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• GA RA S BINT OW (STAGE 213) WELLFIEL D, MOGA DISHU WATER SUPPLY.
SOMALIA

Review of Existing Groundwater Data

•
1. INTRODUC TION

•
L I GENERAL

• The present water supply for Mogadishu is obtained from two wellfields: the Balad Road

• wellfield constructed in 1970 between 10 and 15Ion north-east of Mogadishu, and the A fgoi

•
Road well fi eld constructed in 1983 some I7.5km north-west of Mogadishu.

•
A new wel lfi eld known  as  Stage 2B of the groundwater development strategy for the

• Mogadishu water supply is to be constructed with funding from the Italian Government at

•
Garas Bintow about 7km north of the Balad Road well fi eld (Figure 1). The construction

•
contract has been awarded to ASTA LDI slp of Rome who are to undertake the work for

the Mogadishu Watcr Agency.

•

•
The Garas Bintow well fi eld wi ll consist of 21 boreholes: 16 for continuous abstraction and 5

•
as standby for peak demands. The boreholes wi ll be spaced at 300m offset intervals along

two parallel lines 300m apart extending north-eastwards at N73E for some 3.5 km from the

• Balad Road at existing boreholes MGQ 3T/7P. Depths are expected to be 170 to 200m

•
and the pumping rates will average 60 m3fh per borehole. The total output fr om the wellfi eld

will be 8.1 Mm3/year with a peak output of 1260 m3/11.
•

• The Insti tu te 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 A fgoi

well fi eld, have been commisioned by A STA LDI slp to review thc available data in the area
•

of the Garas Bintow well field. Thc information may be used for further groundwater model

studies to refine previous predictions of drawdowns on a more regional scale. The technical

• specifi cations for the new production wells have' also been examined together with earl ier

prcdictions of pumping water levels-
•
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•

• 12 BACKG RO UND IN FO RMA TIO N

•

•
12 .1 General

•

• Water resou rce stu dies in the Mogadishu area began in the ear ly 1960's. Th e fi rst majo r

regional water resou rces study was carried ou t between 1977 and 1979 by Sir Alexan der G ibb
•

and Partners (Nairobi) with the Institute of Hydrology (UK). Th is included the area between

• Mogadishu and the River Shebelli bounded by the Afgoi and Balad roads. Th e study led to

• the construction of the A fgoi wellfi eld (Stages 1 and 2A) and identifi ed Garas Bintow as a

suitable site for a futu re wellfield (Stage 2B).
•

• In order to locate additional resources required before 1990, fu r ther investigat ions were

• undertaken over a wider area some 130km by 80km ( 10 409 km2) extend ing fro m Aw

Dheegle to Jawhar and from the coast to Wan lewayne . This survey, which was reported on in
•

July 1984, updated the ear lier work and identifi ed a loca tion for a fu rther wellfield (Stage 3)

• to the north-east of Garas Bintow.

•

1.2_2 Aquifer Conditions
•

• Th e main features o f the aquifer •in the general area of the Garas Bintow wellfi eld can be

• summarized  as  follows:

•
a thick (150m), re lat ively un iform and extensive seque nce of fi ne sands having a

• d50 of abou t 0.2mm and a uniformity coeffi cien t of abou t 3. A lthough generally

• unconsolidated, these sands are cemented to a varying exte nt by calcareou s

mate rial. Clays form the base of the aquifer.
•

• the hydrau lic conductivity is low, about 10 to 15 m/d, bu t due to the large

• aquifer thickness the transmissivity is relatively high, about 1000 to 2000 m2d.

This may be reduced where cemented beds are mo re common. The specifi c 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

• cond itions are present, although water levels also respond to barometric p ressure

•
due to the thick unsa tu rated zone and the presence of cemented beds.

