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Abstract. A new method to store fresh water in a saline aquifer is presented. The buoyancy of injected fresh 

water in a saline aquifer, caused by the density difference between the two water types, usually has a 

negative influence on the recovery efficiency of ASR-systems in saline environment. This study, however, 
shows how this buoyancy effect can be used to keep the fresh water in place. We suggest using vertical 

barriers partially embedded into a saline aquifer to create a subsurface tank in which the fresh water is 

horizontally locked, on top of the saline water below functioning as the tank’s variable bottom. We 
combined laboratory-scale experiments and numerical modeling to study the dynamic behavior of this 

system, where the laboratory model was used to verify the numerical model and the latter to investigate the 

influence of the width, depth and aquifer characteristics on the recovery efficiency, which increases with 
successive cycles. The technique seems promising and is especially applicable in shallow saline water-table 

aquifers for the small-scale storage of rainwater or treated waste water below parks or arable land. 
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INTRODUCTION 

 

ASR. The storage of fresh water in aquifers for later recovery and use (Aquifer Storage and Recovery, ASR) 
is becoming more and more important for seasonal or emergency storage, especially in the light of climate 

change and increasing population in coastal zones.  

 
Storage Tank. In areas with shallow saline aquifers the Storage Tank may be used for the storage of fresh 

water. We suggest using vertical subsurface impermeable barriers partially embedded into a saline aquifer 

to create a subsurface tank in which the fresh water is horizontally locked, on top of the saline water below 
functioning as the tank’s variable bottom. The impermeable barriers are constructed of sheet piles, clay or 

other types of impermeable material. Due to the density difference between fresh and salt water, the fresh 

water will float on top of native salt groundwater. Mixing will only occur on the interface of these water 
types, creating a mixing zone. In this way, a subsurface fresh water tank is created which is useful to cope 

with fluctuations in demand and supply during the different seasons of the year and to have the required 

volume of fresh water for emergency situations.  

 

METHOD AND MATERIAL 

 
Numerical analysis. We simulated the functioning of the Storage Tank by means of the SEAWAT 

computer code (Guo and Langevin, 2002) which allows for transport of water with varying density. The 

open-source groundwater modeling environment MfLab build number 340 was used (Olsthoorn, 2011). The 
numerical model was used to investigate the influence of the width, depth and aquifer characteristics on the 

recovery efficiency. In addition, experiments on a laboratory-scale were executed to verify the numerical 

model. We used the same characteristics for the numerical model as in the laboratory setup.  
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Laboratory Setup. The setup is a 100x10x17 cm box filled with glass grains with a diameter of 400-600 

micron. The effective porosity is 38% and the horizontal conductivity is 22000 cm/day. 

 

 
Figure 1. Experimental model setup 

 
Fresh water is stored at the left. The impermeable barrier is located at a distance of 35 cm from the left and 

has a depth of 12 cm below surface-level. For injection and extraction of fresh water a gutter was placed at 

the top left corner of the box. A constant head boundary at the right hand side was constructed by placing an 
impermeable barrier at 1 cm from the side. We kept a constant head by continuously extracting or adding 

salt water at this point in the same capacity as fresh water was added or extracted. A green fluorescent tracer 

(fluorescein sodium salt) was added to the fresh water. UV-illumination was used to improve the contrast. 

The density of the fresh water with tracer was 1004 kg/m3 and the density of the salt water was 1075 

kg/m3. Fresh water was injected for 75 minutes, at a rate of 15 ml/min, followed by a storage period of 

1240 minutes. Thereafter, fresh water was extracted again by pumping via the gutter for 48 minutes at a rate 
of 15 ml/min. The behavior of the mixing zone was compared to numerical model, to validate the numerical 

model. 

