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THE KHOR ARBAAT
The study area

The water supply for Port Sudan is taken from a
wellfield located in the Khor Arbaat about 30 km north
west of Port Sudan. The Khor Arbaat drains a catchment of
4200 km? within the Red Sea hills and this basin, which
extends about 120 km along the Red Sea/Nile watershed,
drains through a narrow rock gorge, 30 m wide, the upper
gate, into a small alluvial basin some 10 km long and 12 km?
in area. It 1is towards the lower end of this small basin
that the wellfield is located. The lower end of the
alluvial basin is defined by another rock gorge, the lower
gate, where the alluvium is about 450 m wide.

Occasional intense rainfall on the catchment causes
flood flows which contribute to recharge of the alluvial
aquifers. The perennial baseflow observed at the upper gate
represents the slow natural drainage of the alluvium
upstream of the gate and this baseflow provides the main
recharge of the smaller alluvial basin between the gates.
There is no permanent surface flow at the lower gate although
the residual flood flows continue down the khor to cross
the ccastal plain.

Historically, this part of the Khor Arbaat has been used
for water supply to Port Sudan since 1924 and the development
of this wellfield to the present day is well described
by both the Geological and Mineral Resources Department of
Sudan' and Ewbank and Partners?. During this time 68 wells

Hydrogeological investigations of Khor Arbaat Basin by Mohammed Tahir
Hussein. Geological and Mineral Resources Department, 1975

Study of Power and Water requirementa of Port Sudan/Suakin Area for
1975-1985 by Ewbank and Partners Ltd and Sir Murdoch Macdonald and
Partners, 1974




have been constructed but of these only 13 wells are now in
production. There are plans, however, for 6 new production
wells to be drilled this year by the Rural Water Corporation
bringing the total number of wells in production to 19.

Climate

The catchment is in a dry area subject to occasional
storm rainfalls. Mean annual temperature varies from ZOOC
inland to 30°C on the coast and actual sunshine hours are
a high percentage of the possible sunshine. Two distinct
rainfall seasons result from different climatic conditions.

The summer rains occur from June to October resulting
from the movement of the Intertropical Convergence Zone (ITCZ)
causing the south west monsoon to penetrate the area. These
conditions favour short thunderstorms with variable intensities
of rainfall. Rainfall records show a range of between O and
160 mm per month in the period 1966 to 1975, with higher
values tending to be recorded over the Red Sea hills about
20 km inland from Port Sudan.

The winter rains occur from November to February over
the coastal areas. Their effect can be seen in stations as
far inland as Erkowit on the eastern edge of the catchment.
The wind conditions at this time of year encourage the
development of a sea-breeze front which produces thundery
storms on the coast, mainly during the mornings.

The runoff measured in the Khor Arbaat is influenced by
both summer and winter rains and would, therefore, be
expected to be highly variable during these periods in
response to short variable thunderstorms.




Geology

The Red Sea hills comprise rocks of Pre-Cambrian
age forming an impermeable crystalline basement of granite
and schist. Basic dyke swarms which are aligned north
east/south west have penetrated this basement roughly parallel
to the strike whereas the main drainage basins within the
Red Sea hills run parallel to the north/south strike of the
Pre-Cambrian rocks. Most of these basins have now cut
through the Red Sea hills and drain through steep khors
east/west across the coastal plain to the Red Sea. A
geological map of the region between the upper and lower
gate, taken from the Geological and Mineral Resources
Department report!, is shown in Figure 1.

Khor Arbaat alluvium

The wadi fill of the Khor Arbaat between the upper and
lower gates is the erosion product of the metamorphic and
igneous rocks of the Red Sea hills. These deposits range
from large boulders to very fine sands and silts and they
have been deposited from the Pleistocene to the present day.
Lenses of material cemented with calcium carbonate occur
throughout the basin and although many of the boreholes in
the wellfield have been drilled to bedrock, it is quite
possible that some have only been drilled to the cemented
beds. This uncertainty can only be resolved by diamond core
drilling several metres below the base of the borehole to
determine whether a layer of cemented beds or a large boulder
have been mistakenly noted as bedrock.

The gravels occurring upstream of the upper gate look
superficially much less silty than those between the gates.
The sudden drop in flood water velocity at the upper gate
accounts for this much higher silt content of the alluvium
between the upper and lower gates.
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The active river channel between the gates varies in
width from about 50 to 200 metres and it is most probable
that similar channel widths would be encountered at depth, the
remainder of the alluvium having a much higher silt content.
It is these active channels within. the alluvium which account
for the main water bearing strata which will have a much
higher hydraulic conductivity than the surrounding alluvium
filling the khor.

Very few lithological descriptions of the alluvium have
been recorded, but the information that does exist for well
numbers 32, 33, 35, 36, 37, 63 and 64 is shown in the well
register in Appendix A.

Both resistivity and seismic surveys have been carried
out in an attempt to determine the topography of the basement
complex underlying the alluvium. The results of these
surveys are somewhat contradictory and have most probably
been affected by the presence of subsurface cemented beds
being mistaken for the basement. However, the results of the
resistivity survey and the drilling suggest that the thickness
of the alluvium is 8.5 m at the upper gate increasing to
thicknesses between 25 and 35 m for the remainder of the

khor upstream of the lower gate.

Khor Arbaat wellfield

The history of the development of the Khor Arbaat well-
field from 1924 to the present day is described by both the
Geological and Mineral Resources Department! and Ewbank and
Partners?.

The location of each well is shown in Figure 2 and the
construction details, pump test information, chemistry and
water level data where available are shown in the well

register in Appendix A. These data have been collected from




seljoW 000L 00S O
[ “ “ I
ejewixoidde’ ejeag

%%

Jeeqly 10Y) Ul S|jem JO UOoI}es0

Z ainbi4



the Rural Water Corporation (RWC), Public Electricity and
Water Corporation (PEWC) and Geological and Mineral Resources
Department files in both Port Sudan and Khartoum.

It should be noted that the location map is only
approximate and the well numbering system is that used by the
PEWC in Port Sudan.

Many of the wells constructed are not now in production;
this is due either to the water table falling below the base
of the well or to the well screens becoming clogged. A few
of the wells have been damaged by floods and one is completely
silted up.

Table 1 shows the dates, from 1957 to January 1978,
when each well was in production and alsoc the average daily
yield of each well estimated from Table 2 which summarises
the available well yield data held by PEWC for part of 1975
and 1976 and the whole of 1977. It can be seen from Table 2
that the yield of each well is not constant throughout the
year; the higher yields are normally associated with high
water table conditions whenever they occur. The mechanical
condition of the pumps also affect the yield, but sufficient
information is not available to comment more fully on the

relative importance of these factors.

The actual monthly production figures for the Khor Arbaat
wellfield are shown in Table 3 (Source: PEWC). The monthly
totals do not necessarily equal the sum of the average yields
for each well, as these fluctuate daily and also not all the
wells are always in full production.

It can be seen from Table 3 that the annual total production
from the wellfield has been very constant from 1972 to 1976.
The 1977 total of 6.39 million m® is most probably too high as
six months of data have been estimated from the records of mean

daily yield.
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Well number

20
21
22
24
35
36
37
38
41
50
54
55
56
57
58
59
60
61
62
63
64
65
66
67

TABLE 1

WELLS IN PRODUCTION FROM 1957 TO JANUARY "1978

Into Production

June
June
June
July
July
September
August
September
July
July
April
September
August
April
April

May

May
April
June

July

1957
1957
1857
1957
1966
1966
1966
1968
1968
1968
1971
1971
1971
1870
1971
1970
1971
1973
1973
1974
1974
1875
1977
1977

Out of Production

June
July
July

May

June
January
January
January
January
January
July-
January
February
March
January
January
February
January
January
September
May
January
January

January

1977
1974
1974
1977
1976

1978

1978
1978
1978
1978
1977
1978
1977
18977
1978
1378
1877
1978
1978
1976
1974
1978
1578
1978

Average Yield
(m?/day)

182
282
268
362
407
718
1617
1988
1004
1452
520
584
575
577
2022
1527
947
995
806
375
Nil
1992
1148
1553
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Water quality

Detailed chemical analysis of samples taken throughout
the khor have been carried out by the Geological and Mineral
Survey Department, and the chemical character of the groundwater
is summarised in Table 4. wWith the exception of calcium all
of the concentrations exceed the highest desirable level but
are less than the maximum permissible level as defined by
the World Health Organisation. Calcium however exceeds the
WHO maximum permissible level of 200 mg/litre.

The electrical conductivity of the groundwater was
measured during our survey. The detailed results are shown
in the well register in Appendix A, and a summary map is shown
in Figure 3. It can be seen that in general the electrical
conductivity is less than 2000 umhos except in the region
of wells between borehole 31 and 65 where it ranges from
2500 to 3750 umhos.

Very poor quality groundwater exists around wells 34
and 25 where the conductivity suddenly increases from 4000
to 15000 umhos. Detailed chemical analysis of the groundwater
from the nearby well 26 has been made and the results are shown

in the well register in Appendix A.

Stable isotope analyses of the groundwater from wells

36, 41, 59 and 67 show that concentrations of deuterium and

oxygen~1l8 are very similar to that of the surface water

flowing at the upper gate; whereas the sample taken from well
26 shows different characteristics indicating that the
groundwater from this well is not derived directly from the
surface water input to the system. These data, summarised

in Table 5, suggest that the marked local deterioration in
water quality results from highly mineralised fissure discharge
from the underlying basement rock or from seepage of poor
quality groundwater from the small side khor to the south of




the wells. However, in general, the isotope analyses
confirm that the main body of groundwater derives from the
recharge of runoff at the upper gate.
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STABLE ISOTOPE DETERMINATIONS FOR
(parts per thousand)

Source of water

Upper gate
36
41
59
67
26

Deuterium

TABLE 5

KHOR ARBAAT

Oxygen 18

-1.1
-0.4
-0.6
-0.4
-0.3
-4.4




HYDROGEOLOGY OF THE ALLUVIAL BASIN

Groundwater occurrence

The alluvium between the upper and lower gates
contains groundwater in both unconfined and semi-confined
states. Sufficient data are not available to define the
extent of the semi-confined aquifer, but borehole records
for wells 66 and 67 show that water was encountered when
drilling at depths beneath the subsequent rest water level.
Although lithological records are not available for these
wells, the confining strata would most likely be silts and

clays or cemented beds.

Water level contour maps for the alluvial basin are
shown in Figures 4 and 5 for April 1973 and January 1978
respectively. These maps are based on a survey of water
levels carried out by Tahir in 1973 and a similar survey

carried out during our field reconnaissance.

The overall position and gradient of the water table
has not changed appreciably in the period between surveys
except in the region near the lower gate where water levels
have fallen nearly 5 m and the gradient increased from
0.003 to 0.006. These changes are attributable to both the
overall level of abstractions and changes in the pattern of

abstractions.

The depth to groundwater in the vicinity of the wellfield
during January 1978 varied from 8.38 m to 12.31 m below
grcocund level, with an average depth of 10.17 m.

Aquifer characteristics
Despite the large number of wells that have been

constructed in the khor, very few pumping tests have been
carried out to determine the transmissivity and storage
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coefficient of the aquifer. Those tests that have been
carried out by the Rural Water Corporation and by the
Geoiogical and Mineral Resources Department are shown in
Table 6. Where possible the field data has been re-analysed
and our best estimates for transmissivity are also shown.
All of these tests were of very short duration, ranging from
4 to 6 hours and there were no step drawdown tests, which
would have enabled aquifer and well losses to be estimated.

With the exception of the test on well 38, the data show
the transmissivity of the aquifer to be very low, less than
200 m?’/day. While partly due to the fine silts, this result
is in keeping with our observations in heavily cemented
alluvial aquifers, such as those in Oman, where a mean

transmissivity of 223 m?/day was obtained from 22 tests.

Many of the wells were yield tested on completion and
for some of these drawdown data are also available. Although
the pumping time has not been recorded, Table 7 shows the
approximate specific capacity of these wells. We have not
attempted to derive an empirical relationship between
specific capacity and transmissivity as the estimates of

transmissivity are poor.

The pumping test of well 38 used well 34 as an observation
borehole and analysis of these data gave a storage coefficient
of 0.08 percent indicating that the aquifer is semi-confined
in this area. Lithological 16gs are not available for this
well but the confining layer is most likely to be of silty clay

or cemented beds.
Groundwater baseflow through the upper gate

In order to calculate the quantity of groundwater
flowing through the upper gate, the width of the aquifer (w),
gradient (i) and transmissivity (T) need to be known. At

the time of our survey, the gradient was measured as 0.0018




Y4 Lse 1A

9¢ LLe £9
002 STV 8¢
1212 pesireue jou ejeq 8¢ TIom padumg ¢g [12M UOTIBAIDSQO
que3suods jou a3ex dumd ‘pasireue 30N 888¢€ 6S TIoM padumg 9z TI®M UOTIPAISS]O
(Rep/ ,u) (Aep/,u)
A3TATSSTUSURI] mmumasoamomm huﬂbﬂmmﬂsm:mwu pa23aodsy Isqumu TT9M

ALIAISSIWSNYYL d3JINOY

g Jd1g¥dL

G i N A s E B A TE BN N D AN T G O N Gk aEm .




