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SINAI WATER RESOURCES STUDY
ARISH-RAFAH GROUNDWATER
MANAGEMENT STUDY

Supplementary Report on Recommendations for Further
Investigations (Phase B)

1. Background

1.1 GENERAL

Groundwater abstraction has increased significantly in the coastal area of
northeast Sinai between Arish and Rafah, particutarly over the past decade.
However, this development has taken place without adequate planning or
sufficient knowledge on the groundwater resources available.

The demand for groundwater is continuing to. increase and abstraction has
spread into new areas in both the Arish and Rafah areas over the past ten
years. However, the groundwater quality in the Quaternary aquifer at Arish is
reported to be deteriorating and there is now growing concermn as to whether
the aquifer can continue to support even the present level of abstraction.
Recently, Nile water has begun to be imported by pipeline to serve a new
urban development in the western part of Arish

A monitoring network has not yet been established to determine the effects of
current levels of abstraction, whether a redistribution of abstraction would be
desirable, or whether further development of the aquifer system would be
possible.

Several groundwater studies have been carried out in the area since the early
1950’s but have drawn varying conclusions as to the resources available for
development. In view of the concern regarding abstraction in the Arish area in
particular, we recommended that a groundwater management study should be
undertaken as a matter of some urgency to plan future abstraction in the area
and to thereby assist development plans for this region. This was extended
subsequently to include the Sheikh Zuwayid-Rafah area to the east of Arish.

The consulting services of the Faculty of Engineering of Cairo University were
appointed by RIWR in November 1987 to assist with a groundwater
management study of the Arish-Rafah area, with particular emphasis on the
Quaternary aquifer at El Ansh, as part of the Sinai Water Resources Project,
which is supported by EEC funding. The study comprises three phases:

Phase A. The assembly, review and analysis of existing information and
preparation of a new inventory of water points. The information would be
used to describe the present situation and make recommendations for further
data collection.




Phase B. Collection of ncw data from further field investigations and
establish a monitoring network.

Phase C. Analysis of the new information to devclop a numerical model, if
possible, which would be used to assess the availability of groundwater and to
examine alternative abstraction strategies,

An Interim Report on Phase A was submitted by Cairo University in March
1988. This presented the information available from previous studies and
incltuded a well inventory. Four pumping tests were also undertaken in January
1988, together with several infiltration tests in the dune areas. Unfortunately,
the well head levelling survey had to be repcated and some difficulty was
encountered with obtaining data from the privately owned wells.

A mission by staff from the [nstitute of Hydrology (IH), a component
organisation the UK Natural Environment Research Council (NERC), was
undertaken to Egypt on behalf of the European Economic Community (EEC)
from 18 September to 10 October 1988. The terms of reference of this
mission inciuded an assessment of the conclusions and recommendations of the
Arish-Rafah Groundwater Management Study.

However, due to the delays in completing the well surveys, the University
team had not been able to complete their preliminary evaluation of the
information nor been able to draw any firm conclusions at the time of the
mission. However, it was decided, with the agreement of the EEC Delegation
in Cairo, that the mission should attempt if possible to draw some preliminary,
independant conclusions which could then be compared to those made by the
University team. These were included in the mission report presented in
November 1988. A more detailed review of the conclusions and
recommendations from Phase A would be postponed until the final report on
Phase A became available.

The Final Report on the first phase of the Arish-Rafah Groundwater
Management Study by RIWR/Cairo University was received on 9 January 1989.
This review of the conclusions and recommendations contained in the Final
Report is presented as a supplement to the mission report of November 1988.

1.2 OBJECTIVES OF PHASE A

The ultimate objective of the Arnsh-Rafah groundwater management study is to
prepare a strategy for groundwater abstraction in the area This could involve
numerical modelling techniques to predict the aquifer response to various
alternative management options. A model also serves to focus the collection of
data. Information would be required on:

(a) the physical aspects of the system to prepare a conceptual mode] from
which an appropriate model could be designed and to prepare input data for
the model

(b} time-varying changes to calibrate the model.
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Water quality considerations, which are an essential aspect of the management
of this aquifer system, are more difficult to include in a model and would
perhaps have to be inferred from predicted head changes.

The main objective of Phase A of the study was to assemble the available
hydrogeological and other relevant information and to carry out a preliminary
analysis of this information in order to recommend a programme of further
data collection to be undertaken during Phase B.

During the mission several meetings were held with the University team and
staff from RIWR to discuss the work that had been carnied out at that time
and a short visit was made to the study area accompanied by the team. We
suggested that at least the following aspects would need to be considered
during Phase A to establish the programme of work to be undertaken during
the subsequent phase of the study:

identification of gaps and weaknesses in the available data

a detailed history of groundwater development in the area, seasonal
variations in demand, and the likely future demand or development plans for
the region

sources of recharge and their relative contribution together with their
variation seasopally and from year to year

- an evaluation of the possible sources of poor quality water and relationships
between the changes in water quality with abstraction, recharge and changes in
water level

- develop a conceptual model of the aquifer system

- determine the aquifer geometry (extent and thickness) and characteristics and
interconnection betwen different parts of the system

- whether modelling studies would be appropriate.

Various recommendations were alsc made to the Unijversity team to assist
them in the evaluation and presentation of the information. These included the
following:

* a map to show the gencral availability of groundwater data, using
conventional map symbols where possible, so as to highlight areas lacking data
and to show where interpretation was based on only limited data

* more dectailed information on the likely variation in domestic and agricultural
use throughout the year, estimates of consumptive use of groundwater, together
with an analysis of the likely future demands and areal distribution for the
various requirements.

* more detailed graphical plots of the history of abstraction and alternative
estimates of irrigation abstraction based on agricultural area and crop
type/water source duty demand.




* a map to show the distribution of abstraction, perhaps using a subdivision
of the grid, for each of the previous studies to show how the pattern of
abstraction has varied.

* maps showing the change in water level and quality
* apply selected techniques to evaluatc the avalable chemistry data to (a)
show where and to what extent the water guality has become unacceptable for
irrigation or domestic use, and (b) provide hydrochemical evidence to
distinguish the possible alternative sources of poor quality water.

* examine the importance of well parameters, such as screen position or total
depth, on water quality using statistical techniques if appropriate.

* differentiate seasonal from longer term changes in water quality.
* identify and distinguish the relative contribution from alternative sources of
recharge, attempt preliminary estimates of groundwater inflow using the Darcy
approach, and estimate the depletion in storage indicated by the decline in
water levels.

* identify unconfined/confined areas of the aquifer, saturated aquifer thickness,
aquifer extent and variations in the aquifer parameters of ecach aquifer,
particularly specific yield (based on well logs if necessary).

* subdivide each area and each aquifer into zones having common features to
more clearly identify where information is required and the objectives to be
achieved.

These activities were proposed to highlight where further information would be
needed in relation to future plans for the area and whether modelling
techniques could be applied.

13 SUMMARY OF GENERAL CONCLUSIONS FROM
PHASE A

The work undertaken during Phase A of the groundwater management study
included the following:

(a) Collection and review of all existing information and reports relating to
climate, topography, geology and lithology, geophysics, hydrogeology, abstraction
and water quality.

(b) An inventory of existing wells, including information on their construction
details, status, well logs, water level data, pumping tests, and water chemistry
information.

The information available from previous studies was presented in the Interim
Report of March, 1988 The Final Report includes a presentation of the well
inventory data, a preliminary analysis of the information obtained and
recommendations for further investigations required to overcome limitations in
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the available data. Table 1.1 summarises the availability of well data.

The work undertaken by the Cairo University team in conjunction with RITWR
of the Arish-Rafah arca presents a comprehensive assembly of the available
information, much of which has been usefully presented in map form. Most of
the advice given during the mission has been incorporated and a clearer
picture has emerged from the detailed work regarding the aquifer system and
where future investigations should be directed.

A concluding chapter on the findings of the first phase of the study is not
given in the Final Report. We have attempted to summarize their conclusions
regarding the general availability of information as follows:

* Information on time-varying parameters, such as water level fuctuations or
detailed variations in water chemistry, is very limited.

* The less accessible areas, such as the sand dune areas, and the deeper parts
of the aquifer system have only limited information.