•

•



•

• the water quality is acceptable. However, model predictions suggest a risk of

•
contamination in the long tcrm from poor quali ty water in the alluvial deposits

along the Shebell i some 15km to the north and from seawater intrusion from the

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

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

•
1_2.3 Groundwater Development Strategy

•

• A groundwater development strategy for the Mogadishu water supply was identifi ed wi th the

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

the regional 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 area of 10400 km2, and (b) the
•

A fgoi-Mogadishu-Balad area using a fi ner grid of 5 km squares representing an

• area of 2550 km2;

•

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

• (3) a well interference model to examine al ternative well spacings and wellfield

• confi gurations.

•
Recharge along a 120km stretch of the River Shebelli from A fgoi 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 Ba lad. A surface water study gave the following estimates

•

•
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 be 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/y (1992 demand) to avoid a possible deterioration in water qual ity from sal ine intrusion

after 2010. The  presence  of poorer quali ty water in the al luvial deposi ts to the north could

• also limit abstraction to about 46 Mm3/y (1997 demand) to avoid a deterioration in water

•

•

•
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•

• quality after 2020.

•

•
The River Shebell i was examined as a possible direct source of supply, in particular to

provide 32 Mm3/y (1 m3/s) - the predicted shortfall between a supply of 25 Mm3/y from the

• A fgoi and Balad Road wellfi elds and the total dcmand in 2000. Whilst the River Shebell i

•
could meet this demand seasonally (A pril/May and July to November), it is diverted for

irrigation and future fl ows could be reduced signifi cantly by new surface water schemes
• upstream. Consequently, 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 well fi eld and the proposed Stage 3 well fi eld are part of the groundwater
• development strategy.

•

•
1_2.4 Present Watcr Supply Situation

• T able 1 gives the annual and peak water supply demands at source for Mogadishu and the

• ti ming of new supplies to meet 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 A fgoi and Balad Road sources would need to be supplemented by

• the new wellfi eld at Garas Bintow . (Stage 2B) in 1987 and by a further wellfi eld (Stage 3) in

•
1990. However, it has not proved possible to meet the phasing requirements of this strategy

and the ci ty stil l currently depends on the A fgoi and Ba l ad Road wellfield supplies.
•

• The total output from these two well fi elds had declined from their design yield of 20.9

• M m3/y to 12.4 Mm3/y by mid-1989, a reduction of 40%. The output from the Balad • Road

•
wellfield has decreased by 76% from 8.8 Mm3/y to only 2.1 Mm3/y. This has been caused by

well failures despite rehabil itation attempts. The output from the A fgoi wellfi eld has dropped

• by 15% from 12.1 Mm3/y to 103 Mm3/y due to equipment problems.

•

•
The total output from the A fgoi and Balad Road wellfi elds in 1989 was suffi cient to meet

only 50% of the average water demand. Those areas of the city supplied from the Balad

• Road wellfield have been the worst aff ected by the reduced output and now receive only

•
25% of their water requirements. A reas served by the A fgoi wellfi eld 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.
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ID M ogad ishu Water Sou rce A bstract io n Requirements

Max imum = max imum vo lume abstrac te d in any day ln th e year (in cub ic metre s .1

• Beyo nd the ye ar 2000 ab strac tion ra te s a rc ma inta ined at the 2000 leve l.

TABLE 1

111

II

II

II

•

•

ID

ID

Ye a r

1990

199 1

1992

1993

1994

1995

1996

1997

1998

1999

20 00

To ta l =

A ll Sou rce s  A l go t  Ro ad
S tav e 1 and Ila

Tota l Max imum To ta l Max imum

268 24 9 1860 120 89 4 1760

28 995 99 3810 12089 4 1760

31342 10 734 0 1208 9 4 1760

318 79 1160 20 12089 4 1760

36 6 21 1254 10 1208 9 4 1760

39 58 5 1355 70 12089 4 1760

4264 3 146040 12089 4 1760

459 37 15 7320 1208 9 4 1760

49486 169 470 12089 4 1760

5 3308 10 256 0 12089 4 1760

5 74 26 196660 12089 4 1760

to ta l vo lume abstra cted ln the yea r

(Sa lad Ro ad C a ras R intow
S tage lib

Tota l Max imum To ta l Max imum

4205 12960 84 10 30 24 0

4205 12960 84 10 30 240

4205 12960 8 4 10 30 24 0

4205 12960 84 10 30 24 0

4205 12960 8 4 10 30 240

420 5 12960 84 10 3024 0

4205 12960 84 10 30 240

4205 12960 84 10 3024 0

420 5 12960 84 10 30 24 0

4205 129 60 84 10 30 240

4205 12960 84 10 30 24 0

(in thou sa nd s o f cubic me tres .)