Well number

25
27
28

-
L

32
34
35
36
37
38
62
63
64
66
67

TABLE 7

SPECIFIC CAPACITY OF WELLS

Yield
(m’/day)

1637
1637
1637
1637

327

655
1091
1855
1855
1027
1091

766

600
2400
2400

Speciric capacity
(m? /day)
715
1799
1799
1860

61
226
661

2441
2441
590

97

84

69
315
562




and the width 30 metres. No pumping tests have been carried
out at the upper gate and a value of 500 m?/day will be
assumed for the transmissivity; thus groundwater flow through

the upper gate, Q = Tiw m®/day, is 27 m*/day. Even if we had
used an unrealistically high value of transmissivity, say
5000 m?/day, the groundwater flow of 270 m®/day would still

be less than 2 percent of the average surface water baseflow
through the gorge of 12000 m’/day. Thus we can consider the
groundwater baseflow to be an insignificant component of

recharge to the alluvium between the upper and lower gate.
Crouriiarer ras«piou tirougl ©hs Lousr gate

Previous estimates of the groundwater baseflow through
the lower gate have been made by Bazin®, the Geological and
Mineral Resources Department' and by Ewbank and Partners?.
Each of these authors used the basic equation, Q = Tiw, to
determine the groundwater baseflow and Table 8 summarises

the assumptions made.

The transmissivity of 3456 m?/day used by Bazin was
the result of the pumping test carried out on well 59 using
the drawdown data from observation borehole 26. A critical
review of the field data for this test suggests that the
pumping rate was not kept constant throughout the test and
consequently we have made no attempt to use these data.
Even if this high transmissivity is correct, it only applies
to a part of the aquifer which is about 4 km upstream of the
lower gate and as such bears no resemblance to the aquifer
properties at the gate. However, only limited pump test data
were available at that time and no pumping tests had been

carried out at the lower gate.

Subsequent pumping tests on boreholes 63 and 64 at the
lower gate have been analysed by Tahir and transmissivity
values of 277 m?/day and 257 m?/day have been derived. We

 Por: Sudan Water Supply Investigations by F Bazin, Grenoble Sogreah 1969
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have re-analysed these field data for wells 63 and 64 and
feel confident that the transmissivity values should be
26 m? /day and 25 m?/day respectively.

It is not clear from the Ewbank report how they justify
using a transmissivity of 673 m?/day, a value that we have
inferred from their suggestion that the subsurface baseflow
at the lower gate is 60000 m?®/month (2000 m?/day). However,
compared with the field value of say 25 m?/day, it does seem
unreasonably high.

We have checked the gradient of the aquifer in the
region of the lower gate during our field reconnaissance and
would agree that a value of 0.0066 is realistic and that the
maximum width of the aquifer at this point is 450 metres.
Using these data, and the revised estimate of transmissivity,
it would appear that the groundwater leakage through the lower
gate is about 74 m’/day which is about 0.5 percent of the
average rate of abstraction in recent years. It is worth
noting that for the groundwater leakage to be significant,
say 10 percent of the abstraction rate, the transmissivity
would have to be about 2500 m?/day which is unrealistically
high. Without further data we must conclude that groundwater
baseflow is negligible and, as at the upper gate, it can be

ignored in any water balance of the alluvial aquifer.
Fluetuations in groundwater level

There is no continuous record of groundwater level covering
the whole period of wellfield abstractions. The longest record,
levels at observation point K, covers the period 1946 to 1968.

In recent years, detailed records were collected by the

Geological and Mineral Survey for wells 23, 26, 34 and observation
point 8 and the Public Electricity and Water Corporation started
routine monthly observations at wells 23, 26, 34 and 46 in

July 1976. Hydrographs for point K and well 23 shown in Figures

6 and 7 illustrate the historic fluctuations in groundwater

level,
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The hydrograph for point K shows that the groundwater
level approached the surface on several occasions and
dropped to about 5 metres below the surface in 1957, 1958,
1965 and 1966. Before 1957 abstractions were taken only
from collector well 11 which is downstream of point K. 1In
1957, wells 20, 21, 22 and 24 were brought into operation
and since 1966 more wells were drilled and brought into
production, nearly all of them being upstream of point K
(Table 1). The sparse wellfield production records suggest
that total abstractions have increased from about 0.35 million
m’®/month, prior to 1967 to about 0.45 million m?/month
subsequently. This increase in abstraction rate,'together
with the relocation of the wellfield further upstream
has resulted in the water level at observation point K
dropping to its present position of about 11 m below the

surface.

The detailed water level records for 1972 and 1973
suggest that groundwater levels now fluctuate over a range
of about 6 m and do not rise above a level of 7 m below the
surface. This lowering of the groundwater level, together
with the observed fluctuation in water level, is shown in

Figure 8.

It would appear from the scarce water level data available
that the general lowering of the water table in the area of
the wellfield and downstream could be permanent. Recharge from
flood flows is not sufficient to replenish the aquifer fully and
we can only infer that increasing the total abstractions from
the wellfield would lower the general level still further.
Recharge from floods appears to be limited by the infiltration
rate of the aquifer and not by the storage deficit alone as it
probably was during the period when water level was being
measured at point K. It must be emphasized however, that
this conclusion has been drawn from very limited data:

continued water level measurements are necessary to verify it.
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buring periods when no floods occur, abstractions
from the wellfield are normally greater than recharge of
the surface baseflow at the upper gate; consequently, water
levels fall as storage is drawn down. Detailed analysis of
these periods of recession should lead to estimates of the
storage coefficient of the aquifer. Conversely, as flood
flows produce excess recharge, water levels rise and analysis
of these periods should provide an estimate of the recharge
coefficient associated with flood flows.

Response of the aquifbr-éystem during recessions

Table 9 shows tne observed baseflows at the upper gate,
wellfield abstractions and water level changes at well 23,
for the three recessions in the detailed record. The
difference between the total abstractions and the total
baseflow should be related to the fall ih water level and
a constant representing the product of the area of the aquifer

and the storage coefficient.

Unfortunately, the three recession periods do not give
a very consistent result; indeed the second period shows a
declining water level associated with zero net change in
storage. However, assuming a surface area of the active storage
of 4 km?, 10 km long by 400m wide, the storage coefficient
suggested by the data for the other two recessions would be
about 5 percent. This value would apply to water level
fluctuations around 10 m below ground level.

In our analysis of water resources in the last section
of this report, we estimate a range in storage of 3.3 million m?

for the period when water levels fluctuated over the 5 m range




1l 1972
2

3

4

Total
11 1972
12

1 1973
2

3

4

5

6

Total

9 1973
10
11
12

Total

TABLE 9

THE AQUIFER SYSTEM DURING RECESSIONS

Upper Gate

Surface Well field
base flow abstractions
(million m?) (million m?3)

0.42
0.34
0.33
0.22

1.31

0.45
0.48*
0.45
0.39
0.32
0.39
0,35
0.47

0.32
0.33
0.42
0.43

0.42
0.40
0.43
0.42

1.67

0.39
0.41
0.41
0.42
G.42

0.42

0.48
0.50
0.46
0.46

1.90

* Estimated values

Water level
change

(m)

-1.2
-1.3
-0.2




monitored at point K. Assuming the same active area of
aquifer, the storage coefficient associated with the surface

layers of the aquifer would be about 16 percent.

While these estimates must be regarded as tentative
it is possible to draw some broad inferences. We can reasonably
assume that the active length of the storage remains fairly
constant. Thus it is likely that either the storage coefficient
decreases with depth as the alluvium becomes more compacted
and the occurrence of cemented beds increases, or the active
width of the channel varies. It is most probably a combination

of these two factors.
Response of the aquifer system to floods

Detailed records for the two periods covering the floods
of 1972 and 1973 are shown in Table 1O where the last column
indicates the average fall in water levels which would have
occurred in the absence of recharge from floods. Thus the
net rise in water level during the two periods is 5.8 and
2.0 m respectively. Using the storage coefficient of 5 percent
derived in the previous section, these changes in water level
are equivalent to 1.16 and 0.4 million m?® over an active
area of agquifer of 0.4 km By water balance these net volumes
of recharge would require a contribution from flood flows
equivalent to 7 and 1 percent of the flood flows in the two

periods.

These figures are not unrealistic; the alluvium contains
much fine silt and the recharge coefficient is not likely to be
as high as that for the cleaner gravels upstream of the upper
gate. While the difference between the values obtained for
the two periods is relatively large, it does reflect differences
in the pattern of flood flows; in 1972, the floocds lasted for
a total of 32 days, whereas the much greater flood volume of
1973 was concentrated into 1l days. On average, we would expect
the recharge coefficient to lie between these values; the 1972
floods were of longer than average duration and the 1973 floods

of exceptional volume.
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WATER RESOURCES AND AQUIFER YIELD
Water resources

Concurrent records of baseflows and floods at the upper
gate, together with abstractions from the wellfield, are
available for the years 1972 to 1976, excluding 1974.

These data are summarised in Table 11, and serve to show that
by far the greater part of the available resource derives
from the baseflows which are known to contribute fully to
recharge. As we have shown earlier, the flood flows, though
large, are unable to replenish the storage completely now
that it has been drawn down substantially, probably because
of the limiting infiltration capacity of the alluvium.

Thus we must infer from the short period of concurrent data
that recharge from floods is probably of the order of

4 percent of the flood flows and could well be less should
depletion of the storage have been significant over the

period considered.

Since it appears unlikely, with increasing abstractions,
that the alluvial storage will be replenished to the level of
the 1960s, we can assume that the groundwater resource of the
khor is the long term average baseflow at the upper gate
plus a small fraction of the long term average flood flows.
We must therefore determine the best estimate of these

variables before we can estimate the yield of the aquifer.

The longest record available is that of rainfall at a
number of stations in the region, but preliminary analysis
suggested that the correlation between rainfall and flood
flow was poor even on the annual basis. Thus it is unlikely
that knowledge of the long term rainfall could be used to
improve the estimate of average flood flow based on 18 years
of record. The flood flow data, shown in Table 12, have a

highly skewed distribution and we shall use the median value




TABLE 11

COMPARISCON OF BASEFLOWS, FLOOD FLOWS AND ABSTRACTIONS
FOR THE YEARS OF CONCURRENT DATA

(million m?)

Base Flow Flood Flow Abstraction

1972 4.65 23.10 5.13
1973 4.50 67.60 5.31
1975 3.56 7.16 5.29
1976 4.00 18.10 5.63
Total 16.71 115.96 21.36
Note:

If the average change in storage over these years
is zero, the average recharge from floods would
be:

(21.36 - 16.71)/115.96 = 4 per cent




THE EXTENDED RECORD OF BASEFLOWS

1957
1958
1959
1960
1961
1962
1963
1964
1965
1966
1967
1968
1969
1970
1971
1972
1973
1974
1975
1976
1977

Mean

Median

Notes:

(million m?)

Flood flow Baseflow
14.68 4.48
9.85 4.51
51.66 5.18
10.08 3.44
10.34 5.58
9.65 4.24
7.46 3.31
5.17 3.50
( 9.79) 2.99
5.15 2.53
13.53 5.04
(27.00) 6.50
0.52 7.12
.24 5.35
0.17 4.88
23.10 4.65
67.60 4.50
3.87
7.16 3.56
18.10 4.00
5.08 3.37
15.1 4.4
9.8

The baseflows shownm are dertved
from flood flows up to 1368 and
are measured values thereafter

The flood flows for 1965 and 1968
are estimated values

TABLE 12




of 9.8 million m’/year as the best estimate of the likely
average flood flow as the marginal value of the few very
high flood flows could be small.

Baseflows derive from groundwater storage upstream
of the upper gate and analysis of the monthly records for
the period 1972-77 suggests that baseflow declines exponentially
in the absence of floods and that an increase in baseflow
usually coincides with known flood flows. Thus by representing
the storage upstream of the upper gate by a simple conceptual
groundwater reservoir, we can derive monthly baseflows from
1957 on the basis of the monthly flood records and a recharge
coefficient. 1In practice, the calculation is slightly
complicated by the fact that we know the flood flows at the
upper gate and not at the inflow side of the upstream
storage. Thus we cannot take account of small floods which
in reality might not reach the upper gate. Partly to compensate
for this, we have adopted a slightly lower rate of recession
for baseflows. The capacity of the upstream storage and
the recharge coefficient were chosen so as to reproduce
the known baseflows of the later years. An annual summary of
these baseflows and the flood flows is given in Table 12, which
shows that our best estimate of long term average baseflow is
4.4 million m?/year, a figure close to the mean recorded
baseflow of the last 9 years.

We have shown by analysis of the short period of detailed
water level data that the recharge coefficient associated
with flood flows between the upper and lower gate is in the
range 1 to 7 percent. This conclusion is supported by the
gross estimate of 4 percent derived above. Thus, given long
term estimates of baseflows and floods of 4.4 and 9.8 million
m?/year respectively, the long term average recharge of the
khor alluvium is between 4.5 and 5.1 million m’/year for the
range of recharge coefficient. As expected, the effect of
uncertainty in estimating the recharge coefficient for flood

flows is relatively small.




The annual water balance of the aquifer is shown in
Table 13 for the years 1957 to 1973. We have considered
recharge coefficients for flood flows of 1 and 7 percent
and abstraction rates of 4.2 million ml/year up to 1966
and 5.4 million m3/year thereafter based on the records of
actual abstractions. The results for cumulative change in
storage, given the higher recharge coefficient, suggest that
the aquifer should be replenished fully in the 1970s following
declining levels in the late 1960s. This does not accord
with observations of water level and we must infer that the
7 percent recharge coefficient is too high. The lower value
of 1 percent leads to a more realistic conclusion and
suggests that the range of fluctuation in groundwater storage
has been about 5.4 million m® over the period. 1In this analysis
we have taken account of a reduction of recharge when the

aquifer is fully replenished.

During the period when groundwater levels were measured

at point K the range of storage indicated by the water balance

model is 4.25 or 2.41 million m® for the alternative recharge

coefficients. We have used the average of these figures,
3.3 million m®, to infer a storage coefficient for the

upper 4.5 m of the aquifer earlier in this report.
Aquifer yield

In the long term the maximum yield of the aquifer is
equal to the long term average recharge if there is sufficient
storage available to allow for periods of deficient inflow.
Table 14 shows the changes in storage that would have occurred
over the 17 year period 1957-~1973 had abstractions taken place
at a rate of 4.5 million m®/year, equivalent to our best

estimate of the long term recharge.

