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Advantages of Groundwater

» Groundwater flows slow

« Groundwater are usually not exposed to evaporation
» Groundwater reservoirs sprawl over large areas

* Groundwater is less vulnerable to contamination

« Groundwater can also be recharged in engineered systems, not only naturally

Managed Aquifer Recharge - MAR
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The Israeli Coastal Aquifer - 100 years of intensive use of
the aquifer: first 50 years exploiting the natural recharge (and
locally much beyond), second 50 years increasing recharge
and pumping by Managed Aquifer Recharge (MAR)
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1965 1.5
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Using the sand dunes for MAR systems based on
infiltration ponds

Soils Cultivated land
105 0  10km ' 10 5 0  10km
Sand dunes were | Menashe 8 | | Legena o
not CUItivated’ Legen;and e ' g?lgc(u;:)uorg; ’
Sandy loam § doir e
hence the water ot ot D
company took : G

Tel Aviv

Shafdan

winter floods
DSW surplus




Shafdan SAT - producing food in the desert with
Tel-Aviv metropole’s wastewater and an aquifer
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:cmm  The Menashe floodwater MAR system

Hydrological rational
Diverting ephemeral floodwater from the impermeable-high-runoff
chalks of Menashe Hills to the sand dunes overlaying the northern

coastal aquifer. L N
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More methods of surface Recharge
Flooding agricultural areas - Ag-MAR (California, USA)

Figure 7 Application of stormwater on an almond orchard for groundwater recharge.



Small Scale MAR catching rain from roofs and
directing them to the subsurface though wells
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Moving rainwater to the subsurface, dry

or wet well?
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Conclusions

* If you develop water use from an aquifer, production wells
IS a must, but if you look at longer times think also of
developing Managed Aquifer Recharge systems.

 Different sources of water of different quality can be
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Some Shafdan SAT Numbers (2018, anaron

et al. 2019)

Org.-N | NH4-N | NO3-N NOZ- Ca | Cl
(mg/l)

24 offlyent 55 200
After SAT <1 <0.1 5 <0.2 <0.02 5 0.005 85 200

It is thought that keeping the total N input at 10 mg/1 is essential for avoiding reduced forms of N in the aquifer (Mienis
and Arye, 2018).

Shafdan SAT is also an lon Exchanger (Mg, kurtzman and Guttman 2020)

- Mg before desalination Mg in desalination era

2" effluent 30 12

After SAT 24 20




Loamy -sand cultlvated

Shafdan SAT basins are floo F

d for ~1 day than l&t
to drain and dry for ~ 2 days. Thls sequence /-;a
re-oxygenates the soil and mal\ ntains high /
infiltration rates. A column DQN‘ 120-m-of secon_darv
effluents percolate through the soil surface of the

infiltration basins each year.




oW Varjability in availability of floodwater for MAR in Menashe System

iiiii

Histogram of annual volumes of flood-water that were diverted from the Menashe
Streams towards the basins in the sand dunes for MAR in 53 years 1967-2019.
Note that in ~ 2/3 of the years the volume is between 4 — 32 MCM. Average 10
MCM/yr; 3 out of 53 years with 0 stream-water for MAR (Kurtzman and Guttman 2020).




™ Historical log of the Israeli Coastal Aquifer

The history of man use of the Israeli Coastal Aquifer in the last century is
given as an example for possibilities in Mediterranean developing regions:

Pumping only period
* -1940s, exploitation
* 1940s-1960s, over exploitation,

Pumping and MAR period

* 1960s- 1990s, MAR through wells from other potable water resources
using the large scale water supply system

* 1960s- present, MAR of winter floodwater through infiltration basins in the
sand dunes

« 1980s — present, use of part of the aquifer for MAR-SAT of secondary
effluents of a large wastewater treatment plant for producing large
volumes of water for “unlimited irrigation”.

« 2014 — present, Incorporating excess water of high quality (e.g.
desalinated seawater) in the floodwater MAR systems




Jemm  Considerations MAR through wells

Advantages over infiltration basins

» Possible to recharge confined aquifers, clayey vadose-zones, populated areas etc.,
» Usage of the water-supply network (pipes, wells, reservoirs)

Disadvantages

» High sensitivity to water quality, there is no soil aquifer treatment

» Clogging problems: development of physical, biofouling and trapped air bubbles
» Relatively low injection rate per well
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Managed Aquifer Recharge of Tel Aviv Metropolis secondary
effluents - “Shafdan” in sand dunes overlaying the coastal aquifer
o and using them for unlimited irrigation in the Negev Desert

What do we gain?

1) Avery good and cheep advanced treatment-SAT- you can drink Shafdan water

2) Save surface storage area of effluents

3) We irrigate with groundwater — the SAT product can be used for irrigation of all
crops as fresh-water “unlimited irrigation”

4) The Shafdan system moved the center of Israel’s fruit and vegetable production
from expensive land overlying a good aquifer (nitrate contamination etc.) to
desert land overlying a naturally-saline poor aquifer.

5) 130*10° m3/yr water for unlimited irrigation (~15% irrigation water nationally)

6) 130*10° m3/yr of secondary effluent that did not flow in streams to the
Mediterranean Sea

What do we lose?

1) Good parts of the aquifer (under the sand dunes) are not used for drinking water.
2) Significant area of expensive land used for infiltration basins.

Bottom line — most agriculture and water-supply stakeholders are in favor of it




