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GARAS BINTOW (STAGE 28) WELLFIELD, MOGADISHU WATER SUPPLY,
SOMALIA

Review of Existing Groundwater Data

1. INTRODUCTION

L1  GENERAL

The present water supply for Mogadishu is obtained from two wellficlds: the Balad Road
wellfield constructed in 1970 between 10 and 15km north-east of Mogadishu, and the Afgoi
Road wellfield constructed in 1983 some 17.5km north-west of Mogadishu.

A new wellfield known as Stage 2B of the groundwater development strategy for the
Mogadishy water supply is to be constructed with funding from the Italian Government at
Garas Bintow about 7km north of the Balad Road wellfield (Figure 1). The construction
contract has been awarded to ASTALDI slp of Rome who are to undertake the work for

the Mogadishu Water Agency.

The Garas Bintow wellfield will consist of 21 boreholes: 16 for continuous abstraction and 5
as standby for peak demands. The boreholes will be spaced at 300m offset intervals along
two parallel lines 300m apart extending north-castwards at N73E for some 3.5 km from the
Balad Road at exsting boreholes MGQ 3T/7P.  Depths are expected to be 170 to 200m
and the pumping rates will average 60 m3/h per borehole. The total output from the wellficld
will be 8.1 Mm3fyear with a peak output of 1260 m3/h.

The Institute of Hydrology (UK), who carried out the more recent water resources surveys of
the Mogadishu region and advised on the design, construction and testing of the Afgoi
wellfield, have been commisioned by ASTALDI slp to review the available data in the area
of the Garas Bintow wellfield. The information may be used for further groundwater model
studies to refine previous predictions of drawdowns on a more regional scale. The technical
specifications for the new production wells have also been examined together with earlier

predictions of pumping water levels.




1.2 BACKGROUND INFORMATION

121 General

Water resource studies in the Mogadishu area began in the early 1960's. The first major
regional water resources study was carried out between 1977 and 1979 by Sir Alexander Gibb
and Partners (Nairobi) with the Institute of Hydrology (UK). This included the area between
Mogadishu and the River Shebelli bounded by the Afgoi and Balad roads. The study led to
the construction of the Afgoi wellfield (Stages 1 and 2A) and identified Garas Bintow as a
suitable site for a future wellfield (Stage 2B).

In order to locate additional resources required before 1990, further investigations were
undertaken over a wider area some 130km by 80km (10 400 km2) extending from Aw
Dheegle to Jawhar and from the coast to Wanlewayne. This survey, which was reported on in
July 1984, updated the earlier work and identified a location for a further wellficld (Stage 3)

to the north-east of Garas Bintow.
122  Aguifer Conditions

The main features of the aquifer in the general area of the Garas Bintow wellfield can be

summarized as follows:

a thick (150m), relatively uniform and extensive sequence of fine sands having a
d50 of about 0.2Zmm and a uniformity coefficient of about 3. Although generally
unconsolidated, these sands are cemented to a varying extent by calcareous

material. Clays form the base of the aquifer.

the hydraulic conductivity is low, about 10 to 15 m/d, but due to the large
aquifer thickness the transmissivity is relatively high, about 1000 to 2000 m2d.
This may be reduced where cemented beds are more common. The specific yield

is estimated to be about 2 to 4%.

the aquifer is recharged only by the River Shebelli, mainly where the river is in

contact with the dune sands such as at Balad.

water levels arc deep, about 105 to 110m. Unconfined to semi-unconfined
conditions are present, although water levels also respond to barometric pressure

due to the thick unsaturated zone and the presence of cemented beds.
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the water quality is acceptable. However, model predictions suggest a risk of

contamination in the long term from poor quality water in the alluvial deposits

along the Shebelli some 15km to the north and from seawater intrusion from the

coast some 15km to the south. The water is slightly corrosive, although there is

also a risk of incrustation due to the high total hardness.

123 Groundwater Development Strategy

A groundwater development strategy for the Mogadishu water supply was identified with the

assistance of several numerical models of the aquifer system incorporating information from

the regiona! drilling, testing and monitoring programmes. The models applied were as follows:

(1) a steady state, unconfined, inferred recharge model of (a) the region, using a

coarse 10 km grid representing an arca of 10400 km2, and (b) the

Afgoi-Mogadishu-Balad area using a finer grid of 5 km squares representing an

area of 2550 km2;

(2) a time-varying version of the model 1b for water management purposes; and,

(3) a well interference model to examine alternative well spacings and wellfield

configurations.

Recharge along a 120km stretch of the River Shebelli from Afgoi to Jawhar was estimated by
the recharge model to be about 70 Mm3/y, of which 40 Mm3/y takes place between 15km

upstream and 25km downstream of Balad. A surface water

of net recharge, in Mm3/y:

Upper limit Best estimate
River 117 64
Ircigation 44 18
Total 161 82

The amount of groundwater abstraction also has to take account of water quality constraints.
It was considered that the water demands up to the year 2000 could bc met entirely from
groundwater if recharge through soakaways beneath Mogadishu causes a barrier to the inland
movement of saline water. Without such recharge abstraction might have to be limited to 31
Mm3/yy (1992 demand) to avoid a possible deterioration in water quality from saline intrusion
after 2010. The presence of poorer quality water in the alluvial deposits to the north could

also limit abstraction to about 46 Mm3fy (1997 demand) to avoid a deterioration in water

study gave the following estimates

Lower limit
35
7

42
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quality after 2020.

The River Shebelli was examined as a possible direct source of supply, in particular to
provide 32 Mm3/4 (1 m3/s) - the predicted shortfall between a supply of 25 Mm3fy from the
Afgoi and Balad Road wellfields and the total demand in 2000. Whilst the River Shebelli
could meet this demand seasonally (April/May and July to November), it is diverted for
irrigation and future flows could be reduced significantly by new surface water schemes
upstrcam. Conscquently, as new groundwater sources would still be needed to maintain
supplies throughout the year, any diversion of the River Shebelli would need to be
incorporated in a conjunctive use scheme involving additional groundwater development. The
Garas Bintow wellfield and the proposed Stage 3 wellfield are part of the groundwater

development strategy.

124  Present Water Supply Situation

Table 1 gives the annual and peak water supply demands at source for Mogadishu and the
timing of new supplies to mect these demands. The total annual water demands at source

are expected to be 25 Mm3 in 1990, 40 Mm3 in 1995 and 57 Mm3 in 2000.

It was anticipated that the Afgoi and Balad Road sources would nced to be supplemented by
the new wellfield at Garas Bintow . (Stage 2B) in 1987 and by a further wellhield (Stage 3) in
1990. However, it has not proved possible to mect the phasing requirements of this strategy
and the city still currently depends on the Afgoi and Balad Road wellfield supplies.

The total output from these two wellfields had declined from their design yield of 209
Mm3/y to 124 Mm3fy by mid-1989, a reduction of 40%. The output from the Balad Road
wclifield has decreased by 76% from 8.8 Mm3fy to only 2.1 Mm3/y. This has been caused by
well failures despite rehabilitation attempts. The output from the Afgoi wellfield has dropped
by 15% from 121 Mm3/y to 103 Mm3/y due to equipment problems.

The total output from the Afgoi and Balad Road wellfields in 1989 was sufficient to meet
only 50% of the average water demand. Those areas of the city supplied from the Balad
Road wellfield have been the worst affected by the reduced output and now receive only
25% of their water requirements. Areas served by the Afgoi wellfield receive about 64% of
their water requirements. Supplementary supplies are now being obtained from boreholes

within the city, although these are susceptible to contamination from septic tanks and sea
water intrusion,




Mogadishu Water Source Abstraction Requirements

Year All Sources afqgotl Road Balad Road Caras Blntow Future Sourcen
Stage 1 and ila Stage I1b Stage 111

Total Hax imum Total Max imum Total Max Imum Total Haximum Total Maximum
1990 26824 918&0 12089 41760 4205 12960 8410 10240 2120 6900
1991 28995 99100 12089 41760 4205 12960 8410 30240 4291 14340
1992 31342 107340 12089 41760 4205 12960 8410 30240 6638 22380
1993 31879 116020 12089 41760 4205 12960 8410 10240 8175 11060
1994 36621 125410 12089 41760 4205 12960 8410 30240 11917 40450
1995 39585 1355170 12089 41760 4205 12960 8410 30240 14881 50610
1996 4264 146040 12089 41760 4205 12960 8410 10240 17939 61080
1997 45917 157320 12089 41760 4205 12960 8410 lp240 21221] 72360
1998 49486 169470 12089 41760 4205 12960 8410 30240 24782 84510
1999 53308 182560 12089 41160 4205 12960 8410 J0240 28604 97600
2000° 57426 196660 12089 41760 4205 12960 8410 30240 32722 111700
Total = total volume abstracted in the yecar {in thousands of cublc metres.}

Haxfimum = maximum volume abstractzd in any day in the yecar (in cubhic metres.)

Beyond the yesar 2000 absiraction rates are maintained at the 2090 level

TABLE 1




P

Pump maintenance at Afgoi could increase the total availability from 124 to 142 Mm3lyy for
the next few years, although this will stil only be sufficient to mect 45% of the demand in
1992. There is a proposed programme of further well rehabilitation of the Balad Road
wellfield, but those areas of the city served by this wellfield are still likely to suffer water

shortages until the Garas Bintow wellfield is commissioned.
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2 SUMMARY OF EXISTING DATA

21  REGIONAL INFORMATION

Contour maps showing the base of aquifer, water level elevations, chemistry and isotope
concentrations to illustrate the broad regional hydrogeological setting of the wellfield location

are shown in Annex A.

Test borehole MGQ 3T and an adjacent exploratory/observation borehole MGQ 7P were
drilled adjacent to the Balad Road in the new wellfield area in 1978. Other boreholes in the
general area of the wellfield are shown in Figure 2. Two exploratory borcholes (EQ 4 and
EO 11) were drilled in June and September 1983 north-east of the new wellfield. The nearest
other boreholes include MGQ 8P, private boreholes 61, 62 and 63, and the Balad Road
wellfield.

A site summary of the nearest boreholes is given in Table 2. No further boreholes appear to
have been drilled in the area of the Balad Road since the 1983 survey, except for some

replacement sites in the Balad Road wellfield.

The following additional information has been obtained mainly from the National Water
Centre to extend the records held at IH, to establish the availability of new information, and
to update the information available for the regional models prepared from the last resources

survey in 1983:

* Monthly rainfall records for Afgoi (station 2518) for the period 1960 to 1989, Balad
(station 2516) from May 1981 [some records missing, mainly in 1982 and 1984), and
Mogadishu (station 2531) from 1960 to 1989. Daily rainfall has also been obtained from these

stations for 1985 to 1989 together with climate summaries.

* Stage rating curves for the River Shebelli at Afgoi (station 14} and Balad (station 13),
together with monthly ﬂows_ at Afgoi from Jan 1963 to Apr 1990 and from Balad from Jan
1963 to Dec 1979.

* Average monthly abstraction rates for each of the Afgoi wells from June 1989 to May

1990 together with a more detailed abstraction record for May 1990.
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* An updated inventory of the Balad Road wellfield carried out in September 1988,

including information on discharge rates.

No further information appears to be available on water level changes in response to large
scale abstraction from the aquifer. Information on the monthly variation in wellfield

abstractions is still rather limited.

22  LOCAL INFORMATION

Hydrogeological data for the Garas Bintow wellfield is limited to a test well (MGQ 3T) and
its adjacent exploratory/observation well (MGQ 7P). Site MGQ 7P is now closed at a depth
of 70m, which is above the water table. The status of MGQ 3T has not yet been established.
Neither site would seem to be available as long-term observation wells to monitor the aquifer

response to abstraction.

The information on these two wells is given in Appendix 1. This includes lithological,
geophysical, penetration and lithological logs, grain size data, chemical analyses, water levels

and pumping test results. Particular features to note are:

* MGQ 3T was drilled to a depth of 155m with 20m of PVC screen installed from 130 to
150m. The screen slot size was 0.5mm with a pack grain size distribution as shown in
Figure 3. MGQ 7P is located 27.2m from MGQ 3T and was drilled to 277m penetrating the
clays forming the base of the aquifer at 255m. It was also constructed from PVC matenals,

with a screen from 134 to 146m depth

* The water level in the wellfietd area occurs at a depth of about 107m bgl or 30m above
sea level. It would be preferable to maintain long term pumping water levels above sea

level.

* Red dune sands some 40 to 70m thick overlie the main aquifer which consists of buff,
fine grained sand, variably cemented by calcareous material (perhaps as localised lenses).
Greenish clays form the base of the aquifer at a depth of about 250m, giving a saturated
aquifer thickness of about 150m. Ground elevations vary from about 140m to 150m. Access

across the area is difficult.