* Abstraction, which has doubled during the 1980°s and extended into new

-areas, has been accompanied by a decline in water levels and a deterioration

in water quality in the Arish area. Saline intrusion has been identified just
east of Arish and also locally along areas of the coast further east. Other
areas away from the coast are indicated to contain groundwater with a limited
suitability for irrigation or domestic use.

* Recharge from rainfall, floods and leakage along faultlines is considered to
be less important than lateral inflow from the hinterland catchments.

It is apparent that more information is required in the dune areas in
particular, on the hydraulic connection between different parts of the aquifer
system and on the deeper parts of the sequence before a resource evaluation
can be properly attempted. This will require further information on the
aquifer geometry, hydraulic characteristics, water levels and water chemistry. A
water level and water quality monitoring network is required to provide
time-varying information.

The data from the pumping tests carried out during this phase have already
been entered onto the groundwater data base (GRIPS) to produce drawdown
plots and well logs Analysis of the other information would be assisted by
entering as much of the data as possible onto the data base, particularly the
chemistry data, if this has not already been undertaken. Time-varying data
should also be transferred onto the data base in due course.

Certain general aspects will require further data or more detailed analysis of
the available information. These include:

- development plans for the region

- consumptive use

- preliminary estimates of storage and recharge

- maps of transmissivity and estimates of permeability
- specific yield estimates

- water level and water quality changes

- conceptual model of the aquifer




- aquifer geometry

- influence of well construction, pumping rate etc on local
variations in water quality
identification of risk areas

In the subsequent scctions of this report we have examined the conclusions
drawn from the work carried out under Phase A and the recommendations
proposed for further work to be undertaken during Phase B.
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2. El Arish

2.1 GENERAL

Previous studies have indicated a decline in water levels and a deterioration in
water quality in the area around Arish indicating the need for a groundwater
management strategy to control future abstraction. An appropriate monitoring
network is required for this purpose but the application of numerical modelling
techniques would - greatly assist estimates of the available resources and future
development planning.

The work undertaken during Phase A can be divided into: (a) the
presentation and description of available information for the area, which was
presented in the Interim Report of March 1988; and, (b) the collection of
new data to describe the present situation accompanied by a preliminary
analysis of this information leading to recommendations for further data
collection, which are given in the Final Report of December 1988.

A considerable amount of information has now been assembied and presented
at a suitable map scale accompanied by various other methods of presentation,
such as profiles and chemistry diagrams. However, the main emphasis during
Phase A has been to describe and discuss the hydrogeology of the area rather
than as yet attempting to draw firm conclusions.

In our view more analysis could have been undertaken at this stage with the
data available to show more clearly where and why more information is
required. Important time-varying data could also have been obtained during the
course of this first part of the study. The analysis has not proceeded
sufficiently far enough to prepare a conceptual model of the system, to
indicate recharge from possible alternative sources, relate the change in storage
to changes in water quality, or to define the source(s) of poor quality water.
Furthermore there is no discussion of future plans for the area which is
undergoing rapid development, including the recent introduction of piped
supplies from the Nile, so as to relate the purpose of future data collection
to the needs of the area

22 SUMMARY OF CONCLUSIONS

The main conclusions from the study can be summarised as follows:

- most of the information is restricted to the central arca north of the
Airport between the wadi channel and the Arish- Lahfan road.

- there is a lack of routine time-varying data on water levels and water
chemistry, although historical changes can be examined using a number of
studies which have been undertaken since 1954,




- the Quaternary sequence forms the main aquifer. This is penetrated by most
wells such that the water level configuration represents a composite of the two
main parts of the aquifer system, although these are¢ probably in hydraulic
continuity, The older formations contain very poor quality water.

a number of geophysical surveys have been undertaken but their accuracy is
considered doubtful. Only 10 boreholes penetrate the base of the aquifer and
thus there is limited information overall with which to define the aquifer
geometry or saturated thickness or the aguifer characteristics of the lower part
of the aquifer. Due to the lack of data west of the wadi channel it is not
yet possible to determine whether the aquifer extends westwards.

- silty loams between 10 to 20m thick limit recharge along the flood plain of
the wadi, although the adjacent sand dune areas offer favourable conditions
for infiltration of rainfall.

- silt lenses, often of apparently fairly wide extent within the alluvial deposits,
may act as semi-confining layers within this sequence. Grain size analyses
would appear to be unavailable.

- water levels are now below sea level over a wide part of the area but data
are lacking in certain important areas, such as the coastal area, just east of
Arish and in the southwest. There are insufficient data to show seasonal
variations to indicate recharge sources or to estimate lateral inflow. There is a
possibility that recharge is taking place from domestic wastewater beneath Arish
itself but there is insufficient water level or water quality information to
confirm this.

- aquifer tests have been undertaken at five sites, of which three were carried
out during the present study. These sites do not include a representative
sample of the different parts of the aquifer sequence in different areas and as
a result a transmissivity distribution has been derived from less reliable specific
capacity data.

- present abstraction is now about 52000 m3/d from 145 pumped wells. About
25000 m3/d is abstracted by 33 wells for domestic use mainly close to Arish
and about 26700 m>/d is abstracted from 112 wells for irrigation mainly in the
central and southern part of the area.

- abstraction apparently doubled from 1981 to 1982, mainly for irrigation. Total
abstraction in 1988 is the same as that in 1982"but there has been a 30%
decrease in irrigation abstraction and an increase of 85% in domestic
abstraction. The distribution of abstraction has also altered with new
abstraction taking place south of the airport for irrigation and southwest of
Arish for domestic abstraction.

- zones of differing salinity have been identiied. High salinities east of the
Lahfan road may be due to limited recharge in this area, induced flow of
poor quality water from the area to the east duc to high abstraction or from
the recycling of immigation water. An area of saline intrusion has been
identified just east of Arish along the wadi channel extending about one km
inland, but there is insufficient data along the coast to establish whether saline
intrusion is occuring over a wider area
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- sodium forms the dominant cation and chloride the dominant anion. The
highest chloride concentrations occur in the north and the lowest just south of
Arish. No particular pattern  could be identified in the bicarbonate
concentrations but the highest values occur close to the wadi channel, which
could indicate recharge in this area.

an examination of ioni¢ ratios and chemical composition indicates two main
types of water chemistry which may be related to saline intrusion or the
mixing of metcoric and deeper groundwaters.

water quality has deteriorated and poorer quality water now occurs over a
wider area. Salinities have increased by 200 to 2800 mg/l and the area where
salinities are less than 2500 mg/A has decreased since 1962.

only six boseholes of 68 sampled were considered to be suitable for
domestic use based on WHO criteria and these are located southwest of Arish
or south of the airport.

only limited areas are suitable for irrigation, most will require frequent
leaching.

previous estimates of recharge are considered doubtful and unreliable. The
geological conditions seem to preclude recharge from the east, southeast or
west. Instead it is suggested that recharge is derived from the south and
southwest from run-off in the Hasana catchment via gravel deposits beneath a
cover of dunes.

No comments are made regarding the application of modelling techniques nor
has a conceptual model of the system been attempted.

23 COMMENTS ON CONCLUSIONS

Overall we would agree with the broad conclusions obtained from the work
carried out during Phase A. However, in our view, more analysis and
presentation of data could have been attempted before recommendations for
further work were considered.

More detailed analysis should continue during the second phase of the study.
This could be assisted by transferring the data to the data base system, which
has already been undertaken for the pumping test and well log data. Several
aspects which require more analysis include:

- greater use of the grid square approach to smooth point variations which
may be due to unreliable data and would also form preparatory input data for
a numerical model. The changing pattern of abstraction over the past 34 years
could be demonstrated by repeating the grid technique for the earlier surveys.

- preparation of maps showing transmissivity and/or permeability.




- maps showing changes in water levels or water chemistry for selected
surveys.

- as yet, despite a number of profiles, it is difficult to judge the geometry of
the system. An attempt should be made, if possible, to prepare some
preliminary maps of the thickness of the main aquifer, areas of confined
conditions, and by assigning specific yields to well logs, indicate variations in
specific yield. More use could be made of the geophysical information to assist
in defining the geometry of the system and whether more geophysical surveys
are required.

the present situation stit needs to be set in the context of longer term
variations in potential recharge. Climatic data are not given for recent years,
although information should be available from the GMA station. Long term
trends need to be established and the frequency of floods considered in
relation to recharge.

