Exploring the potential of horizontal wells for Aquifer Storage and Recovery
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Introduction Methods

Scenario analysis

* In Aquifer Storage and Recovery (ASR) water from * Density-dependent numerical groundwater modeling with SEAWAT V4 (FloPy) * Buoyancy effects are mainly influenced by the aquifer
times of surplus is stored in the subsurface with a well | | | | hydraulic conductivity (K ) and the groundwater salinity
and later recovered with the same well in times of » Comparison of horizontal well ASR with vertical well ASR (Crr)
scarcit . ST - -

y * 1 ASR cycle: 100 d injection | 160 d storage | Extraction while C_ < C - To investigate the influence of buoyancy, simulations are

* An example application of ASR is to balance water supply repeated for various K_and c, . values:

(winter) and demand (summer) in regions with strong Models
seasonal fluctuations in rainfall and evaporation Horizontal well Vertical well __ Unit Scemarios
Infinitely | horizontal well Infinitely | | f vertical well ) e S ' . 3 i
: * Infinitely long horizontal we * Infinitely long line of vertical wells ka/m?3
HOrIZOntaI We”S CTDS g 225 4.5 8.7/75 175 35.0
2D model of one slice * 3D model of one well (with impermeable *K /K =2

* In low aquifer thickness and low hydraulic conductivity | | boundaries between wells) P
conditions, the injection of water results in large pressure | | *Qquy = PUmPping rate per horizontal well | Ly
gradients around the well length * Q. = Pumping rate / distance between Y

oo wells = 0 Recovery efficiency
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—Horizontal wells distribute pumping pressures and _ _ - _
mitigate large pressure gradients E E IVertlc:al wells are favorable in conditions with low K and
OW C
o | | dwat diti the b ffect and S S o
o SANS rotiBvaist SONEHons T JUOYansy e1est an 5 3 » Horizontal wells are favourable at (i) medium/high c,_.and
dispersion deform the freshwater bubble and reduce the = = ow K 3 gium/hiah K and | TDS
recovery efficiency (RE=V_ /V ) y iy ow K, or (i) medium/high K, and low ¢,
—Horizontal wells may be less sensitive to these X-g rection —’ﬁucfya“tcli eﬁ?ICts htave a smaller impact on
adverse impacts and enhance the recovery efficiency mJ orizontal well systems
Bubble deformation Cross-section Model domain —— Well(s) * Both systems not suitable for high K and high ¢
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. _ Recovery end: 341.0 d Recovery end: 336.0 d CO”CIUSlOnS
- Develop design guidelines for ASR with horizontal wells o ——— ’ Ef":g;";a's‘tﬂﬂz can inerease ;nfoazcovery efficiency
(e.g., depth of well, length of well) x-direction [m] y

* Horizontal wells can replace multiple vertical wells for low
thickness and low hydraulic conductivity conditions

|

* Quantify potential benefits of horizontal wells over " - ~ —
vertical wells for ASR Cros [kg/m3]
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