* A step-drawdown (production) test was carried out on 15 February 1979 at MGQ 3T at
rates of 27, 43, 69, and 80 m3/h:




,........Q..Q......................

Step Time Rate Drawdown Specific Specific
(mins) (m3/d) (m) Drawdown Capacity
(m?d)
. 0-180 649 LX) 0.0057 174
2 180-360 1045 5.76 0.0055 181
3 360-540 1652 9.14 0.0055 181
4 540-720 1932 1061 0.0055 182

* Site MGQ 3T has almost the best yield drawdown characteristics of the test wells drilled
in 1978/ and similar to the best sites of the Balad Road wellfield but only to the average
of the Afgoi wellfield boreholes, as shown in Figures 4 to 6. The presence of cemented beds
and possibly the effectiveness of the well development may largely account for the range in

specific capacity.

* Some difficulty was encountered in completing the required aquifer test at a rate of 60
m3/h due to pump problems caused by a misaligned hole. Eventually three constant rate tests

were carried out on MGQ 3T:

Date Rate Duration Drawdown
mi/h mins m
19/2/79 44 9135 5.76
27U a4 1470 576
M219 60 2490 9.10

The specific capacity after 2 days is about 160 m2d. The test data from MGQ 7P gave the

following estimates of the aquifer characteristics:

Jacob Boulton
Transmissivity {m2d) 1380 840
Storage cocfficient (%) 0.02 0. (carly data)

46  (late data)

MGQ 3T and 7P penctrate only the upper 30% of the aquifer and the screen length
represents a partial completion of about 15%. Barometric pressure changes need to be taken

into acount in the pumping test analysis.

* The Ryznar Stability Index (RSI} value for MGQ 3T is 7.6. RSI values of 6 to 8 would
produce only mild corrosion or encrustation; mild corrosion being indicated in this case. An
analysis of a water sample taken during the pumping test at MGQ 3T in February 1979 (see
Appendix 1) indicated that the total dissolved solids (660 mgfl), total hardness (300 mgA),
magnesium (4.59 megl) and iron content (0.11 mgA) exceed the WHO highest desirable level,
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although not sufficiently high for concern or to incrcase the corrosion potential significantly.

The water temperature is about 34C. The water from MGQ 3T has an unusual stable isotope

composition (Deuterium +10, Oxygen 18 +1) compared to other samples from the region.

As a considerable amount of information will be produced during the construction of the new
wellfield, it would be advisable to store this information on a data base system. The IH
GRIPS groundwater data base system, which is IBM PC-based and used for both the Afgoi
wellfield and the regional resources surveys, has also been adopted by the National Water
Centre.
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31

A summary of the gencral designs adopted for the production and test boreholes

WELL DESIGN

GENERAL

the Mogadishu water supply is as follows:

Slot size Maicrial Casing/Screen
mm Diam. mm
Ralag Road:
Parsons 076 to 15 (s) stainless 342246
and mild and 273/168
Hydrotechnic 05
MGQ 1 to 6 (est): 05 (s) pvC 203/152
Afgoi wellfield: 038 (ca) stainless 254/203
Proposed for 2B: 038 (ca) " 2547203

(s = slotied; ca = continuous slot)

drilled for

Screen
Length m

26 to 37

885 o

Some sand ingress problems have occured with the design used for the Balad Road wells.

The technical specifications for the new production borecholes at Garas Bintow are based on

the

summarised as follows:

the boreholes were drilled by the direct circulation rigs method using a

biodegradable drilling fluid with a calcium hypochlorite breaker.

a pilot hole of 244mm was drilled and geophysically logged to identify

any cemented beds and to choose the final screen position.

any overdrill was backfilled with sand and the hole- reamed out to
444mm to the top of the screen and to 381lmm from the top of the

screen to the final depth.

sprung barrel centralisers were placed at 18m intervals down the casing.

a graded, rounded, quartz pack mainly ranging from 03 to 2.0mm grain
size (see below) was placed around the screen to 10m above the top
of the screen. A crushed coral backfil was used to separate the pack

from the upper sand backfill.

successful  design and construction of the Afgoi wellfield boreholes, which can be
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a 32mm galvanised dipping pipe was installed with a welded clbow just above the

casing-screen reducer,

32 COMMENTS ON WELL SPECIFICATIONS

The technical specifications for the proposed production wells of the Garas Bintow welifield
contain some modifications to the design used for the Afgoi boreholes. These are discussed

below.

321 Construction

The depths will vary from 170 to 200m which will place the screens at about -20 to -50m

elevation. The screen at MGQ 3T was placed at an elevation of about +10 to -10m.

Details of the organic polymer drilling fluid and breaker to be used are unspecified and are
to be approved. Sodium hypochlorite, which is specified for disenfecting the completed well,
should be used as a breaker in preference to calcium hypochlorite to avoid the risk of

forming insoluble calcium chloride precipitates.

A pilot hole will not be drilled at each site. The interpretation of the geophysical logs may
be more difficult if run in the full diameter of the proposed hole. As the proportion of
cemented beds can be significant, it would be worthwhile drilling and logging a pilot hole
during the first part of the driling programme at, say, three to five sites spaced along the
wellfield to provide information on the likely variation in the general aquifer conditions across

the area. These would then be reamed out to the specified final diameter.

Gamma and caliper logs are to be included with SP and single point resistivity. These will be
undertaken only in selected production wells {unspecified) and in the observation well rather
than in every well. The caliper logs shoutd help to identify cemented beds. As the range in
specific capacity may be partly due to the variable occurence of cemented beds the

geophysical logging of every borehole is advisable despite their close spacing.

The drilled diameter between the base of the top casing (at 6 m depth) and the top of the
screen will be smaller than at Afgoi, only 381lmm compared to 445mm. This will leave an
annulus of only about 2.1 inches (54mm) around the casing compared to 3.4 inches (85mm)
in the Afgoi wells. This smaller annulus could result in damage to the water level measuring
pipe (nominal 1.5 inches diameter, but greater if coupled joints are used) during the

installation of the casing besides increasing the risk of bridging of pack material during the
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emplacement of the pack. If the diameter is increased to 445mm as used for the Afgoi wells
then the drilled diameter and the surface casing diameter of the upper 6m would have to be

increased accordingly.

The dipping pipe connection will be about 150mm above the top of the screen (the drawings
suggest that this will be attached to the reducer). It would be preferable to attach this to
the casing, say, about 1m to 5m above the reducer. A T- or clbow joint is specified but this
type of joint can be damaged easily during instailation (especially with the smaller annulus)

allowing sand to enter the well. A narrow angle joint is advisable.

Crushed coral backfill, rather than sand, is to be placed from the top of the gravel pack to
6m bgl. It will be important to ensure that none of the backfill material is able to migrate
down into and through the pack during development or pumping. The backfill material below
the sump is unspecified but should be inert, sterilised material. The top casing is to be
installed only to a depth of 6m. It may be better to scat this on a firmer foundation (eg
first hard band) at a greater depth.

The contractor is required to use materials, methods etc that will reduce the effects of
corrosion and incrustation and, if considered necessary, propose altemative materials for
approval. The effects of corrosion will be reduced by the required use of stainless steel

screen and the small slot size. PVC materials have proved difficult to store and handle.

The slot size used for the Afgoi boreholes and specified for Garas Bintow is based on a
single, uncemented sample from exploration site MGQ 6T. Representative samples are often
difficult to obtain with rotary drilling methods. Samples from the other test sites were also
affected by cementation and considered less representative of the finer faction. Nonetheless,
the grain size analysis from MGQ 3T shown in Figure 3 is similar to that from MGQ 6T

(at least for the coarser faction).

The various gravel packs used in the Mogadishu production wells shown in Figure 3 have the

following general characteristics:

Uc d30 d50 d10 d6o d30p/d30a dS0p/ds0a
MGQ 6P 3.0 06 0.19 0.06 02
Algoi:
Proposed 1.8 0.6 0.19 04 0.68 4 37
PW 1B,256A 0.98 05 0355 037 0359 33 29
PW 3A4B,78 1.43 09 095 07 1.0 6 5

(p=pack, a= aquiler; Uc= uniformity coeflicient)




Given the apparent similarity of the sample from MGQ 3T (obtained from a depth of 140m)
to that from MGQ 6T on which the Afgoi borehole design was based, then, in the abscence
of further information, a pack and slot size based on the Afgoi wells should be suitable for
Garas Bintow. However, the gravel pack as given in the specification document is completely
unsuitable for the specified slot sizc and would not allow a sand free condition (see Figure
3).

The small slot size specified would not normally be used with a gravel pack [borchole
development can be difficult with a pack and a slot size of < 125mm]. However, the fine
grained nature of this aquifer precludes the development of a natural pack In addition,
because of the aquifer grading particular care should be taken to ensure that the pack

completely surrounds the screen to produce a sand-free condition

322  Development

The development methods arc to be proposed by the contractor. Development is specified as
being complete when the water contains less than 2 mgAl of fines at a rate of 75 m3/h [the

time after starting the pump to which this specification applies has not been stated].

The development of each production borehole will be a key factor in meeting the required
yield-drawdown relationship, a sand-free condition, and to minimize the operating costs.
Experience with the Afgoi boreholes suggests that difficulties can be expected in developing at
least some of the wells (in some cases a week or more was required for full development at
some of the Afgoi borcholes). The time that may be required to develop each well

satisfactorily should not be underestimated.

Due to the fine pature of the pack and aquifer there will be some difficulty in getting the
breaker in contact with the drilling fluid and mud-cake. This can be overcome by introducing

breaker with the gravel pack and then jetting in additional breaker as required.

Normal procedure would require the installation of an air-lift to clean the well and carry out
the preliminary development by operating the air lift in pumping mode followed, as cleaning
progresses, by backwashing. Generally about 24 hours is required for this initial cleaning.
Surging with the air lift should be avoided as there is a risk of air-entrainment in these fine
grained deposits. It is not necessary to install an air lift capable of meecting the planned yield;

this can be achieved more effectively by overpumping.
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Experience suggests that the wells can be developed more effectively by a pump capable of
producing 1.5 times the planned normal pumping rate and using pumping/backwashing cycles
The pump should not be fitted with a foot valve if backwashing is to be carriecd out (the
recovery pumping test will need aA foot wvalve). As this technique tends to concentrate
deveclopment on the upper part of the screen, particularly if this part of the sequence is more
permeable, an appropriately designed, high velocity jet (this can be made locally if required)
was found to be reasonably effective for the development of the Afgoi boreholes in
conjunction with the pumping provided a suitable water supply can be provided, such as

pumping from an adjacent borehole.

Progress with development can be monitored by the procedure adopted for the Afgoi wellfield

boreholes.  This was as follows:

a) when it is considered that the initial development is reasonably complete the
pumping rate should be increased to 90 m3/h (15 times the required normal
operating rate). The pump should then be operated at this rate in short

on-off cycles of 5 minutes pumping and 5 minutes recovery for a set period.
b) pumping should then cease for, say, 15 minutes

1) the pump should then be  operated at the same, pre-selected fixed rate for,
say, 15 minutes and the drawdown (or pumping watcer level) measured after

this period and a water sample collected for an cstimate of the sand content
d) continue to repeat (a) to (c)

e) plot the measurements of (¢) on arithmetic graph paper against real time.
Provided the rate and duration in (c) are kept the same then the
improvement in yield will show as a curve, with each successive period of
development producing a smaller improvement in the yield-drawdown. It is
then casier to establish whether further development would significantly improve

the yield-drawdown characteristics.

The specifications require a check as to whether each well could produce 150 m3/h. Neither
the devefopment or step test will test this rate of abstraction and the water is unlikely to be
sand free at this rate. A design check should be made in terms of aproach velocities or
Reynold’s number to ensure that the wells can actually sustain this high rate. The casing

diameter would need to be about 12 to 14 inches for this pumping rate.
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323  Pumping Tesis

The step-drawdown (production) test will consist of 5 stages, each of 2 hours at rates of 40
to 75 m3/h The constant rate (aquifer) test will be carried out for up to 10 days on
production well number 11 situated in about the middle of the wellfield. An observation well
will be drilled 30m away from this borehole to provide drawdown data for information on
the aquifer characteristics. The test rate will be selected by the Engineer. This will be

followed by a recovery test of unspecified duration (“until levels stabilise").

The test specifications generally conform to normal practice and no particular improvements

are suggested. The recovery period of measurements nceds to be more clearly stated.

The test site is situated about 1.5 km from MGQ 3T. Since some estimates of transmissivity
can be obtained from the first step of the production test at each site, it may be preferable
to consider the aquifer test on a more easterly site. More reliable estimates of storativity can

be obtained from water level data after abstraction from the wellfield begins.

