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COMMENTS ON THE DRAFT REPORT PRESENTED BY THE
CONSULTANT, ENTEC, ON DELINEATION OF GROUNDWATER
PROTECTION ZONES FOR THREE WELL FIELDS IN OMAN

The modeling work in this study has taken a significant portion of the overall effort.
The calibrated model has been used to delineate the well fields’ protection zones. The
effectiveness of the delineated protection zones is greatly affected by the model
output, and regardless of how good the criteria applied for assessing the potential
contamination sources and processes, the hydraulic and hydrogeological factors and
conditions will remain the basic criteria for the delineation of the protection zones.
Therefore, an emphasis has been exerted on these aspects while reviewing the four
volumes of the study report.

It is hoped that the result -of this study, and the experience gained will enable us to

formulate some guidelines for adoption in similar studies of other well fields under
the prevailing arid conditions of Oman.

Well Field Protection Zones

General:

In identifying the potential sources or factors which may affect the fresh water
acquifer in Salalah plain and Al-Khawd area, potential contamination sources on the
ground surface within the catchment or basin boundary have been considered or
targeted, as well as horizontal sea water intrusion from the southern boundary.

Under the prevailing hydrogiological, hydrochemical and hydraulic conditions in the
study coastal area, where the sea water tounge may extend for significant distance
inland, upward coning of saline water is also expected beside lateral encroachment.
Such upcoming has been observed in Fujairah plain in the U.A.E in the farthest wells,
near the mountains and is mainly caused by upcoming, while many wells closer to the
sea have maintained their lower salinity.

Salalah Plain

As shown in Fig. 2.16 of Salalah report the water level drop caused by several years
of groundwater pumping in Salalah plain was very minor, (maximum of 0.5 meter).
Such small water level drop is observed in Northern Qatar after 25 years of pumping.
However, most of the exploitation was derived frrom storage resulting in with
thinning of the fresh water zone as the most observed or measured effect of over
exploitation. Lateral regression of the fresh water zone was observed to a lesser
extent and water level drop had the least effect of over-exploitation.

In Salalah plain, regardless of the difference between the hydraulic conductivities of
the Baleed member and the underlying Hafat member of the Taqa formation,
differential upward hydraulic gradient could result in upward by leakage to the aquifer
under consideration. This leakage has not been considered as a component in the
aquifer water balance (Fig.2.18). The long term effect of such upward leakage could
be significant over a large area, particularly on the ground water salinity.
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In Salalah study report Fig. 2.22 shows a sea-ward retreat of the base of the saline
water interface from the year 1975 to the year 1985, please check this matter or
explain.

In comparing the model water level with the observed values in Salalah area, it was
not clear whether the model water levels, represent the nodal value (for the whole
node area) or they have been corrected to represent point or well values.

Groundwater monitoring in Salalah plain has a long history. It should be utilized in
obtaining a more accurate estimate for the recharge component (Jebel inflow). The
justification of this request is based on the much lower estimates previously
determined by previous studies conducted by McDonalds, 1990, and Dames & more,
1992, which gave estimates of almost half what has been applied in the present study,
(page 15, para.2, and other locations).  Such big difference in estimates is also
observes for the agricultural annual abstraction in the same studies referred to above
(Table 2.4, P.16) of Salalah report.

Further calibration work is recommended to obtain a better fit between the model and
observed water levels, particularly in the central zone, around Salalah well field for
the contour lines with elevations 2,2.5,3,4 meters.

As the final model water level output for the groundwater flow will be used to
delineate protection zones for the well fields, the model output should better reflect
the effect of pumping around the well field. Such effect is not clear in the mode]
output.

The hydraulic conductivity value for the central zone, particularly and around Salalah
well field, seems too high and is based on the result of one pumping test for the well
TP 10, (table 3.1). It seems too permissive to extend this point value to such large
zone, the largest in the model area, based on the giological properties of the aquifer.
This is particularly true towards the coast where the upper alluvial portion of the
aquifer becomes more and more effective.

Wadi Adai

easy and unretarded access, for pollutants, from the ground surface directly into the
aquifer. This is also true when shallow alluvial channel deposits, as in Wadj Adai,
occur above such fractured and karst carbonate aquifer.

In addition the occurrence of major faults and thrusts parallel to Wadi Adaj channel,
would enhance the aquifer hydraulic conductivity in this direction which is also the

direction of the groundwater flow, thus facilitating the groundwater flow in this
direction. The implication of this situation is very important and influential on the
shape and boundaries of a given groundwater protection zone, as well as on the travel
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time for contaminants. The shape of any protection zone under such conditions is
expected to be elongated. If this is taken into consideration in the case of Wadi Adai
and Salalah plain the protection zone, or travel time zone may extend along the
whole gorge to reach Al Amerat basin and extend to some distance into it. The
protection zone is also expected to include the major faults and factor zones over an
appreciable area.