- the first part of the study has indicated a deterioration in water quality due
to overabstraction but further work is required to link the origin and effect of
this deterioration. Changes in water chemistry need to be compared to well
parameters, such as screen position, as well as the geographic location. Better
quality water in the west compared to the east could be a function of well
depth rather than recharge.

- information is required to e¢xamine seasonal variations in water quality
resulting from recharge or variations in abstraction.

In our view there are several important aspects not considered by the analysis
undertaken during Phase A that have a bearing on the collection of further
data:

* some of the observed changes in water quality may be due to seasonal
variations in recharge and abstraction. Comparison of salinity data from 38
boreholes sampled in Aprl, July, and November 1965 indicate a variation
averaging 770 mgd (or 50%) between April and July. Peak values occur in the
summer months when water demands are high and are lowest in March-April
following rainfall or flood recharge between November and January and when
demands are relatively low. The recent sampling was carried out in October
1987 and April 1988

* the decline in water levels indicates that abstraction is exceeding recharge
and is being supported by flow induced from the adjacent areas, particularly
from the west, and from a depletion in storage. The change in water quality
is probably associated with a greater proportion of the total abstraction being
derived from deeper parts of the aquifer. Hence, the change will be more
marked in the areas of lower elevation where abstraction is also concentrated.
* the sand dunc areas may contain groundwater accumulated over a long
period. The water level configuration in the western area, which would seem
to indicatc inflow from the south west, is more likely to be a disturbed
condition due to abstraction in the central area. The groundwater in the dune
areas could be water held in storage rather than being replenished by flow
from the south or southwest. If so, the water quality will deteriorate further
cast as storage in the dune area is depleted.
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* estimates of recharge based on a water balance approach are likely to be
misleading due to thc uncertainty and variability in the components of the
water balance. A Darcy approach would be more reliable- and this requires
data on water level gradients and transmissivity. In addition, since groundwater
mining is indicated, it is also essential to obtain reliable information on
specific yield variations and to make maximum use of abstraction/consumptive
use information,

* a recharge mound is likely to have formed beneath Arish and may be
acting as a barricr to saline intrusion. This could account for the intrusion
being restricted apparently to the area just east of Arish. The urban area is
expanding rapidly and an estimate of wastewater return in these areas is
required. In part, this will be water abstracted and transferred from other
parts of the area and hence is not strictly speaking an additional component
of recharge.

* flood recharge is indicated by the improvement in water quality following
floods in the 196(0’s, although a decrease in abstraction occured at the same
time. This recharge will occur mainly through the wadi bed itself.

* the lack of floods in recent years may be contributing to the deterioration
in water quality since a greater proportion of abstraction will be derived from
storage or lateral inflow. Hence, although the volume of total abstraction has
not apparently increased since 1982, water quality will continue to deteriorate
with the depletion in storage until significant recharge from floods occurs
again. Annual recharge is therefore rather misleading in these semi-arid
conditions. The safe yield of the aquifer will be related to the volume of
abstraction that can be supported from storage and lateral inflow without an
unacceptable decline in water quality or heads until a further recharge event
takes place. However, the frequency of recharge or the combination of climatic
conditions that will give rise to a recharge event cannot be predicted. A
management strategy therefore has to depend on establishing a relationship
between abstraction, consumptive use, the decline in water level and the
deterioration in water quality within pre-set constraints.

* the groundwater contours indicate inflow along the alluvial deposits south of
the airport. New abstraction in this area will be intercepting groundwater that
would otherwise continue into the area of abstraction north of the airport
thereby aggravating the decline in heads and water quality in this area. Hence,
the boreholes south of the airport are not developing a new resource. A
similar situation would occur by developing the western dune area

* it is pot necessary to assume that flood recharge necessarily has to occur in
the area of abstraction. The Wadi Arish channel represents a low point in a
large arca and groundwater could be entering the alluvial deposits from a wide
catchment area as well as conveying recharge that has infiltrated from floods
upstream but which have not necessarily been of sufficient magnitude to reach:
the Arish area

* abstraction at Arish will intercept water that would otherwise be lost at the
coast. As more of this is intercepted, either by excessive abstraction between
recharge events or by a continued increase in abstraction, the saline front will
move inland, although not necessarily by the same extent along the coast.
Usually this is preceded by upconing of saline water at individual deep or
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high abstraction wells. Water levels are now below sca level over a large area
and therefore there is a strong possibility that saline water will continue to
move inland. The recharge of water bepeath the urban area may be slowing
the advance of saline water intrusion but the situation necds careful
monitoring if groundwater supplies are to be safeguarded.

* it is important to distinguish consumptive use of groundwater from borehole
abstraction and to include the recharge from domes tic wastewater originating
from the import of Nile water since October 1987, which should occur in the
new urban area 1o the west of Arish.

* rccently there have been attempts to introduce drip irrigation methods but
apparently with limited success. The use of such methods, or water
conservation measures in general, should be encouraged to reduce abstraction,
although often the water saved is used to extend the area of cultivation so
that the net abstraction still remains the same and with a greater consumptive
use. It is important that the groundwater management study should work
closely with agricultural and other organisations, particularly since these are
collecting routine information on abstraction rates and irrigation development.

* supplies are at risk from several different but interrelated conditions: the
upward movement of poor quality water from deeper parts of the aquifer,
lateral inflow of poor quality water from the eastern area, recycling of
irrigation water and from saline intrusion. Domestic wells close to Arish could
also become contaminated from wastewater recharge.

* the relative risk for each well will depend on the geopraphical location, well
depth, screen position, and abstraction rate. Areas at rnisk from a
deterioration in water quality need to be defined from the available
information. This should take account of the type of demand, crop type, well
depth, well location aquifer conditions and any trend in water quality
changes.

There are three particular aspects of the study which require further comment.
These concern the transmissivity estimates, recharge, and changes in salinity.

Transmissivity

The tests undertaken on RIWR wells 2-5, 5-2 and 5-4 have produced a
consistent set of results and would appear to be reliable interpretations.
Longer tests will be required to obtain the necessary values of specific yield.

The transmissivity values were used in conjunction with the results of step
tests on the same wells to obtain a relationship between transmissivity and
specific capacity. In this way the results of 31 other step tests could be used

to derve transmissivity. This is a common approach where aquifer test data are
limited.

However, well 5-2 is screened in older formations whereas the other two wells
are screened in the alluvial sequence. The low value of transmissivity for well
5-2 confirms the low permeability of the older deposits. The correlation
between specific capacity and transmisivity was based on the average of all
three results and this limited information on which to base a correlation must
be considered as very approximate. A map showing the specific capacity based

12
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on the drawdown due to aquifer losses would indicate the relative distribution
of transmissivity.

The specific capacity values were not adjusted to the aquifer loss component.
When this is used to derive specific capacity rather than the total drawdown
then the correlation for the two wells tapping the alluvium reduces to 1.5 and
not 2.6 as given in the report. This gives lower transmissivity values.

The correlation is based on only two results and should only be applied to
the wells tapping the alluvial aquifer and to the specific capacity adjusted to
the formation loss A similar correlation cannot be established for wells
tapping the kurkar or kurkar and alluvium.

The calculated transmisivity values were not ploited in map form. A more
reliable correlation needs to be established from the further work

Recharge

Resource estimates from previous studies are summarised in Table 2.1. These
suggest that recharge is approximately the same as abstraction and are all
basced on a water balance approach.

Rainfall at Arsh averages about 100mmfy. Only exceptional events are likely to
give rise to infilltration, mainly in the permeable dune areas. In general very
limited recharge is likely to occur with such low rainfall and would probably
not exceed 5 to 10% of the annual rainfall.

Upward leakage through faults has been proposed as a source of recharge but
previous estimates have been based errozeously on the water level and
hydraulic characteristics of the Quaternary sequence. This is considered also on
the basis of salinities to be a minor component of recharge.

Flood recharge should not be discounted and there is some water level data
to support recharge from this source. However, this will be infrequent and
variable in amount and cannot be estimated without monitoring and specific
yield data.

The swmudy discounted lateral inflow from the east, west and southeast on
geological grounds. Although this is probably the case the reason is more
likely to be due to the reduced saturated thickness in these directions rather
than due to the occurence of older clays and shales.

