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EXECUTIVE SUMMARY





The simulation of the ground water system of the Wadi Ham was carried out in two phases: (1) in October-November 1995 and (2) in April-May 1996. The findings, conclusions and recommendations of the first phase were reported in the November 1995 report. This report is the sequel to the simulation carried out in 1995. The new data that were made available to the consultant after the first phase are as follows: (a) rainfall distribution from January 1994 through March 1996, (b) water levels in observation boreholes through March 1996, (c) data on flood water stored in the Wadi Ham reservoir after major rains in 1993-1996, and (d) report by ENTEC on geophysical investigations to detect a major fault presumably underlying the Wadi Ham course.


The simulation in this phase is entirely based on the previous simulation. The U.S.G.S. MODFLOW modeling software is used for the simulation. The ground water system comprises one layer represented by drift gravel and sand. The underlying ophiolites make the impermeable base. The actual modeled area occupies about 61 km2. 


The processes simulated include (a) natural recharge from rainfall, (b) increased recharge from flood water stored within the Wadi Ham reservoir (“artificial recharge”), (c) pumping from the Shaara well field and from agricultural developments along the coast, (d) variable transmissivity of the Quaternary aquifer dependent on the time-dependent saturated thickness, (e) constant heads in the sea, and (f) space-dependent storage properties.


The model comprises 55 columns and 50 cells, each of 200m by 200m size. The time is discretized into one-month stress periods. The simulation in 1995 calibrated the period from January 1990 through December 1993. There was only one major rain event in that period, that of February 1990. The simulation in 1996 validated the period from January 1990 through March 1996. There were several major rain events, especially the ones in December 1995 and the first quarter of 1996.


The following is concluded from both simulation phases.


(a) The Wadi Ham ground water system appears to be very sensitive to (1) location of pumping site, (2) pumping rates and volumes from individual sites, and (3) conditions at the dam recharge site.


(b) The effect of the dam and its recharge reservoir is very beneficial. The Shaara well field depends on artificial recharge from the dam reservoir. In the earlier modeling study, this effect has been quantified to certain degree. Without the recharge, the Shaara well field would have to reduce its annual pumping from 1.6 MCM to about 0.9 MCM.


(c) The sea water intrusion can only be effectively dealt with by reducing the exploitation from the coastal plain. By eliminating completely any pumping from the plain, and with the only abstraction coming from the Shaara well field, the ground water levels would recover everywhere to above the sea level in less than one year time. By reducing the pumping to about one half of the currently abstracted 6.2 MCM/yr, the levels would recover in the central part of the plain to above sea level in about one year time, and in the south near Kalba after three to four years.


(d) The conveyance of water from the reservoir and dumping the water into an infiltration pond west of BHF-18 results in the local rise of water levels. The same “artificial recharge” process but into infiltration ponds near the coast (near BHF-3, BHF-4 and BHF-17) may have a local positive effect. The simulated recharge of 8,000 m3/day during 60 to 90 days each year brings the levels above the sea level and fights back the sea water intrusion. However, these higher levels dissipate rather rapidly and in the rest of the year the levels are again controlled by the pumping along the coast. 


(e) It is difficult to locate wells for additional abstraction. Placing wells west of Fujayrah, that is south of BHF-10, had a very negative effect. Placing wells between boreholes BHF-9 and BHF-12 is also not feasible.


(f) It appears that the maximum development potential of the Wadi Ham well field is about 5.0 MCM/yr, which is slightly less than the total recharge into the system from both the recharge site and over the rest of the aquifer.


(g) The model is believed to have been prepared with an adequate accuracy for processing additional development scenarios, such as shifting current pumping locations along the coast to further inland, and quantifying the benefits. Yet there is not much room for maneuvering. There is very little outflow from the aquifer side into the sea. The opposite is true. The sea contributes saline water to maintain the balance between abstraction and recharge. 


(h) The model of 1996 simulated the effect, if any, of a fault speculated to may have exist along a stretch parallel with the Wadi Ham course. It appears that there is no fault of any importance, at least as far as the “transfer” of water between alluvial aquifer and ophiolitic series is concerned.


(i) The model, just as many mathematical models of this kind, is of a preliminary nature. It can be improved by collecting additional data, including new drilling, test pumping of longer duration (one week or more), continuing monitoring of water levels, making field inventories of actual current abstractions, etc.


(j) It is strongly recommended that a computerized data base be established, resulting in a Ground Water Information System for the Wadi Ham system and entire Fujayrah Emirate. The United Nations software GWW is recommended.
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