The range of storage required is about 6 million m? which

is within the capacity of the aquifer. Thus we can conclude




1957
1958
1959
1960
1961
1962
1963
1964
1965
1966

1967
1968
1969
1970
1971
1972
1973

- e -

TABLE 13

SUMMARY OF MODEL OF HISTORIC SEQUENCE OF FLOWS

(million m?)

Annual Annual Change in storage Cumulative change in
baseflow floodflow over year storage over year
1 2 1 2
4.48 14.68 0.43 1.00 0.43 l1.00
4.51 9.85 0.41 0.00 0.84 1.00
5.18 51.66 0.16 0.00 1.00 1.00
3.44 10.08 -0.79 -0.19 0.21 0.81
5.58 10.34 0.79 0.19 1.00 1.00
4.24 9.64 0.00 0.00 1.00 1.00
3.31 7.46 ~0.91 -0.52 0.09 0.48
3.50 5.17 -0.65 -0.34 -0.56 0.14
2.99 9.79 -1.11 -0.52 -1.67 -0.38
2.53 9.15 -1.58 -1.03 -3.25 -1.41
5.04 13.53 -0.22 0.59 -3.47 -0.82
6.50 27.00 1.37 1.82. ~2.10 1.00
7.12 0.52 1.73 0.00 -0.37 1.00
5.35 9.24 0.04 -0.07 -0.33 0.93
4.88 0.17 -0.52 =-0.77 -0.85 0.16
4.65 23.10 -0.52 0.84 -1.37 1.00
4.50 67.60 -0.22 -0.30 -1.59 0.70
Notes: Denotes lower estimate based on a recharge

coefficient of 1 percent to Khor Arbagt

Denotes higher estimate based on a recharge
coeffiteient of 7 percent to Khor Arbaat

Abstraction = 4.2 million m® per year from
1957 to 1966 and

5.4 million m?

1967 to 1373
Since the storage deficit at the start of
1957 was assumed to be I million m®, 1.00
in the last two columns indicates that the
storage 18 fully replenished

per year from
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SUMMARY OF MODEL OF FUTURE SEQUENCE OF FLOWS

(million m?)

Annual
Baseflow

4,48
4,51
5.18
3.44
5.58
4,24
3.31
3.50
2,99
2,53
5.04
6.50
7.12
5.35
4.88
4.65
4.50

Note:

Annual
Floodflow

14.68
9.85
51.66
10.08
10. 34
9.65
7.46
5.17
9.79
9.15
13.53
27.00
0.52
9.24
0.17
23.10
67.60

Change in storage

over vyear

0.16
0.05
0.78
-1.26
1,12
-0.23
-1.18
-1.01
-1.47
~1.94
0.62
2.21
2.57
0.56
-0.52
0.32
0.15

Rate of abstraction

Recharge coefficient

TABLE 14

Cumulative change

in storage over year

4.50 per year

1 per cent

0.16
0.21
0.99
-0,27
0.85
0.62
-0.56
-1.57
~-3.04
-4,98
-4.36
-2.15
0.42
0.98
0.46
0.78
0.93




that if the aquifer were now full and abstractions were
started at the rate of 4.5 million m®/year, there would be
sufficient storage to maintain this yield.

However, it would seem that in recent years abstractions
have exceeded the estimates of yield derived above. This has,
at least in part, caused a permanent lowering of the water
table reducing the storage in reserve. Eventually
abstractions at the present rate or any higher rate are
likely to cause a progressive lowering of the water table
until such time as there remains insufficient storage to allow
the rate of abstraction to continue. It would then be
necessary to reduce abstractions for a period of possibly

several years while water levels recovered.

This unattractive conclusion is of course based on
relatively few data. The baseflow record is short and there
are important gaps in our knowledge, particularly in terms
of the water level fluctuations over the aquifer as a whole
and the lack of refined pumping tests to determine aquifer
characteristics precisely. However, we cannot advise

increasing abstractions from the aquifer with present knowledge.

This current analysis has highlighted the poor
infiltration characteristics of the agquifer which leads to
very little recharge being gained from the flood flows. Thus
the most promising direction for future development of the
khor would be some temporary flood storage upstream whereby
the baseflows following floods could be augmented. Since
flood flows tend to be large but infrequent, it will be
necessary to consider fairly large flood storage to achieve
any significant benefit.

Alternative water sources

Most of the khors rising in the Red Sea hills have a
very small catchment area, less than 400 km?. The Khor
Sallom, catchment area 2200 km?, which is 40 km south west
of Port Sudan, and the Khor Baraka, catchment area 4500 km?




some 150 km south of Port Sudan, are considered to be the
only two major resources which are worth exploring to
augment the Port Sudan water supply.

A hydrological survey of the Tokar Delta, which is
recharged by the Khor Baraka, has been carried out by the
Rural Water Corporation“ and a surface resistivity survey by
the Geological and Mineral Resources Department®. The Tokar
Delta is an alluvial fan of area 900 km?. The average
annual discharge of the khor is about 300 million m?/year,
but only a small fraction of this would be available for
recharge. Exploratory boreholes have been drilled in the
area to depths not exceeding 32 m and the pumping test
results show the aquifer transmissivity to be in the range

500 to 4000 m?/day with a storage coefficient of less than
1 percent.

The geophysical survey in this area has identified a
major aquifer beneath the one described by RWC and the total
saturated thickness may extend to 200 m. Further detailed
exploratory drilling to depths exceeding 200 m are now
needed, together with pumping tests, before the water
resources of the Tokar Delta can be evaluated. It is known

that salt water intrustion has taken place and any exploitation

of the delta must be limited in such a way as to prevent
further intrusion.

The Khor Sallom, which was not visited during our survey,
has been described in the Ewbank and Partners report. They
suggests that exploratory drilling be carried out downstream
of the Tutali/Okwat confluence, where they would expect a
wellfield to yield up to 150000 m?/month.

Hydrogeology of the Tokar Delta by Salah El Natiq, Rural Water
Corporation, 1978

Geophysical report of Tokar Delta, Geological and Mineral Resources
Department, 1977




APPENDIX A

Well register

R summary of the construction details, pumping test
results, water level data and water chemistry data are

contained in the following well register.

The location of the wells and boreholes are shown in
Figure 1 and the well numbering system is that used by the
Public Electricity and Water Corporation, Port Sudan.

These data have been extracted from records held by the
Rural Water Corporation, Geological and Mineral Resources
Department and the Public Electricity and Water Corporation
in both Port Sudan and Khartoum.
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| Reference No: 11 Collector well I Grid Reference:
j_howe: Location: KHOR ARBAAT  PORT SUDAY
Date Constructed: 1936 | Yield:"v 8640 m’/d
Contractor: Drawdown:
Depth: Length of test:
Diameter: Pump setting:
Casing: Fump capacity:
Transmissivity: Coefficient of storage: Specific capacity:
i Laior cuality: Datz of test: Temperﬁ:ure (UC):
Total dissolved solids: Conductivity:
Total hardness: pH:
Carponate hardness: - Alkalinity:
Non carbonate hardness: Free COZ:
From 1936 - mid 1940
was only well for Ca HCO
town supply. Pump 3
trough in area Mg . 504
makes well useless Na ' c1
now except with
high wt K NQS
o
Scale e.p.m. ¢ 1 !
Surface datum: 113 masl (Geol Survey)l -’
Lifhology:
Date SWL{BSD) Date SWL(BSD) Date umhos ~ pH




KHOR ARBARJT

WATER LEVEL OBSERVATIONS FOR OBSERVATION POINT 8

Source Geological Survey Bulletin 28

Date

7.12.71
14.12.71
21.12.71
28.12.71
14, 1.72
18, 1.72
24, 1.72
10. 2.72
21, 2,72
24, 2.72
6. 3.72
15. 3.72
20, 13.72
27. 3.72
3. 4.72
8, 4.72
27. 4.72
6. 5.72
13. 5.72
20, 5.72
10. 6.72
17. 6.72
2, 7.72
10. 7.72
19, 7.72
26. 7.72
2, 8.72
16. 8.72
20, 8.72
30, 8B.72
4, 9.72
12, 9.72
20. 9.72
27. 9.72
4.10.72
11.10.72
18.10.72

SWL

5.70
5.90
5.80
5.85
5.90
5.92
5.94
6.00
6.87
7.05
7.20
7.15
7.20
7.25
7.50
7.50
7.60
7.70
7.75
6.75
6.55
6.30
6.30
6.10
6.20
6.30
6.14
5.70
5.69
4.63
5.30
5.20
5.18
5.10
5.05
5.20
5.30

Date
25.10.72
13.11.72
2}.11.72
28,11.72

5.12.72
12.12.72
17.12.72
26.12.72
20.12.72

3. 1.73
10, 1.73
21, 1.73
27. 1.73

6. 2.73
12, 2.73
24, 2,73

6. 3.73
14. 3.73
26, 3.73

5. 4.73
17. 4.73

6, 5.73
15, 5.73
23. 5.73

5. 6.73
13. 6.73
19. 6.73
20, 6.73
1o, 7.73
22. 7.73

2. 8,73

9, B.73
25. 8.73

l. 9.73

1.10.73
16.10.73

5.12.73

SWL

4.90
5.10
5.29
5.39
5.51
5.40

5.80
5.60
5.90
6.06
6.10
6.20
6.40.
6.60
7.55
6.70
7.70
7.70
7.62
7.62
dry

7.70
8.37
8.49
6.70
6.76
7.20




Reference No: 12

Grid Reference:

Nume: nooation: KHGOR AEBAAT PORT G108 R
Datc Constructed: 1942/43 Yield: ’
Contractor: Drawdown:
Depth: 12.14 m Length of test:
Diameter: 4.40 m Pump setting:
| Casing: . Pump capécity:

Transmissivity: Coefficient of storage: Specific capacity:
Water quality: Date of tes: Tennerature (OC):
Total dissolved solids: Conductivity:
Total hardness: ph:
Carponate hardness: Alkalinity:
Non carbonate hardness: Free COZ:

Ca HCO3

Mg . SO4

Na 1

K
] NOS
‘ 0
Scale e.p.m. I L |
Surface datum: Datum 3.0 m agl
Lithology: 130 m asl (Geol Survey)
Date SWL(BSD) Date SWL(BSD) Date umhos -~ pH
122.1.78 11,740 '
"22.1.78 2200

“\ -_ —




[ Reference No:

Grid Refercence: . -|

tamz: PLE upstreanm of 13 Location: KHCR ARBAAT PUXY SUDAN i
Date Constructed: Yield:

Contractor: Drawdown: ‘
Depth: | ' Length of test:

Diameter; ~ 1 m Pump setting:

Casing: Pump capacitv:

Transmissivity: Coefficient of storage: Specific cap’aéity:

water guality:

—— —

Date of test:

Temperaturz (('C):

_Total dissolved solids:

Conductivity:

Total hardness: pH:

Carbonate hardness: Alkalinity:

Non carbonate hardness: Free COZ:
Ca HCO3
Mg S0 4
Na Cl

K NO3
]

Scale e.p.m. f ! !

Surface datum:

Lithology:

Date SWL(BSD) Date SWL(BSD} Date umhos pH-
16.1.78 7.5 m 16.1.78 3750




1965

T e -

WATER LEVEL OZBSERVATIONS FOR POINT K

SWL

114,52
114.72
115.15
115.72
115.76
115.85
115,71
114.87
Dry
Dry
114.93
114,82
114.02
114.16
114.00
Dry
Dry
114.12
114.17
114.20
Dry
Dry
114.22
114.10

KHOR ARBEAT

Date

July 1560
Aug

Sept

dct

Nov

Dec

Jan 1967
Feb

March
April

May

June

July

Aug

Sept

Oct

Nov

Dec

Jan 1968
Feb

Marxch
April

May

Most
severe
floods for
60 years

L

June

Dry
115.13
115.27
115,29
115.41
115.07
115.00
115.11
114,35
114.23

Dry

Dry
114.03
114.00
114.47
115.83
115.02
114,73
115.05
115.12
115.72
117.78
117.83 max




Reference No: 14

Grid Reference:

Nume Location: KHOR ARSAAT DPOLRT SUDAN,
Date Constructed: 1965/66 Yield:

Contractor: Drawdown:

Depth: Length of test:

Diameter: Pump setting:

Casing: Mild steel in open well

Pump capacity:

Transmissivity:

Coefficient of storage:

Specific ccpacity:

Water gquality:

Date of tast:

)
Temperaturs {C):

Total dissolved solids:

Conductivity:

Total hardness:

pH:

Carbonate hardness:

Alkalinity:

Non carbonate hardness:

Free CO.,:

2

Ca

HCO

Mg

50

Na

Cl

K

NO

Scale e.p.m. l

Suffacé datum:

Lithology:

Date SWL(BSD) | Date

SWL(BSD)

Date

pymhos - pH

Casting top high above| ground le

e 1




Reference No: 15 Grid Reference: i 3

Haiae: Locacion: B0 ARBAAT  FOAT sdlal
Date Constructed: 1956/57 Yield: '
Contractor: Draﬁdown:
Denth: (12.54 m on 16.1.78) Length of test:
Diameter: Pump setting:
Casing: Mild steel 31 cm Punp capacity:
Transmissivity: Coefficient of storave: Specific -capacity:
Water quality: Date of test: Tonpzraturs (CC): H
i

Total dissolved solids: Conductivity:
Total hardness: ph:
Carbonate "hardness: Alkalinity:
Non carbonate hardness: Free C0,:

Ca HCO3

Mg — SO4

Na 1

K _ NO5
0

Scale.e.p.m. ‘ ! |

Surface datum: Casing 0.75 m agl 128 m asl {(Geol Survey)

Lithology:
Date SWL (BSD) Date SH1.(BSD) Date pmhos - pH
16.1.78 16.1.78 3100

9.730 m




Reference No: 16

Grid Reference:

Mamse Locazion: . FHOR ARCAAT 20RO SUDN;

Date Constructed: 1956/57 Yield:

Contractor: Brawdown:

Depth:  (15.50 m on 16.1.78), Length of test:

Diameter: Pump setting:

Casing: Mild steel 30 cm Punp capacity:

Transmissivity: Coefficient of storage: Specific capacity:

Water quality:

Jdate of test:

Temperature IOC}:

Total dissolved solids: Conductivity:

Total hardness: pH:

Carbonate hardness: Aikalinity:

Non carbonate hardness: I Free COZ:
Ca HCO3
Mg 894
Na Cl

K NO3
0

Scale e.p.m. | ! !