Partial penetration and partial completion effects will need to be allowed for in the analysis
of the test data. Barometric pressure flucteations also need to be taken into account to

interpret the late drawdown data from the observation well.




5.  DRAWDOWN PREDICTIONS

41 GENERAL

The specified borehole spacing and layout of the Garas Bintow wellfield was selected from
several different wellficld configurations examined in 1980 using a drawdown interference

program based on the Theis equation.

The model predicted a total drawdown of 10.6m in the central boreholes after 10 years, of
which 8.7m was due to interference effects. After adjusting for a 70% well efficiency and 1/7
partial penctration the total drawdown was predicted to be about 143m. The conditions
assumed for these predictions were as follows: two lines of 8 boreholes with the boreholes
and lines spaced 300m apart; a continuous pumping rate of 60 m3/h (1440 m3/d) per well
for 10 years without recharge; and values of 1400 m2/d for T and 2% for S derived from

the areal and regional numerical models.

More reliable estimates of interference drawdowns, aquifer characteristics, and the response to
large scale abstraction can be obtained by monitoring abstraction and water levels. However,

this does not appear to have been undertaken for the Afgoi and Balad Road wellfields

42 UPDATED DRAWDOWN PREDICTIONS

The same program used for the earlier studies has been applied to provide updated
drawdown predictions for the specified wellfield configuration chosen from our earlier

drawdown predictions.

Several alternative values of T and S5 were examined and compared to the observed
drawdowns from the pumping test at MGQ 3T and 7P, which were 5.8m at MGQ 3T and
0.53m at MGQ 7P (Q=1057 m3/d, t=63 days). This produced the following estimates of
drawdown at MGQ 3T, MGQ 7P (27m from the production well) and at 300m distance
using the pumping test rate of 1057 m3d/d for 6.3 days and the planned rate of 1440 m3/d

continuously for 10 years:



T Drawdown
(m?¢) (m)
MGQ 3T MGQ 7T r=300m
t=63d =10y t=6.3d ta10y 1210y
' 1400 0.02 L1l 203 0.43 1L 0.72
il 1100 0.02 1.39 2.56 0.53 139 0.89
il 1775 0.0007 1.04 183 0.51 L1 0.80

1= rcgional model
ii = average of test resulis MGQ 3T
iit = Jacob solution MGQ 3T

These drawdowns represent aquifer losses for a fully penetrating borehole with isotropic
aquifer conditions. The T and S combinations of 1100/0.02 and 1775/0.0007 both produce

similar drawdowns to the uncorrected drawdown at the observation well.

The observed drawdown at MGQ 3T after 6.3 days at 1057 m3/d was about 5.8m compared
to the drawdown of 1.0 to 14m due to aquifer losses predicted with the above range of
aquifer parameters. The difference of 4.8 to 44m would be due to the combined effects of

partial penetration, partial completion and well losses.

Whilst scrcened boreholes tend to have relatively low well efficiencies (70 to 80%), the step
test results at MGQ 3T indicate an efficiency of 98%. This is similar to the Afgoi production
boreholes which typically have well efficiencies of about 95% to 98%. The yield drawdown
characteristics of this site are also equal to about the average of the Afgoi boreholes (Figure
6). With such a high efficiency well losses are not a significant component of the difference

in drawdown predicted by the model and that observed.

The top of the screen at MGQ 3T is about 23m below the water table. Using the Hantush
correction for partial penetration only about 0.75 m of the observed drawdown would be due
to partial penetration effects. Hence partial penetration only accounts for a small proportion
of the total drawdown observed. Partial penetration increases the drawdown by only a few
millimetres at MGQ 7P for the duration of the test and by only a few centimetres for

longer pumping times.

Partial completion has a more significant effect on the drawdown. For thick isotropic
aquifers with intergranular flow there is a linear relationship between aquifer thickness and
productiviy factor (Pf), a dimensionless term relating well yield expressed as specific capacity
for different screened percentages of aquifer thickness. For the Garas Bintow wellfield
boreholes, which will have 30m of screen, the ratio of screen length to aquifer thickness is
0.2 (ie 20% partial completion) and Pf= 2 (based on Turcan, 1963). The specific capacity of a

fully screened well with a 100% well efficiency would therefore be twice that of the planned




design under steady state conditions. Conversely, after allowing for partial penetration, the
theoretical drawdown for a well fully screened throughout the aquifer thickness would only be
50% of a borchole with 30m of screen.

The model predicted drawdown of about 1m for the pumping test rate and duration should
be doubled to include the effect of partial completion, although this still does not account
for some 3m of drawdown in the test well during the pumping test. This discrepancy is
probably related to the model itself which predicts the drawdown due to aquifer loss at a

unit distance from the pumped well rather than at the nominal radius.

The new production wells will have a screen length of 30m compared to 20m at MGQ 3T
and, assuming a depth of 170m to the top of the screen, the aquifer penetration will be
about 60m compared to 23m at MGQ 3T. Development is likely to be more thorough at the
new production wells than for MGQ 3T test well, although the well efficiency will decline to
some extent with prolonged pumping. These factors will reduce head losses caused by partial
penetration and partial completion effects and well losses such that somewhat smaller
drawdowns can be expected in the new production boreholes compared to MGQ 3T for the

same pumping rate.

The step test on MGQ 3T indicates an initial specific capacity of about 180 m2d. The
aquifer tests suggest that this declines to about 160 m2d at 60 m3/h after 2 days, or about
9m drawdown. At a pumping rate of 150 m3/h the specific capacity could decline to about
70 m2/d, or a drawdown of 50m. This is greater than the maximum available drawdown (base

of the casing less pump fength and safety margin).

The additional drawdown caused by interference effects and longer term pumping has been
predicted using a T of 1400 m2d and an S of 2% based on the regional model. In the
table below the first column gives the maximum drawdown which occurs in the central part
of the welificld whilst the sccond column includes an initial drawdown of 9.0m at a rate of
60 m3/h. This should be more representative of the likely total drawdown as this would
include partial penetration, partial completion and well losses which are not included in the
model. Increased drawdown due to well deterioration and reduced aguifer thickness with

longer term pumping are not included.

Run Conditions Drawdown (m)
Model Adjusted
T 1400 m2d, S 2%, t 10 ycars
Q 60 m¥h 16 wells 11.0 20
As a but with 23 wells 14.2 n




These drawdown predictions should be reviewed when more information becomes available

from the wellfield construction and shouid only be considered as preliminary at this stage.

43 SHORT TERM ABSTRACTION

The available drawdown will be controlled by the maximum pump depth (base of the casing)
in the short term and to maintain the pumping water level elevation above sea level to
safeguard against saline intrusion in the long term. These drawdowns are about 50m and

30m, respectively.

By 1991 the the total water requirements will have increased to 29 Mm3fy compared to an
existing availability of 124 Mm3 from Afgoi and Balad Road welifields. Even if all three
wellfields were operating at their design capacities there would still be a shortfall of 4.3
Mm3/y as Stage 3 wellfield would not be available as planned. If Garas Bintow is brought in
at 84 Mm3/y this shortfall could be as much as 8.2 Mm3fy.

Hence, the Garas Bintow wecllfield may need to be operated at a high total abstraction rate
during the first years of operation to meet shortfalls in supply. Model run (b) suggests that
all 23 wells could be operated continuously for several years at 60 m3/h per well without
excceding the above drawdown constraints. This would provide an additional supply of 3.6
Mm3/y, or a total wellfield output of 121 Mm3/y. The total availability from all three
wellfields would then be 24.5 Mm3/y (Afgoi 103, Balad Road 2.1, Garas Bintow 12.1 Mm3fy),
increasing to 26.6 Mm3/y if the Afgoi wellfield can meet its design yield of 12.1 Mm3/y.

The shortfall in 1991 would then be reduced to about 2.7 Mm3/y but this would increase
cach year by about 2 to 3 Mm3/y until additional supplies become available. The shortfall is
an average of nearly 300 m3/h which could perhaps be supplied from Afgoi andfor Garas

Bintow by only a small increase in the average pumping rate of each borehole.

However, as the planned maximum daily output from Garas Bintow is 30240 m3/d (11.0
Mm3/y), there may be engineering constraints which would not allow the whoie wellfield to
operate at 33120 m3/d (12.1 Mm3/, assuming 23 boreholes each operating continuously at 60
m3/h), which would increase the shortfall to about 3.5 Mm3fy in 1991. At maximum rates the
total availability may be limited to 78480 m3/d (Afgoi 41760, Balad Road 6480, Garas Bintow
30240 m3/d) which would cause a shortfall of 20820 m3/d or 8§65 m3/h at peak demand.

The interference model cannot examine other more regional considerations concerning

abstraction. It is recommended that in view of the water shortages in Mogadishu that the



l

water  supply strategy is updated taking into account engineering and hydrogeological
considerations. The regional models should be run to examine alternative, revised operating

strategies to meet future demands.




Study Area

o JGARAS BINTOW..
1 | WELLFIELD ~, /™

YAAQSHIUD
RESERVGIR

BALAD
ROAD
WELLFIELD

FIGURE 1




£ 38N dow_uonesoy oo 007% 00ze] L Boxs 0087 . 093>
UoI123S 5SSO0 puE. e|oyelog 0607
J1deNS HILYM QHSIODNL
0003! 0085
| .
1
_ i 00ze
|
| o
' _ d o
I \uavn‘s-‘
m : g0+ G072
_ i 8 g9 DON T |
_ . Pasric cont
_ \ r
_
< : | v03
. | T ° wos?
i\\ _ _ s 03
| |
i !
i _ 03
| | |
_ _ _ Y T
c00€E
| |
_ [
i [ "
t- | S— - e
| _ woTe

;otoooo_




|

Grain Size Analysis

0.4mm Slot Size (2A - 2B)

t BS. SIEVES
B B8 B U8 838 2 2 2 ~io '@ oo v tan
\ T T T TTr T i X4 VY' /’/n. ____'__' TV 00
’
AN \ /Y "
X N7
) : N
80
N Gcaer |\ N 4,
YA
R\ a v
MGQ 8T W 60
14 5
AP 7 v
\ B/ He
\ /, ®
0y
4 2
/ 05
I/1\ g
k N /// A\ ® ©
7/ /)
\\'1/ 0
~
- alaa 1 1 il il 1 1 ‘V i ILJ 0
0.%0 10 10-0 000
PARTICLE SIZE mms
[ Fine sanc JMedim Sard| Cosrse Sand | Gravel |
A, Graveal Pack specified for 2A Afgoi wellfield
B. Grave! Pack given in Garas Bintow wellfield
waell specification document (Page 11)
FIGURE 3




FIGURE 4

50 60 70

40
Pump rate Q [m¥ hr |

Yield depression curves
Test Boreholes

30

20

3 3
| \\
<
—
o~
2%
M

—

-
-

r Y - T T
=] ™ < ©w @© .nw mm

14
16 ~
18 -
20 -

W umopmeig

L B BN BN BN BN BN BN BN BN BN B AN B N N N N N NN NN NNNNNNNNNNNE N



m

Drawdown

10

12

14 4

16 -

18 -

20 1

Yield depression curves

Balad Road Wallfield

20

40 50

Pump rate Q [m¥hr |

FIGURE 5




(o]
w
L Q m
)
L.
r R
L O
w
z
m >
5 -3 £
o 2 ©
c -
= ©
3 2 s
§ 3 S e
g g £
< g
3 .
- b}
=
o~
o
T T T T 0

o o~ A4 [f) -] ) o™~
- -

14
16 4
18 -
20

W umopmeag



Annex A




.#

@W

® 0000000000000 0000000 PO ONOGLOLOGOOOGOGOEOGEOOOS |

2004

F&_ l

h.-n|

Muqdisho
Water supply expansion
i

25

20

Elevation of aquiler base

{m._below sea level]

U B
=BG

A




—o - — 4

A A —_— ——

i g - £

e 0 0 0 0000000000000 0000000000000C0C0O0CO0O0



B B ﬂln.ll. e~ =

Muqdisho
Water supply expansion

- e e |1|.+|t|... Ay ISP S W S

[micro mhosicm)

Groundwaler electrical conductivity

........’............-...........C.g




!
i

g % g




® © 00 0 O 900 9 & 00 0 0000 0 00 0 0
4]

— -
N I3

—
Q

Lol
LS o B ¢« B ¢ 1]

"
>

®
o
o

@ 8

o o
N
o

N
N

(8]
D

Stable isotope distribution

Shebelle low flow
*

. MGQ3T
SFA WATER
L
1 Pwie  Las . WGOICP
wWGO2P
Shebealle
N
Standard Mean
Ocean Water
= PW29
'MGOECP JGQ?T +m139 l
+ ECNO
A2
ECS Tw
AEC)? ‘96
£0 13 AE07
Sand
o< Alluvium
B e\@’o + Alluvium/sand
< (O More than one Sample)
&
'She elle high flow
T T ¥ 1 T ’ .
"5 4 -3 2 "1 0 ! 2
18
d°0