It was considered that recharge must originate from a south or southwest
direction via gravels underlying the sand dunes from infiltration in the El
Hasana catchment some 25 km southwest of Arish. It is conjectural as to
whether there is hydraulic connection between the two areas and what
proportion of the potential recharge reaches the aquifer system at Arish. This
could be estimated from the Darcy approach.

However, we have strong reservations as to the contribution from the Hasana
catchment and indeed whether it is necessary to consider this arca as a
source of recharge for the following reasons:

- the decline in water levels indicates a depletion in storage

13




the change in head is inducing flow from adjacent areas

water beneath the dune areas may be palaco-recharge accumulated over a
long period from recharge

- recharge from floods has not occured for several years

- any groundwater reaching the Arish area from Hasana would probably have
a relatively high salinity

- the fanglomerate gravel deposits could be partly cemented

In addition the volume held in storage in the Arsh aquifer (estimated by
Paver in 1954 as 50 Mm?) is not an upper limit to recharge as suggested by
the study tcam. This comparison is quite misleading.

. . s

Using the available information we have applied the Darcy ap proach to
indicate lateral inflow from adjacent areas at the zero water level elevation
contour:

Transmissivity 1000m?d
Average gradient  0.0013
Width 17 km

Inflow = 1000°0.0013*17000 = 23000 m’/d, or 8.27 M3y

This is similar 10 some of the carlier estimates of recharge from rainfall and
other sources but is only 50% of the present total abstraction. Actual
consumptive use could be rather less than the total abstraction but this
estimate would suggest that consumptive use in excess of this estimate of

inflow is being supported from storage, which is suggested by the decline in
water levels.

The aquifer area has not been fully defined, but assuming this to be about 28
km2 (within the zero contour), a storativity of 10% and an average decline in
water level of 15m since 1981 (Figure 2.1) then the depletion in storage
between 1981 and 1988 was 4.2 Mm® or 0.6 MmYy (1644 m>/d), assuming no
recharge.

A simplified balance on the basis of these figures would be: (in Mm3fy)

Recharge-Borehole Abstraction= Change in storage
(»8.3) - <1825 = >06

The recharge only includes lateral inflow and does not take account of
recharge from other sources. Abstraction is based on a daily rate and does
not represent consumptive use. Over-or underestimates are indicated but the
discrepancy in this balance could be due to several factors: there could be
recharge from rainfall and floods; the change in storage may be occuring over
a wider area; the annual abstraction could be less on an annual basis than
indicated from the well survey; consumptive use may only be, say, 70% of the
annual abstraction; both transmissivity and specific yield could be greater; and.
there could be upward leakage, which cannot be defined with the available
water level data. However, it is not necessary to assume that additional
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recharge is occuring from the south or southwest as this would be included in
the intlow.

At present the available information and level of data analysis are insufficient
to indicate which parameters arc in error and this needs to be examined
during the next phase. Overall the present consumptive use (without accounting
for recharge from rainfall or floods) is being supported by an expanding cone
of depression which will continue until inflow balances the consumptive use.

The total volume in storagec assuming an average saturated thickness of
freshwater of S50m within this area would be about 140 Mm?. Only a
proportion of this storage would be available due to water quality constraints.
Due to the risk of saline intrusion the minimum effective storage is that
proportion above sea level, most of which has now been removed by
abstraction. The water level south of the airport is about 2m above sea level
so assuming an average originally of Im thickness above sea level over the
area then the usable storage may only be about 3 Mm3, if water levels are
retained at sea level.

These estimates must be considered as very tentative and do not account for
the present abstraction. It would be useful to express the various components
as annual volumes. The frequency and contribution from rainfall and floods

-needs to be quantified and distinguished from lateral inflow, storage depletion

and possibly upward leakage from deeper parts of the aquifer.

It would appear that abstraction is being supported by lateral inflow and
depletion of storage, perhaps accumulated over a long period of time. Isotopic
dating might distinguish the different recharge sources.

Changes in Salinity

The present situation is compared to that in 1962. This might be slightly
misleading as abstraction has apparently been relatively constant since 1982
Flood recharge and reduced abstraction also occured during the 196('s and
this may have influenced the water quality.

The change in salinity between 1981 and 1988 is shown in Figure 2.2, where
positive values indicate an increase in salinity. This would generally suggest that
water quality has deteriorated in the northern part of the central area. This is
more likely to be due to saline intrusion, the greatest increase being along the
wadi channel just east of Arish. Aside from a few local areas, the water
quality over a large part of the central area has actually improved or has not
shown any significant change since 1981 despite the decline in water level
(Figure 2.1).

These results indicate that abstraction in the central area is causing a decline
in heads which has resulted in inflow from the surrounding area and hence
the water quality change will be related to the different water quality in the
surrounding areas. Thus thosc sites in the north would be affected by saline
intrusion, those to the east by poorer water in the eastern dune areas (with
slightly better quality water along the Wadi Mazar), those in the south by
good quality water entering as inflow along the alluvium of the Wadi Arish,
and those in the west by reasonable quality water entering from the western
dune area. Detailed hydrochemical studies should be able to identify the
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relative contribution from each areca.

However, an additional factor is the thickness of freshwater in the central area
and other factors, such as well depth or abstraction rate. It may be necessary
to take account of these different water qualities in proposing the allowable

abstraction and the distribution of such abstraction in the management
strategy.

It is still uncertain as to whether water quality is still deteriorating at the
current level of abstraction. This can only be resolved by further monitoring of
the situation taking into account seasonal variations.

24 SUMMARY OF PROPOSALS FOR FURTHER
INVESTIGATIONS

The following recommendations were made by the University team:

- the situation requires immediate monitoring, which should be carried out for
a period of one year

a geophysical survey is required along the coastal area

test drilling should be carried out where there is only limited information on
aquifer characteristics

The proposed programme of work, which is to be carried out over 2 one year
period, is summarised in Table 2.2. We have examined this programme and
can suggest various amendments for consideration. A more detailed programme
will need to be prepared.

For convenience, we have subdivided the area into five sectors to reflect

differences in the water quality, aquifer types, abstraction, and programme
objectives:

- the northern coastal region, including the urban area of Arish

the western dune area, including the areca of abstraction immediately
south west of Arish

the central area north of the Airport
- the area of the wadi channel south of the Airport
- the eastern dunes area

MO0 £Z

We would recommend that the data base is used to store and process the
new information.

25 COMMENTS ON PROPOSED GEOPHYSICAL SURVEYS
The available geophysical data should be reinterpreted if the raw data can be

obtained using the information which may have become available from further
drilling since the surveys were undertaken as well as new information from the
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drilling programme. In practice the aquifer extent and configuration can
perhaps only be defined from further geophysical surveys given the difficult
access into some areas and thc otherwise high drilling costs to collect such
information. The application of geophysical surveys should be given further
consideration.

We would suggest an extension and some modifications to the proposed
geophysical survey:

1. It is probably unnecessary to have traverse lines at the coast at the spacing
proposed. We would suggest EM as well as ER traverses spaced 1 to 1.5 km
apart extending to 2km inland along the coast from the new urban area west
of Arish at about 177.5E eastwards to 190E. Supplementary drilling and
borehole logging will be required to provide the necessary control for interpret
ing this geophysical survey.

2. Access is difficult into the western dune area and may require expensive
road construction. We would suggest an ER suvey, if ground contact is
possible, extending south from the coast at about 180E through piezometer 82
to site ‘9 and then eastwards across the airport area to site 14.

3. A further survey of the eastern dune area where access is also difficult
could be considered. This should be made southwards from site 3 through
GDDO A, to site 14 to GDDO 3. Some earlier work has been undertaken in
this general area.

26 COMMENTS ON DRILLING PROGRAMME

In general we would agree with the objectives of the proposed drilling
programme. Most of the drilling is to be undertaken in the western dune area
which lacks information. Nonetheless, we suggest the following amendments to
target the drilling and testing programme and ensure as far as possible that
the necessary information is obtained.
o
A detailed programme needs to be prepared to the exact requirements at each
site since all include several objectives.

