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INTRODUCTION

Background

UNICEF Somalia propose to rehabilitate the existing reticulated urban watet supply
system in Kismayo City, Southern Somalia. The original city water source, the Jubba
River 32 km north of the city, is unsuitable to Kismayo’s current needs due to running
costs and the security situation 10 the north.

UNICEF Somalia therefore intend to develop an alternative water source to the west of
the city. This water supply will comprise water wells tapping the lower aquifer identified
by previous drilling at Laheley approximately 18 km west of the city,

Scope of Works

N

<

The scope of the current study is to:

identify the extent and hydrogeology of the lower Laheley aquifer

recommend four or five borehole sites that would best tap this aquifer

identify the expected water quality and yield of the aquifar

carry out a topographical elevation survey from the recommended borehole sites
o the existing Kismayo water reservoir

prepare a map of the study area indicating the extent of the aquifer the
recommended borehole sites and the topographical survey results

6. submit a report including resuits, recommendations and maps

hal el Bhen

m

4 and § are not included in the present report.

Selection of Approach to the Hydrogeological Study

Three conventional approaches requiring increasing levels of investment would normally
be considered for a study of this type:

o Desk study of available mapping, aerial photography and borehole/well records.
. Desk study plus fieldwork including surface mapping it appropriate.
° Desk study, fieldwerk and geophysical surveying.

A test driilling and pumping programme would then be carried out at the most promising
sites.

Identification of the precise geometry of the lower aquifer using surface geophysicai
techniques is not considered to be a feasible option for this particular study.
Electromagnetic and magnetic techmques are inappropriate and seismic techniques too
expensive. Resistivity surveying, though relauvely cheap is unlikely to provide any
useful information. The unsaturated soils at surface are likely 10 have a very high
resistivity, the high salinity upper aquifer very low resistivity, the confining layer low
resistivity and the lower aguifer moderate resistivity. Interpretation of resistivity results

Kismayo Hydrogeological Sludy 1 March 1997



1.4

1.6

GIBB (Eastern Africa) Ltd

for such a system is likely to be inconclusive unless detailed calibration against existing
boreholes is possible. Surface mapping is also unlikely to further define the subsurface
structure at 200 m depth in such unconsolidated sediments. Drilling and test pumping
are beyond the scope of the current study.

Hydrogeological Study Methodology

The adopted methodology was therefore a comprehensive desk study review of all
existing data with a brief visit to the study area to measure water levels and take water
samples from any available wells in the area. The data collation exercise attempted to
obtain the following information for all wells in the area:

. borehole depth

o borehole elevation

® geological logs

. geophysical borehole logs
© well installation details

° static water levels

. borehole yields

o dynamic water levels

. test pumping data

° water chemistry analyses
@ current borehole status

A Microsoft Access v.2.0 database has been constructed containing the above
information. A copy of the software and the database are attached to this report. A
hard copy printout of the database is included as Appendix A to this report. Figures 1
and 2 present the location of all the wells which have been entered onto the database.

Best estimates of the transmissivity and storage characteristics of the lower aquifer and
achievable well yields were derived based on the available information, The water
quality data were reviewed in an attempt to identify the extent of saline water in the
lower aquifer. The effects of abstraction at sustainable yields on the distribution of
saline water in the aquifer also considered to identify the optimum location for
production boreholes.

Preliminary Water Demand

UNICEF Somalia have indicated that the water demand for Kismayo will be based on the
tollowing criteria:

° estimated population of 30,000

® daily per capita requirement of 20 litres

. an additional 25 per cent of domestic demand for livestock
® contingency

This implies a preliminary estimate for water demand of approximately 9 I/s {750 m3d)
not including contingency.

Kismayo Hydrogeological Study 2 March 1997
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REGIONAL GEOLOGY AND HYDROGEOLOGY

General

Kismayo is located on the coast of Southern Somalia at Longitude 42°32'E, Latitude
0°21's, approximately 180 km north-east of the border with Kenya and approximately
400 km south-west of Mugdisho.

Topographically the area comprises a flat coastal plain increasing at a rate of
approximately 0.8 m/km towards the north-east reaching an altitude of approximately
100 m amsl at the Kenyan border.

A number of temporary or ephemeral water courses originate in North-east Kenya and
flow into Somalia, drying up before they reach the coast. The Lagh Dera is the
ephemeral extension of the Ewasa Ngiro River, which flows into the Lorian Swamp, a
large marshy area in North-east Kenya. Beyond the Lorian Swamp the ephemeral Laag
Dheere heads north through Liboy on the border and subsequently east to Afmadow.
Flows in the Ewasa Ngiro River have reduced during living memory and flows in the
Laaq Dheere no longer reach Afmadow (Lane 1995).