Muqdisho
Water supply expansion

Chioride concentration [m.eq/t]

e

5200

400

oo

® 00 |




Muqdisho
Water supply expansion

Sulphate concentration [m.eg}

20

T B Y . PRSI ——
T

0000 000 0000000000000 00000OOOOOOOEOCTO O |




i e

Muqdisho

Water supply expansion

Magnesium conceniration [m.eqA]

4355

27004

2300

230

................Q_....0.0..“..

|




00
2900
Zrmo
~ g
P
l/f
2500 H
23008 B
2900 )
[ T
\ Muqdisho
LE = Water supply expansion
em
i Sodium concentration [m.eq]
| 800 ___ Ca =
&




1........“......0..................

| X

r
s
7’
r
300
2900
2700
’_ — e
//
R
//
d"‘ 4
2500 -
]
!
’ L]
{2300
|
|
700 .
1
Muqdisho ‘
i Water supply expansion [
i Deuterium concentration [5 D%.] [
m00)




Appendix 1




*SNIH 3WT1

Wl WO Ot it o m._,.a
| i
| |
1 | : _
i
|
i : | _
I ' i ; m -— ———
_ i __
_ .
. +31°¢
| ” | |
_ | |
i : | i S
_ ]
bl
N R o0 s ~ v T
.. . S
LR ) 0
cemt? et . _ m
— — A ).\;K.\.__l..c. l\.\\\ _ . & o
_ m _m
- !
_ I _ m 20-t
| _ _ m
i ‘ ! : i
et _ _ : - : U S
“ [
i 4 : '
TrIRTY 3v Y 9. "SMiv O 597 180/ "L8oT T JT9V ORTgand i
C30¥02IN IONTIAIN ¥31bM 483N 91 HLIJIQ “
SSrZrYYSIINJYISIV QWO L4 O] dudftd e e v e b
G9rZyyvdIONIN3IIY QIO * JLBON 14 0JA¥IS8Q .
ai-2z-et t  3Jiugd i
T3H NDILYANISED - 1831 3L1YY LINULIGNOD
34Nal4 :
AONLS 32Y¥NOS3Y BHSIOONW PR




*SNIW 3d1L

N

773K NOJLHANISED

gL-2-81 ¢ 310
1831 31H¥ LNHLISNDD
Jgnald

| g
| : _
| _ ? S IS EPYpes
i - : 1
_ ! _"
_ _ i -
- . — : c s ~$3' ¢
N |
| _ | i !
..s | ! ’ . -
RGN ! d ce 3
_ ST A T
_ _ v /_‘, \ i : -
I Q " . 7 |
-
|
...... -— ! flni\ / . — - I.H| [N e )
: —— |
. _ "
i * ! | -
o ’ __ ! , I peee
. . _..q..o-oo- . m
! ' . i : RIS
! | | “ _ I
. _ : " .
i : : -— ; e —— --—rtd
! ﬂ _ _ | _
BRIV IR BT T B TE¥T 103747 L30T T 3199 DATJUNY _ ! T
[ 0ICHEIFN LE6XIIA3T ¥IIMA L183W 91 Hid30 ! : _
I S9PZreydIcN3¥IJI8 OI¥O  Id CN)dWDd ! i i
$5Y2ryv33IN3UILIN 0190 * JLdow 14 0JANISEE ‘ St — =213
1

A0N1S 3J¥YNOS3¥ GHS1QO0NKH

o] o]

NHOORB Y

W




HUMPING KATES
veude7 FHRUM
[0a5.u FrUM
1bSZ2.0 FRUM
1932-0 FROM

=l

U

(e dspaY) 2
Vet MINS U
lofley mINS Ty
Jod. MINS TU
Sau,u MINS U

HESY waTER LEVYEL ~NUT RECURDED

TIME (MINS)

L T S S §
co Vo Uaowpmwe e W

L
—
=

C LA U SR W W -
L ]

—

.
CcC CcC Cco

reo—
[=I¥y
L ]

[

25.0
30.0
35.0
40.0
45.0
SQ0.0
5.0
60.0
75.0
G90.0
105V
l2u.0
13%.0
15v.0
165,01
140.0
l180.5
1381.0
1d1.5

LDrAaNuOwE (M)
SeuNu
Belly
J.d%50
d.TouU
3eT0U
J.70u
Jelov
d.700
Jadob
d.70u
J.76v
2.f0v
3. 716u
Jelovu
J.o00
Jeobts
J.cop
3. e60
J.dk0
Jeono
Jebbb
3-940
309“0
3e750
JefoU
J.3hH6
3.7049
Je /00
Sefthu
J. /ot
d.f0v
d.720
webTu
SetrlV)
S.0%U

19 measve-Cs STyt

-LL

T TR PRI IR S ¢

ledoid
36N .0
Seday
12d.u

~ 1
" 1
o[
Mi.

~3. 3T Gy ) =zt

e

]

o
-

Sl wF Tesd

L2 (MIND)
1d2 0
idZ-S
133341}
183.5
1S e t)
insed
65
3547
1ot it
trn Lt
st !
19v.y
Ry
i) e
PGSR
clve)
Elboﬁ
2 al)
édDo'j
23039
283-“
2alla)
2595419
2717040
Edﬁ--')
ERTT NS
313-0
33244
FvDe )
JO'.).')
3h%Je5
inteh
351.9
3624
Jol.>

T4 wafa

CUArED Wzl

Saaucssb

I 2 15

DRAWDOWN{M)
5.090
5.699
5.760
S5.590
Sty
S. 750
3. 760
S. /61
S.7160
Lelbu
2. 761
Je J’bU
S 590
Sh9y
2. 76U
Se69)
5.6y
.ty
S. T6u
Se.I0B1
S. 760
S /60
S5.75U
2. 70U
S. 764U
s. /oy
eI A1)}
S. 760y
.15
S. 70U
S.uTQ
Y.ls0
Yalawy
ve.ldlvy
4,210
G.Z210




[
LS PN o

Vil [ (M)
Jos.b
Jodan
iS4 .5
Jbbal
dod.v
Joutl. 0
Jdow.u
3704
3 {b-U
2du.l
3db.0
JY9Lau
199 .4
“Uyel
4U9.Y
Gluad
“]h.v
G0,
T35 U
aou .U
o Ul
+35.40
Slted
De9. 0
23UV
Jeu.h
Sul.0
Dalen

SIleEr umraa ).y lesy

PUer iy wf IV vl

LiMd g (01}
Sellu
Y2l U
Yel il
Jactl)
Vel
Ye210
YeelW
e lu
.21V
Jalal
Yelay
Qu.lay
J.l4au
J.140
Yelawl
Jalay
d.21u
E I NY)
el
Malawl
“elay
Yo lGul
Heluwdl
v.elaU
restal)
Je10U
Fe 1wl

T
1Je.olitl
lvsolv

R AVER SIS

[ N 244G 2w

oale Jr TesST s 2 7+

Miee (o1 wS)
4y
34245
54 30
S4 33
5"“"-0
S6a e
San.t)
5‘0().0
S4 7.0
Yaa el
S469.y
550. 0
222.0
Y6V 0
585041
Afy.0
SP5ed
S53geN
Gdn.
Sy UL
QYD il
e )
Hloaed
Al
S4De1)
onUael}
bfod)
A9i}a)
TuSa il
72d.4

L Ao dQwivi™)
lu.nld
lv.olvu
lu.olu
lo.6lu
10.610
10.010
10.010
l1o.61u
10.610
10.61U
10.610
1.540
lyv.olu
luo.61lvY
lv.5l10
lu.b1lv
1¢.olv
lv.olu
lu.6Sy
lv.o3u
1¢.0%0
ld.o9
lueny
lLueniu
10.090
LU0y
10. 76U
lventd
lv.olvy
lu.01¢




R T A T IVE LW VTP

oL Thg Jnia

CAWIS T aiid o TIST o) sl
PUTE NGO - 2.5 RE RV O Swuwulenh
ATE Ui Tes e 2 s
PUMP NG KATES (Mo @d,04Y)
105"’.0 r'HUH L).‘.‘ HI;\S TU "135-0 i"l'-S

REST waTer LeveLl wui RECORuCD

TIME(MINS) Uraaltral{™) 1o liaflyusy URGAwWLO AN (M)
5 G.J80 19ue 0 S.410
lev o.uU I52.9) S.4]10
1.9 S.2490 [80.10) Se4 10
2ed 5. 139 19%9.0 S.410
2.5 S.130 2l1u.0 S.410
.U S.200 223.1 S.al10
3.5 5.200 2uile () Se4ld
440 5.20u £93. 10 S.alu
4e5 S.2ul} elfided Ye.u1U
5.1) 5.20¢ £35. 0 Ded 1
beU D200 i) S.u 8y
l.0 2.2Jv L e T 5,480
bet) Dty RTINS St 80
J.u D.2U0 Jen.) S.4H0
luev o RWAVLY; Jode S.udU
ll.0 Delui 3/3.0 S. 480U
12.u Sl I%u. D.eHO
13.0 DJec Uy ~U92,. DL.u8U
laaU SecDU wZila U S.aRU
15.0 90U “33.0 S.25%4
16.0 S.211U wSuie i) 3.950
17.u 5.240U a1 3. ) S.B5Y
18.0 Sa29u 2y )e) 95.550
1900 :)o-C'UU w99. 0 5.550
20+ 0 5270 Sluen H.9%0
2s.0 DeldTU 22940 H.55%9
30.9 STy Sey.U S.550
3’:)-U Seld TV 53'.)-\) 5-550
4.0 Sec Ty Z7de 5.5290
45.0 2:.27T0 LR | HeH3
SH.0 Dedbi nJu el 5.0010
95,0 Deluy Al3.0 3.930
OVl Sedeu = J3U..) S.224
5.0 Deduu 5434) 2.9%0
Yia.y DeJui NGV 2.2590
lus.u Se 60 37249 D951
lzu.u Seday A%de) 2.954
13s.v 90 day Tus.} 5.590




RV BT Gabigaau meavu~l7 STgur

dee THrn uatla

CulNsiaas =1 Teyy PP ETlr WLl

Pue e juy al Moo 9t rer o, 244472459
Jale Jr TSt 19 274

PlmE (MRS B ST IV S N | li4e (~1]19) o AanBUw (i1}
Ty De9hHY 1350, 5.9
Tis5,0 Gab50 136949 H5.621
T23.49 D550 1360.0 5.620
IGETRL DeHYHY 1395.9 5.620
1a0.0 S.620 lalien) 5.620
Tas.4 S.02u l425.0 HY.620
AlU.2 J9.020 laa a9 S5.620
ddb-u '_)-(:20 1‘055-0 5.620
3.0 D.0210 14a5.1) Y.020
85%.0 3550 1515.0 S.620
H/0.0 .69V 1345.0 5. 099
HeSa U S.620 157549 S5.760
ERDIN J.02Y laun.0 S. 760
S15.0 9.620 1435.0 Se /50
ERIVNY S.760 15903.0 5.764Y
Sa5.0 S.620 1595%.49 S 760
BHU. ) S0y 1725.0 5.760
Yiv. Y Yeb2U 179540 5. 760
S59d.v Se3550 178%.0 9. 716U
lous .o D.95u 121540 Y. 76(
lerti.u Sel2Ali 1945.0 . 760
lysis.v 7.7280 =750 SefbN
IRVEY LY Telbu 13u9.0 S.030
fVos.u DelBU 14350 D.6310)
LUsia 355U lvhoen S.160
luss.vu Del61) 139%0,0) 5.7590
Flioeu 24950 curs.d H.760
ile.U ~J-‘IOCSU EU:JID-O S.I'bll
lLlayauy Seunry ENEs5.0 S.430
1155.1 S48 211540 S.030
1170.u D.4H0 214%.1) S.750
1185.0 S.440 2175.0 S5.760
12uua.0 2.550 220540 5.760
lé1s.0 2559 2235.0 S.830U
lesn. %.550 E205.1 S.+00
12am41} S.5%0 EZ%040 S5.990
icnu.0 J+550 232541 Se0 3l
leis.o 3.550 23999 S.e3u
Ly (0 Je9H50 Sitnedd Set3 3l
l3us.av .20 2s415,0 S5.030
Llicaauy 550 £a659.9 5.830
13550 95U 2u15.9 S.760




TCUNT Laurd)

TiME(A]wS)
2905, 0
25933.4
28%5.0
P
2959.v

8965- 0 .