It is stated in the report that, except for small area near the Wadi Adai gorge, the Al
Amerat Basin is not related to the ground water area of Wadi Adai'. It is also stated
that there are uncertainties in the boundaries of the groundwater catchment area under
study (Wadi Adai area). These relationships and boundary conditions need further
verification and investigation.

These assumptions may be accepted for the groundwater hydraulic flow model. But
they would have negative effects on the delineation of the protection zone.

It isalso stated in the report that the Wadi Adai flood flow is assumed to recharge the
aquifer via the alluvium. This assumption is right, but it has consequences on the
protection zone boundaries, as the surface runoff entering Wadi Adai gorge drains the
total catchment of Al Amerat.

Therefore, any waste disposal within Al Amerat surface water catchment may be
transported with floods to the alluvial gorge of Wadi Adai and infiltrate to recharge
the aquifer. The most serious areas in a surface water catchment are within or near
the stream channels were flood flow is concentrated. The travel time of potential
contaminants with the flood flow is a matte of few hours or a day. The relatively high
permeability of the channel alluvium and the underlying limestone aquifer would
provide an easy access for the infiltrating flood water.

The hydrogeological relationship between Wadi Adai ground water area and Al-
Amerat catchment needs to be investigated as soon as possible to verify the
assumption given in the present study report which implies that the groundwater in
the two areas are in complete isolation.

The continuity of groundwater flow recissitates that the groundwater flow in Al-
Amerate basin should have an access to the coastal plains. So far, this access believed
to be through Wadi Adai zone which seems reasonable, until it is proved to be else
where.

Wadi Al-Khawd

The effect of the ground crushers upstream of Al-Khawd dam, would have more than
the effect of the oil spills within the channel. Excavation of the banks, and stock
piling of the excavated material, particularly the fine portion, will increase the
suspended load transported by the floods to Al-Awd dam, and consequently leading to
accelerated sedimentation rate in the reservoir area of the dam, and thus reducing its
storage capacity on the long run, and shortening its operational life.

In addition, fine silt deposits within the reservoir area and also in the down stream
recharge lake/basin, would reduce their infiltration capacities, and consequently
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groundwater recharge. Even the costly maintenance would not completely restore the
present favorable conditions.

These aspects have not been considered in the present study.

It is mentioned in the conclusion that there is a need to protect surface water flows
from contamination. This is an agreement with the comments here that the qualitative
protection zones should extend to the surface water catchments particularly along the
main alluvial channels. This also applies to Wadi Al Khawd catchments particularly
along the main alluvial channels. This also applies to Wadi Al-Khawd catchment.

The study acknowledges that the travel time for designing groundwater protection
zones in sites specific. F igures from U.S.A., Europe or similar countries can not be
directly adopted in such arid areas,

The proposed groundwater protection zones for the three well fields in Salalah, Wadi
Adai, and Wadi Al Khawd have been determined based on the existing number and
pattern (spacing) of pumping wells, which is not the optimal distribution pattern from
the hydrogeological point of view. The existing distribution pattern in Al-Kawd is
adequate. But those in Wadi Adai (the main wellfield) and Salalah are not. The
spacing between the pumping wells is so close that will allow well interference, which
would maximize the drawdown within the well field, and consequently reduce the
pumping rate from the wells, and invite salt water intrusion (laterd or verticat) to the
pumping centers.

The existing patterns will not lead to sustainability of the existing well fields. Well
failure is expected; water demand will increase. Both aspects will require drilling
new wells at new sites and or replacement wells to maintain groundwater production
up to the required limit.

Therefore, it is felt that delineation of protection zones for the concerned aquifers
should take into consideration the future situation and the need for expanding the
present well fields to achieve the hydrogeologically speaking optimum production
pattern. As special legislation will be required to enforce such protection zone, and
the developmental human activities within each area will be affected, it would be very
important to consider a scenario which takes into account not only the existing
situation, but also the future one.

Finally the proposed precautional and corrective measures within the proposed
protection zones, should be practical and have a minimum social and economic
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impacts.  There should always be a compromise between full environmental
protection and socio-economic growth. The measures should consider any present
impacts of similar activities in the study areas and similar areas in the region which
help evaluate the potential future impacts. Legislation’s should maintain flexibility to

be adaptable for actual and observed future impacts.
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