The perennial Jubba River originates in the Ethiopian Highlands and flows south through
Central Somalia issuing into the Indian Ocean approximately 12 km north of Kismayo
town.

The regional geology of the area comprises fluvio-lagunal deposits of Tertiary age
overlying limestones, shales and marls of Jurassic and Cretaceous age. This
sedimentary seguence rests unconformably on Pre-Cambrian Basement rocks at depth.

North-east Kenya

Geology

The Tertiary deposits in North-east Kenya comprise the Merti Formation of Pliocene age
to the north in the Ewasa Ngiro area and the Marafa Formation in the south. The Merti
Formation extends east to the Kenya-Somalia border.

The Merti Formation comprises predominantly coarse grained fluvio-lagunal deposits
probably laid down by a palaeo-Ewasa Ngiro River-Lagh Dera complex. These deposits
become finer to the north, south and east presumably due to facies changes. They are
described as “..red, white, grey, or tan colour and include friable to semiconsolidated
gravel, grit, sand, silt and clay, generally intercalated in lenticular beds.” (Swarzenski
and Mundorff 1977} In North-east Kenya the upper part of the Merti Formation is
composed of variously dry clay, up to 115 metres thick in some boreholes, or sandy
clays, sandstones or mudstones iLane 1895},

The thickness of the Merti Formation in North-east Kenya has been identified as 132 to
277 metres in four deep oil exploration boreholes (Lane 1995).

Kismayo Hydrogeological Stuay 3 March 1987
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2.2.2 Hydrogeology

2.3

2.3.1

Water is encountered in the Kenyan Merti Formation at depths of 105 to 150 m bgl
(Swarzenski and Mundorff 1977). The Merti aquifer is a confined aquifer with static
water levels generally less than 10 metres above the top of the aquifer. The clays and
mudstones in the upper part of the formation comprise the confining layers.

The central part of the Merti Formation, running along the axis of the Ewasa Ngiro
drainage pathway, forms one of the best known productive aquifers in eastern Kenya.
This highly transmissive aquifer is termed the Coarse Merti Aquifer by Lane 13895. The
aquifer extends eastwards at least as far as the Somali border making a total length of
at least 200 km, ranging from 20 to 90 km in width (Krhoda 1989). The static water
levels in the Coarse Merti Aquifer fall to the east at a gradient of approximately 0.5
m/km near the border with Somalia (Lane 1995).

The finar parts of the Merti Formation to the north, south and east of the Coarse Merti
Aquifer are less transmissive than the central aquifer and are treated separately as the
Fine Merti Aquifer by Lane 1995. All boreholes in which Lane has identified the Fine
Merti Aquifer in North-east Kenya have been entered on the database. Figure 3 presents
a contour plot of the static water level data for the Coarse ad Fine Merti Aquifers in
North-east Kenya and Somalia. Figure 3 indicates that higher static water levels occur in
the Fine Merti Aquifer in North-east Kenya with regional groundwater flow chanelled in a
south-easterly direction through the Coarse Merti Aquifer towards Somalia. Recharge to
the Coarse Merti Aquifer is therefore from surface infiltration through the Lagh Dera and
Lorian Swamp areas and lateral groundwater movement form the Fine Merti Aquifer.

Southern Somalia

Geology

The Tertiary deposits of Southern Somalia comprise fluvio-lagunal deposits of late
Tertiary to Pleistocene age (Faillace and Faillace 1986).

These deposits are composed of clays, sandy clays, sands, silts and gravels generally
intercalated in lenticular beds. The upper part of these deposits are described as grey
and dark blue sandy clays of lagunal/shallow marine origin (Faillace and Faillace 1986).
In eastern Somalia near the border with Kenya coarser deposits occur at Liboy while 65
km to the north at Dif finer deposits are noted (Lane 1995). it seems likely that the
coarser deposits at Liboy represent an extension of the Coarse Merti Aguifer.

The majority of the fluvio-lagunal deposits which underlie Southern Somalia between the
border with Kenya and Kismayo Town are clearly very similar to the Fine Merti of North-
east Kenya (Lane 1995). The thickness of these deposits is reported to vary between 20
and 250 metres (Faillace and Failllace 19886). In the coastal areas the finer grained upper
parts of the fluvio-lagunal deposits are overlain by Recent coral limestones and dune
deposits.

In conclusion the Coarse Merti, Fine Merti and fluvio-lagunal deposits are most likely to
constitute a continuous geological unit. The Coarse Merti in North-east Kenya grades
laterally into the Fine Merti to the north, west and south and the fluvio-lagunal deposits
to the east in Somalia.