3015.0
3045.0
3075.0
3105.0
3135.0
3165.0
3195.0
322%.90
3255.0
JZUS. J
3315.0
334%.0
3375.0
34Yy5.U
3435.0
J465.0
3495.,.0
3525.v
3555.0
3545.u
Jeis.u
3645,4
3675.0
37u5.0
3735.0
3765.0
3795.0
382%.0
3855.0
3BEY.0
3915.0
394%.90
3375.0
2U05.0
4035,0
4U6S.0

Jules T anar

Fuvre Lo

AUl AN (V)
S5.d430
Y500
Setb2U
5.6246
S5.620
5.620
D.624
Y620
5.550
SeT60
S5.760
54760
S5.620
Se750
S5.760
SeTO4
D.760
5- ?DU
S3.700
D050
S.020
Fau20
S.75u
Selnt
S.740
S. 7oy
Se.ThY
S Th{
S.760U
j. Iho
S5.620
S.760
S.760
S.760
S.750
S.020
S.0%u
Se94y
Setwl
5.090
2ehYY
DeOY{

-

Lo B

-

(~Lus)
413549
4129.0
4125.0
4125.0
4215.9
4249,0
t273.0
4309.0
«335.0
4309, 0
43%95.0
4429, 0
4455, 10
434%9.0
45315.0
“Bhen .Y
4373, 0
“ahyD. N
453340
450D. ¢
an43.4
«125.0
wlust)
41edeu
4215,49
w4545, 0
4475.90
‘090‘300
4539,0
“9h35.0
4595.4)
SUES. U
£J8h.0
SusS5.0
Sllh.0
S 145,.1)
E!-,ﬁl'_l
=2us. )
=233.0
Senh.
=295.1
5325.0

~“ 5 el sTuey

neL fme Ul a

PUAdPED acLL

nr . SubselesS
csi 19 e 1y

vHAADU A M)
S5.09¢
H.0%10
Y. 091
S5.690
HeEQY
5.090
S. 780
5,760
HY.760
5.760
S5.760
S.fhQ
5.760
S.761)
Sef6nu
S. oy
S. /60
S. 7164
2. (O
S.7/64
5.53¢
S.03V
5. by
5. 760
Y. 150
S.1n0
5. 700
S.finy
S. 84y
S.a30
S5.030
S.b3u
S.7560
S. ol
S.330
Dendu
D0 31)
S.90Y
3.90n0
3.030
De) i
HYewi




teuia T wden}

el (MInS)
Sdnb.u
538%. 0
S541%.0
Su4sY.U
54715.0
25u5.0
3!3('35-0
359500
262560
5055.0
56n5.0
5715.0
374%.0
57¢5.0
DdUSO 0
BY- )
YHeYH .U
2895. 0
nNSe5. 0
SYHn .U
D‘:‘(“D‘c G
ovin.V
DJen. U
olrSaU
olus.0
olidz.v
olobS.u
Glyvau
0crS.v
6723%.0
62dh. 0
o3lv.v
6.3‘0500
ol7H. 0
S6495. 0
Daomaey
Ouooey
D"‘fljoU
0523.0
oh5=.90
2%0%.9

EPITEVE SRR 1Y

CuNSlal ale 1oST

Pore [ns Al gy, 1 B ID

NRAwL st (M)
e 3u
S T0U
Te9 T
HYel3u
2.8330
Haf6U
HYed3y
D.8440
S.430
S.b30
9.0
Beb 30
beti3u
Se 7614
SelbuU
Seaa3
5.4900
Se9(0v
S9.d439
S. 16U
S5.900
ve 1A
S.760
e THU
S. 760
S.Bu
se 16y
Seini;
St 3u
2500
SeFUU
Setdt 30
Se83U
S5«830
Se 33U
D3y
SeUl
el ju
e 3V
S.4500
2900
SevUU

ik ur 7

e ok
anib.)
84944
0TS0
60541}
6735.0
67ho1)
6775.1
6HED. 0
R E- TR
ontds.y
BYlSed
A4S,
657540
l!l)\)f’o‘.)
Tadned
fue5. 0
70994
71291}
7155.0
Tlda. D
?2150ﬂ
124944
120247
T 3De
f343.0
73C5-0
T345.0
Tacoe.u
Ta53.1
?“hﬁad
7515.‘.)
Ise5.0
757:‘)0‘)
T1505.0
IA35.0
Tansa
To¥nen
rfdﬁon
T7I55.1
T1d5.0
T3i3.9
1345y

=g a3lu-lr 3iuuy

aLlL e ualn

Hsuared o scll

wILF . Duldae+25

el Iy 2 T3

L 2ndUAN M)
S.5 30
5.%10
Y. 900
D900
5.900
2.901
S.900
5.0
S.vQ0
S.v0u
S.760
S5.760
9.760
5. 70V
5.4830
S. 7564
5. 760
HelHU
S. 760
S.p 3
5.0 30
S.p0dv
S.030
2.0 3V
5. 7160
5. /60
Seifbu
. 7610
S. 760
5.760
S.0830
S.v 0y
5.760
Y. 760
S, 7160
Helb)
S.n 3
5,330
5.030
<. 7169
3. 760
5.760




{COUNT INUL L)

TIME (MTivh)
7815.0
T505.4
71935.0
196540
169540

8025.0 -

8U55.0
8085.0
d145.0
5175.0
B8205.0
1235, 0
265
0Z29%.0
B325.0
535540
8335.0
B415.0
8445.0
B4T5. ¢
BY05.0

[2=J
caaslaar ~oie tosi
PuUsiFE oy s Ay LZT Ut
it ar T
U~ wudar (1) i ol a3
S. 760 d235 40
S.HAh 3563, 40
.83V da% e
S.d3y Y-
S.900 dn55.0
S.43v BeH9.0)
S.4U0 4715.0
S5.760 4145.9
S. 760 g47175.0
S.160 25090
S5.704 Ha35. 0
2.d30 d365%.9
S.830 BEYS3.0
550U Hy2o.n
S5.990 8955, 0)
S.700 Hy35.4)
S3.830 591540
SeSU U G4 .0
S.9YUUL 9315.0
Sy Sldhaey
Detd 3 S5139.0
5700

¢t suunle STuwr
sLe A wels
Pudre ) wflb
riF . SGsuwiadd
ot 19 2 7%

JHAAUURNN M)
S5.900
Heb3U
S0
PR ALY
S.Y00
S.900
S.wNQ
. 830
5.700
. 760
5.760
S5.1610
bYetd 30
Se. U
S. 7161
Se.70U
5.150
S. 161
S. 76y
HSe NG
S. 750




L lany /e SJdunlEe STuur

LELL e ouala

ConSliami senir g Afunwrol sl
Purt= [nwg AT SHCIIE | urlf) ber . BauhlandS
JolE ur ThEsT -1 2 14
PUAP [NG RATED (¥ 3/00ay)
1050.u Frum Beu mINS TO  Jalu.y mlns

FEST waAaTER Lbvel wUl RECORDED

LIME (MENS) U A a0y (pt) Flre (MINS) UrAnDUWNI(M)
5 F.490 1900 9.6940
letl 0.04¢ 165.0 5.0690
1.5 S.620 180.0 S5.090
2.0 5-68U 19500 S.090
2.5 S.620 2l0a0 5.0910
Je0 5.620 22549 H5.69Y
3.5 S.620 24040 5.690
44U 5.62V 29541 S.760
4.5 D090 2700 5,760
Sed S.690 285.0 5.690
CeV Y.699) 3dv.Y S.690
ieG D.690 315.9 3.050
B0 Yoty 3304 Y.020
JeU S, 750 3459 5,090
Luae ) = 3900 S.090
(1.0 Q.H690 375eu 2,090
1cey S.E41) 390.1 Dl
13.0 YBe U 409.0 S.090
leed) “. /00 W2Jde ) 5.670
15.0 Sel0U 439, S.5%U
1.0 S.l60 49040 S5.7160
}?.U 5.70” (66500 5.!')0
13.9 Befby 48041 S.769
19.4 5.7/00 4949 . 0 5.f6U
2049 S.7h0 S10.1) 5.7519
25.0 9.690 525, 9. 760
ELIIY; 5.690 540,10 5.760
35.4 S.690 H55a 1} Y. 760
GGat) S STUal 5.750
‘45-0 50{390 505.0 b.,‘)u
Sad n.690 HUlUaf) 5,750
58 .U YebG1 515.9 5.760
ciiel S.8%9 A3V S.750
5.4 S.699 G450 347540
FUL 0 2.690 b6} S5.1/00
105.40 .09V 6Ii9.0 5.760
120.0 5.6990 AU N S.760
135.0 S.099 70514} S.760




(CONT IWUED)

FIME(MINS)
T20.0
7135.0
750.0
1659.0
780.0
795.0
8lu.0
825.0
B40.0
855.0
870.0
88S.0
Sy0.0
315.0
J30.0
945, 1
S60.0
G75.10
YoU0.u

106%.0
1020.0
l035.¢
1050.0
lunS.u
1080.0
LU95.6

Y LVE3 PPN

PU~P (o

UrawlLuwiv ()
De.d 30
B.760
5.700
Saloy
Sa760
Y. 160
De760
3.760
5. 760
S.760
S.700
5.760
Y.760
S5.760
5.76uU
bYalbu
.76y
S5.760
Sa. i)
S. 1Ay
S5.839
Sab 30
S.034
Salta
N 76U
. fou

al

a5 15

~raJunle STypy
St TAE JAT A

HUMFED  wELL

Solb uRld ~EF . 54442455

C3iE UF TEST 21 2 15
T (mING) URAWDUwiv (M)
11ive9 S.760
1125.9 5.760
114vu.D 5.760
1155.0 5.760
117G S.630
118549 S./60
1200.90 5.760
121542 H.530
1230.90 S.760
12450 5.760
ieou.n 5.760
1275.0 5.760
129049 5.760
F3u5su S.760
13200 5.760
1339, 5.760
13500 5.760
1355, 3 31690
t JB0 e S. 161
1395, S.c3v
talu.en 2,700
ia2s.) 5.700
Lhuil, S.200)
tasi, 5.760
Lalte ) S./00




Uk sl mEsuunle STy

aLL Trk Oala

Cuib T ot g fest - FUrtFED «ELL
UM oG A rlug 3 GrRI) REr, D4442455
JdlE UF Tesd T 12 /s
PUMF ING WATES (2937507
lavuey FROM e IS (U 249U Ml

KEST walekl LEVEL nUl «FCURDE U
TIME (M NS) URANDU S (M) TIME {:a[NS) UHAWDU W (M)
5 HedQU 229.0 83.900
1.1 e /00 2a4i)e 0V 8B.Y04
1.5 S.yuu 255.9 8.900
2.0 Aa40d cT0.0 8.900
2eY H.500 285.1 8.900
3.0 T.90u0 30040 E.900
.JtS }3-200 313!” 8-‘,00
el 3a6{0 330.0 8.904
4.5 .00 340y d.%900
5.V Be.600 360.0 8,900
el .00 375.9 8.%00
7.0 8.700 391 .7) G900
5.0 84700 405.4) 8.900
Fetd 3o FU0} 4cuay 8.900
10 ey 435.9¢ 8.500
12eU ne iU aHd.9 $5.900
[4.0 gel0U GtoH .0 d.900
by e f1) bl S.000
T80 Ge 00 495.9) ¥, 000
gy e 1010 510.0 9.U0)
25«4 g« 70V 525.9 9.000
3040 S.bl0 S49.0 9,000
3%.0 B4800 55%.0 9,000
4‘].0 6-500 5!000 9.000
45,0 HBaedn)O 95d5.0 9,000
L Y, H.800 600.10 9.000
5540 t.800 615.0 9.600
60.0 O.H400 630.0 9.000
5.4 4,800 643.0 S.u00
2. 0 d.d0u bbb 1) S.000
lusat) Ha80 675.1) 9., 000
120.0 e300 6901 9.000
1 3v.0 B.H00 Tioe.n J.,000
I50.0 d.d00 72J.0 9.000
o5+ 9 A.d00 735.0 Y.000
150.0 3.900 759.0 Y.U00
195-\] ’;0900 765-0 I;OUOO
2i0.u 3.900 T8Y.0 Y.000




(CUNT [ )

[IHE (M ]INS)
195.0
8i0.0
824%.0
540.0
855.40
870.0
885.0
Sul.u
S91%.u
930.u
94%.0
60. U
975.0
990.0

10yH.u
1u2o.0
1035.0
1056,
1065.0
i08U.u
19%.u
111049
11250“
11434
L1955y
1170.9
118%.0
l2uu.0
1215.0
1230.0
l1245.0
1260.0
1275.0
1290.0
130540
132040
135004
130%.0
13av.0

