the ASR-Coastal reference sites were to:

1 Enable improved testing of the resilience of ASR-Coastal under varying hydrological
conditions by additional data collection and monitoring. This will also provide new
data to conclude on the expected lifespan and maintenance costs.

1 Control and monitor the pre-treatment, infiltration, and recovery in ASR-coastal
system using an automated central controlling unit. This requires conversion of
knowledge and knowhow from models and scientific expertise into operational
software. Automated ASR-Coastal control will facilitate (new) end-users in
implementation and optimization of ASR-Coastal

91 Further optimize the ASR recovery, by combining ASR-Coastal with the Freshkeeper
concept. This work is initiated in the national pilot, and SUBSOL allows for testing
during multiple cycles, including additional data-analysis, modelling and
documentation. Possibilities to desalinate (RO) and use the intercepted brackish
water will be studied, including an extensive review of the quality of this water and
the effects of RO concentrate disposal (deep well infiltration) on the local and regional
groundwater system. This latter work is to be undertaken in close dialogue with local
authorities.

The aim is to present the documented use of ASR-Coastal in two on-going national pilots at
a Technical Readiness Level 8 (TRL8): Nootdorp and Westland between 2012 and 2017.

Information on and description of the set-up and aquifer characterisation, as presented in
earlier studies and publications, was used to compile Chapters 2, 3, 10 and 11 of this report.
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2. Set -up of the ASR -Coastal system in Nootdorp

2.1. ASR -strategy

The ASR-Coastal system in Nootdorp was installed to improve freshwater management in
brackish or saline coastal areas by aquifer storage and recovery (ASR), using multiple
partially penetrating wells (MPPWSs). This application allows to preferably inject freshwater
through the deepest well screens and to recover it again through the shallower well screens
in times of demand (Figure 2.1). Consequently, it reduces freshwater losses resulting from
buoyancy forces on the dightéinjected freshwater.

Injection Recovery

Figure 2.1: Concept of ASR-Coastal with multiple partially penetrating wells (MPPWSs) in Nootdorp.
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Nootdorp is located in the western coastal province of Zuid Holland in The Netherlands,
between the cities of The Hague and Rotterdam (Figure 2.2). The study area is dominated
by greenhouse horticulture with a typical high water demand and high quality standards
concerning salinity. The ASR site is situated in a deep polder with brackish seepage to the
surface waters (de Louw et al., 2010), but with negligible lateral background flow. Chloride
concentrations in the target aquifer are typically around 1000 mg/L (Figure 2.2). The local
surface level has an elevation of 3.8 meters below sea level (m BSL).
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Figure 2.2: Regional piezometric head contours (TNO, 1995) and chloride concentrations (Oude Essink et al.,
2010) at mid depth of the ASR target aquifer, with location of the Nootdorp ASR field trial (black triangle).

ASR Wes'f|and . ~ ASR Nootdorp

Figure 2.3: Geological cross-section with the well screen depth of ASR Westland and Nootdorp indicated.
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Figure 2.4: Phreatic groundwater levels 500 m from the research site (upper), in Aquifer 1 at 1 km distance
(middle) and rainfall data Rotterdam (10 km from the study site)
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The ASR system has been installed to supply a greenhouse with a roof surface of 20,000
m? and with an estimated yearly water demand of 400 mm (8,000 m3/yr), in an area with a
mean gross annual precipitation of 853 mm (Royal Netherlands Meteorological Institute) or
17,060 m3/yr. However, the water recovered from the aquifer after storage must have a
chlorinity <0.5 mmol/l (~18 mg/I Cl) as water quality requirements are strict. This means that
only 1.5% of ambient brackish water is allowed in the recovered water.

In the target aquifer, a 34 m deep, 350 mm diameter borehole was drilled by reverse-
circulation rotary in November 2011, in which the MPPWs with a diameter of 75 mm (screens
1- 3) and 90 mm (screen 4) are installed at different depth intervals (Figure 2.5 and Table
2.1). Bentonite clay plugs of 0.4 to 0.7 m thickness were installed using pellets at a minimum
vertical distance of approximately 0.5 m away from each screen top or where clay layers
were pierced. Each well was equipped with a valve in the infiltration and recovery pipeline,
allowing manual adjustment of infiltration and recovery rates per well. Rainwater collected
by the greenhouse roof was stored in a 400 m3 rainwater storage tank, which could thus
store 20 mm of rainfall. Prior to infiltration, the roofwater was pre-treated by rapid and slow
sand filtration to prevent well clogging by suspended particles (Figure 2.5).