Surface datum: Casing 0.B0 m agl 12} m asl (Geol Survey)

Lithology:

Date SWL (BSD) Date |- SWL(BSD) Date umhos - pH
16.1.78

9.667 m




[Aéefefence No: 17

Ny

Grid Rcference:

IRNRCE Lyzztion: KifOR_AREAAL PORT yUCNJ
_ate Constructed: 19356/57 Yield:

Contructor: ' brﬁxdown:

Depth: {(14.65 m on 16.1.78f Lenzth of test: 3

Diameter: - Pumb setting:

Casing: Mild steel 33 ¢m

Pump capacity:

Transmissivity:

Coefficient of storage:

Spacific capacity:

Scale e.p.m. [

waTer quality Date of test: Tesperaturs: (UC]:
i

Total dissolved solids: Conductivity:

Total hardness: pH:

Carbonatc hardness: Alkalinity:

Non carbonate hardness: Free CO,:

n -
Ca HCO
Mg i _SO4
Na Ci
K NO
0

Surface datum: Casing 0.70 m agl 121 m asl (Geol Survey)

Lithology:
Date SWL (BSO) Date SWL (BSD) Date- umhos - pH
16.1.78 9.360 m 16.1.78 2500




Reference No: 18

‘Grid Reference:

Name: Lo uvion: KHOR AFSAAT  PORT SULaN,
Date Coastructed: 1936/57 Yield: '
Contractor: - ‘Dravdouwn:’

Depth: (11.58 m on 16.1.78) " Length of test:

Diameter: | Pump setting:

Casing: Mild steel 31 cm Pump capacity:

Transmissivity:

Coefficient of storage:

Specific capacity:

Water quality:

Dase 2f test:

‘ )
Tumperature (TC):

Total dissolved solids: Conductivity:
Total hardness: pH:
Carbonate hardness: Alkalinity:
Non carbonate hardness: Free COZ:
.Ca HCO3
Mg S()4
‘Na - Cl
K NO3
Scale e.p.m. | !
H . =
Surface datum: Casing 0.70 m agl 121 m asl (Geol Survey)
Lithology:
Nate SWL (BSD) Date "SWL(BSD) Date umhos © pH
16.1.78 8.91 m ' 16.1.78




Reference No: 19 ' B |'Grid Reference: E |
1
Nuame: { Location: “HCKR ARBAAT  PURT SUDXI
Date Constructed: 1956/57 Yield:
|_Contractor: Drawdown:
Cepti: Length of test:
Diameter: Pump setting:
Casing: Pum capacity:
Transmissivity: Cocfficient of storaze: Specific capacity:
water qualitv: Date of test: Temperature (UC};
Total dissolved solids: Conductivity:
Total hardness: pH:
Carbonate hardness: Alkalinity:
Non carbonate hardness: Free COZ:
. 1
Ca HCO3 '
Mg 50,
Na C1
K NO3
0
Scale e.p.m, I L I
Surface datum: 121 m asl (Geol Survey)
Lithology:
7 Date SWL(BSD) Date | SWL(BSD) Date umhos o pH
16.1.78 Dry




F;eference No: 20 ‘ . | Grid Reference:
Name: Location: KHOR ARBAAT PORT SUDAN,
Date Constructed: 1956/57 Yield:
Contractor: . Drawdown: ]
Depth: (17.28 m on 16.1.78) Length of test:
Diameter: . . Pump setting:
Casing: Mild steel 27 cm Punp capacity:.
Transmissivity: Coefficient of storage: Specific capacity:
Water quality: Date of test: Temperature (OC):
Total dissolved solids: r Conductivity:
Total hardness: pH:
Carbonate hardness: Alkalinity:
Non carbonate hardness: Free COZ:_
Ca HCO3
Mg - SO4
Na ‘ . _ _ C1
K _ o . NO3
0
Scale e.p.m. 2 1 !
Surface datum: Casing 0.37.m agl 121 m asl (Geol Survey)
Lithology:
Date SWL({BSD) Date- SWL(BSD) - Date umhos pH
16.1.78 9.870 . 16.1.78 2750




Reference No: 21

Grid Reference:

i yension: YXI'OB ARBAAT PCORT SUDAYN

ama

Date Constructed: 1956/57 Yield:

Contractor: Prawdown:
_Depth: (18.20 m on 16.1.78) Langth of test:

Diameter: Pump setting:

Casing: Mild steel 25 cm

Punn capacity:

Transmissivity:

Coefficient of storage:

Specific capacity:

-Wyter guality:

bote

a.
of test: Tewparacture [(C):

Total dissolved solids:

Conductivity:

Total hardness: pH:.
{aroonzte hardnoss: Alralinity:
Non carbonate hardness: Fres COZ:
Ca HCO3
Mg . SO4
Na Cl
K NO3

Scale e.p.m. |

_Surface datum: Casing 0.98 m agql 12) m as}! (Geol Survey}

Lithology:
Date .SWL(BSD) Date SWL{BSD) Date umhos + pH
16.1.78 9.930 16.1.78 3100




Reference No: 22

Grid Reference:

YHEOR ARDAAT

Mame: Location: PURT 5iDay
Date Constructed: 1956/57 Yield: '
Contractor: Drawdown:
Depth: (12.10 m on 16.1.78) Length of test:
Diameter: Pump setting:
Casing: Mild steel 25 cm Pump capacity:
Transmissivity: Coefficicent of storage: Specific capacity:
Water quality: Date of tesr: Temperaturs [UC]:
Total dissolved solids: Conductivity:
Total hardness: PH:
Carbonate hardness: Alkalinity:
Non carbonate hardness: Free CO,:

Ca HCO3

Mg - 50,

Na C1

X NO3
0

Scale e.p.m. |

Surface datum: casing 1.00 m agl

121 m asl (Geol Surwvey)

‘Lithology:

Date SWL(BSD) . Date

SWL (BSD)

‘Date

umhos

16.1.78 9.105 m

16.1.78

2800




l_Crid Reference:

Diameter:

Reference No: 23
; Name: Obs point No 1 (RWC) Locution. KHOR AR3IAAT PORT sutall
Date Constructed: 1956/37 Yield:
Contractor: Drawdown:
Depth: (12.80 m on 16.1.78) Length of test:

(O
Pump setting:

Casing: Mild steel 31 cnm

Transmissivity:

:Pump capacity:

Coefficient of storage:.

Specific capacity:

water quality:

Date of test:

Témperature (OC):

Total dissolved solids:

Conductivity:

Total hardness:

pH:

Cursonate hardness:

Alkalinity:

Non carbonate hardness:

l F;ee'COZ:

LA

Ca HCO3
Mg 1 - SO4
Na Cl
K NO,
0

Scale e.p.m. I ! !

Surface datum: Caéing 1.05 m Sgl 7121 m asl (Geol-Survey)

Lithology: |

Date SWL (BSD) Date | SWL(BSD) Date umhos pH

16.1.78 9.36 m 16:1.78 3200

July 1976 9.94 < '

Aug 10.00

Sept 9.45- | "

Oct 9.40 .

Nov 9.26. . i

Dec 8.73

Jan 1977 8.74.

Feb 8.77 )

March 8.8s5.

April 8.78

May 9.05A

Jun 9.11




WATER LEVEL OBSERVATIONS FOR WELL NO 23
KHOR ARBAAT

Source Geological Survey Bulletin 28

Date

T.12.72
14.12,71
21.12,71
28.12.71
14, 1.72
18. 1.72
24, 1.72
10. 2.72
21, 2.72
24, 2.72

6. 3.72
15. 3.72
20, 3.72
27. 3.72

3. 4.72

8, 4.72
27. 4.72

6. 5.72
13. 5.72
20. 5.72
10. 6.72
17. 6.72

2, 7.172
l1o0. 7.72
19, 7.72
26.. 7.72

2. 8.72
l6. 8.72
20. 8.72
30, 8.72
4, 9,72
12, 9.72
20. 9.72
27. 9.72

4,.10.72
11.10.72
18.,10.72

SWL

7.05
7.00
7.50
7.70
8.10
8.80
8.50
9.50

-10.00

10.25
10.40
10.50
10.55
10.55

9.45
10.50
10.55
10.52

10.60

10.30
9.50
9.25
9.20
9.22
9.30
9.40
9.20
8.70
8.80
8.60
8.70
8.90
9.00
8.94
9.10
9.20
9.30

Date
25.10.72
13.11.72
21.11.72
28,11.72

5.12.72
12.12.72
17.12.72
26.12.72
30.12,72

3. 1.73
10. 1.73
21, 1.73
27. 1.73

6. 2.73
12. 2.73
264, 2.73

6. 3.73
14. 3.73
26. 3,73

5. 4.73
17. 4.73

6. 5.73
15.'5.73
23. 5.73

5. 6.73
13. 6.73
19. 6.73
26. 6.73
19. 7.73
22. 7.73

2. 8.73

9. 8.73
25. 8.73

1. 9.73

1.10.73
16.10.73

5.11.73

SWL

W W WO W
PR T T

L2 NN
QOO0 O W

9.45
9.50

5.90

9.90
10.80
10.00
10.10
10.25
10.25

9.92

7.16
10.24

7.58
10.23
10.80
12.70
12,65
12.70
12.60
12.70
12,80
12.85

9.80
11.60
10.60
11.70
11.90

9.90
10.20
10.42



Reference No: 24

I Grid Reference:

fame

Date Constructed: 1956/57

Lucativn: KGR ARBAAT  PORT SuUDAnN
Yield:

Contractor: . ‘Drawdown:
Depth: (20.45 m in 16.1.78) Length.of test:
Dianeter: Puﬁp sctiiE&L
Casing: Mild steel 31 cm Pump capacity:

Transmissivity:

Coefficient of storage:

Specific capacity:

hécer quality:

‘Date of test:

Tomparature (OC):

Total dissolved solids:

Conéuctivity:
_Total hardness: pH: ]
Carbonate hardness: Alkalinity:
Non carbonate hardness: Free CO,:
ca ‘ HCO,
Mg . 50,
Na Cl
K
‘ NOJ
0
Scale e.p.m. | L I
Surface datum: Casing 0.75 m agl 121 m asl {Geocl Survey) i
Lithology: )
Date SWL{BSD) Date | SWL(BSD) Date . ymhos . - pH
16.1.78 9:775 m ' 16.1.78 ' '

2500




Reference No: 25 (Geol Burvey 1) | Grid Reference: ~1
e Tl I Location: KICR APBAAT . PORY SU2AL I
Date Constructed: 1963/64 Yield: 1637 m’/d
Contractor: Drawdown: 2-29 m
Depth: 30.48 m (28.50 m 16.1.78) Length of test:
Diameter: | Pump setting:
Casing: Mild steel 22 om diam Punp capacity:
Transmissivity: Coefficient of storage: Specific capacity:
715 n?/d
Watar quality: Date of cest: Tﬂngs*ﬂ‘u;a_igﬂl;__
Screen: Very small slots from 15.42 m
Total dissolved solids: . Conductivity:
Total hardness: pH:
Carbonate. hardness. Alkalinity:
| Non carbonate hardness: : _Free Co,:
In production
1965. OQut Ca : ‘ HCO3
production Mg _ _ ) -S0
1966. Screens T 4
blocked failedNa €1
to clear K . ' NO
: 3
0
Scale e p.m. i i !

Surface datum: 138.0 m asl (Geol Survey) 138.6 m amsl (PEWC) Casing 0.44 m agl

Lithology:
. Date SWL (BSD) Date | SWL(BSD) .| Date “ymhos : pH
- 25.4.64 5.29 m ' '

16.1.78 9.50 m 16.1.78 > 10000




| Reference No: <26 {Geol Survey 2) Grid Raference:

! [}
| Laze: Obs point no 3 (RWC) { Incacicia:khor Arbaalt Porc Sudan

i ‘ T -

| Date Constructed: 1963/64 Yield; Small

LCcntractor: Drawdoun:

f

|

31.09 m (27.40 m 16.1.78)

Length of Test:

Diapceter:

Pyums satting:

Casing:

Mild steel 23 cm diameter

Screen:

Very small slots

r

Puro capacity:

Transmissivity:

"Suacific capacivy:

wart2r guality:

Temperature (CC!:

Totel dissolved solids:

Conduchivity:

Total harcness:

DH:

Carbonate hardness:

flkalinity:

Nor. Carbonate hardness:

Frae CO2:

In productionCa

1973/74

Scale p.p.m.