CU sl o

HUMP 1o L

Urcaw e g {(p)
YeeUUV
J.900
SR LY
Y. 00
Y. 000
J.00uU
J.0UU
YeUuy
9.000
J. U0
F.0900
Fe 20V
“.0UuV
e V)
F.Jd0V
ERRUTY
J.000
.04
.00
FeUJU
F.JUU
ey
e l)JUG
"iol-";)u
.00V
XV AVY,
v 0
2000
1o QU0
EXRVAVEY)
J.J 00U
S.NG
J.000
Y000
Setd0 0
Y.iiu
e OV
Je)00
. luv
.l UV

-\;fc_

Y 2 TW

izsT

a3 e

_AaqkE R T

Yoy
l 330
laluey
1a25.0
l‘v“U-U
lalv.n
15001
1530.9
1560.0
15992.9)
1&2uen
1350.09
ledu. D
171049
174041
17700
139742
1430.0
lHOI)ll.’
la%d.D
132041
1<50.0
1vdd. )
cilldei)
citge)
E‘jfUc')
citl)en
2l13i.9
215941
2149G.9
222742
2290.9
£230.1
2310.0
E3+Ue
23740
el
E'*..?'J.J
2ebH45.09
24)00.}

HroJurCE STyur
ALl Ak vaTa
PUMPED welL
HEt . Sasulen’
es T T 12 714

U AwUUwiv )
Yo lUUL
F.100
9, 100
Y.0010
4. 100
Y. U00
9.000N
9.100
3,100
Y.008
9,100
v.1l30
Y. 100
Y9.100
J.100
5.100
Y. 100
9.lui
Y.1l00
F.104
4.100
Y.100
Y.10u
YeliUU
Yalo
7. 100
Y.100
G.100
J.100
J.100
YolU0
9.100
S.100
Y100
2.100
Y. 106G
J.100
F.190
v, 100




U lnd FESsuusCe SsTuuy
atL IrE usila

ChyasTam] Wil TEST = Joscrval [ON «FLL

UaSESVC) al HMowllF urid "edF . B6662455
Yusr e ol Fod 3T Gr i) meF ., S4aale5%
valE UF TEST 19 2 Iy

PUMPING walES (428 3/0u8Y)
1usTed Feraum el 1S U $139,4 mfry

REST walbtkK LEVEL nUl RECURDED

([ IME(MINS) URBwWUU NN (M) MIME (4{NS) URAWDUWN{M)
o2 R RY JU.0 « 361
.3 < UGY 1059 . 324
. 7 .223 120.0 .328

1.0 + 279 135.0 .335
1.3 «2hY 1%0.0 «339
l.7 « 252 16540 e 345
2.0 « 246 lo0.D e 349
2B 245 195.9 e 350
3.0 «2ud 2luey) « 357
3.5 247 2¢5.0 . 362
440 «251 26l P 36E
4 e 52 £955e 4 . 367
Sau «2%4 FTGe0 - 370
L.l « 297 285y « 372
7.0 <.2hu 3000 375
el 263 115. 0 « 378
9.0 <215 230.0) . 382
10.0 <266 345.0 .333
Py « b0 35u. 0 « 384
12.0 « 269 3713.0 3486
13.v .270 3900 + 388
el <211 4%, 1) . 386
19.V L2772 420.0 .386
16.0 27w 435.0 .33¢
17.0 « 275 4%U0. 90 .387
1d.v 21716 469.0 .387
1940 «EeT7 4rda0 . 384
Zusl «E18 69%.0 «3HY
df-)-‘J 029[ DIJ'U « 390
36.9 + 255 $Z25.0 . 392
34U « B 24U40 « 394
Wit 292 $55.0 « 396
5.y « 296 Si0y «394d
5.0 « 2917 S585.0 40
Yol 301 tdued «403
60.0 « 302 6bls.0 +a06
ioed <312 ndl. U6




(CUNT Ivue )

TIME (M [ivs)
64541
66d.1)
675.0
690.0-
105.¢
720.0
735.0
750.0
765.0
780.0
795.90
d4l0.0
825.0
Ban.0
8%5.0
870.0
885.90
JU0.90
J19.0
930.0
9‘&5-0
YobteoU
975.0
990.0

1920.9
1035.0
1050.0
1055.9
00O .V
1065.0
1110.0
1125.u
1140.0
fl1os.0
117044
llbs.0
12Cu.0
1215.0
1230.0
124%.¢0

Jasnnvezd)

PUrF LG a

UHANL]UHN(r")
G0y
.411
Gl4
N
4lo
s 1Y
420
ca22
425
427
«420
el 2l
.1‘37
el &
«633
«% 33
e b4y
ey
S ([
A
sh5 e
e 35¢
c5}
V4
«a5U
cuSe
YY)
RN Yol
aac
«% 30
«43u
«%32
« 420
eucd
e4 ]y
«4lo
e 17
YA XA
N
a7
Y

Y1)

R R L Y
af= (D

"U-.E: U‘CIL)

;!,a'.': 3 I |
[y (alnNg)
lend. 0
12123.0
1290.0
1305%.1)
142U
133540
1390.0
1355.0
1360.10
1365.0
1410.0
laZo.10)
14400,
Tas5.0
lanie
I5e5.0
1575.0
l‘)'_.‘f)t{)
lnids.d
IxsSo.¢
72549
17=5.0
17:45.9
l~t3.0
l}j‘v&.lj
14759
19'.}:)-0
1$35.4)
{93961
l$495a1)
€250
2u55.1
c195%.9
cl15.9
cl=3.u
ci75.0
e2ubHae i)
2215.0
£c03. 10
227500
23250

~touu=le STu;y
Al Yme vala

Anoral UM sELL

~CF . Vhuarann
web o Sadagesy
el 1o 2 7s

JRAXDUwin (M)
°« 399
397
« 399
. )
w00
. 399
«400
«402
404
Lolia
o0
0y
09
)
Cr 34
625
o
240
A
44
Lu5l
«453
»451]
53
453
53
452
651
a9
854
485
454
ST
Y
et
bk
¥
A ]
Y e
eudtid
I8




(eu-ail Lo U

(1M oM Ns)
2355.0
230%.0
2415.0
Caa3.0
24i%.0
25un. 0
£€535.0
2s6%.0
2393.0
2625, 0
2onh. 0
2ea5 .0
2115.0
TS50
27790
2a9Ba0
2H3%a
2enSa )
2oviha U
2249 .0
295%5.U
2wyl
3U1%.U
Jusn, U
3Jin. U
Jlus.0
J135.0
Jlo%.0
J13%.0
Jees.
32s5.u
3és%.0
35,0
J3as,0
33544
Jaus.0
34 3n.uy
a6,
3ay5.0
3329.4
J=55.,0

AUGD oY ResousCEs STulr

ALL Trt vala

ComSlasl wxle jEST - HoServal JON wELL

JASEH by Al Aduulr urlu reF . Se4aPenb
AV T O | 03l BRI wEF, 24642495
dale ubF Test 1y 2 73

URA yuUdN () TiME (A INS) DRAwWIQwn (M)
caty 35o5.d OBy
398 Jals.9 «4 8%
o“qg -3’)“5.0 01‘93
eu97 Jeilm.0 502
AT 37¢5.0 e202
L4836 3r35,4 « 508
Y5 3T85.0 .52
- 37155, «213
Y YA 42940 «513
Y Jgs9.0 «213
sl by JAd5. 1) Sl4
NERT,) 2aloen) D14
«4 30 R T | .505
w2 3979.4 i
chZb 4405, 0 492
X i) 33.0 )
s 43 GiphS, i) «4d0
e 435 4:)99, 0 T4
. 459 4129.0 U069
eut 461%5.i) W65
Lo’z Hlasend L4653
e {2 42150 eba
e [ 3 4265.0 AT
e 77 4275. 45H0
S 43105, +an8
e 49 433%.0 A A
N e 4309H.0 4 d6
«wYy 4395, 437
sG] 4428,0 492
«aG2 46558,.0 99
Pu93 4435.0 .503
906 4519,0 509
«u1 3 “5495,0 W)Y
CGHZ 4579, «eSla
N ) 460954 RN
677 4h35.0 «Sla
b Y 46004 10) e 14
P l6 thvy5.0 «e9U3
0 T7 "72500 -‘DUE
ot f2d 4795.0 <900
s led “«735.0 o9




(CONT [:uE D)

TIME (41 NS)
4815. 4
4849.0
4875.0
4390%,.0
4893%.0
4965%.4
4999,0
5025%.0
5055.0
5085.0
5115%.0
S5145.0
S175.u
5205.0
5235.90
S929%9.40
53259
5355.0
5385.0
Sa415.4
S445,.0
5475.0
S5u5.0
5535.4
5565.0
2595.0
5625.U
5655.0
5035.0
571%.0
9745.0
S775.v
5805.0
5835.V
5869.0
YH55.9
5925.0
5955 .0
SYH5.0
HU15.0

CULS T i
JodbeAvEly .

Py lul(j -

UrtpmurUadvi (M}
-501
«501
4 3Y
«503
«SUb
+S5UY
«50b
<51y
«9lb
QSJ‘O
936
«H 3y
eH4au
« 546
e DG
YY)
e D4 C
+534
e 32y
«22%
«519
9511
«B07
501
94
991
« 491
438
« 496
u97
.=0a1
502
eS0T
«503
«213
«Hle
«L14
«S10
<519

Loinmy

nale (297 -

AL ie Bl

Mowlii el

Tive (4[iN3)
B,
CO?'D.U
6ld%.0
Ol.‘lb.O
0i65.v
6179.10
6225.0
6255.0
E285. 0
03l5.0
63u5,0
H375.4)
540540
€635.9
Sc05.1)
b“t;ljoi)
2352044
25%5.7
£509.40
‘.‘:'31590
'2":‘*500
bOIbQ|J
2704h,Nn
47T35.0
S165.0
6T93.,0
6425.,0
5455,
-‘)-'_‘USQU
091i5.0
6365,9
9575.0
71)05.0
7.,35.2
7h09.9
739%.)
718943
T1i93.9
7135}
F2loed
724349

~raounle STuor

AL TrAg uvkian

oscrval luM wELL

(SR Du4wlunh
LF . Debalelbh
sl ly 2 75

Urrni)Uwnim)
D1y
.22l
.521
D1y
+516G
520
e
«0lé6
516
+HUG
.513
Hla
«211
512
«025
o027
+ D34
fHa
P DL
e T
OB
P he 1
«254
.58
R
l‘bag
«DG 4
+ D39
D34
027
22
.S520
«DlG
Dig
ek G
DS
D é
231
«210
324
52%




i s ) WizinaY HeSLu-UE Sluoy
stk [THE valw

Consiawll Wil (ST = vasc~v s s sl

uRSEtHRvED arv CuL I LBH O Ser . 244a2450
UM [ oa TICIE LVRID Yer . S4442455
ait JF TEST 19 271y
CImE UM givs) URA.yuu st R Tive (1nNS) UHAWDUWN (M)
Fedi3eu <221 Béival «955
T3us.0 «H2y d/65.0 «557
13349, -533 deévha 0 « 053
T3ns.0 a5 3y 34251 « 544
73‘150U os‘il 8355-0 05“3
lagsan eDu Y di3d2.0 <553
1495, 0 544 Juel5.0 .532
fanS5.0 «Sub daa5.0 -5 34
7‘315-0 05‘0b ."J&l”_i.ﬂ 0533
194%.0 + 547 85,9 224
I1975,¢ «Sau 42 35.0 «D19
o590 « 239 d2565,0 D22
fe35.0 D42 3292549 H24
7G50 «520 2525} ol
fon.U «9529 gd255%.9 D32
Pies.y «93u Arah. D B34
(1550 -528 2r1h.) $H4Y
flis.u 329 d745.14) YA
{81%.0 «570 3715.9 e 234
Thas, i) «532 2A05.0 D24
féd79.0 «S 37 44339 D24
TSusen «5206 d-65.) «+D 34
i945.0 -S30 $-459.0 559
1S5%.0 N 4525, 554
f999, 10 «e554 0-+2547) 957
0290 +S56 390349 557
(ol Ve A} -:‘57 ‘1013-0 -55‘0
HB5U3Sev 5S4l Sha5,.0) 554
bils.d 582 227540 D26
3la5.0 + 559 91[)5.0 532
S1i5.9 + 562 %135.0 «eD26
acuS.0 « 556




FUMPING <AIES
LUS6.U0 FrRUM U.u
REST wWAlteR LEVEL NOI

TIME (MINS)
2

L[ ] L] L] ] L ] & [ ] » L) * L] L]
SO CUC TN ~NWOO i

~ N F WL Y e =
.

b — —
b N — © O
« 2 % s s s »
cocCc oo

l4.V
15.0
16.0
1700
l6.4
19.49
20.0
25.0
30.9
35.0
40.0
45,0
50.0
55.0
50.0
75.0

Cunstl anl ~ L

JodSeRvel

HURE |

{M*eq,0aY)

MINS TO

RECORDEU

UrAwIUwiN (M)

027
.lZU
«221
274
+ 06T
«251
s 244
244
.d“b
vy
«251
252
. 255
258
+Z0V
262
<265
260
267
«.264d
czb-d
+ 269
270
270
.27}
271
+271
272
.272
275
08!7
«279
« 280
«231
.28l
«cH3

iy L]

latueu MLS

1.