Fu tu re
S tag e

Tota l

2 120

429 1

66 38

9 17 5

119 17

1488 1

17 939

2 1223

24 78 2

28 604

32 722

So urc e s
Il l

Max imum

6900

14 140

22 38 0

3 1060

40 450

50 6 10

6 1080

72 360

84510

976 00

11 17 00
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e
• Pump maintenance at A fgoi could increase the total availabil ity from 12.4 to 14.2 Mm3/y for

•
the next few years, although this will sti ll only be suffi cient to meet 45% of the demand in

1992. There is a proposed programme of further well rehabili tation of the Balad Road
• wellfi eld, but those areas of the city served by this well field are sti ll likely to suff er water

• shortages until the Garas Bintow well field is commissioned.
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•

• 2. SUMMA RY OF EX IST ING DATA

•

•

• 2- 1 REGIONA L INFORMA TION

•
Contour maps showing the base of aquifer, water level elevations, chemistry and isotope

• concentrations to illustrate the broad regional hydrogeological setting of the wellfi eld location

• arc shown in A nnex A .

•
Test borehole MGQ 3T and an adjacent exploratory/observation borehole MGQ 7P were

• dri lled adj acent 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 boreholes (EO 4 and

•
EO 11) were drilled in June and September 1983 north-east of the new well fi eld. The nearest

other boreholcs incl ude MGQ 8P, private boreholes 61, 62 and 63, and the Balad Road
• wellfi eld.

•

•
A site summary of the nearest boreholes is given in Table 2. No fur ther 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 wellfi eld.

•

• The following addit ional 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 avai lable for the regional models prepared from the last resources

• survey in 1983:

•
Monthly rainfall records for A fgoi (station 2518) for the period 1960 to 1989, Balad

(station 2516) from M ay 1981 [some records missing, mainly in 1982 and 19841, 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 A fgoi (station 14) and Balad (station 13),

• together wi th monthly flows. at Afgoi from Jan 1963 to Apr 1990 and from Barad from Jan

•
1963 to Dec 1979.

• Average monthly abstraction rates for each of the A fgoi wells from June 1989 to May

• 1990 together with a more detailed abstraction record for May 1990.
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• • A n updated inventory of the Ba lad Road wellfi eld carried out in September 1988,

•
including information on discharge rates.

• No furt her information appears to be available on water level changes in response to large

• scale abstraction from the aquifer. Information on the monthly variation in wellfi eld

•
abstractions is still rather limited.

411

• 2.2 LOCAL INFORMATION

Hydrogeological data for the Garas Bintow wellfi eld is limited to a test well (M GQ TT) 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.
•

411 The information on these two wells is given in Appendix 1. This includes lithological,

•
geophysical, penetration and li thological logs, grain size data, chemical analyses, water levels

and pumping test results. Particular features to note are:

• • MGC) 3T was dril led 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 distr ibution  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 materials,

• with a screen from 134 to 146m depth.

• The water level in the wellfield 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 ,

• fi ne 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 diffi cult.
•

• • A step-drawdown (production) test was carr ied out on 15 February 1979 at MGQ 3T at

•
rates of 27, 43, 69, and 80 m3/11:

•

•

•



•
•
• Step l i me Rate Drawdown Specifi c Specifi c

(inins) (m3/d)
(m) Drawdown Capacity

• (m2d)

•
• • Sitc M OO 3T has almost the best yield drawdown characteristics of the test wells drilled

• in 1978/9 and similar to the best sites of the Balad Road well fi eld but only to the average

of the A fgoi well fi eld boreholes, as shown in Figures 4 to 6. The presence of cemented beds

and possibly the eff ectiveness of the well development may largely account for the range in

• specific capacity.