ECO, very saline

Mg

S0 but after 1973
4  August floods

Na
K

cl quality improved

NO

Scrface datum: 135.0 m asi-(Geol Survey). 135.9 m amsl (PEWC) Casing 0.14 m aql
Lithology: Co '
Date SWL (BSD) Date SWL{BSD) Date pmhos pH

[25.4.1964 4.10 o 16.1.1978 15,000
16.1.1978 |  9.105 m

July 1976 11.45

August 11.38

 September 10.12

October 10,72

November 10.55

Decenber 10.12

Jan 1977 10.08

February 10.60

Marxch . 10.63

April 10.67

May 10.79

June 10.%90
L




WATER LEVEL OBSERVATIONS FOR WELL NO 26
'KHOR ARBAAT

Source Geological Survey Bulletin 28

Date

7.12.71
14.12.7)
21.12.71
28.12.71
14, 1.72
18. 1.72
24, 1.72
10. 2.72
21, 2.72
21, 2.72

6. 3.72
15. 3.72
20. 3.72
27. 3.72

3. 4.72
8. 4.72
27. 4.72

6. 5.72
13. 5.72
20. 5.72
10. 6.72
17. 6.72

2, 7.72
10. 7.72
19. 7.72
26. 1.72

2., 8.72
16. 8.72
20. 8.72
30. 8.72

4, 9.72
12. 9.72
20. 5.72
27. 9.72

4.10.72
11.10.72
18.10.72

6.23

Date
25.10.72
13.11.72
21.11.72
28,11,.72

5.12.72
12.12.72
17.12.72
26.12.72
30.12.72

3. 1.73
ic. 1.73
21. 1.73
27. 1.73

6. 2.73
12. 2.73
24, 2.73

6. 3.73
14. 3.73
26, 3.73

S. 4.73
17. 4.73
6. 5.73
15. 5,73
23. 5.73
5. 6.73
13. 6.73
19. 6.73
26, 6.73
19, 7.73
22. 7.73

2. 8.73

9, B.73
25, B.73

1. 9.73

1.10.73
'16.10.73

5.11.73
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Analyiicel Divition 283 V/IND3OR STREET
~ BIRMINGHAM BT 40W
A TELEPHONE "021.359 5954/5
__,f TELEX 337273 ' Your Ref....
% 3.5.7% /3/1734
ANALTSIS OF A b%\l’f_.t, OF WATER recemved . oo, - Dur ...
R B. BQADFORD I\STI"'UT.-.. 0“ HYDROLCG" cawmzsn GIE’E‘ORD wmm:‘mn OXON.

f‘

1';

from...

Labelted Sa:upla of Water carked MNo. 25 23.1 78

Taken by ... WItRESS i, Signed.

RESULTS IN MILLIGRAMMES PER LITRE
Appearance ..Faint opalescence with many largs black particles. ... . . .

. Turbidity (Formazin, A.P.H.A., umls)5 ...........
Colour (Hazen) 7 (fllterﬁ@t}ur Nil

pH . e e, Free Carbon Dioxide 5

Electrical CONQUCHIVILY —..oooooeerr s 122800 | Dissolved Solids dried at 180°C. .....oo.......... 11700
Reclprocol Megohay ( Micro-Siemens) per cm s 20°C. - -

Chlorine in Chloride ... e 2890, Alkalinity s €2 QO -oeovsovrecrmeeensemsensisecsnses Do
5

Hardness as Ca CO,:. Total ................00 Carbonate.........” oo ..... NOR-carbonate ... 00070

Nitrogen in Nitrate ...: ..0:0 ... Total Organic Carbon ..o fi i e sssassees

Nitrogen in Nitrite ..ot ARSEBE . Permanganate Value ... Q080
. . - e - 4 hry_ ot I7°C. ’

Ammoniacal NItrogen ...........vvevinnicssennsieeens. RESIAUAL CRIOANE ..ot e saens

Albuminoid Nitrogen................. 0‘08 ........ Fluorine in Fluoride ...
Iron 2'!*5 . Zinc .. }.O

..éh..s.e.n.t... M?ﬂs‘anm 0.98

Cedmium .. Not detected less than 0,001 e,
C'Adsems* ul'r u - lnnri-u timit of 00! of cuh -uu.l ualon ulm- nud’)

signed /

P.S.WATERHOUSE

PSW/ESH
29th March,'1978

for: THRESH BEALE & SOC.LIWG¢ =~ —— -

Dnetron. B KCnslm-‘ RSc, M.Chem A cc:.m ERIC. I.llrnr.wFC C..l'l Gllngo ISc MChmA.CChm rALC, Mlm.wrc
C (Con)m ucn-mA CChem, ru:c unw'cu:)p) lels E. Enghin, Iann loc CCMm faLc, L.lll-oLFlw!s,cJAppuvvd"Sc. =

Asaciste Consuinnts: S W Jenting ¥R 0D Sr cc....,., fa . ncn,u-h-- I3c.PrD.CCham FRIC . FIW.ES W.H Hoalw 34 Sc M et P, MoE‘
e M .o T RS




erce No: 27 (Geol Survey 3) Grid Reference:

x
4 v
M
[}
it

s m ronssiane Fhor Arbaat Port Judan
_— rm—_——— - T - . N

Date Constructed: 1963/64 | vicld: 1637 m*/d

Connr < recdown: ©0.91 m

acto %) N
Bapeh: 30.48 m vonen gtk of Test:
1

| Diamater : Pump sekting: .

C:sing: Mild steel 23 cm diameter 2uoD caxpacity:
- : ; _

3o:an: Very small slots from 13.72 m . !

tranunissivity: Co2ificiant. 2f storage: Spauiiic égpacity:E

1799 m*/d :

- B == -

Wazer guality.: Data of task: Tewmperature (°cy:

Tox2i dissolved solids: Ceniuctivity:

Toraki hardnass: pH:

Carbsnatae harxdness Alzalinity:

ion Carbonate hardnaess: Free CI72:
i In productionCa — 'HCO,
| ,
1 1965 Mg S0
i Out production - 4
: 1966 Na ' Ql
iBlocked—scree : NO
! failed to clear o 3
[ scale p.p.m. L A )
I

Surface datum: 133.0 m asl {Geol Survey) 133.7 m amsl {PEWC)

Lithology:

Date SWL (BSD) Date SWL (BSD) Date Hmhos pH

125.4.1964 3.45 m




. o~

Grid Reference: _ .

= —————

Reference No: 28 (Geol Survey 4)

ame - w N ) t reation; Knor trbaat ;Pﬂorr. Susan
Date Coistructed: 196-3/6.4‘ vield: 1637 mS/d :

Contraccor: ) o C Drawdowit:  0.91 m

Deptrn: '29.87 m (28.35 m in 22,1.78) Lanszn ol Test:

Diaretrer: Puno setting:

Casing: Mild steel 23 cm diameter B o P eums c;pﬁcitg:.

Screen: Very small slots from 13.72 m

Transmisslvity: Coefficient ¢f 3icvage:

Date 0f tusth:

Water guality:

Tanmpzrature (DC):

: > canacity:
1790 atd

Total dissolved solids: Conductivity:

Tctal naxdnass: pi:

Carbonate hardness: Alkalinity:

Non Carbonate hardness:

Free CO2:

In productionCa
1965

Mg
Out production

1966 Ha =

Blocked scre ery
failed to clear

Scale p.p.m.

Casing_o..60 m_agl

Surface détu:m: 131 m asl (Geol Survey) 133 m a msl (PEWC)
Lithology:

Sii'L(BSD)_

Date Date S¥L (BS_‘D) Date pmhos pH
125.4.1964 { 3.79 m 22.1.78 1300
22.1.1978 | 10.655 = )




Reference Ko:

29 {Geol Survey 5).

-Grid Reference:

Name lacarisn: ¥hor Arbaat Port Sudan
Date Constructad: 1963/64 Xieid: 1637 m%/d

Contractor: | Drawdoen: 0:88:m.

Denth: 31.39 m ! LaengTh of Tost:

Diameter: igpcnp sattina:

Casing: Mild steel 23.cm diameter | PunD capaticv:

‘Soreen:

Very small slotts from 15.24 m

Transmicsivity

e

Tunzificlent

Speciiic zop
1850'=~/ad

aciby:”’

Watexr ¢uality:

Date of test:

Temperatu<a (°C):-

Total dissolved solids

' Conductivity:

i Total nardness:

o

T
1

Carbonate hardness:

- Alkallnity:

Non Carbonate hardness:

fPree'C02r

- In production Ca
1965

- BCO

Mg
Out of production

S0

1966 Na
Cleaned with-

Cl

 no effect

O

NO

" Scale p.p.m. L

Surface.-datum:. 13%.0 m asl' (Geol Survey): 139.5 m amsl’ (PEWC)

Lithology:

Date SWL(BSD):

Date

SWL (BSD)

Date " umhos pH

25.4.1964 5.73




| Reference No: 30 (Geol Survey 6)

Grid Refererce:

AT -
S22

-

Part‘Sudan _

Ipearinn:

Date Constructed: 1963/64

764 n¥/8

Yield:

—_—

Contractor:

Drawdoun:

Lenuth of Tase:

Denth: 30.48 m

Diameter: Purp setting: o
Casing: Mild steel 26 cm diameter Puto Ca2sauLis:
- = e —

Screen: Very small slotts from 15.24 m

Transnmissivicy: Co=

Water gualitv:

Date of test:

Temperature (°C):

+

Total dissolved solids:

Conductivity:

hurdéness:

pd:

L

Carbonate haxdness:

Alkalinity:

Non Carbonate hardness:

Free CO2:
In production g ECO
1965 3
Out productiorf!d SO,
1965 Na cl
Blocked screen,
not cleaned K !
O
Scale p.p.m. L 4 J
Surface datum: 128 m asl (Geol Survey) 131 m amsl (PEWC)
Lithology:
Date SWL (BSD) Date SWL(BSD) Date urhos pH
25.4.1964 5.34 m




Grid Reference:

I Reference No: 31 (Geol Survey. 7)

j Sama I.ozatton: ghor Acbaat Porv Judsa |
i fate Constructed: 1963/64 Yield: 764 m’/d '

#gontractor: Draw@awn:

‘ Qesth: 26.52 m {26.60 m on 22.1.78) Lerzth of Tes::

. Diameter:

Puno setting:

Jasing:

Mild steel 27 cm diameter

Puap capacitby:

Screen:

Very small slotts from 12.19 m

Transmissivity:

ceiticient

of storage:

PPN SIS TLApIRD IR

Wiater quality: Dare of rest: Temparature (') :
Total dissolwed solids: . Conductivity:
Total hardnass: oh:
Carbonate nhardness: Alkalinitv:
Non Carbonate hardness: Fre= CO2:
Not put into Ca . HCO3
production Mg ' 80,
Screens
blocked Na Cl

K KO

3
0]

Scale p.p.m.

'-rSurfa:e datum:126.0 m asl (Geol Survey) 127.9 m amsl (PEWC) Casing 0.17magl |

Lithology:

Date SWL(BSD) Date SWL (BSD) Date Hmhos pH
- 25.4.1964 5.19 m 22.1.1978 2500
. 22.1.1978 8.38 m




-

Refexrence llo: 32 (Geol Survey 1) — Grid Reference: 1
naTma : i Lozaticu: ¥Xnor Arbaat  Port Sudan 1
Dz:e Constructed: 1965/6Q;£}964/65 Geol Survéyriezﬁ} 327 m/a

Contractor: RWC _ Crawdswn:

D2oth: 24.6% m (16.90 m on 22.1.78) Lerson OF Test:

5:amater: - Dumz setting:

Cising: Mild steel 27 cm diameter ' Sums capecity:

Tronzemissivity: Coefficicsn: o7 storage: Ioszufie c&paci:y:!
. ___“_ﬁi_Qiig________
] ! - B o - 0.

water gquality: Date of tesc: Tengorature (TC):

Total dissolved solids: Concustivity:

Total pardness: pE:

Caxbonat2 hardness: AlRalanity:

Non Carbonate hardness: Free CO2:

Not put into Ca HCO,
production Mg 50,
Na - Cl
NO

K 3

—
-

Scale p.p.m. L

Surface Gatum: 131.0 agl (Geol Survey) Casing 0.50 m agl

Lithology: 0-16.76 m crushed boulder and gravel which is cemented with few clay and

coarse sand 16.76-21.34 m Weathered basement complex 21.34-24.69 m Crushed fresh
basement cpmplex ‘

Date SWL{BSD) Date SWL{BSD) bDate uchos pH
25.4.19647? 4.27 22.1.1978 1600
22.1.1978 8.70 m '




Reference No: 33 (Geol survey ?)

Grid Refercnce:

Lame:

Locvatinn: ¥hor arbaat  Port Suidan

Data Constructed: 1965/66 (1964/65 (Geol Su:vLy?ield: low

Contractoar: RWC

Drawdown:

Depth: 24.99 m

Lergcih of Test:

Diamzter:

Puzp setting:

CasinrnT:

Mild steel 27 cm diameter

DPunp capavity:

Very small slotts from 22.86 m

Coefficient = 3-orage:

Coacifis zapacity:

Matar guality:

Date of test:

Temperature (9C):

Total dissolved solids: Concductivity:
Total hardness} DH:
Carhonate hardness: Alkalinity:
Non Carbonate hardness: Free CO32:

Well not put €2

HCO

in production yqg
too saline

S0

Na

cl

K

NO

Scale p.p.m.