2

1M (MInNS)

A2 oMl woF o,

L Lbrl) ~cF.

A e UF

i[53l mesuunle sTuly
ALl TRt usih

lesT = JoscwvalfluNy szl
Sab4ulavhh
54462655

TEST er 2 19

URAWDIOan (M)

Y0.0 286
lus.d 297
120.9 .289
135.0 .89
15049 « 290
165.0 vl
1e0.0 29U
165.0 2V
210,10 -
22o.t) . 2HA
26U 2317
2951 28BS
210" .23¢
285, P CHS
RXVIVIN 2HT
3lo.0 2By
330. ) e
3“5-0 .C95
jou .1 296
3759.0 . 29N
Y09 298
9.0 300
42U l) 304
4635.44) «J0H
4S59.0 312
489,90 L3158
«80.9 319
46495 ,41) 321
510.9 321
52%.% 322
Sa.d,.0 Jd72e
55549 .32
S70.9 Jl6
535410 .321
6lJdev -320
615.0 + 330
653d.3 338




ol Lo ] WU LS Resvamle STgur

alr =k Dain

Conslaml oo jews Justaval fUN we Ll

\'hbtr"'v'l'_-u B EACIN e i) r’tF . .344‘02‘056

PUMF L NG ol ey 0 i) ek . 244424%5
vale ur TesT el 2 7y

[1™ME {M]145) UrinwlivwiN (M) Fimb (nles) URAADOWN (M)
6ud.u « 340 tdov.d +376
Hou. «3al ligaen « 375
6l%.0 «Jub 1U93.9 376
30, I P 4 1110.0 <378
Tun.u Y 1iésan <377
71200 LT 1140.90 « 384
735.0 « 359 1195%.9 « 382
190.0 « 359 P170.0 «333
ToS.U 363 11d5.0 «381
T80.0 « 6o 1200.0 .3380
Tys.0 « 363 1215.0 387
diu.u « 367 1230.0 . 384
325.0 «dn? 12¢3.0 « 394
B4v.0 -371 120U e 337
H895.0 « 371 127250 .39y
d70.0 372 1250.1) 04
Asn. 0 « 305 1315.0 AL
Fudeu « 371 Picuaa.n eIl
S15.0 « 37U 1343.0 400G
S3n.n nmy 13569 413
Jas .U <371 130540 s la
Sou. U e300 l3nven e la
3¢5.0 31t 149549 w17
3Yy.U «J1V 1+lua et 1e
10us.0 315 leda.n it} 7
1020.v «373 Leau,.d) 16
.!UJUQU oJ]Z l“.’)f‘i'\) .“lb
1350.0 « 371 YalJat) «el6




PUMP ING HATES
1340.0 FrRUM

W LI A

Jaboinsvdou &

Auar )

(Mo 3/0A0v) &
Ve lns TU

REST WATER LEVEL NUT RECURUED

TIME\HINS)

[ ] ] - [ - [ ) L] - L] - - L ] L ]
cococoCc oMo NCc oo

c L O w00 WS & he N —
.

[

"
M

B
<

2d.0

DRawuOwn (i)
«lud
2148
214
«237
« 302
« 337
« 34
« 3606
«370
« a7
TS
Y]«
e Uy
tla
+4lo
el
425
s ge
e 3u
«a 34
« 4 3h
43y
et 83
85
et 7
YY)
e p'y
- Ts
e hHd
- 405
e+ fu
a7
70
<48y
«4db
eurdd
Y]

RO |

4994

.\:l.“

-

Si3m e oz S Taut

ALL

3.8~ ORLJ rEF

I 3=1) ~¥r

ale ur Tesf

Trsc (=)
21000
2¢%.0
et
2n5.(t
2iU.0
ed5.9
Juid.n
A15. 9
330.0
Jada)
i20.14)
AlH.0
IsU. i)
ui}bo'..f
6Zu.9
wdoeh
L SURE
%C:‘JOO
wr il
WD e
s5lideN
325.1)
S4.d)
Z59.0
37340
303 1)
nitded
Sl
23Jael
ﬁ*j.d
“0Yet)
“f9.
Srile )
19940
TEuali
135.0
73de7

*

Tt et

= vzl = UnSoAavallun s

NG44 et
Saf ey

7 12 7%

UHAXDO wii{:4)
s493
97
49y
«505
.506
«514
.o1¢
223
.225
52y
.2 3%




(CUul fue i)

FAsE (M ]mS)
1a5.0
fov.v
TuSav
Hlu.0
dehel
4 U0
BY5,0
d719.1
Hobh.U
AT}
S1%.0
Y50.U
Yaqbh,
You.U
975.0
390.0

Fdus.
F320.0
lussn .o
1Sy,
1Npv ..y
lubn.uy
Toyg5.0
11iusn
1125.v
llabrad
1155.0
1170.0
lis5.v
1200.0
1215.0
123v.0
12“500
léthvau
tersay
129040
Lduvau
132v.4
1335.0
tdsu.e
1Jous.0

L‘Lli\“‘; [ avat

Jisnfrve.)

AN I

URA I (M)
<51y
.DU')
000
«H006
Yo
GO0
«HU6
+E06
009
«OUY
s BUY
«.nll
«61l
«alb
b2l
«n23
DG
«E20
o2l
o2
B34
L6359
abin
B4l
b4 4
« 040
<647
L0449
« 553
654
a5y
«GAl
T
«sto5
+ 500
NN
abhhY
+HTA
AT
bl
.tdu

af

5t

L

{8

e
YO K
iy 3

wal

Tive

Pahntl

5! =)
1)
ot [0

L ur ¥

(1S
13i4Ge1
13i95.0
lalda)
1423.9)
lawdan
lelueay
1200.0
1S3u.)
15bued
lsvua
162u.D
laodad)
fesued)
17100
176001
P71i00)
15tuaei}
ladde
1aruen
l=vyvedl
1séd.
15501
| I
cilded
ZQLU-U
Sl et
211id.d
2141.0
£indev)
£219J3.0
22¢d.0
£2nJ)eu
2718uaV)
A3Y0e0
Ziwdel)
Eilian
Cuitet)
£+3).0
Ewtrdai}
£ )ei)

mEaounle STULY

Wbl Ve Jdala
avcrval lun ael L
r . Dauuwlebo
FIF e DuGalueDS
oy ¥ 7T 12 Is

UHAADONN [ 4)
671
WA
079
078
070
070
LH69
.068
064
L0863
L0061
L05C
66y
063
665
61e
T
D54
0905
057
794
AV E
L7l
.713
114
.11z
715
A
121
113
.11S
17
T/
Tic
711
LY
UL
LI0Y
YN
6439




1l oF 2

>
o
=
b=
p]
LJ
W az
D R
= O
T
o w
w
L
a
\D)
o
w
a
a
)
=
w
o
[\
-
o wl
z
a
o=
-
ac Z
(S5 B o
—r
A
o
—J =
O
I W
= Z
— W
- o

GRID REF. 54442455 127 NGBV 78

MGA3T

WELL NO.

LI LELEME IMLER § Ty 111 LB REA IAASREA! LRI L IR d_._.j.ﬂ%j 25 L It

o q—— 0t _ﬂ_ 02 ﬂ—_ o¢ _—— '} __“.n L} Ebn‘—ﬁ [41:] ﬁ—_ oL o] o8 —l_‘. Qo

PO . .
& - * ® o
l/o/«[c \l T - e
+ * . [5)
w 9 Tgg
- Cr o
— o (] -
- . ®f x =
. ~J awm
o £ e
WBNWL Ewr_
LBI LRI
o .
Zn T g o g X
™ poee
° S0{p]
x
.«v...\ SNSRI RN NNASaNNNANNSARRRRARARREdENUNEdadiduTNERSBREERRSS
. ownv SeesseEEREEEEIaap e R PR NERRNaNDERYRER m w
v—
Lo, S5
= - S
o v# - o
o %2 © W
=% . 5 ¢ |6x
@ 7 — [ 4
<. T
NEN oggd 0
< 3EBEEEEPEEEPPPPREEEEEPEIE. PP R e 3.3 S BEE S EEEEEEAE A S a3 ) -
X © ]
wnn.\ruu .ONV I-I'IIIIII.lII"I'.I-...'....'..'.l.‘l““‘lll....-IIIIIl““““““““““MM““.&‘A.A“““AA&Al.l“‘ ”\“ ILD WVI

.‘h‘ o

— %

o) WG I S

nh_. ¥NeTeD VRRESESIISETYORTERREE HMPPPP?PPPPPPPPPPPPPPP?PPPPFP?P?-..wawwwwwwwwwwwwwwwwwwwwwwwwwwwwwwwwwww EroEYERIdYD

4] el i

© %

= /

=)

z| . % z

= 5= ¥l =]

a2 Sarzdbtits
S,° AECECENI 2T
&) sw.v
> &

(7 [
g, o« Y&l
faiad S -
=% e it
P..N@ M _

¢ ©
‘b. lbll.l[
%
(DT
%)
o
)
uw g pE
= 3
[+ 4 MDYELY =z
e g23-e53k
ot a3 [+ gt ‘MWL WLd 06 oL 1] 0 oot et
r:_:_.L.:_l_l__.._.._—__:.....:_._._.___:_.._.__J____L._______._..._:LLL.:____..T.:___.._ $3g5¥SES




1T -. -- q41 ‘-“ -<J- T Tr 4.- T --
© i ___ Jﬂ ___ .___. ___.__.:E __
N T
= o ras
w ||l o + . -
oll=zl, 9 g3
Lew MTO
~ [Fe -
N || [ ® 488
LY . ul
zZo = 8 bk
> w |2 = wad
o w |25 g Y
> <+ [22 = VRS
b= N o .mv_'_
w <+ x
wJ -~ -
uw oz ~¥ &&%
QO D (V) s -
m m . -5\?9 RN SR IR AR NSU Al ARNATAANSSARAGEERAEEARRERERERRANEN GM
(v} L F T*V mwlln
W w | = £
! x 0 ) oO
o o % w © u
o > % 5 & x
© — x ) part o
< — NEX [z u
I o a a < -
w (da) %M«NV Nm 3 -
m wﬁﬁuv A4 4 0494049494404 4404 IIIIIIadadqddataaend D .4 |8~
a Sih‘ - m
> o ———
b = w naveo| 3333388888 232323202083 302 3 3o B s v R Ra 2SR BRRB 3228202225 SECEMIEIRN2
%
Lo ’,
m. b\ X
) = ) g
> ] Lo
® SE % m
'gY .I el
| w vsw«
O w >
Z %&.\» By
€ @ |+ T 4, W mmﬂ
elon | =% o §E
—J @ x o
a. ¢,
o 2|0 %, o IJLW
[40 I v ] b 3 .&wf ©
St [ ]
(da] m A L1515 % v I TTT I I T T TITIITIL]
© ® w
LJxlzlE
O - g X
T wl a2~ m
_Z | J WUn 1!£L_T
mR-a- . I EeE
° L]
.._;__.. .____... .__—__.. ...___:Li____..._.“o____... SEJ5ERES




LITHBLOGICAL AND
PENETRATION RATE LOGS

MUQDISHO RESOGURCE STUDY
FIGURE

1l oF 3

WELL NO.

MGQ7pP

GRID REF.

54442456

16 NBV 78

LITHBLAGICAL LOGS

E XY oY)

™ +
& F

PRINARY COMPT. | = SECBNORRY CONHPT.

v A e e A O A S > A
~ ) Q@ x < \3 v
SARRIFE N S é# o OV & & &

S

ORILLING TINE
(SHBATHED)

MIN/H.
g0 &0 80 40 20

]]]""L'IIIIIIIVSL"II‘Il"!lo"lli!rI"L i[lll]'v

T

TTTT
EPTH IN A,

T,

M
80

v T[T e T g PH[TT g PO

100

et L Y]
e L L e L Vi Vo Wi Ut U Ui U Y Vs Ve L T

PP er e r e b BOGAEEEEERAECEGEEEO, G LN REREEERRARACRGAAGEERAEEEREGEEAEAEEG0ECEGREECEEEREREE

Chhbhbbhb bbb bbb bl L1 1T L 01 20001

=

ZEgezagezed

oo
=

GRRDE

CERrST
neEgiun
FINE

£
2
FREFSTAIIER

PROPARTIONS
s TRACE
& nNOOERATE
M LARSE

GAUSSIAN SNBBTHING
BY 11-TERNM EQUARTIBN

WATER LEYEL DATA
AAX. REST 8 21 NEY Ta
W Atn. mesT an 25 Nev 18

lIllr.‘lo.lllllll.’},.xllllll.tla xllllllA‘laAlllllln.