• Some dif ficulty was encountered in completing the required aquifer test at a rate of 60

m3/h due to pump problems caused by a misal igned hole. Eventual ly three constant rate tests
• were carried out on MGQ 3T:

• The specifi c capacity aft er 2 days is about 160 m2d. The test data from MGQ 7P gave the

•
following estimates of the aquifer characteristics:

• Jacob Boul ton

• Transmiss&i ty (m2d) 1380 840

Storage coeffi cient (%) 0.02 0.04 (early data)

• 4.6 (late data)

• MGO 3T and 7P penetrate only the upper 30% of the aquifer and the screen length

represents a partial complet ion of about 15%. Barometr ic pressure changes need to be taken

•
into acount in the pumping test analysis.

• • The Ryznar Stability Index (RSI) value for MGO 3T is 7.6. RS1 values of 6 to 8 wmi ld

• produce only mild corrosion or encrustation; mild corrosion being indicated in this case. A n

•
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 mg/ I), to tal hardness (300 mg/I),

magnesium (4.59 meq/l ) and iron content (0.11 mg/I) exceed the WHO highest desirable level,



•
•
• although not suff iciently high for concern or to increase the corrosion potential signifi cantly.

• 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

• wellfi eld, 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
•

wellfi eld and the regional resources surveys, has also been adopted by the National Water
• Centre.

•

•

•

•

•

•

•

•

•

•

•

0

0

0

0

0

0

0

0

0

0

0
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• WELL DESIGN

•

• 3.1 G ENE RAL

•

•
A summary of the general designs adop ted for the production and test boreho les drilled for

5 (s • slotted; ca • continuous s lot)

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

• The techn ical specifications for the new production borcholes at Garas Bintow are based on

• the successfu l design and construction of the Afgoi wellfi eld bo reholes, which can be

•
summarised as follows:

• the boreholes were drilled by the direct circulat ion rigs method using a

• biodegradable drilling fl uid with a calcium hypochlorite breaker.

•

•
a pilot hole of 244mm w as drilled and geophysically logged to identify

any cemented beds and to choose the fi nal screen position.

•
•

any overdrill was backfi lled with sand and the ho le • reamed out to

444 mm to the top of the screen and to 381mm from the top of the
• screen to the fi nal depth.

•
spr ung barre l centralisers were placed at 18m intervals down the ca sing.

•
a grade d, rounded, quar tz pack mainly ranging from 03 to 2.0mm grain

• size (see below) was placed around the screen to lOrn above the top

•
of the screen. A crushed coral backfill was uscd to separate the pack

fro m t he upper sand backf ill.
•



•

•

• a 32mm galvanised dipping pipe was instal led with a welded elbow j ust above the

•
casing-screen reducer.

•

• 32 COMM ENTS ON WELL SPECIFICAT IONS

•
The technical specifi cations for the proposed production wells of the Garas Bintow wellfield

• contain some modifi cations to the design used for the A fgoi boreholes. These are discussed

• below.

•
32 .1 Construction

•

• Thc depths will vary f rom 170 to 200m which wil l 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 dril ling fl uid and breaker to be used are unspecifi ed and are

• to be approved. Sodium hypochlorite, which is specifi ed for disenfecting the completed well ,

•
should be used as a breaker in preference to calcium hypochlor ite 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 dif fi cult if run in the fu ll diameter of the proposed hole. As the proportion of

cemented beds can be signifi cant, it would be worthwhile drill ing and logging a pi lot hole
• dur ing the fi rst part of the drilling programme at, say, three to fi ve sites spaced along the

• wel lfi eld to provide information on the likely var iation in the general aquifer conditions across

•
the area These would then be reamed out to the specified fi nal diameter.

Gamma and caliper logs are to be included with SP and single point resistivity. Thcsc will be

• undertaken .only in selected production wells (unspecifi ed) and in the observation well rather

•
than in every well. The cal iper logs should help to ident ify cemented beds. A s the range in

specifi c capacity may be partly due to the var iable occurence of cemented beds the
• geophysical logging of every borehole is advisable despite their cl ose spacing.