Arca D

The area south of the airport is undergoing development for new irrigation
supplies which will intercept water that would other” wise contribute to the
abstraction further north. However, there are several RIWR test sites in this
area already and we would agree that no further drilling is required in this
particular area. We would recommend that a recorder is installed on test well
2-5 to monitor flood recharge. Recorders could also be installed on the other
two RIWR test wells in this area with monthly monitoring on the piezometers
at all three test sites, including deep piezometers 5-3 and 5-5 to indicate any
response of the deep aquifer to abstraction.

Area N
We would suggest additional sites in the coastal area where data are very
limited. Sites 1, 2 and 3 arc acceptable but monitoring of the saline intrusion
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will require at least one line of piezometers extending inland and morz
information is required on the geology and water levels in this coastal area.
We propose a total of seven sites in this area as follows, all of which should
be fully screcned from the water table:

- one piezometer to 60m in Arish itself (at about 185.75/1226), providing a
suitable site can be located, to obtain water level and chemistry data and to
monitor the possible return of wastcwater beneath Arish

a line of two piezometers just cast of Arish to monitor saline intrusion
incorporating site 2 with another sitc at about 187.25/1225.75 (depending on
the EM and ER survey). Depths to be 40 and 60m.

- a line of two piezometers just west of Arish to also monitor saline
intrusion between the coast and the area of abstraction on the southwestern
edge of Arish. Depths to also be 40 and 60m and incorporating site 1.

- one site to 40m in the urban area west of Arish and incorporating site 3
to 50m east of Ansh. These are mainly for geological and water level control.

This programme incorporates wells 1,2, and 3 plus four additional sites giving
a total meterage of 350m. Water level data in this general area would assist
in estimating groundwater outflow at the coast and the lithological data may
distinguish the prescence of older beach deposits.

Area W

The location of new wells 15 and 16 southwest of the Arish area is not
unfortunately shown on the report maps. This site is intended to indicate a
postulated connection to the Hassana catchment beneath the sand dunes. In
our view, as discussed above, we do not think such a connection would play
a significant role in recharge to the Arish area in the way proposed.
Consequently, we do not recommend the drilling of this site.

Most of the proposed ddlling programme is intended to collect information on
the western dune area, which appears to contribute to the area of main
abstraction to the east, but for which there is little information on the
characteristics of the dune aquifer, water levels and water quality, or the
general sequence.

However, access into the area is difficult and may require road construction.
We would suggest a more condensed programme of drilling and testing in this
area as follows:

1. A test well in the area of abstraction just south west of Arish using well
1-131 as a piezometer. Data on the aquifer characteristics in this area are
lacking. The test well should be drilled to 50m to test the alluvial aquifer (if
this is the main aquifer being tapped by the wells in this area) and would be
subsequently fitted with a recorder to monitor the water level situation in this
area of abstraction.

2. A test well and piezometer just south of the tarmac road approximately at
site 7. This would be drilled to about 50m to test the characteristics of the
dune aquifer, particularly the specific yield. A recorder should be fitted on the
test well. Samples of the dune sands should be taken in the western area

18

L I B B BN BN BN BN BN BN BN BN BN BN BN BN BN BN BN BN BN BN BN BN BN BN BN BN BN BN BN BN BE BN )



for grain size analysis to estimate permeability.

3. A full test site approximately at site 8. This should first have a slim
exploration hole for logging purposes to a depth of at least 100m. This would
be reamed out and completed as a test well in the alluvium. Two piezometers
should be drilled adjacent to this well, one completed at 50m in the dune
sand aquifer and the other completed at about 100m in the alluvial aquifer.
The pumping test and subsequent monitoring would be used to indicate the
interconnection between the dune sand and alluvial aquifer. A recorder should
be fitted on the test well and water fevels measured monthly on the two
piczometers. These would indicate whether rainfall recharge occurs

4. Sit¢ 9 should be drilled initially as an exploration hole to 100m, or at least
to prove the occurence of alluviom and if possible the kurkar. This would be
completed however at 50m in the dune sand aquifer for monitoring.

5. Water level control data are lacking in the area of the wadi channel/edge
of the western dunes west of the airport. We would suggest a site at about
1865/1220 drilled to 50m. This site would also be used to indicate flood
recharge and should be protected accordingly if necessary.

This programme gives a total drilled meterage of S50m and comprises three
test wells and five piezometers. It excludes sites 5, 6 and 11 and concentrates
on providing information on the aquifer characteristics and geometry with less
information on the water level configuration in this general area It may still
be considered desirable to drill sites 5, 6 and 11 for water level data,
although all three need only penetrate the dune aquifer. This would increase
the total meterage to about 700m for this area.

The drilling depths are based on those proposed by the University team but
given the elevation of the dunes we consider that it may be necessary to drill
to greater depths than generally suggested. The pumping tests must also be
of sufficient duration to obtain information on the specific yield.

Area C

This includes the main irrigated area where water levels are below sea level.
Monitoring is the main requirement in this area together with information on
the aquifer characteristics of the underlying kurkar. We would propose the
following amendments to the proposed programme in this area:

1. Piezometer 4 should be moved slightly further north to provide water level
fluctuation data within the area of abstraction just south east of Arish which
is at risk from saline intrusion. The drilled depth should be about 50m.

2. A full test site should be constructed at about the location of sites 12/13.
This should first have a slim exploration hole drilled up to 150m completed as
a test well screened in the kurkar at about 100m. Two piezometers should
then be drilled, one to the same depth and screen position as the test well
and the other to about S0m with screen in the alluvium. The pumping test
and subsequent water level data should indicate the extent of hydraulic
connection between the alluvium "and kurkar as well as providing information
on the transmissivity and specific .yield of the kurkar. The test well should be
fitted with a recorder.
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The total driled meterage for the wells in area C would be 350m.

Arca E

Only limited information exists in this area, mainly because of difficult access.
Most of the information is limited to the Wadi Mazzar. One new site has
been proposed in the arca south of this wadi to explore the sequence
underlying the dunes and to provide important water level and water quality
information.

We suggest that the site is dnlled as a slim exploration hole for geophysical
logging but should be completed in the Quaternary sequence. It will only be
necessary to prove the underlying bedrock formation, which could occur at a
depth of less than 150m. If drilled at 8 inch diameter a pumping test could
be undertaken to monitor water quality changes with pumping and to estimate
transmissivity from a recovery test.

27 COMMENTS ON MONITORING AND SUPPLEMENTARY
INFORMATION

The proposed network and frequency of measurements is acceptable for the
water level monitoring programme but should be adjusted if necessary as data
are obtained and as further analysis is carried out. The network should include
all available disused sites and all new RIWR boreholes and eventually should
be modified to form a long term monitoring network

We would suggest that recorders are fitted to all test wells of 8-inch diameter,
particularly those in areas of high abstraction or adjacent to the wadi
channel.

The wells drilled to monitor saline intrusion should be screened from the

water table to the completed depth. EC logging should be undertaken on
these wells at 6-weekly intervals.

We consider that repeat suveys of water levels, water quality and abstraction
every three months is perhaps rather excessive. It may be preferable to select
a representative sample of the domestic and irrigation wells and monitor these
more frequently. We would suggest at least 10 domestic and 10 irrigation wells
for this purpose to obtain information on vanations during the year. The
abstraction data from the Government wells should be collected and 10
irrigation wells fitted with meters. Arecas of irrigation, irrigation method,
information on crop types and irrigation development plans may be available
from the agricuitural staff, but if not then a survey should be carried out to
obtain such information in cooperation with agricultural staff.,

The conductivity should be measured at hourly intervals over 24 hours (or the
pumping period) at the selected irrigation wells, once during low irrigation
demands and repeated on the same wells when demands are high Water
samples for full analysis should be taken every four hours The sites selected
should include deep wells and high abstraction sites and in areas where there
has been a significant decline in water quality, Water samples for full analysis
should be taken every six weeks from these sites

20

J-—...........................0......




Information is 2also required on the pattern of domestic demand and future
water requirements for the urban area as well as the general development
plans for the arca.

