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Abstract

Large energy consumption is one of the main weaknesses of RO desalination. A new method is proposed to reduce the energy consumption
of RO desalination which depends on the salinity of the feedwater. Low salinity feedwater can be obtained using groundwater wells which
extracts both fresh groundwater and subsurface sea water. Subsurface feedwater is advantageous in overcoming other problems associated
with surface seawater intakes. Salinities of groundwater depend on a number of factors. In this work a new simulation-optimization model is
proposed to identify well locations and pumping rates with would provide the required design flow rate with the minimum salinity. When
groundwater is developed in a coastal area, the saltwater wedge advances inland and may contaminate existing groundwater wells, which must
be prevented. The model can protect existing wells while developing minimum salinity feedwater. Examples are provided to demonstrate the
usage of the model.
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Fig. 3. Toes in relation to different pumping rates (7,000(short
dash line), 8,000(dotted line) and 9,000 m>/d) and well
locations

Table 1. Optimal result for example 1

Total . Fresh water| Sea water | Sea water
. Best Location .
pumping rate rate ratio
rate (m'/d)| x(m) | y(m) (m'/d) (m'/d) (%)
7,000 -10 0 6,743.7 256.3 3.66
8,000 -70 0 6,865.6 1,1344 14.18
9,000 -110 0 6,744.3 2,255.7 25.06
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Fig. 4. Toe of the sea water wedge associated with optimal
pumping from three wells(O)

Table 2. Pumping rates and sea water ratios for example 2

Total
: Sea water| Fresh water | Sea water
el i rftlém(prﬁ?/%) ratio (%) | rate (m’/d) | rate (m'/d)
#1 1,296 52.61 614.17 681.83
#2 5,315.33 9.58 4,806.12 509.21
#3 5,889.89 25.74 4,373.83 1,516.06
Total 12,501.22 21.65 9,794.71 2,706.51
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Fig. 6. Toes corresponding to existing well pumping (1,800, and
2,700 m3/d) and optimal brackish well(O) pumping rates

Table 3. Optimal brackish water pumping rates corresponding to
two different pumping rates at the existing groundwater

well.
Existing Total | Sea | Fresh | Sea \p. progp
Pumping |Well| pumping | water | water | water Water Rate

Well Rate| ID rate ratio rate rate (m/d)
(m'/d) (m'/d) (%) | (m/d) | (m'/d)

#1 | 1036.80 | 65.01 | 362.77 | 674.03

#2 | 5833.73 | 22.70 |4509.55]1324.18

1800 1=37175630.69 | 41.08 [3317.482313.20, 08980
Total| 12501.22 | 34.49 [8189.80/4311.41
#1 | 51840 | 70.35 | 153.71 | 364.69
#2 | 6352.13 | 30.76 |4398.32]1953 81
2700 375630.69 | 5134 [2740.15[2890.54 09218
Totall 1250122 | 41.67 |7292.18/5200.04
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