•

•
The dr illed diameter between the base of the top casing (at 6 m depth) and the top of the

screen will be smal ler than at A fgoi, only 381mm compared to 445mm. This wil l leave an
• annulus of only about 2.1 inches (54mm) around the casing compared to 3.4 inches (85mm)

• in the A fgoi wells. This smal ler annulus could result in damage to the water level measuring

•
pipe (nominal 1.5 inches diameter, but greater if coupled j oints are used) dur ing the

installation of the casing besides increasing the risk of bridging of pack material dur ing the

•

•
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•

•
•
•
•

' •
•
•

: •

•
•
•
•
•
•
•
•
•
•

emplacement of the pact If the diameter is increased to 445mm as used for the A fgoi 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). I t would be preferable to attach this to

the casing, say, about 1m to 5m above the reducer. A T- or elbow j oint is specifi ed but this

type of joint can be damaged easily during instal lation (especially wi th the smal ler annulus)

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

Crushed coral backfi l l, rather than sand, is to be placed from the top of the gravel pack to

6m bgl. It wi ll be important to ensure that none of the backfi ll material is able to migrate

down into and through the pack during development or pumping. The backfi ll material below

the sump is unspecified but should be inert, steril ised material . The top casing is to be

installed only to a depth of 6m. I t may be better to seat this on a fi rmer foundation (eg

fi rst hard band) at a greater depth.

The contractor is required to use

corrosion

approval .

and incrustation and, if

The effects of corrosion

screen and the smal l slot size. PVC

The slot size used for the A fgoi boreholes and specifi ed for Garas Bintow is based on a

single, uncemented sample from exploration site MGQ 6T. Representative samples are often

diffi cult to obtai n with rotary drill ing methods. Samples from the other test sites were also

affected by cementation and considered less representative of the fi ner 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:

(p. pack, a= aqui fer; Uc . uniformity coeffi cient)

materials, methods etc that wil l reduce the eff ects of

considered ncccssary, propose alternative materials for

wil l be reduced by the required use of stainless steel

materials have proved dif fi cult to store and handle.

Uc d30 d50 d 10 d60 d30p/d30a d50p/d50a

MG ( ) 6P 3.0 0.6 019 0.06 0.2

Afgoi:

Proposed 1.8 0.6 0.19 0.4 0.68 4 3.7

PW 18 ,2,5,6A 0.98 03 03 5 03 7 039 3.3 2.9

PW 3A ,413,7,8 1.43 0.9 0.95 0.7 1.0 6 5
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• Given the apparent similari ty of the sample from MGQ 3T (obtained from a depth of 140m)

to that from MGQ 61 on which the A fgoi borehole design was based, then, in the abscence
•

of fu rther information, a pack and slot size based on the A fgoi wells should be suitable for

• Garas Bintow. However, the gravel pack as given in the specifi cation 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 [borehole

• development can be diffi cult with a pack and a slot size of < I .25mm]. However, the fi ne

•
grained natu re of this aquifer precludes the development of a natural pack In addit ion,

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.

•
32 2 Development

•

• The development methods arc to be proposed by the contractor. Development is specifi ed as

• being complete when the water contains less than 2 mg/1 of fines at a rate of 75 m3/h [the

time after starting the pump to which this specifi cation 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 wi th the A fgoi boreholes suggests that diffi culties can be expected in developing at
•

least some of the wells (in some cases a week or more was required for full development at

• somc of the A fgoi boreholes). The time that may be required to develop each well

• satisfactorily should not be underestimated.

•
Due to thc fi ne nature of the pack and aquifer there will be some diffi culty in getting the

• breaker in contact wi th the drilling fl uid and mud-cake. This can be overcome by int roducing

• breaker with the gravel pack and then jett ing in addit ional breaker as required.

•
Normal procedure would require the instal lation of an air-li ft to clean the well and carry out

• the preliminary development by operating the air lift in pumping mode followed, as cleaning

• progresses, by backwashing. General ly about 24 hours is required for this init ial cleaning.