We recommend that an isotope survey is undertaken throughout the whole

arca to help distinguish the age and ongin of the different groundwaters. This
should be accompanied by water samples for detailed hydrochemical analysis.
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3. Sheikh Zuwayid-Rafah Area

31 GENERAL

The Quaternary deposits also form the main aquifer system in the Sheikh
Zuwayid- Rafah area. There are three aquifer units:

Holocene dune sands, which occur along the coast
Upper Pleistocene old beach deposits, underlying the dunes
Lower Pleistocenc calcareous sandstone (kurkar)

Alluvial deposits of any significant thickness are absent. The aquifer system is
underlain by Pliocene cherts. The old beach deposits are 5 to 25m thick whilst
the kurkar, which is the main aquifer at Rafah, is up to 80m thick. The
kurkar can be divided into an upper continental facies about 10m thick and a
lower marine facies up to S0m thick The exploitable aquifer wouid appear to
extend some 15 to 20km inland.

Information on these aquifers is available from several previous studies
undertaken in 1954, 1962 and 1982, although the most detailed. survey was
made in 1984 by GARPAD. The information from these earlier studies was
presented in the Interim Report of March 1988.

Some 330 wells have been constructed in the area, including shallow collector
systems in the coastal area. However, despite the number of wells the amount
of available data is rather limited, particularly in the central area, and flow
directions are rather difficult to define.

Rainfall ranges from 150 to 300 mm#y in this area and forms a more
important source of recharge than in the Arish area. There are no large wadis
entering the area, although a number of wadis drain the higher relief areas
further south. Most recharge will be derived from rainfall and lateral inflow
but it is possible that local abstraction may also draw upon storage.

32 SUMMARY OF CONCLUSIONS

There are 44 wells in the area having lithological descriptions, of which only
15 fully penetrate the kurkar. The information from 36 wells was used to
construct six profiles. It would have also been wuseful to integrate the
information in map form to provide a more suitable indication of the aquifer
geometry and inter-refationships between the different parts of the sequence.

A water level and well inventory was carried out between April and May
1988. Water levels were measured on some 123 wells, mainly located around
Zuwayid and Rafah In parts of the coastal area the zero contour extends
about 1 km inland indicating overabstraction in these areas. A comparison of
nine wells in the coastal area where water levels were measured in 1983
indicated water level declines of -03 to - 1.8m. Water level declines of 1.5m
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are also indicated in the area west of Rafah.

The degree of interconnection within the sequence has not been properly
cstablished. Abstraction at Rafah has disturbed the natural pattern, although
the data for 1985 indicate a general flow northwards over most of the area
but with flow northeastwards in the area north of Rafah indicating a recharge
area east of the border.

Two RIWR boreholes were tested. One site taps the old beach deposits whilst
the other draws upon the kurkar. The analysis of the tests carried out at the
sites gave consistent results, indicating a transmissivity of 350 m?d for the old
beach deposits and 700 m%d for the kurkar. The results from earlier tests
were not applied.

The results of four tests were used to calibrate specific capacity data available
for 22 wells. However, the same comments given in Section 2.3 apply. The
correlation is based on an average of only four sites which penetrate different
aquifers and relate to the total drawdown rather than the component due to
aquifer losses. The correlation factor of 3.0 derived from their approach will
overestimates the transmissivity. A value of about 2.5 i5 more accurate but
should be derived scparately for each aquifer.

Only one value of specific yield is apparently available and the system
generally appears to be leaky confined. The dune areas are more likely to be
perched and show water table conditions.

Total abstraction has been estimated to be 43320 m>/d from 280 wells. This
abstraction is derived almost equally from the dune sand/old beach deposits
and the kurkar. Although abstraction from the dune sands/old beach deposits
occurs equally for domestic and irrigation purposes, the abstraction from the
kurkar for irrigation is over three times that abstracted for domestic use. Most
abstraction for domestic use occurs along the coast and irrigation s
concentrated around Zuwayid and Rafah

The main increase in abstraction occured between 1962 and 1982 but has
doubled since 1982, due almost entirely to increased abstraction from the
dunes/old beach deposits.

Water samples were obtained from 64 wells between April and June 1988.
Oniy four samples were rejected after checks on their accuracy. The data are
presented by various methods. The salinity increases from north to south but
local areas of upconing are indicated. For the most part the water quality is
suitable for domestic use but is only marginally suitable for irrigation in local
areas of the old beach deposits and kurkar. The water quality is likely to be
poorer with increased depth or near sabkah areas.

Estimates of recharge were not attempted during the rtecent study, In 1983
GARPAD estimated recharge from rainfall in the coastal area to be 7800
m3/d and lateral inflow to the aguifer at Rafah to be 48600 m?/d. This could
suggest that the coastal aquifer is being overexploited.
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33 COMMENTS ON CONCLUSIONS

No firm conclusions regarding the aquifer system were obtained by the recent
survey. The reports concentrate mainly on presenting the available data and a
general description of the system. The information from the previous studies
needs to be integrated with the new survey.

A multi-aquifer system is present and probably in overall hydraulic continuity,
except at the coast where local perched aquifers may occur in the dunes. The
degree of interconnection within the system and the thickness of freshwater
are not yet properly understood. The information on specific yields is in
adequate. Large areas still lack hydrogeological data.

There is a lack of time-varying data on water quality and water level
variations. There are indications of falling water levels in several areas due to
overabstraction and in our view the freshwater resources may have accumulated
over 2 prolonged period.

34 SUMMARY OF PROPOSALS FOR FURTHER STUDIES

The following activities have been recommended by the University team to
obtain more information from the area:

- six geophysical traverses extending from the coast to on average about 8km
inland covering the whole area with a VES spacing sufficient to a depth of
25m below water level. Each traverse is linked to a well having lithological
data

- construction of test wells at ecight locations, each having a piezometer and
all located to test the old beach deposits together with a single piezometer
just south of the irrigated area at Rafah to monitor water levels in the
kurkar. Most of the wells range in depth from 50 to 100m and the total
meterage recommended is 700m,

- monitoring of 30 wells, including the new wells to be drilled, for water
level changes at monthly intervals and on all wells at three monthly intervals.

monitoring of EC, temperature and pH on 30 selected wells and all
operating wells to be sampled for chemical analyses every three months

- monritoring of extraction on all producing wells every three months.

3.5 COMMENTS ON PROPOSED PROGRAMME
Geophysical Survey

The survey proposed is acceptable but should include another traverse through
proposed wells 3 and 4. Ground contact may be difficult in the dune area
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We would also suggest that EM surveys extending about 1 km inland are
undertaken in the areas of concentrated ubstraction along the coast, particularly
where water levels are below sea level, to define the saline interface. We
would suggest three traverses at 750m spacings at the coast north of Zuwayd
Just west of the road at the coast and another three traverses at the samc
spacing where the road from Rafah reaches the coast with the central traverse
along the road.

Drilling and Testing

The proposed drilling programme concentrates on the old beach deposits,
although the reason for this is not clear. Where pos sible it may be
appropriate to locate test wells next to existing piezometers. It may be also be
possible to undertake recovery tests on three wells in each aquifer where
accessible for water level measurements to obtain transmissivity cstimates.
Further drilling needs to provide information on water levels where data are
currently lacking, such as the central area, and in areas of concentrated
abstraction. The longer term monitoring of the sys tem should also be taken
into account to safeguard supplies in the main areas of irrigation and domestic
abstraction.

We do not consider that a water balance approach to estimate the available
resources is appropriate in these semi-arid conditions. This means that the
water level configuration, gradients and variations in transmissivity need to be
determined to estimate inflow and loss at the coast. This will also require a
more detailed knowledge of interconnection in the system and general aquifer
conditions. Specific yield data are required for each aquifer to estimate
storage.

We would suggest the following modifications to the drilling programme to
obtain water level data where there is presently little or no information
(mainly the central area) and to increase the amount of information regarding
the hydraulic characteristics of each aquifer. The well depths are indicative only
and should be confirmed. Where possible test well sites have been selected to
use exsting wells (but away from other abstracting wells) which are to be
incorporated into the monitoring network. It would be preferable to drill
each site to, say, 100m for logging and water quality information but
completed and screened at an appropriate shallower depth in the target
aquifer.

We have subdivided the area into the coastal zoné, the central area, Zuwayid
and Rafah, and the new area of abstraction northwest of Rahfah

Coastal zone: Drill shallow test wells (each about 30m depth) adjacent to
existing wells 12-1 and 12-68 in the Zuwayid area and 16-6 in the Abu Shinar
area for aquifer tests of the dune sands and to obtain information on the
water levels and quality of the underlying sequence. Each test well could be
fitted with 2 reSorder to monitor tainfall recharge. Construct exploration well
to 50m for subsequent use as a piezometer at 220/1242 in area of abstraction
and to investigate deeper aquifer.