40 CEPTH IN R,
..11Jll..l..l

111[[!1?10.111‘[1_:1

1

80

.xL_LI.LL_L_:_LO,._llLlllx

100

|




__A___..OMAA.-A*—AJ_aq__jq——__d4|—|<-.ﬂ_——JJ—qJ_1_ﬂ__lﬂqqq—..q——_.__.a -.m——.-.ﬂ._i‘

p———— | T T T T 1 T
lve) - 4|_ r ot _ﬂ — 0¥ ' _ _ et o NI HLJIZ0 *[: ]} oLt oot el [*['T]
~ -
e ° .
F nVU o * + . . tll.-llllll.L + 4 - * W. n
o || = gl . «z3
tJ - - k& X
I~ T
O ~o o 0 M-
2 g s @] " =
L ~— oI T ﬂ s
Zo 2 9 ZES
Vl 6 Lm ..HI]. ] - =
o W |dwv T8 POV
= < e - L) W T
= ~ I m mlv._
[¥p] <r x
W <t
w o= |« ;ﬂ
oD \nD ’
R G ‘& .'.'I..III.I..-I-l'-"-I""I.""'..'I.'.‘.l....II‘..II"."I.I‘I‘.IIII..II....-.I..I.I.I.I.II.IIII z
D e . . ¢+ [S- 3N+
O W |l b= z
1y wJ pn. “® W @
L) [0 ) O ), © w
= S 2 |88
(on) > %, o P v
© — x 2 - nau > g
XI (4.4 Uév o nm s
% S |glZ ? SEE3 |z L
m © Ro&v PPPPPPPPPPPPPPPPPRPpPRpppRppppppppppprprepeppppprrrprPrr e PR R PR P P R R R PR R R R R R R R PR R R R R L) Ceepn 8™
o SJ. a. L >
= T “ _ i _ o o
= A R0 R F AR2222320222322323223 0230202 RERR32RERR3R B3R aRcR2220232223232322333R3RA30223022333233223220383285333a03 ESCEVILIRYS
C) s~ i i
5|
ol » =
e x|, %, [
¢ = ¥ix a
QU - oy \\ Slwuf -W. UW
S = SERCREERE
O Wl - sw.ﬁh
.
Z - %é\v B2
ac @ Q. nn...m‘ [ ] ml
- o) a. o
T =Z |0 @ ©
(GBI p 3
<& - LI Tsy s v v Y IITIITITTIITI T
o | & %
4 x|z .
O ar 4 w8
T w3 |2~ m 5
-z — o ﬂDYmLTNI
— L) W a -t
= e = oYt 03l oSt orn “W N1 M1d30 Th oLt oot oel 003 awmumumu
; ..L_Er..r___rr_..r,_rh____._.E_ .._L._L_F_..___f.rr._:_:F.LF___E._[LI_L_.._.,L_TC._ g8358338=




-y 3.1.-%4141. 1 T
o) o ‘MKl HLdD _ ! 002 oL3 | _ ! 03
- M_. hJ +
(T o . N * + “ - =R
Oz | 2 TE®
p s m x =
M) w ”m . m._ SRR
— of £ ] 2 R
> 0 322 «
o W {35 © g M t .
D < - T Wi
— ™~ |G mll
w ~r
x
58] =t
W o | < *,
QO D W ‘
m rnl....vs . . thmv SV NENEUREBEUUEEE PRSI NEYNNEREPEEDURNREPENNBYRRERPERDES seuew m Muu
(w20 R T L bl s Z o=
oyl iz E g
L o ©
o ' (] ‘.WN. % mm
(o] mm,&\u o ¥ wr
© — a — amu =z
T o [
7 S |olZ %, 005! m.mmw mJ
— [+ bt
o .nw ﬂ AR R e R e R e R R R R LR Y £000080828EDRED Tesen|8 "
] 9 g, o T >
= Ll 2323222332232833323823333233383333833283323332323383338233333 3333333333820 e T EECawErrgug
G *l e . 0
.3} ‘s
_— 3 (4
© & x
© “Ha. 72 WWR 3
© )% 1522550 m:?nmm
L w V&‘ fﬂ‘““ﬂ'lﬂg
%
oW - 2
%
Z Wnn (§ KWC
T T {Q@ | (Cv w BE
o | = - % © a gec
= @ | (e, RRRRRIRARIRRTS €
a Z2 | O % S
221 F e, o®
s B S v Bl
O a o M
SR I R E- g
T W2 m mm
- Z | J
— Wi 18 u J_u 3
- - =
oz 031 ot T 3 v
.r_hl_“l— ._h_______. -.__—__L>—_L__P—F~F.T-L—_Lr--._LLWW_—L-WWLFF _Lyowruf_rpsl—r buu NWQUMCQO




[y
27 1 78
a2

Loggad
FOD~S0m v

SELF POTENTIAL
Sover [eorw 0




SINGLE PQINT RESISTANCE

SELF POTENTIAL




WATER LEVEL RECORDS

This section lists all available depth to water data for each borehole
in the area. Water level measurements were taken routinely two or three
times a month for the network of 29 boreholes shown in Figure A.4. The
measurements were taken using electric contact water dippers to an accuracy
of * 0.002 m.

A selection of borehole hydrographs are interleaved within the data and
demonstrate three trends. ’

L. Those for boreholes MG} 1P, 2P, 5P and 8P show very little
long term water level changes and are typical of the majority
inland and coastal observation boreholes.

2. Boreholes 1ZH, B14PZ and 15H No.4 exhibit the declining water
levels encountered in the Balcad Road wellfield observation
boreholes. The hydrograph for B14P2 shows rising water levels
from August to October 1979 because the adjacent pumped well
was not in production.

3. The hydrographs for boreholes 1, 14, MGQ3P and 12P show changes
in response to river stage in boreholes close to the Shabeelle.

In addition to long term water level changes daily water level fluctuations
were also monitored. Water level readings were taken at 15 minute
intervals for periods between 8 and 24 hours at 18 boreholes. These
included all observation boreholes drilled during the investigation plus
nunbers 14BP and 55. The readings were taken in conjunction with barometric
pressure determined with either a barometer or aneroid altimeter. With
these data it was established that water levels fall with increasing
atmospheric pressure with the exception of MGQICP. The daily pattern

of change for each borehole is similar although the scale of movement
ranges between 20 to 60 millimetres. A typical example of a 24 hour water
level fluctuation cycle is shown in Figure A.5 for M) 6P(A)}. This pattern
is repeated daily as is shown by the monthly chart recordings in Figure A.6.
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7y

79

ry

79

16

{y

19

13

v

%

T

[

1y

79

(METHES)
lu7.564
1u7.599
107.611
107.611
107.5«7
107.60]
lu7.57%0
l1u7.603
107.595
lu7.580
107.5¢0
LoTeS 1
107569
107.565%
107.509

1u7.5€1




Mogadishu Water Supply

CHEMISTRY SUMMARY

GRID REF
WELL NUMBER
DATE

BASIN
AQUIFER
SQURCE

TOTAL SOLIDS
ELEC. COND.
pH

HARDNESS: TOT

CO3
Alkalinity as CACO3
FREE CO2

CATIONS Ca

(meg/®) Mg
Na
K

ANIONS HCO3

(megr 2y SO4
Cl
NO3

MINORS Fe
{mg/8) Zn
Cu
Pb
Mn

DOMESTIC CLASS
AGRICULTURAL CLASS

54412508
61

520
550,
840

210.*

125.

1.37
283
3.38

13

2.50
4.00
1.13

12*

.03
<« .03
< .03

<03

C251

54442455
MGQ3T
23 FEB 79 28 NOV 78

650.*
780.
85

400.°
160.

3.90*

4.10

2.54
15

4.80
391
L9

26°
<03

20
23

€351

54442455
MGQ3T
24 FEB 79

m-.
940.
1.70

300.+
40.

10.00

141
4.59*
356

5.20
208
2.70

1
13
< .03
< .03

C351

54462413
62
9 QCT 78

620,

7.80

100.

120.

521

279

2.17
33

2.40
i
439

1.76**
A2
94=e

<03
08+

C3s1

* CONCENTRATION EXCEEDS W.H.O. HIGHEST DESIRABLE LEVEL
CONCENTRATION EXCEEDS W.H.O. HIGHEST PERMISSIBLE LEVEL

5446243
62
I MAY 19

975.*
1340.
7.80

450.*
145,

621

279

6.74
11

6.10

344

620"
11

.03
<03

<03
<03

C351

55022437
MGQBP
12 DEC 78

970.°
1180.
8.70°

440.*
180.
250.

511

3.69

6.76
15

5.20
5.7t
4.80

.07
<03

<03
<03

C3351




ORID mEF

54442459

Séabdcaso

(JIIL Iy

LICIVIEN |

M.

MU ISn

~nauInCeo STuuy

CU""UL,‘\_I Ll Ty SlJ‘I““!ff

UATE

la wQv 78
2Y NJv 73
23 Fes 1y

s widv 74

SLL oL Unta

CoNOUCTIvITY
(MICRUIMRUS /M) -

ldbl’oi)
Lug 5ai)

| YIS,

lenvau




VEPTH
(METRES)

107.30
l110.00
115.00
120.00
125.00
130.00
135.00

140,00

DEPTH
(METRES)

107.60
106.00
11g.00
115.00
120,00
125.00
130,00

134,00

CONDUCTIVITY
(MICRU-MHOS}

102040
1020.0
1020.0
1020.0
1020.0
102040
101040

1000.0

CONDUCTIVITY
{MICRO=MHOS)

91.0
510.0
910.0
910.0
300.0
900.0
910.0

910.0

MUQUISHU RESUOURCE STUUY
COnBUCTIVIITY LOG

ALL THE UATaA

ORIu KEF, 544426455

SITE NamE MOQ3T

3 JuL 79

DEPTH CUNDUCTIVITY
{METRES) {M[CRO=-MHOS)
l41.00 100040
142.00 1000.0
l43.00 1000.0
144.00 1020.0
145,00 1000,0
146,00 1000.0
148400 1000.0

GRID REF. 5Sasalutso

SITE NaME ML TP

3 QUL 79

DEPTH CONDUCTIVITY
(MCTRES) (MICRO=-M105)
135.00 910.0
136.00 310.90
137.00 G10.0
138.00 6l0.0
139.00 910.0
140,00 910.0
142.00 910.0
144,00 920.40




DEPTH
IMETRES)

1u7.20

110.00

115.00°

120.00
125.00
130.00
13%.00

140,00

DEPTH
(METRES)

107.60
109,00
110.00
115.00
120400
125.00
130.00

134,00

TE“rESATUKS
(LGREES ()

TEMFERATURE
{UEGHREES ()

Jla.3
31.7
Ji.8
Jl.9
32.0
32.1
3242

32.3

¥JuUiSAG ~ESUURCE STULY
TEMHEHATURE LAy

ALL TeE pala

CRIL SEF.  Sasadaby

3I1TL NaMt MOWZET

3 gut Ty

0EPTH TEMFERATURE
(METRES) (DEGRECLS )
11400 32.9
la2.00 33.0
143.00 33.0
144400 33.1
145.00 33.1
146.00 33.1
148.00 33.1

ALL TmE OAaTaA
GRIL ~E£+. Susagabh

SITZ ~vamc LR TP

3 JuL 79

DEPTH TEMPERATURE
(METRES) {DEGREES C!
135.00 324
136.00 32.4
137.00 32.4
138.00 32.5
139.00 32.7
140,00 32.4
142,00 32.8
lag,00 32.8
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WLLL MOQ 3T
DEPNI OF SAMPLE 140 m
WEIQIT OF SAMPLE 1000 g

B.S.Sieve Size

No 14
No 25
No 30
No 52
No 72

No 100
No 200

Passing

WELL MGQ 7P

200

gpcninp
in mms

1.3
0.59
0.41
0.18
0.11
0.106
0.073

DEPTH OF SAMPLE 138-144 m
WEIGHT OF SAMPLE 500 g

No

No

Passing 200

7
14
25
30
52
72
100
200

.59
.41
.18
.11
-106
.073

O S 0 0O O O = oW

Weight

Retained

Grammes

18
68
225
260
164
253

110
59
128

22.
206.
16.
25.

[ B o T ]

N OO O

% Retained

.80
.40
.40

.40
10.
18.
22.
11.
25.

40
20

80
O

Cumi lative

% Retained

.20
.60
.40
.20
31.7
58.3
74.7
100

Yo RN S e |

N B~ - D
o
o

62.
74,
100

0
A
40.6
6
4