Kismayo Hydrogeological Study 4 March 1997
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HYDROGEOLOGICAL DATA

Summary of Available Data

The available information can be summarised as follows :

@ data for 26 wells/boreholes tapping the Fine Merti Aquifer in North-east Kenya
have been entered onto the database, the locations of which are given in Figure
1

® data for_38 wells/boreholes tapping the Fluvio-lagunal Aquifer in Southern
Somalia Rbeen entered onto the database, the locations of which are given
in Figure 2.

. a discussion of the hydrogeological characteristics Fluvio-lagunal Aquifer in
Faillace and Faillace 1995

. a discussion of the hydrogeological characteristics of the Coarse Merti, Fine

Merti and Fluvio-lagunal Aquifers in Lane 1995
A hard copy of the database is included as Appendix A to this report.

In addition to the data obtained during the desk study carried out in Nairobi, a brief site
visit was also pilanned. Due to security problems this visit was cancelled at the last
minute. In order to obtain some up to date information from the area a questionnaire
was produced, comprising questions aimed at non-technical local inhabitants concerning
an operational borehole in Laheley. UNICEF staff subsequently completad this
questionnaire when the security situation improved and a copy is attached as Appendix
B. The details have also been added to the database.

Aquifer Parameters

The purpose of this section is to produce best estimates for the key characteristics and
hydraulic parameters for the Fluvio-lagunal Aquifer in the Kismayo area.

Aquifer extent

The Fluvio-lagunal deposits underlie the whole of the area between Kismayo and the
Kenyan border. Since these deposits are clastic in nature groundwater will occur in the
spaces between the grains throughout the formation. Where clay-predominates the
permeability of the material will be very low and abstraction of water will be difficult.
Conversely where sandy material is dominant higher permeabilities will occur and
abstraction of groundwater will become possible. The transmissivity of the aquifer,
defined as the product of the permeability and aquifer thickness will therefore vary from
location to location, depending on the proportion of sandy material present The available
information for the Fine Merti Aquifer in Kenya and the Fluvio-lagunal Aquifer in
Southern Somalia indicates that some sandy material occurs at virtually all locations. It
is therefore considered that the potential for groundwater abstraction from the Fluvio-
lagunal Aquifer exists wherever it occurs although the well yields will vary from location
to location.

Kismayo Hydrogeological Study 3 March 1667



3.2.2

.23

3.24

3.2.5

GIBB (Eastern Africa) Ltd

The aquifer portion of the fluvio-lagunal deposits generally occurs below 160 to 170 m
bgl (Faillace and Faillace 19886).

Transmissivity

Very little data is available regarding the transmissivity of the Fluvio-lagunal Aquifer. A
transmissivity range of 100 to 200 m?/d is given in Faillace and Faillace 1986. Only one
estimate of transmissivity could be made for wells in Somalia based on specific well
data. The dynamic water level and pumping data obtained on the questionnaire for the
operational Laheley well indicate a drawdown of 36 metres for a yield of 3.7 I/s. The
Logan Approximation of the Theim Eguation for steady state flow is commonly used to
estimate the transmissivity from a single well as follows:

T = 1.21Q/s,,

where Q is the steady state discharge and s,, is the drawdown in the pumped well. For
the Laheley well this gives an estimate of transmissivity of 11. It should be noted that
the reported drawdown was probably not measured for steady state conditions, the
discharge estimate for this well is very approximate and that the Logan Approximation
does not take well losses into account. The net sffect of these two factors is a low
estimate for the transmissivity of this well.

Three values for the transmissivity of the Fine Merti are given in Lane 1995. Two Logan
Approximations indicate transmissivities of 14 and 54 m*/d, Transmissivities of 750 and
840 m®/d, derived by the Cooper-Jacob and Theis Recovery methods respectively, are
reported for a well at Merti. The test pumping data for this well were not available for
this study and therefore re-analysis was not possible.

Based upon the sparse data available the estimate of transmissivity of 100 to 200 mzid
in Faillace and Faillace 1986 seems appropriate.

Aquifer storage

There are no values of storativity or specific storage for the Fluvio-lagunal Aquifer or the
Fine Merti Aquifer. The average storativity value of 6 x 10™ derived for the Coarse Merti
Aquifer in Kenya is consistent with the observed confined conditions. A similar value is
therefore anticipated for the Fine Merti and Fluvio-lagunal Aquifers.