Surging with the air lift should be avoided as there is a risk of air-entrainment in these fine
•

grai ned deposits. I t is not necessary to instal l an ai r lift capable of meeting the planned yield;

• this can be achieved more eff ectively by overpumping.

•

•

•

•

•



• Experience suggests that the wells can bc developed more eff ectively by a pump capable of

•
producing 1.5 times the planned normal pumping rate and using pumping/ backwashing cycles.

The pump should not be fi tted wi th a foot valve if backwashing is to be carr ied out (the

recovery pumping test will need a foot valve). As this technique tends to concentrate

• development 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 A fgoi boreholes in
• conjunct ion 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 A fgoi well fi eld

• boreholcs. 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 (1.5 tfi nes the required normal

operating rate). Th e 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

•

• the pump should then be operated at the same, pre-selected fi xed rate for,

•
say, 15 minutes and the drawdown (or pumping water level) measured after

this per iod and a watcr sample collected for an est imate of the sand content

d) cont inue to repeat (a) to (c)

•

•
e) plot the measurements of (c) on ari thmetic 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 curv e, with each successive  period of

•
development producing a smaller improvement in the yield-drawdown. I t is

•
then easier to establish whether further development would signifi cantly improve

the yield-drawdown characteristics.

•

•
The specifi cations require a check as to whether each well could produce 150 m3/h. Neither

•
the development or step test wil l test this rate of abstraction and the water is unlikely to be

sand free at thi s rate. A design check should be made in terms of aproach velocities or

• Reynold's number to ensure that the wells can actual ly sustain this high rate. The casing

•
diameter would need to be about 12 to 14 inches for this pumping rate.

•

•



32-3 Pumping Tests

The stcp-drawdown (production) test wil l consist of 5 stages, each of 2 hours at rates of 40

to 75 m3/h. The constant rate (aquifer) test will be carr ied out for up to 10 days on

production well number 11 situated in about the middle of the wellfield. A n observation well

wil l 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 unspecifi ed duration (" unti l levels stabil ise").

The test specifications general ly conform to normal practice and no particular improvements

are suggested. The recovery period of measurements needs 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 well field begins.

Partial penetration and partial completion effects wil l need to be al lowed for in the analysis

of thc test data. Barometr ic pressure fl uctuations also need to be taken into account to

interpret the late drawdown data from the observation well .
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• i. DRAWDOWN PREDIC TIO NS

•

• 4.1 GENERA L

•

•
The specifi ed borehole spacing and layout of the Garas Bintow wellfi eld was selected from

several dif ferent wellfi eld confi gurations 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 af ter 10 years, of

which 8.7m was due to interference effects. A fter adj usting for a 70% well efficiency and 1/7
• partial penetration the total drawdown was predicted to be about 14.3m. The conditions

• assumed for these predictions were as follows: two lines of 8 boreholes wi th the boreholes

•
and lines spaced 300m apar t; 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 A fgoi and Ba lad Road well fi elds.

•

•
42 UPDA TED DRAWDOWN PREDICTIONS

•

• The same program used for the earl ier studies has been applied to provide updated

•
drawdown predictions for the specifi ed wellfi eld confi guration chosen from our earlier

drawdown predictions.
•

Several alternative values of T and S were examined and compared to the observed

•
drawdowns from the pumping test at MGQ 3T and 7P, which  were  5.8m at MGQ 31. and

•
0.53m at MGQ 7? (0 =1057 m3/d, t=63 days). This produced the following estimates of

drawdown at MGQ 3T, MGQ 7? (27m from the production well ) and at 300m distance

• using the pumping test rate of 1057 rn3/d for 63 days and the planned rate of 1440 m3/d

•
continuously for 10 years:

•

•

•

•

•

•



l •

•
These drawdowns represent aquifer losses for a fully penetrating borehole with isotropic

aquifer conditions. Th e 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 MG() 31 aft er 6.3 days at 1057 m3/d was about 5.8m compared

•
to the drawdown of 1.0 to 1.4m due to aquifer losses predicted with the above range of

aquifer parameters. The diff erence of 4.8 to 4.4m would be due to the combined eff ects of

• part ial penetration, par tial completion and well losses.