Zuwayid: Sites 1 and 2 accepted but consider depths of 60m for each well.

Construct test well to S0m adjacent to existing RIWR well 12-93 for aquifer
test.
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Central area: Sites 3 and 4 and 5 and 6 accepted, but consider depths of
60m for each. Construct test well to 60m adjacent to existing well 17-1 for
aquifer test. Two piczometers are required to monitor the wellficlds extending
from 16-8 to 16-73 and westwards from 16-112. Site 7 and 8, both drilled to
60m could be moved south for this purpose and to obtain aquifer data
relating to the aquifer tapped by this wellfield, with a recorder fitted on the
test well to monitor the wellfield. Specific capacity data are available for
almost all the wells of the wellfield further north and only an additional
piezometer is required to a depth of 50m or less.

Rafah: Test wells, each to say 80m (depending on water quality with depth),
are required to obtain information on the aquifer characteristics of the Kurkar
aquifer in this area. A test well could be located adjacent to well 16-106 and
also included with the proposed piezometer site 9.

This revised programme is more extensive than that proposed and will require
a total of about 1000m of drilling and 11 aquifer tests. However, this area is
much larger than Arish, includes several different aquifers and lacks water level
and water quality data over much of the central area in particular.

Monitoring

The proposed monitoring network for water level fluctuation data is considered
acceptable and concentrates on areas where saline intrusion may be occuring
or in areas of high abstraction. Use is made of exsting disused wells and the
network includes the new wells to be drilled. We do not consider that all
wells need to be resurveyed every quarter and instead we would suggest a
representative sample of wells in each area is selected for this purpose taking
factors such as the aquifer type or type of demand into account. The main
increase in abstraction is for domestic use and monitoring of the wellfields in
the area should have a high priority.

We suggest that recorders are installed on a selection of the available sites,
especially on the new test wells, in particular t0 examine rainfall recharge in
the shallow coastal aquifers and to monitor water levels in areas of
concentrated abstraction.

Other comments regarding monitoring and supplementary information described
in Section 2.7 are applicable. We would also recommend an isotope survey of
the different aquifers and more definition if possible of the aquifer(s) tapped
by each well. This should include at least fivesamples from each aquifer
across the area.

Abstraction records should be obtained for all government wells fitted with

meters. Meters should also be fitted to at least five representative irrigation
wells at both Rafah and Zuwayid.
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4. Conclusions

The work undertaken during the first phase of the study is a detailed and
useful account of the hydrogeological information available for the Arish-Rafah
area. The reports highlight where more information is required, but relatively
few conclusions can be drawn from the present level of analysis.

The information could be analysed in more detail, particularly if that from the
earlier studies is integrated more fully with the new surveys and entered onto
the GRIPS data base.

The proposed programme of further investigations and data collection is
generally acceptable but the objectives need to be more clearly defined.
Supplementary information is needed, such as on the future water reguirements
or to distinguish aquifer relationships and recharge contributions.

We have outlined a number of modifications to the programme of further
work for consideration by RIWR. A detailled programme should now be
prepared, particularly for each drill site and the tests to be undertaken.

Numerical models of each area would be the most appropriate way of
planning a management strategy for future development. As yet, a conceptual
model of the system has not been attempted and no conclusions have been
obtained regarding the application of numerical models. Implementation of the
strategy selected will depend on establishing a long term monitoring network

Arish Area

Abstraction is exceeding recharge in the Arish area and storage is being
depleted. Water levels are now below sea level over much of the area of
abstraction and there is a consequent risk of a continued decline in water
quality in a situation where supplies are already rather marginal for irrigation
or domestic use. It is uncertain as to whether the deterioration in water
quality i5 still occuring and the pattern of abstraction has altered in recent
years,

The deterioration in water quality would appear to be linked to several
different origins related to the occurrence of poor quality water in peripheral
areas and in the sequence underlying the main aquifer. Local variations may
be due to well depths, abstraction rates and other factors.

Additional information is required on the aquifer parameters, in particular in
the western dune area and on the kurkar aquifer. Water level data are
needed to estimate lateral inflow from the dune areas and for the coastal
area.

Previous resource estimates are questionable but we consider it unlikely that
significant recharge onginates in the Hassana catchment as proposed by the
University team. A water balance approach to estimate the resources is often
inappropriate in this arid zone, particularly where limited information s
available on the highly variable components of recharge. Lateral inflow and
storage depletion would seem to be supporting the current level of
abstraction.
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We have proposed a subdivision of the arca to reflect different aspects of the
system and the type or amount of data still required. The monitoning network
proposals arc acceptable, although we propose some changes in the frequency

of sampling surveys concentrating instead on a representative sample of sites

for more detailed work. The application of geophysical surveys has been
extended to include the dune area. The proposed drilling programme has been
modified. to concentrate on certain  aspects, such as the water level
configuration in the coastal area and on detailed test sites for aquifer
characteristics. The total required meterage for the revised programme is about
1300m, subject to further detailed examination of the depths required in the

dunc areas. A suggested programme is given in Table 4.1.

Sheikh Zuwayid-Rafah Area

The aquifer system is not yet fully understood in this area. Time varying data
is very limited but there are indications from the recent survey that water
levels have declined in several areas. Abstraction for domestic use has
increased considerably in recent years. The situation will require careful
monitoring, particularly in certain areas of the coast.

Large parts of the central area lack information and the proposed further
investigations stress the need for water level data, geological control and
information on the aquifer characteristics of the old beach deposits as well as
on regional geophysical surveys to define the aquifer geometry.

Rainfall recharge is more important in this area but lateral inflow from the
south is an important source of recharge. Water level configurations of the
different parts of the aquifer system need to be defined to estimate inflow.
More information is also required on the aquifer parameters and water quality
of each aquifer.

We have proposed various additions to the programme of further work which

will require about 1000m of drilling. The area has been subdivided to indicate
priorities of further data collection. These are summarised in Table 4.2.
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Table 1.1 Summarry

of

well data in El-Ansh and

El-Sheikh Zuwayid - Rafaa Areas

Arish Sheik Zuwayid-Rafah
Number of Number of
Type of Data Collected % Collected ]
Well Data Well Data
Inventoricd Wells 176 100 319 100
Well Use Darta 176 100 319 100
Well Geological
Daia 40 22 36
Tehnical Well
Data 168 95 293 92
Production Darta 145 82 280 23
Water Level
Measurement 40 2 123 39
Water Sample 68 39 64 20
Aquifer Test 2
Previous Well
Test Data 22

* Percentage of number ol well data witdespect

study arca.

to the total number of wells for each




Table 21 Resource estimales from previous studies (m3/d)

Paver (1956) Saad (1962) SDS (1980) GARPAD (1984)

Rainfall
Floods

Upwards leakage along faulls

Total

1000 8700
46700

9800
20000 4300-12800 4300

(by difference)

25000 30000 27000 51000




uoda) Ul umoys 10U UONEDOT W

A CloA 8861 Jaquwasag “ioday [BUId :3dinos
‘poylsw uonedun pue Ainp otem ‘polefiuy eose uo uonetwojul Jayung

ynww (uonemp pue pja) S|puUOW £ KA UOHORMSQR 3IRWNS-IY
sutomed uonisensqy (o)

sisdfeue qinj Joj sdjdures Jnem i Jaafor sywow ¢ AUsAd spom [ JOUUOK suoperrea Anjenb ixem (q)
Hd'amgesodwal 'DF 10j pue sjoa3] Jolem 10} fiquow sjam gp Jonuow stonemoanp |29 Jaem (e) Jutonuolw g
Answoo? ispnbe 10} rezeiy pem W [
Bam-Inos U uonsauuocosaul sousnbas Kewssiend) - sunp Apms o 7 -

ey w o Jeyio
WnlAn[le Ul U0 ‘e3fe [BNU3D U UORIIUUCAIAIUG Joymbe Aprus o Z -

1591 uottemp 3uo] i0) Sjam Sunioyuow apraoyg (q)
suc ‘umangie oY) Bunenauad £n yoes .Svnu.a fpmis o yinos m 7 . sansuMoRIRYD JI)inbe -
(ssouyolyy reranfie a1 Sunensusd ¢ ‘sesre aunp ul ) Aienb uxmem pue sj9a3] Jorem -
Airenb satem ‘sfseyoar pue Anawoo? minbe io0) eose vimsem 1 9 - Answoed 1aninbe -
famans Apansisal 235eyo21 JO UOWIINP pUE IDINOS -
Jo uonesqlies ISiSSe 1 pUR UOSNLU] JONUCW O} EISE [PISEOD U] § - UOHIIUU00ISUL JNNEIPAY -
Wzl %o [B10L uoisnLAUT sunEs 0 W2
wnianfle jo aseq Iy o1 [[E ‘suonedo] €1 12 S|jam 91 (A uo uohewlojut ulewqe ol (e) Junsay 4
pueps) wy 51 Suipumxe sjEAIAIUl W QOS 1€ Soul asidABRl [ asusnbas saynbe uo uvoneunsoju Jayimy (g)
sdupeds w ooz 1B STA LUAnSsey 2RI 2ules 19913 (@) Adadny [ediskydoan)
poyIo seande(qQ fQianoy