ASR operation started in February 2012. Infiltration automatically started with a rate of ~12
m3/h once a predefined level in the rainwater storage tank was reached (30%, to prevent
overflow during intense rainfall). Infiltration ceased when a set minimum level (20%) was
reached. Recovery started automatically with a pumping rate of ~8 m3/h when the predefined
minimum level (40%) in a 90 m? irrigation water tank was reached, and was stopped once
the predefined maximum level in this tank was reached (60%).

The size of the tanks, their predefined minimum and maximum levels, and the precipitation
distribution resulted in a highly dynamic ASR operation with frequent alternation of infiltration
and recovery stages. The whole process of infiltration, storage and recovery was automated
and electronically logged via a central control unit with a programmable logical controller,
which could be operated using a touch screen and via an internet connection.

Three bailer drilled boreholes (MW 1-3, Figure 2.5 and 3) with a diameter of 219 mm were
realized at locations aligned at 5, 15, and 40 meters from the ASR-well, respectively. There
were six (MW1) or five (MW2 and 3) separate piezometers with 1 m screen length installed
in each borehole at different depth intervals (Table 2.1). Bentonite clay plugs of 1 to 2 m
thickness were installed using pellets at a minimum vertical distance of 0.5 meter from the
screen top, or where clay layers were pierced. These monitoring wells allowed to determine
the distribution of and interaction between the fresh- and saltwater bodies during operation
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of the ASR-Coastal system (Figure 2.5 and 4). The depth intervals of these monitoring well

screens are included in Table 2.1.
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Figure 2.5: Schematic overview of the ASR-Coastal set-up at Nootdorp. MW = monitoring well, CTD = electrical
conductivity, temperature, and pressure datalogger, R.S.F. =rapid sand filtration, S.S.F. = slow sand filtration.
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Figure 2.6: Schematic plan view of the ASR-Coastal set-up at the Nootdorp pilot site. MW = monitoring well, EC =
electrical conductivity, temperature, and pressure datalogger, S.S.F. = slow sand filtration.

Table 2.1: Depth intervals of the MPPW-ASR well screens (AW#) and the monitoring well screens (MW#-S#) of
the ASR-Coastal set-up in Nootdorp (Figure 2.5 and 4).

Monitoring ~ Well screenbp Well screen bttom

Well-Screens (mBSL) (mBSL)

AWl -15.8 -20.8

AW2 -21.8 -25.8

AW3 -29.2 -33.7

AW4 -34.7 -37.7
MW1-S0 -9.82 -10.82
MW1-S1 -17.97 -18.97
MW1-S2 -23.12 -24.12
MW1-S3 -30.92 -31.92
MW1-S4 -35.72 -36.72
MW1-S5 -44.82 -45.82
MW2-S0 -9.77 -10.77
MW2-S1 -17.77 -18.77
MW2-S2 -23.22 -24.22
MW2-S3 -29.77 -30.77
MW2-S4 -35.62 -36.62
MW3-S0 -9.92 -10.92
MW3-S1 -17.72 -18.72
MW3-S2 -23.27 -24.27
MW3-S3 -31.02 -32.02
MW3-S4 -35.72 -36.72

2.5. Photographic impression

A photographic impression of the ASR-Coastal set-up in Nootdorp is presented in Figure 2.7
to Figure 2.10.




Figure 2.7: ASR-Coastal well field Nootdorp: infiltration well and monitoring equipment in front (white covers),
and monitoring wells (steel cases) and storage tanks (one for rainwater, others for water reuse) in the background.

T—

Figure 2.8: Multiple partially penetrating well heads at ASR-Coastal Nootdorp

Figure 2.9: Tank of the of the slow sand filter (left) and the rainwater storage tank (right). Green tank is for heat
storage, not water supply.
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