Whilst screened boreholes tend to have relatively low well effi ciencies (70 to 80%), the step

test results at MGQ 3T indicate an effi ciency of 98%. This is similar to the A fgoi production

boreholes which typically have well effi ciencies of about 95% to 98%. The yield drawdown

characteristics of this site are also equal to about the average of the A fgoi boreholes (Figure

6). With such a high efficiency well losses are not a significant component of the diff erence

in drawdown predicted by the model and that observ ed.

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 bc due

to partial penetration eff ects. Hence part ial penetration only accounts for a smal l proportion

of the total drawdown observed. Partial penetration increases the drawdown by only a few

millimetres at MGQ 7P for thc duration of the test and by only a few centimetres for

longer pumping times.

Partial completion has a more signifi cant effect on the drawdown. For thick isotropic

aquifers with intergranular fl ow there is a linear relationship between aquifer thickness and

productiviy factor (Pf) , a dimensionless term relating well yield expressed as specifi c capacity

for diff erent screened percentages of aquifer thickness. For the Garas Bintow wellfi eld

• boreholes, which wil l have 30m of screen, the ratio of screen length to aquifer thickness is

• 0.2 (ie 20% partial completion) and Pf= 2 (based on l b rcan, 1963). The specifi c capacity of a

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



•

0

• 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 borehole with 30m of screen.

•

• The model predicted drawdown of about 1m for the pumping test rate and duration should

be doubled to include the eff ect 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 wi ll 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 product ion wells than for MGQ 3T test well, al though the well effi ciency wil l 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 smal ler

• drawdowns can be expected in the new production boreholes compared to MGQ 3T for the

•
same pumping rate.

• The step test on MGO 3T indicates an initial specifi c 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. A t a pumping rate of 150 m3/h the specifi c 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 length and safety margin).

•

•
Th e addit ional 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 fi rst column gives the maAmum drawdown which occurs in the central part

• of the wellfield whi lst the second 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 aquifer thickness with

• longer term pumping are not included.

•
Run Conditions Drawdown (m)

•
Model Adjusted

•
T 1400 m2d, S 2%, t 10 ycars
Q 60 m3/h 16 wells 11.0 20

•
A s a but with 23 wells 14.2 23

•

•

•
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• These drawdown predictions should be reviewed when more information becomes available

• from the wellf ield construction and should only be considered as preliminary at this stage.

•

• 43 SHO RT T ERM ABSTRA C TION

•
The avai lable 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 Mm3/y compared to an

• existing avai labil ity of 12 4 Mm3 from Afgoi and Balad Road wellfi elds. Even if al l three

• wellfi elds were operating at their design capacities there would sti ll be a shortfal l of 4.3

•
Mm3/y as Stage 3 wellfi eld would not be available as planned. If Garas Bintow is brought in

at 8.4 Mm3/y thi s shortfall could be as much as 8.2 Mm3/y.

•
Hence, the Garas Bintow wellfi eld may need to be operated at a high total abstraction rate

•
during the fi rst 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 m3/11 per well without

• exceeding thc above drawdown constraints. This would provide an additional supply of 3.6

•
Mm34', or a total well fi eld output of 12.1 Mm3/y. The total availability from all three

wellfi elds would then be 24.5 Mm3/y (A fgoi 10.3, Balad Road 2.1, Garas Bintow 12.1 Mm3/y) ,
• increasing to 26.6 Mm3/y if the Afgoi wellfi eld can meet its design yield of 12.1 Mm3/y.