Ysuy 1o yiom wyumf Jo aunuvidoud pasodoid YyMpy : ysuy 77 4901

000 0 6 0.6 0 6.0 0.0 0 0 06 06006006060 0606000606060 00600 00




Aisuap
sjoyssoq ydiy aaym Ysury Jo
mpwoerad s g1 - [ %sn ‘wps e wnanje 1S9f MS 1l sopsusoereys amby (@) Sunsa} pue quyug 2

pl 91s o) eare wodste ydnomyl isea usyy 1| AIS
01 zg Jawozaid ydnosyy iseos wog (siqissod i) Aaams yg ease aunp jo Ad0j0e8 auojdy (o) foaung |easdydosn 1

(m 3u07) saung uinsam

05t ie101-qng
squuow omy Laas (e)z 25 jo Budwes ydag Rienb Jatiem (9)
SjeAISIUY
Aquow 1B ‘sacqe s211s [euonippe Rupesodiosur ‘pasodoid sy staad] Jaep (q)
sieauaiul Apjoam 9 1B sa0qe saus ;. Jo 3ui¥Bo; o3 uoisnul auljes (e) Fuponuow g
ov € 2us 1 1SE2 U1 SUS IUQ S3LIEpUNOG LWLIISEI pue
oS wimas Jaem 3IN qissod 2iym EIRE UBQIN mIU Ul S QO LnsIm spremo eep [eostdojouyiry (o)
0w + o 1 as 2umesodioaut
YsUuy jo 22pa3 wiglsIm uo Ul puods Kanuns
09 + OF z s Sumesodiooun lieoishydoad a1eiqies 01 eep
‘ysuy Jo 33ps aroises uo suy sy - suAemozeld Jo Saun oml leaideiowny; pue uoisnnul Jonuop (q)
ysuy ieatiag
2] YTZUCL'SET  INDQR TB. NG O 13W0ZYY Imemosem Joyuow pue Linuap) (e) Bunsay pue Junug
‘05T O §fL1 wol) isecd> Juole puejur urgz o1 dn pue uonewJojur Jainby (q)
(soszoaen) 11°Q01) 1ede upg'[ Or 1 e SIRIdARN YT pue W aepisin suies 19:12Q (e} Aonms (eaisfydoan |
paiua {N 2u07) |exeo)

101335

suonpdusaauy syunf Jo sudwpuawp pnsaddng : ysuy 4 31quf




yeey e suonels yiNO woyj eep [eadojoionsw uRIqO)
pemnz 1B pue Seose |e1se0d Ul Z SI3pI0DI1 [jejuiel ¢

SJ9pJO02) OABY OF S[lam 1531 ||V
slgsod p1og9 - 2zt ‘T - 21 jo 3ndde Dg
‘Bupoyuow  Angenb

iem pue siall 10) S| aaneiusssidsr 199[35  pasodosd sy Juuonuop ¢
L6 s¥erapw o]
09 + 09 2aI® D[AMam mIU O] paADWl § L SN
09 + 09 eose enuas |9 S SAS
09 + 09 U} Spues Yoesq u) mowornd pue pom 1sa) )7 € SOUS
09 + 09 T saug
0s pewomid se pasdwos ‘TZI/QZT 1B (19w Uoneroidry

NS 110

6 2ns
{uejed) o0t - o1
1S

(pilemn) ¢6 - 21
((eugs nav) 9 o1

RRRARBII

(SUSUDIGEIRYS pues sunp Joj eaJe [EISE0D) ﬁwo -u
I - T

13pN|ou) saN1jIqISSOd
sumpwozard Junsoa 'Pa1dvIs of eu s|qssod Aidym STIaM ISR [[L(] 8unsa] pue Bunug ‘g

yejey Jo yuou pue pwemnz jJo uJoU 1Se0D U0 pue|ul
wir o1 sdureds wosy e soun sonp Juisudwos sloams W

B 'E Sam yBnouy) asusaeny |euonippe Y Ing pesodold sy faang [edisdydosn |

a3einow

suoyvsysIAul L2YUnf 01 SUAMUPUIUNLY PASIING yufpy - prkomnz ays 7 G




CESEEERES =

05t |e101-9ng

sliam aanejussasdss p2129)3s uo uonoensqe pue Aljlenb 1stem JojUOW
19 1591 UO JOPIOIdY 218 asoge Junesodsosur ‘pasodord sy 3unonuow ¢

wowune i Uopouu0IaNU]
pue rexiny Jo sonsusioereys seduseaul o1 s 159 SOl

oS wps 'Aes 1B winmanje U1 paussiss 1AIWOZIY
ol wOOT ARS ‘12 lewimy Ul PIUINLIS IDIAWOZIANG
051 wpol noqe e
Fexsny Ul pauddsns Jam 1591 se paajdwos WSl |(em uoneojdxyg €1z 2us 1wy (q)
0% wes o1 Auo 19swozald  CUONSENSQE JO Bale OUI YMOU P S IAOW p 2us Jo yuon (e) Junsag pue Suyug 7
i ur pa3pn)au] fanmg |edisdydoany -

(O suoz) EHUI)

S[lam 1521 (|2 U0 SI5pI03oy

‘§13A3) Jaem Aiuop  ans oaoqe Junesodroour ‘pasodosd sy Juonuow ¢
o5y 12101-qng
yodae
wos o1 JIWozs id Jo 1sam 1snl 32ps ounp y (9)
& 1S Jeau ease o::u
0ol wgg ‘Aes Ge aapnbe sunp ui pasjdwod ‘wopl 01 {lam uonesoidxg Jo wed Ausginos siow uy {p)
0s SPUES FUNP Ul UIAIS Yl WOS 01 I1NIWOZI I
0s WwniAnjle Ul usalds yitw WOQL O 1213W023 1
ool (woot 4Aes) ndop MNewwroidde
12 WMANYE U1 |19 1S3) 01 Paldaucs wodl 01 |1om  Joielopdxs
Bumoau) 211s 1531 Jofepy  "UDPIAAUUOOSINUL WINIAN|[E-PUBS Junp 183 g s Jesu eae aunp u| (9)
0§ + 05 131au10221d

snid jam 831 °f ous A[mewmosdde e pues aunp s3] (e)g JO ynos peol jo yinos 1smp (q)

| T e




VIO wos) uoneis ysiry o) eiep [esifojorosiaw uielqO

W81 g o p1 s idoows Ly 1e sudswozad (v
L8 18 Sj{om 1531 [V 310N

0ot 281901 [E10L

Aiuow sivowozaid JolUOW pue S3m UMY
Bunsm o §13pJ0331 [{e1SU1 NG pasinbor Hiom jeuonippe ON

(g 2u07) uwisyinog

051 e101-9ng
p1 s uo mplooay pasodord sy Buuonuopw ¢
0§t ‘Aluo 1591 A1aA029Y
“tesany up 219pdwon ng (Ysoipag saosd 10) wost o [IQg p1 2us sy (@) Funsay pue Funug 'z
£ 0ago o
Pl 215 0) Vv OAAD Ydnonn ' s e ISLOI wWog AN N Laaing jedsdydoan |

{3 suoz) uisiseg

00000 0O0C0OCGBCOCGOPC ® O (