Surface datum: 138.0 m asl (Geol Survey)

Lithdlogy: 0-15.24 m boulders and gravel. 15.24-18.29 m brown

sandy clay with

“pebbles 18.29-21.34 m weathered basement complex: 21.34-24.38 m fresh'basement complgx

Date SWL(BSD)

Date

SWL(BSD) | Date

umhos pH

1966 6.40 m




Rzfererce tlo: 34 (Geol Survey 3)

Grid R2imrence:

~

¥:  Obs point No 4 {RVC)

Loc2ziih: Khor Arbaat Pogt Suden

Diasetar:

Date Constructed: 1965/66 (1964/65 CGeol SurveylYieic: 655 m’/a
Contractor: RWC ! Drauéz.o: 2.90m
Daptin: 25.60 m (25.60 m 16.1.78) Len o un Teal:

Casing: Mild steel 27 cm diameter

3-¢een: Slotted from 21.34 m

Transmiszivity: 2121 m?/d
| {sourcs Geol Survey)

Coafficienc
0.00038

S mamoepm s
Qi FLoIAGT:

quality:

Vlater

Date of tes

L]

28.1.72

Total dissolved solids:

Conductivioy:

To-al nherédnags:

Rl

Carbonata hardness:

Alkalirity:

tion Carbonate hardness: Free CO2:
In productionca HCO3
Aug 1966
out productiodld SO,
June 1967 Na Cl
Screens blocked
unable to K N°3
clear ° i
Scale p.p.no. L d

' Sufféce‘datum:”-ido}o m asl (Geol Survey} Casing 0.6l m agl
Lithology:

Date SWL (BSD) Date SYL (BSD) Date ynhos pH
Aug 1966 6.58 m 16.1.1978 4250
16.1.78 8.95 m
July 1976 | 9.88 m
Aug 9.00 m
Sept 9.0l m
Oct 8.68 m
Nov 8.85m
Dec 8.03 m
Jan 1977 8.35 n
Feb 8.89 m
March 8.96 m
April 9.36 m
May 9.46 n
June 9.08 m




WATER. LEVEL OBSERVATIONMS FOR WELL NO 34

KHOR ARBAAT

--Source Geological Survey: Bullétin-28%

.. bate

]1171..

14.12.7)1
—21.12:71

..28.,12,71 -

14. 1.72
187 1.72

24, 1,72

10. 2.72

2152, 727 = e o 30502072

SWL  Date 8w
3.90: 25.10,72 7. &0
- ,6.00 13.11.72°7 7 7.860,
-—"~6 oor-uu—-21 11,72 —- —-7:80"
L6000, . 28.11,72 . e:7:92
6.18 5.12.72 7.94
6,30 - ---12:12.72 -oimem =
6.35 ____17.12.72  1-
7.45 26.12.72 7.90%

memene-7 .90

24,.2.72 ____7.50 . _ 3,173  7.02¢
6. 3.72 7.55 10.71.73 7.94"
15..3.72.  .7.60° ___ _ 21, 1.73 __  8.00
20. 3.72 7.60 27.°1.73 8.00
2.27...3.72. 7.80 . 6.2.73 -
3. 4.72, 7,80, S L2.2.73 7.95°
O Th T AR 124272073 - 8705
27, 4,72 .- _6..3.73 7.12
6. 5.72 8.30 T14.737737 - 8.33
13:--5:72 — ~—8.,50- -26.-3.73... ..7,24
.20, 5.72 < 5. 4.73 ! 8 95
S10.06.720 o+ - 17740713 ©
517. 6.72. . < 16.5.737 7 127 .50,
“2,°7.72 =736 - +=-15,-5.73-¢-——.-10.70-
210, 7.72 7130 235,731 11210
19. 7.72 7.27 |5.76.737" 11, 20,
~26.7,72- — 7726 -~ =13,-6.73 ! .- 2000
. .2..8.72_ . 6.31 19, 6.73: .”n_f:,h
16, B8.72 7.10 26076737 =
20078.72 - ~7010 - -19.-7 73 - m B AT
.30..8.72  _.6.90___ .. 22.7.73° _ "59,3
4. 9.72 7.10 7,873 -
1239172~ --7.20--  —-4-9% 8,73+ —-"9L70
20..9.72_ . 7.20___ __25. 8.73: KRV
27. 9.72 - T1.79.73
T 4.10.727 70400 et <1, 10573 - - -10. 60
11.10.72  _.7.50 '16.10.73; w I .u
18.10.72 7.60 15,11, 73 . 8:61



.

Reference Mo: 35 {Geol Survey 4)

GCri@ Refarence:

NAME

Lucatind: Xhor Arpaat

Port Susan

Date Constructéd: 1965/66 (1964/65 Geol Survey)rield: 1091 m®/d

Contracteor: RWC

Drawdown: 1,65 m

Dapth: 25.91 m (26.10 m silt bottom)

Diameter:

Casing: Mild steel 27 cm dlameter

ke -y

Screan: 'Very small slots - now enlarged from 21.95 m

T:anémissivity; Caaffisiont of storaza Snecific gag:c-“g
461 m*/d
- —_—— ——— . m
Water guality: test: Temperature ( C):
Total dissolved solids: Conductivity:
‘votal hardness: _l DH:
Carbonate hardness: Alkalinity:
kon Carbonate hardness: Free CO0O72:
In production c, HZO
Auwg 1966 3
Slots have M9 50,
been enlarged y, Cl
Not in production ’
1978 K NO,
o}
L 1 1

Scale p.p.m.

‘Surface datum: 143.0 m asl (Geol Survey) Casing 0.57 m agl

Lithologv: 0-22.86 m Boulders, gravel cemented beds and small clay.

22.86-24.38

24,38-25.91 m Basement complex

Weathered basement complex.

Date SWL (BSD) Date SWL (BSD) Date ymhos pH
1966 B.44 n 16.1.78 1400
16.1.1978

10.225 m.




——
" 1

‘Reference No: 36 (Geol Survey 5) Grid Reference: 7 |

N

-

tamas Lozation: Khor Arbaak Port Sudan

Cata Constructed: 1965/66 (1964/65 Geol Survdykield: 1855 m’/d

Contractor: RWC bDrawdéown: 0.76 m _
1
: Dapth: 25.3 m Length of Test:
Diameter: Pump setting:

Casing: Mild steel 27 cm diameter

Purp capacity:

Screen:

Enlarged slotts from 21.34 p

Transmissivity:
|

Creflizlent of storaga:

Soecific capacicy:

2441 wi/a

[RPRREEUPIES PP,

Water quality:

Date 0f test:

Lol
Temperature (C):

Total dissolwved solids: Concductivity:
Tatz2l hardness pé:
Carconate hardness: Aikalinity:
Non Carbonate hardness: Free CQ3:

Ca
In production

HCO

Aug 1966 to Mg

date Na

SO

K

Cl

Scale p.p.m.

KO

Surface datum:

145.0 m asl {Geol Surwvey)

Lithology:

0-23.47 m boulders and gravel.

24.38-25.30 fresh basement complex

23.47-24.38 weather basement complex - |

Date SWL(BSD) Date

SYL (BSD) Date

Ethos pH

19657 9.5l m

16.1.1978.

1300




37 (Geol Survey 6)

2 Constructed:1965/66 (1964/65 Geol survey) Yieid:

1855 ml/a

Zoaatractor: RWC

Srawdoan: 0.76 m

i . .rutn cf Test:

oo setting:

¥ump capacity:

I:rxen: Enlarged slotts from 21.34 m {

Transnissivity:

Conifiziant ci storage: Sprcliic capacity:

2441 =7 /G '

Cazer gualivy:

Date of tast: Temserature (°C):

To=zzal dissolved solide:

Conductivity:

-5 .

Carconate hardness: Alkalinicy:
Non Carbonate hardness: Frea CO32:
a HCO
In productionC 3
August 1966 Mg SO4
to date Na Cl
K NO
o 3
Scale p.p.m. L : 4

Surface datum: 144.0 m asl (Geol Survey)

Lithologv: 0~23.47 boulders and gravel.

23.47-24.38 weathered basement complex.

24.38-24.99 m fresh basement complex

Date

SYL({BSD)

Date

SWL{8SD)

Date

ymhos pH

Aug 1966

8.23 m

16.1.1978

1400




! | Raference No: 38

‘Grid Reference:

Mamsa;

o

Lo stinn: Khor Arbai:t Port Sudar

Date Constructed: 1965/66

yield: 1027 m°/d

Contractor:

Drewdoun: l1.74 m

Depthn: {14 m on 16.1.78)

Lenirth of Test: 3

hrs

Diamster: Hand dug 3.1.m -

Casing:

-

Pumo capacity:

Sorean;:

T:a:%Fissivity:
1200 m“/@ (source Geol Survey)

Cocsfficiont

< svorage:

Spetific capacity:

593 /A

Water quality:

Date of test:

28.1.1972

Terparature (°cy:

Total dissolved solids:

Conductivity:

Total nardness: pH:
Carbonate hardness: Alkalinity:
Non Carbhonate hardness: Free C0O2:

Pump test data from Geol Survey Bulletin No 28

16.1.1978 | DWL 12.6 m

In production ca HCO
Mg SO4
Na Cl
K ‘NO
o 3
Scale p.p.m. L 1 J
Surface datum: 140.0 m asl (Geol Survey)
Lithology:
Date SWL(BSD) _ Date SWL (BSD) Date urhos pH
16.1.1978 1300

! J“'? )




T T e

Water Juaiity:

—— e . —_—————

vate of test:

““\\\
- ‘\
Reference No: 39 Grid Raference:
plame: _ _ — Loran e thﬁﬂgrbaa: pPaT: Sudan
Date Constructad: 1966/67
Contractor: —
Deatin Tast:
Diameiar: Puzw sxiting:
Casing Puro Lapacity:
Sorean .
Trancwissivily Coefficient o sToraun: Spe~ific sasacity:

Temperacure (°C):

Total cissclved solids:

Conduzn-_vity:

To:sal bhursdnass:

ph:

Carbonata hardness:

Alxalinity:

Non Carbonate hardness:

Free CO2:

Band dug well °°

BCO

blocked with Mg

t
silt to Na

S0

ground lewvel

K

Cl

Scale p.p.m.

- O

NO

Surface datun: 138.0 m

asl (Geol Survey)

Lithology:

Date SWL (BSD)

Date SWL (BSD) Date

Hmhos pH




Reference No:. 40 1_Crid Reference:
1
faze: [ Location: KHOR APJIAAT  PURT SUDNM
Date Constructed: 1966/67 Yield:
Contractor: Drawdown:
Depth: S.0m Length of test:
Diameter: 1.90 m Pump setting:
Casing: Pump capacity:
Transmissivity: Coefficient of storage: Specific capacity:
; L 0.
Water quality: Date Of test: TempeTrature ( C):
Total dissolved solids: Conductivity:
Total hardness: pH:
Carbonate hardness: Alkalinity:
Non carbonate hardness: Free COZ:
Ca HCO3
Mg - SO4
Na Cl
K NO
3
0
Scale e.p.m. ! ! I
Surface datum: Datum 2.40 m agl 133,0 m asl (Geol Survey)
Lithology:
Date SWL (BSD) Date SWL(BSD) Date : .umhos -+ pH
22.1.78 Dry :

[




_Refcrence No: 41 . _l Grid Refercnce: .
Mame: Location: KHOR ARSAAT PORD SUDAN .
Date Constructed: 1967/68 Yield:

Contractor: Drawdown:
Depth: 14.40 m Length of test:
Diameter: 3.0 m Punp sctting:
Casing: Purp capacity:
Transmissivity: Coefficient of storage: Specific capacity:
Water quality: Date of test: Tenperature (OC):
Total dissolved solids: Conductivity:
Total hardness: pH:
Carbonate hardness: Alkalinity:
Non carbonate hardness: Free C02: ‘
In production
Jan 1978 Ca HCO,
~ 1 n7/1.5 mingg | S0
Drawing air e 4
‘ Na 104
K - NO3
0

Scale e.p.m. !

Surface datum: patum 2.10 m agl 132.0 m asl (Geol Survey)

Lithology:
Date SWL(BSD) Date SWL(BSD) Date pmhos -+ pH
22.1.78 DWL 13.30m

22.1.78 1500




Reference No: 472 Grid Reference: . 441
Namna: lLocation: FEHOR ARBAAT PORT SUDAN

Date Constructed: 1967/68 Yield:

Contractor: Drawdown:

Depth: 12.05 m Length of test:

Diameter: 2.80 m Pump setting:

Casing: Pump capacity:

Transmissivity: Coefficient of storage: Specific capacity:

Water quality:

Date of test:

Temperature (OC) :

Total dissolved solids: Conductivity:

Total hardness: pH:

Carbonate hardness: Alkalinity:

Non carbonate hardness: Free COZ:
Ca HCO:s
Mg ] SO4
Na Q1

K NO3

Scale e.p.m. I

—r—

- Surface datum: Datum 3.0 m agl 132.0 m asl (Geol Survey)

Lithology:
Date SWL{BSD) Date SWL (BSD) Date umhos - pH
22.1.78 11.30 m 1600

22.1.78




_Reference No: 43 | Grid Refercnce: i _
Nrime : Location: KHOR ARBAAT PORT sﬁaaur

Date Consiructed: 1968/69 Yield:

Contractor: Drawdown:

Depth: 10.60m Length of test:

Diameter: 1.95 m Pump setting:

Casing: Pump capacity:

Transmissiﬁity: Coefficient of storage: Specific capacity:

Water aquality:

Date of test:

. 0.
lTezpearature (C):
L ]

Total dissolved solids: Conductivity:

Total hardness: oH:

Carbonate hardness: Alkalinity:

Non carbonate hardness: Free C02:
Ca HCO3
Mg ] SO4
Na C1

K NO3

Scale e.p.m. | [

$arface datum: Daium 2.45 m agl  128.0 m asl (Geol Survey)

Lithology:

Datc SWL{BSD) Date SWL(BSD) Date umhos pH
22.1.78 Dry




Refevrence No: 45

I Grid Reference:

Mama: iocation: KHOR ARBAAT PORT SUDAN
Date Constructed: 1968/69 Yield:
Contractor: Drawdown:

Depth: 10.60m

Length of test:

Diameter: 2.95 m

Pump setting:

Casing: Pump capacity:
Transmissivity: Coefficient of storageﬁ Specific capacity:
0
water quality: Daie of tost: Temperature (°C):
*

Total dissolved solids: Conductivity:
Total hardness: rH:
Carbonate hardness: Alkalinity:
Non carbonate hardness: Free COZ:

Ca HCO3

Mg S0,

Na Cl

K NO3
0
Scale e.p.m. ! !
Sufféce datum: Datum 2.80 m agl 131.41 m asl (Geol Survey)
Lithology:
Date SWL (BSD) Date SWL(BSD) Date: pmhos  :f -+ pH
22.1.78 Dry

e o



Reference No: 46 Grid Reference: .
Nasme; Obs puint No 2 (RWC) . Losation: XHOR ARBAAT  FGAT JUCAN |
Date Constructed: 1969/70 ‘ Yield:

Contractor: Brawdown:

Depth: 19.56 m (silty) Length of test;

Diameter: (Geol Survey say open well) Pump setting:

Casing: Mild steel 25 cn diameter Pump capacity:

Transmissivity: Co=fficiert of storage: Specific capacity:
. . . . 0.,
wuter quality: Dzte cr tast: {emperature {C:
Total dissolved solids: Concductivity:
Total hardness: pH:
Carbonate hardness: Alkalinity:
Non carbonate hardness: Free C02:

Ca ‘ HCO3

Mg _ - SO4

Na Ci

N
K . : 03
0

Scale e.p.m. I I I

“Surface datum: Casing 1.0 m agl 132.15 m asl (Geol Surﬁey)

Lithology:

Date SWL(BSD) | Date | SwL(BSD) Date umhos pH

22.1.78 10,72 m 22.1.78 1500
July 1976 9.53
Aug 9.45
Sept 8.80 )
Oct ' 8.85
Nov 8.78
Dec 8.05
Jan 1977 8.35
Feb 8.47
March : 8.85
April- 8.51
May ) 8.7
June - 9.00
.