• The shortfal l in 1991 would then be reduced to about 2.7 Mm3/y but this would increase

each 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 and/or Garas

• Bintow by only a smal l 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 whole well fi eld to

• operate at 33120 m3/d (12.1 Mm3/y, assuming 23 boreholcs each operating continuously at 60

• m3/h), which would increase the shortfal l to about 35 Mm3/y in 1991. A t maximum rates the

total availabili ty may be l imited to 78480 m3/d (Afgoi 41760, Balad Road 6480, Garas Bintow
•

30240 m3/d) which would cause a shortfal l of 20820 m3/d or 865 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
•

•

•



watcr 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 fu ture demands.
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41

41 WATER LEIra  RECORDS

• This section lists all available depth to water data for each borehole

in the area. hater level measuranents were taken routinely two or three
40

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 uithin the data and

• demonstrate three trends.

41
L. Those for boreholes MCQ 1P, 2P, SP and 8P show very little

41 long term water level changes and are typical of the majority

• inland and coastal observation boreholes.

• 2. Boreholes 121i, 814P2 and 15H No.4 exhibit the declining water

levels encountered in the Balcad Road wellfield observation

boreholes. The hydrograth for 814P2 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. hater 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

numbers 14BP and 55. The readings were taken in conjunction udth barometric
41 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 MGQ1CP. The daily pattern

of change for each borehole is similar although the scale of movement
41

ranges between 20 to 60 milliretres. A typical example of a 24 hour la ter

• level fluctuation cycle is shown in Figure A.5 for MGQ 6P(A). This pattern

• is repeated daily as is shoun by the monthly chart recordings in Figure A.6.

•
•

41

•
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DEPTH TO WATER SUMMARY

MOGADISHU RESOURCE STUDY

41
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S ITE NA• e  mU t13 1

41

•
OA TE

•
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• 3 J AN 79

• 9 JAN 79
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•

•
Mogadishu Water Supply

•

• DOM EST IC CLASS 2 3 2 3 2 2

•
AGRICULT URAL CLA SS C2S1 C3S1 C3S1 0 31 C3S1 C3S1

• CONCENT RAT IO N EX CEEDS W.H.O. H IGHEST DESI RA BLE LEVEL

CONCENT RAT ION EX CEEDS W.H.O. H IGHES T PERM ISSIBLE LEVEL

•

•

•

•
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41

41
muuD ISHu RESOURCE S TUDY41 coNDUC T Iv Ify LOG

ALL TH E U A TA41 GR ID REF . 54442455
S ITE N AME m60 3 T41 3 JUL 79

41

41 DEP TH CONDUC T IV ITY DEP TH CuNDU C T IV ITy
( ME TRES ) (m ICRo-mHOS ) (METRES )  (m ICRO-mHO S )5
107.30 102 0 .0 14 1.00 1000 .041

5
110 .00 1020 .0 14 2 .00 1000 .0

5
115 .00 102 0 . 0 14 3 . 00 100 0 . 0

41
12 0 . 0 0 102 0 . 0 14 4 .00  102 0 . 0

41 12 5 . 0 0 102 0 . 0 145 .00 1000 .0

5 13 0 . 0 0 102 0 . 0 14 6 .00 1000 .0

5 135 .00 10 10 .0 148 .00 1000 .0

41 14 0 .00 1000 .0

41
GR ID PEF . S 4 442456

41 S ITE N AME muO 7P
3 JOL 79

41

41
DEP TH CONDUC T IV ITY DE P TH CONDuC TIv ITy

• (ME TRES ) (M ICRO -MHOS ) (ME TR ES ) (M ICRO -MHO S )

• 10 7 .6 0 9 1.0 135 .00 9 10 .0

• 109 .0 0 9 10 .0 136 .00 9 10 .0

• 110 .00 9 10 .0 13 7 . 00  9 10 .0

• 115 .00 9 10 . 0 138 .00  9 10 . 0

• 12 0 . 0 0 9 0 0 . 0 139 .00 9 10 .0

• 125 .00 9 0 0 . 0 14 0 .00 9 10 .0

• 130. 00 9 10 . 0 142 .00 9 10 .0

• 134 . 0 0 9 10 . 0 144 .00  92 0 . 0
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•
WELL MOQ 3T

• DEVIll 01, SAMP1E 140 m

• WEIO IT OF SAMPLE 1000 g
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