 

RESULTS 

 

The results show that it is possible to store fresh water in a saline aquifer between vertical subsurface 
impermeable barriers. The numerical modeling indicates that a recovery efficiency of 30% is achievable in 

the lab-scale configuration during one cycle. Because of the relatively huge thickness of the mixing zone 

compared to the fresh volume in stock in the lab-scale configuration, we may expect higher recovery rates 
in real-case aquifer scenarios. 

 

Cycled Operation. In cycled operation, the recovery of subsequent cycles increases, mainly due to the initial 
loss, which should rather be regarded as an investment in ‘salinity walls’ (i.e. Kumar and Kimbler, 1970; 

Merrit, 1986; Pyne, 1995). The mixing zone may be considered a pre-investment, as it kind of prevents 

losses in future cycles due to reduced salinity gradients. Our numerical modeling results show that the 
recovery efficiency increases from 30% in the first cycle to more than 70% in the fifth cycle in the lab-scale 

configuration. 

 
Comparison numerical and experimental results. There are some small differences between the results of 

the experimental and numerical model. The flow lines in the Storage Tank during recovery differ slightly 

due to the flow to the gutter. Because there are no grains in the gutter in the experimental setup, more water 
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is kept in the gutter than we calculated with the numerical model. And, there is a delay of 10-20 seconds in 
the experimental setup, because of the initial filling of the tubes. However, generally the models give 

similar outcomes and we may conclude that the numerical model can be used to study the functioning of the 

Storage Tank (http://www.youtube.com/watch?v=CY1_DboFpak). 
 

  
Numerical model result after infiltration (t=75 min) Numerical model result during recovery (t=1363 min) 

  
Experimental model result after infiltration (t=75 min) Experimental model result during recovery (t=1363 min) 

 

Sensitivities. 

 

Width and depth of the Storage Tank. A wider Storage Tank could serve a wider area above ground. 
However, the width of the Storage Tank is directly proportional to the volume of fresh water in the mixing 

zone at the bottom, and therefore a smaller Storage Tank is more attractive. Hence, the optimal width is 

highly dependent on its final use. As for the influence of the depth of the Storage Tank on the recovery 
efficiency; results show deeper walls will lead to higher recovery efficiency for all modeled circumstances. 

This is because the width of the mixing zone stays the same and therefore the amount of freshwater lost in 

the mixing zone stays the same. Due to the larger capacity caused by the deeper walls; relatively the amount 
of fresh water lost gets smaller. 

 

Leakage. When a larger volume of fresh water is injected than the capacity of the Storage Tank, this will 

result in leakage under the impermeable barrier. Therefore an optimal size of the Storage Tank exists. Due 

to the density difference, the leaking fresh water will float up directly next to the impermeable barrier where 

it spreads out. It seems to be impossible to recover this water via the Storage Tank and therefore, this water 
is considered lost. However, the fresh water will presumably do no harm to the surrounding environment. 

 

Soil properties. In case of larger porosities; larger voids lead to a larger capacity of the Storage Tank. There 
will be less leakage under the impermeable wall and will lead to a higher recovery efficiency. On the other 

hand larger conductivities lead to a faster leaking process. When the maximum capacity of the Storage Tank 

is reached, the recovery efficiency quickly degrades for higher conductivities.  
 

 



22nd Salt Water Intrusion Meeting: Salt Water Intrusion in Aquifers: Challenges and Perspectives 

 

 

 

 

 

271 

 

CONCLUSIONS 

 

Fresh water storage in saline aquifers seems feasible by means of the Storage Tank. The main characteristic 

of the Storage Tank is by using vertical subsurface impermeable barriers in a shallow saline aquifer the 
fresh water in stock is horizontally locked on top of the saline water below functioning as the tank’s variable 

bottom. The stored and recoverable volume of fresh water depends on the width and depth of the Storage 

Tank, and on the characteristics of the aquifer. Our modeling results show that the recovery efficiency 
increases from 30% in the first cycle to more than 70% in the fifth cycle in the lab-scale configuration. 

Further research will include investigation of the effect of evaporation and well extraction and modeling 

with real-case aquifer characteristics.  
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