Reference No: 47

| Grid Reference:

Nare tooation: FHAOR AHBART PCRT SUDAN
Date Constructed: 1962/70 Yield:

Contractor: Drawdown:

Depth: 10.20m Length of test:

Diameter: 3-10 m

Pump setting:

Casing:

Pump capacity:

Transmissivity:

Coefficient of storage:

Specific capacity:

Water quality:

Date of tast:

. Q.
Tempzrature (J):

Total dissolved solids: Conductivity:
Total hardness: pH.
Carbonate hardness: | Alkalinity:
Non carbonate hardness: I Free COZ:
Ca HCO3
Mg SO4
Na Cc1
K
NO3
0
Scale e.p.m. ! ‘
Surface datum: Datum 2.80 m agl 132.32 m asl (Geol Survey)
Lithology:
Date SWL(BSD) Date SWL (BSD) Date umhos -« pH
22.1.78 Dry

Ry

L I ALY T




Reference No: 48

l_Grid Reference:

LM -
palin2

i.ocation: KHOP AR3SMAT PORY LUDAN,

Date Constructed: 1970/71 Yield:

Contractor: Drawdown:

Depth: 1*3-29 m Length of test:

Diamzater: v 3 m Punp setting:

Casing: Pump capacity:

Transmissivity: Coefficient of storage: Specific capacity:

Water quality:

Date of test:

- L
Temp=arazture ('L):

Total dissolved solids: Conductivity:
Total hardness: pH:
Carbonate hardness: Alkalinity:
Non carbonate hardness: Free CO,:
Damaged by .
floods Ca HCO4
Mg 50 4
Na Cl
K NO3

Scale e.p.m. !

Surface datum:

Datum 2.25 m aql

129.97 m asl (Geql Survey)

Lithology:
Date SWL (BSD) Date SWL(BSD) Date umhos - pH
22.1.78 12.l 22.1.78 1600




Reference No: 49 l Grid Reference:
Nlame: Locacion: KHOR ARBAAT PORT SUCAN
Date Constructed: 1970/71 Yield:
Contractor: Drawdown:
Depth: 13.53 m Length of test:
Diameter: 3.33 m Pump setting:
Casing: Pump capacity:
Transmissivity: Coefficient of storage: Specific capacity:
| Water yaaiity: ' Date of tast: Temperature (OC):
Total dissolved solids: Conductivity:
Total hardness: pH:
Carbonate hardness: Alkalinity:
Non carbonate hardness: Free COZ:
Ca HCO:,j
Mg . SO4
Na Cl
K
NO3
0 i
Scale e.p.n. I l !
| Surface datum: Datum 1.27 o agl ' 129.5§ m asl (Geol Survey)
Lithology:
Date SWL (BSD) Date | SWL(BSD) Date |  umhos - pH
22.1,78 11.33 m 22.1.78 1700

.
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Reference No: 50 Grid Reference: .
None: , - ; ‘ Location: KHOER ARBANT PUORT SYCEN,
Date Constructed: 1971/72 . , Yield: I
Contractor: PEWC Drawdown:
Depth: , Length of test:
Diameter: Hand dug . Pump setting:
Casing. Pump capacity:
Transmissivity: Coefficient of storage: Specific capacity:
watev quality: Date of cest: Tecaperature {OC):
Total dissolved solids: Conductivity:
Total hardness: nH:
Carbonate hardness: ' Alkalinity:
Non carbonate hardness: Free COZ:
Ca HCO
In production 3
Mg ‘ _ L : SO4
Na C1
' N
K _ 03
0
Scale e.p.m. I 1 !
Surface datum: 139.98 m asl (Geol Survey)
Lithology:
Date SWL{BSD) Date SWL(BSD) Date . pmhos - pH

16.1.78 1500




Grid Reference:

[Reference-No: 51

Mama: location: KHOR RRBAAT PORT SUDAN
Date Constructed: 1971/72 (Geol Survey) Yield:
Contractor: Drawdown:
Depth: Length of test:
Diameter: v 3 m (Borehole according to Pump setting:
. Geol SurveyT] -
Casing: Purp capacity:
Transmissivity: Coefficient of storage: Specific capacity:
water aualigy: Date of test: Teaperature (OC):
Total dissolved solids: Conductivity:
Total hardness: nH:
Carbonate hardness: Alkalinity:
Non carbonate hardness: Free CO,:
Badly washed Ca . HCO,
away hand dug
well Mg - SO4
Na C1
K
NO3
0
Scale e.p.m. l ] |
Surface datum: 132.54 m asl (Geol Survey)
Lithology: -
Date SWL(BSD) Date SWL (BSD) Date" umhos - pH
22.1.78 " 1lL17 o 22.1.78 1500 '
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Reference No: 52

Grid Reference:

Namg:

Locotion: KHOR ARBART  POST sudt |

" Date Constructed: 1971/72

Yield:
Contractor: PEWC Drawdown !
Depth: 14.55 m Length of test:
Diameter: 2.0 m 'PumE settihg:
Casing: Pump capacity:

Transmissivity:

Coefficient of storage:

Specific capacity:

Water quaiit.:

Date of tost:

o,..
Temperature (T C):

Total dissolved solids:

Conductivity:
Total hardness: pH:
Carbonate hardness: Alkalinity:
Non carbonate hardness: Free C02:
Ca !m03
Mg - SO4
Na Cl
K
NO3

Scale e.p.m. !

Surface datum:

Datum 1.3 m agl

121.0 m asl (Geol Survey)

Lithology:
Pate SWL(BSD) Date SWL(BSD) Date umhos - pH
22.1.78 11.33 m | 22.1.78 1700




Reference No: 5S4

| Grid Refercence:

Nome Location: XHOR ARBAAT POST SJDAN
Date Constructed: 1971/72 Yield:

Contractor: RWC Drawdown:

Depth: 20.75 m Length of test:

Diameter: 20 cm Pump setting:

Casing: Mild steel Puno capacity:

Transmissivity:

Coefficient of storage:

Specific capacity:

water cqualigy:

Date of test:

o
Termperature (C):

r——

Total dissolved solids: Conductivity:

Total hardness: oH: .
Carbonate hardness: Alkalinity:

Non carbonate hardness: Free COZ:‘

Ca

HCO

Mg

Na

SO4
Cl

K

NO

Scale e.p.m, |

Surface datum: Casing 0.9 m agl

132,63 m as]l (Geol Survey)

Lithology:
Date SWL(BSD) Date SWL(BSD) Date: ymhos - pH
22.1.78 10.40 m 22.1.78 1600

e




Reference Na: 55

| Grid Reference:

Nane:

Location: KHOP ARBAAT  PORY SLDAY
Date Constructed: 1971/72 Yield:
Contractor: RWC Drawdown:

Depth:

Ltength of test:

Diameter:

Pump setting:

Casing: Mild steel 25 cm diameter

Pump capacity:

Transmissivity: Coefficient of storage: Specific capacity:
i Water quality: Date of tust Taaperature (UC):
Total dissolved solids: Conductivity:
Total hardness: pH:
Carbonate hardness: Alkalinity:
Non carbonate hardness: Free CO,:
In production -
Jan 1978 Ca HCO,
A~ 1 /2.5 mins
M SO
drawing air & 1 4
Na Cl
N
K . 03
0]
Scale e.p.m. | 1 '
Surface datum: 131.45 m asl (Geol Survey)
Lithology:
Date SWL(BSD) | Date | SWL(BSD) Date umhos . pH




Reference Mo: 56

l Grid Reference:

i

vame: Location: KHOK AREBAAT PORT .:UD:m
Date Constructed: 1871/72 Yield:
Contractor: RWC Drawdown:
Depth: 21.50m Length of test:
Diameter: Pump setting:
Casing: Mild steel 21 cm diam Pump capacity:
Transmissivity: Coefficient of storage: Specific capacity:
Wuater aualizy: Date of test: Temperature (OC):
Total dissolved solids: Conductivity:
Total hardness: piH:
Carbonate hardness: Alkalinity:
Non carbonate hardness: Free C02:

Ca HCO3

Mg - 504

Na Cl

K N
03
0

-
—t

Scale e.p.m. f

——.

Surface datum:

Casing 0.61 m agl 128,58 m asl (Geol Survey)

Lithology:
Date SWL (BSD) Date | SWL(BSD) Date . umhos L pH
22.1.78 10.48 m 22.1.78 1300

\
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Reference No: 57

Grid Reference:

——

Name: location: KHOR ARBAAT PORT SUDAN
Date Constructed: 1971/72 Yield:

Contractor: RWC Drawdown:

Depth: 21.%0m Length of test:

Diameter: Punp setting:

Casing: Mild steel 25 cm diameter Pump cepacity:

Transmissivity: Coefficient of storage: Specific capacity:

dater gquality:

Catc of test:

Total dissolved solids: ~ Conductivity:

Total hardness: P

Carbonate hardness: Alkalinity:

Non carbonate hardness: Free CO,: ‘
Ca HCO3
Mg | -----. - Cemme s SO4
Na C1

X - NO
3
(0]

Scale e.p.m. I }

Surface datum: Casing 1.13 m agl 135.68 m as! (Geol Survey)

Lithology:

Date SWL({BSD). Date SWL(BSD) Date umhos pH
22.1.78 10.31 m ' 22.1.78 | 1800




Reference No: 58 Grid Reference:

Mama: Location: KHOR ABZAAT PORT 3UDM
Date Constructed: 1971/72 Yield:

Contractor: RWC Drawdown:

Depth: Length of test:

Diameter: Pump setting:

Casing: Mild steel 25 cm diameter Puno capacity:

Transmissivit

y:

Coefficient of storage:

Specific capacity

e S - 0
water quality: Date of test: Temperature (C):

Total dissolved solids: Conductivity:
Total hardness: pH:
Carbonate hardness: Alkalinity:
Non carbonate hardness: Free COZ:
Ca HCO
In production 3
Jan 1978 Mg . SO4
Na €1
K NO3
0
Scale c.p.m. | 1
— .
Surface datum: 137-63 m asl (Geol Survey)
Lithology:
Date SWL (BSD) Date SWL(BSD) Date umhos » pH

-l . G -

'- ‘-



R - SR AR B A ) E aE e

Reference No: 59

Crid Reference:

voliame;

Lucaticn: KHOR AT@AAT PORT SULAD

Date Constructed: 1971/72 “ Yield:
Contractor: RWC Drawdown:

Depth: Length of test:
iDiameter: Punp setiting:
Casing: Mild steel 25 cm diameter Pump capacity:
Transmissivity: Cocfficient of storage: Specific capacity:

water quality:

Date ot tost:

Tenperature (OC]:

Total dissolved solids: Conductivity:
Total hardness: pH:
Carbonate hardness: Alkalinity:
Non carbonate hardness: Free COZ: '
Hi
In production COS
Mg . 804_
Na Cl
K NO3
Scale e.p.m. !
Sﬁffﬁée datﬁm: 140.38 m asl (Geol Survey)
Lithology:
Date SWL(BSD) Date | SWL(BSD) Date ymhos . pH
16.1.78 1700




Reference Ng: 61 Grid peference:

D vames Tacan.nn:  KI'OR ARBAAT, PORT ZUIAN

Date Constructed: 11.10.73 ~Yield: 393 m’/a

|
Contractor: Water Drilling and Engineering Co ! Dra.ioan:

i

E

I

Iensul 0

4.}

Test:

Dapth: 23 m

Diamzter: 55 cm gravel packed 2umn secting:

Casing: 16 m of 10" (25 cm) mild steel Purn croacity:

Iy

Transmissiviuy: Cozffigient <7 storane: g

R o

LiX
¢
[#]

apacity:

<

Watcr guality: Date of tesc: Tenuerabera (%)
Total dissolved solidc: 985 ppm | Conductivity:
Totzl hardness: I pd:
Carpcnaze hardéness: ' Alkalinity: '
Non Carbonate hardness: t Free CO»:
In production Ca HCO_}
from 1973 to Mg SO
time of visit 4
1978 Na ClL
K NO

4]
n
i
]
a
"]
o2}
3
o)
M
-
Q
o]
b
|
<
5
IR
0
1]
a
o]
(a1
—
a7
2
/1]
[2g
Q
b=
1]
Gl T N R Ul B & T SN .

-0

Scale p.p.nm.

Surface datum:

Lithology: Drilled to basement (?)
Date SWL (BSD) Date SWL(BSD) Date Hmhos pH

17.10.73 B.73 m 22.1.78 1900




Reference pio: 62

Grid Refercnce:

dlame: e P_ETzation: haUR ARBAAT, POt Sibah
Datz Cosstructad: 6.9.73 I yield: 1091 m*/d

 Contractor:Water Driiling & Engineering Co I Drawdoun: 11.25 m ]
Cepth: 19 m (13.60m 16.1.78, silt base) Lergth of Tast:

Diameter: 22" gravel pack

—— — — —— - -

Water guLilly: cat

Casing: lOf_mild steel 12 m i Pump cauatiby:
Screen 10" galvanised Bridgestone 8 m
Transhizsiy v Tonfficient of sTormuT Specific mzzazier:

96 m?/a

AL
Tempararure ( i:

Towual dissolved solids: 1050 ppm

Corndustivity:

To-ul nardness:

-
Fell

3

Carbocate hasdness:

Alkeiinity:

Non Carbonate hardness:

Frae CQ2:

Ca l-ICO3
Mg SC
In production 4
Na Cl
K NO
o 3
Scale p.p.m. t L '
Surface datum:
Lithology: prilled to basement (2) Casing 0.85 m agl
Date S¥WL (BSD) Date WL (BSD) Date Lnhos pPH
11.9.73 8.65 m
‘16.1.78 10.80 m 16.1.78 1400

e O




Reference No: 63

Grid Reference:

Mo
. .

Location: YIOR ERBAAT

2R SUUAN

Date Constructed: 19.2.74 Yield: 764 m'/d ) 768 m’/d) Geol
Contractor:Water drilling & engineering co| prawcown: 2.-05 m EPEWC 9.06 m 1 Survpy
Depth: 26-70 m (26.35 cm 16.1.78) Length of test: 34 hrs 3 hrs ) pal p8
Diameter: 22, 20, 16" Pump setting:

Casing: 20 M of 10" mild steel Pump capacity:

Transmissivity: 24 miﬁg (PEWC)  Coefficient of storage: Specific capacitysafd.

_Screen: 8 m of 10" galvanised Bridgestone screen

| Fater cuality:
r

Date of zzst:

. 0
Temperature (C):

Total dissolved solids:

1250 ppm Conductivity:
Total hardness: pH:
Carbonate hardness: Alxalinity:
Non carbonate hardness: Free C02:
In production (g Hc03
Mg SO4
Na Cl
N
K 03
Scale e.p.m. ! '
i -—
Surface datum: Casing 1.03 m agl
Lithology: see next page
Date SWL (BSD) Date SWL(BSD) Date: umhos - pH
26.2.74 11.66 m
16.1.78 11.81 m 16.1.78 1700




.

CEOLOGICAL DESCRIPTION OF 54 €3

Tepih l
(=) Desiripilon of Strata
Frca ] To
0 1 Coarse, nediuy end fine sand vith pinor anounts of 3ilts, The grains are volcagls l
fragmenta, quartsz and feldspathic greina,
1 2 Gravels, ninor azounts of coarse sa=d, wediun and fine sand vith pipor ecounts of sild, l
The gravels ere reicly subengular volcanic fragments with few metsaorphis,
2 3 Gravels, coarze acod nediun sapd, The gravels are sgubrounded to subangular volcanic
fragnents, "l
3 4 Heinly pebbles wvitk ninor anounts of sand,
4 L) Mainly pebbles wiih pinor esounts of sand and clays, '
5 6 Seae o3 4 - 5,
6 ] “| Some as abdove (45 and 5-C), I
7 8 Cobbles, pcbbles, gravels, coarse, medinn end fine sand,
8 9 Pebbles, gravels with minor asounts of sand,
9 10 Seae aa 8-9, I
10 11 Gravels, coarse aacd vith ninor exounta of mediun and fine sand,
n 12 Boulders, coarse sand, The boulders are subangular-subrounded volcanics {(Rhyolite), I
12 13 Gravels, ninor ecounts of sond and siit,
13 14 Cohb].'ea, pebbles, gravels, These are subacgular to cub;-!mnded fragnents cenented '
together vith fine material, nairly clays, The formation 13 in an unconsolidated
conditioa, )
14 23 The formations decribed above (13-13) continues, l
23 24 Boulders of biotitegranite , The fragments showa lines of weakneas on the boulder '
(scints),
! 3 !
ll : 20,7 Weiihered tloviie grecite, eaded witk drillirs bionite granite frezh, '




| Tasing:

—

Raference No: 64 Grid Reference:
] _ ! mszanion: Xhor Arbaat  Port Sudan j

Date Constructad: 2.4,1974 Yield: 546 m’/d ) Source g55 m?/a)
Contractor: Water drilling & engineering co Drewdown: 8.6 m 1 PEWC 8.6 m 3 Geqt
Daoth: 21.70 m (20.85 m 16.1.1978) Lesg:h of Test:6 hrs) 6 hrs ) Sutvey

L:iameter:'zzu' 20" & 16" 1 Fumd setting:

3 14.7 m 10" mild steel ! Puzp capaszity:

croans

S
Transmissivity:

R

21 n/a (29 m?/e recovary)

Coefficient of storag::

8 m of 10" galvanised Bridgestone screen T = 26 mzlg,usinq,cqol sur

" 69 ul/d

|

Specific capacity:

Water quality

Y

tesy:

o

Temperature (°cy:

Total dissolved solids: 1670 ppn Ccnéuctivity:
Tatal hiardness: o
Carbonata harcdness: Blxaiinity:
lion Carbonate hardness: Frea CO2:
Ca HCO
Not in
production Mg S0,
Na’ - — cl
) 4 NO
3
o
Scale p.p.m. L 1 !
Surface datum: Casing 0.9 n agi
‘Lithology: Drilled to basement complex see next page
Date S’.'{L (BSD) Date SWL{BSD) Date umhos pH
4.1974 10.35 n 16.1,1978 1800
16.1.1978 11.000 m




Depth
{n)

Fres

c=o1GCICAL LISCRIPYION OF B 64

Descriptior of Stratn

m

10

12

13

15
16
1

18

20

10

1

i2

13

15

16
17
18

20

21,7

Gravel, coarse, —:diua end firv zand, ke grairng are valcenle and ignecus uu-
zoguler to subrousnded fragmentas,

Greovel, coerae, oediun and fine sord, with oinor aaount of silt,

The grains cre vcleenic, ipmeous a-d mefezorpilc frzgeents of various shapes,
Fzinly gravels, witz =inor acount of 3ilt,

The grains ure oetazorphic, igneous {granitic)} exd woleanic fragments, They are
sulangaler 1o subrouzded with.various shapes-bladed-slongaied-to cocpact,

Cravels, coarse, rediuz and fine sead, with ninor asount of silt,
The greins ere velcanie, ignecus end zeiazorphie,
Subzagular to subreuzded, with various shages,

Muinly gravels, wvith oinor azouats of sands end silt,
The grains are nelasorphic, igaesous and volcanic fregments of various shapes,

Tha formation is cairnly grevel, coarse, medius and fire sand, vith minor azcunt
of cilt, The ecou=t of eilts 1a greeter than that of (4-5), The grains are swtanor-
phic, igaeous ard volcanic frogaeats,They ere subangular to subrounded, varicus akapes

Mainly pebbles, cobbles, gravela acd pinor sount of fine materials (fine sand asd
silt}. The groins vary froa subazgular to subrounded igneous, volcanic and
petesorphic fregmenis, '

Noinly gravel with asounts of coarse sand ard fine pateriamla (fine sand r1lt),
The grains ere igzeous, volcanic acd netexorphic subangolar to subrounded fraguents,

Pebbles, cobbles, gravels with oizor sasuats of fine sand and silt, “he pebbles,
cobblez aad gravelz are igneous azd voleenic subangular to subrounded fragzents.

Hainly pebblea, grevels, with cinor snouat of coaras ilnd. The fragmenis are
igpeous &ad volceric aubrounded &ad cocpact.

Pcbbles, gravels and an equal amourt of fine aand, and silt, The pehbles and
cravelsare ignesus and volcanic szubergular to subrounded fragoents,

Pebbles, gravels, saods oad sili, Seze as (13-15)
Azpular freroents of dlorite, gruvely, eend and cinor emount of silt,

Gravels, coarse rand, pediun and fise sand vith evall acount of silt, The gravels
£né 3hnd mre tiiacgsuiar to subrournd,elongated, piatiy eand cocpazt varieties of
ipneass, velconic es@ nelnzorphlce {reszerts,

Angular fragceats of diorite rock, gravels, sands ead rinor saouct of sllt,

Lock frr.g:cni.s of grazodiorite, grenite and ciorite,




Reference No: 65 ) . | .Grid Reference: —
Nnaone: Locazion: SHDY ARBAAT  PONT 5UDMN,

Date Constructed: 1976 ‘ . Yield: 2304 nm’/d

Contractor; RWC : Drawdown:

Depth: 29.26 m . Lengch of test:

Diameter:. : Puinp setting:

Casing: Mild steel 25 cm diameter Pump capacity:

Transmissivity: Coefficient of storage: Specific capacity:

Screen: 1 cm drilled holes

vater guality: Datz of tzin: Terperatzye (OC): i
Total dissolved solids: Conductivity:
Total hardness: pH: .
Catvbonate lardness: : Alkalinity:
Non carbonate hardness: Free CO,: |
In
production Ca HC03

Mg - SO4

Na . C1

K NO3
0

—

Scale e.p.m. '

Surface datum:

Lithology:

Date SWL (BSD) Date SWL(BSD) . Date pumhos

pH

16.1.78 2500




Reference No: 6& (RWC 7697) | Grid Reference:
Mame: Lacation: XKHCOR APBAAT FORY SUDMNN
Date Constructed: 9.4.77 Yield: 2400 m’/d (bailer)
Contractor: RWC Drawdown: 7.62 m
Cepth: 23.16 m Length of test:
Diameter: 25 cm Pump setting:
Casing: Mild steel Pump capacity: -
... ) . . S1Sm A
Transmissivity: Coefficient of storage: Specific capacity: :
Screen:-12.5 - 23.16 m ]
. R o
Warer gualttv: Dato oY test: Teaperature (C):
Total dissolved solids: 1000 ppm Conductivity:
Total hardness: as CaCO_, 390 ppm ‘ nY:
Carbonate hardness: Alkalinity: 160
i Non carbonate hardness: Free C02:
In ]
production Ca 105 l‘ll'.ZO3
Jan 1978 10 ' ’ P 0.35 ppm
Mg — Lo 50, as w11
Na 210 ) 330 Cl1 Pb Nil
F Nil
K 1s NO
3
09 300 200 100 O 10¢ 200 300 oo
Scale p.p.m. ! ! !
|
Surface datum:
Lithology:
Date SWL(BSD) Date SWL(BSD) Date umhos -1 - pH
9.4.77 9.14 m 9.4.77 1400 7.7
Water encogyntered at 1d.67 m 22.1.78 1600
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Reference No: 67 (RWC 7698)

. Grid Refercnca:.

Toocariocs:

Khex Avbaat

’ Date Construztad: 6.6.77 . Yield: 2400_53/6
Contractor: RWC Draxdown: 4.27m —
Dz2pth: 19.81m Longzh of L

| Diamater: 25 cm | Pump serci

i Casing: Mild steel ! Puso <=
Screen: 12.19 - 19.8l m

Transmissivity:

Ceofficient

Water quality:

Dale of test:

Spacifiz cohgaciiy:

Total dissolved solids: Cornductivity:
Tatal hardness: { pii:
Carbonate hardness: Alkalinity:
Non Carbonate hardness: Free CO2:
In production €2 HCO 4
Jan 1978 1q SO4
Na Cl
K NO
o 3
Scale p.p.m. L 1 1
Surface datum:
Lithology:
Date. SWL(BSD) Date SWL (BSD) Date umhos pH
6.6.77 10.36 m 22.1.78 1600

Water encauntered at 10.$7 o




E heferenca No: 68 (RWC 7699) ! Grid peference:

Dt { Locazion: “hor Arbeat  Purt Sudan
Slaiw ) . an
-3¢ Constructed: 5.8.1977 i vield: 122 m¥/d

i AT

i
|
Contractor: RWC . Drewdown: O m — !
i Zrotn: 22.40 m (21.34 m RWC) : Leagth of Test: ;
| Clamster: 23 om " Puwip setting: ;
— B , !
{ Casing: Mild steel Fump capasity: o
. - - ——— I
| ~ovean: 9-45 - 21,34 m '
U — l
Trarsnissivity Cozfiiciany 2f sinvasa: Juenific cepuolty "
' iTater quality: Date of tast: Trosorature (°cy: i
|
i Tstal dissolved solids: 920 pmm Conductivity: I
[}
| ®>tal hardness: ___ oy,
Caraonate nardnass: Alkalinity:
Mon Carbonate hardness: Free CO7:
This well is a3 ECO
not vertical 3
and is not in M9 ] 804
production Na similar to 7697 .(RWC) c1
K no
o 3
Scale p.p.m. L i !
Surface datum: Casing 1.35 m agl
Lithology:
Date SWL (BSD) Date SWL (BSD) Date yrhos pH
5.8.1977 12,19 m 5.8,1977 1250 7.7
22.1.1978 12.16 m 22.1.1978 1500

Water endpuntered at 12

19 m