Potential well yield

Faillace and Faillace 1988 report well yields of 4.2 to 5.5 I/s (15 tO 20 msfhr} Fluvio-
lagunal Aquifer. This is consistent with the rough estimate of 3.7 I/s for the operational
well at Laheley. The well yields quoted for 16 wells in the Fine Merti Aquifer indicate an
average yield of only 1.2 Ifs. It should be noted that these are cperational yields and
may be related to the available pump capacity, They therefore represent a minimum
achievable well yield for this aquifer,

Based upon the sparse data available, the estimate of 4.2 to 5.5 l/s in Faillace and
Faillace 1986 seems appropriate.

Hydraulic gradient

Data for eastern Kenya indicate a hydraulic gradient of approximately 0.5 m/km at the
border with Somalia. The sparse water level data available for the Fluvio-lagunal Aquifer
in Somalia. The static water level reported for the well at Haadweyn located
approximately 25 km to the west of Kismayo implies a gradient of approximately 0.2
m/km towards the coast. This is consistent with the static watar levels at Dif and Bibi

Kismayo Hydrogeoclogical Study 7 March 1987
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(see Figure 2). Other static water levels available for the area are lower than mean sea
level which suggests that they are either not true static water levels or are the result of
long term groundwater depletion due to pumping.

The lack of good quality groundwater level data makes an estimate of hydraulic gradient
very difficult but a range of 0.2 to 0.5 seems appropriate.

Groundwater Flux

The groundwater flux is the rate that groundwater moves through a given block of
aquifer perpendicular to the regional groundwater flow direction. The radius of the cone
of influence of a well in a confined aquifer is likely to be approximately 3km. This means
that a 6km width of aquifer would be affected by a pumping well. The flux is given by
Darcy's Law:;

where T is transmissivity, i is hydraulic gradient and w is the width of aquifer
considered. Table 1 gives the groundwater fluxes for a range of hydraulic gradients
through a 6km width of the Fluvio-lagunal Aquifer assuming transmissivities of 100, 150
and 200 m?/d.

Table 1Groundwater fluxes in I/s through the a 6km width of the Fluvio-lagunal Aquifer
in the vicinity of Kismayo.

Transmissivity Hydraulic gradient (m/km)
(m?/d) 0.2 0.4 : [
100 1.4 2.8
150 2.1 4.2

200 2.8

Sustainable Yield

The available data for well vields indicates that in order to meet the 9l/s demand for
Kismayo at least two wells discharging at 4.51/s will be required. The shaded section of
Table 1 indicates the transmissivity/hydraulic gradient scenarios for which the
groundwater flux is greater than 4.5 |/s. If the groundwater flux is less than 4.5 /s for a
6km width of aquifer then a 4.5/s well yield would not be sustainable in the long term
since the rate of groundwater entering the aquifer block would be less than the rate of
removal, For the transmissivity/hydraulic gradient scenarios in the shaded section of
Table 1 the removal of 4.5l/s from two separate 6km widths of the aquifer would
produce a sustainable yield of Sl/s. The two wells would therefore have to be located at
least 6km apart, equidistant from the coast. Clearly if the groundwater flux is less than
4.5l/s lower discharge rates would be required to ensure sustainability in the long term.
For the worst case given in Table 1 if a transmissivity of 100 m?/d and a hydraulic
gradient of 0.2 m/km are the actual case approximately six wells discharging at 1.5l/s
each would be required spanning a 30km width of the aquifer.

Kismayo Hydrogeological Study 8 March 1997
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GROUNDWATER CHEMISTRY DATA

Summary of Available Data

The available information can be summarised as follows :

. all available chemical data including 6 full major ion analyses for wells/boreholes
tapping the Fine Merti Aquifer in North-east Kenya entered onto the database
= all available chemical data including 30 full major ion analyses for the

wells/boreholes tapping the Fluvio-lagunal Aquifer in Southern Somalia entered
onto the database,

» a discussion of the groundwater chemistry of the Fluvio-lagunal Aquifer can be
found in Faillace and Faillace 1995
» a discussion of the groundwater chemistry of the Coarse Merti, Fine Merti and

Fluvio-lagunal Aquifers can be found in Lane 1995
A hard copy of the database is included as Appendix A to this report.

In addition to the data identified above three water samples were collected from the
operational well at Laheley by UNICEF staff and taken to Nairobi for analysis. The
samples were collected after 15, 30 and 60 minutes of pumping and radar diagrams
showing the major chemistry of the three samples are given in Figure 5. The analyses
themselves are included as Appendix C to this report,

Groundwater Regimes

The groundwater chemistry in the Coarse Merti, Fine Merti and Fluvio-lagunal Aquifers is
summarised in the Electrical Conductivity {EC) contour plot presented in Figure 6. The
EC is approximately proportional to the Total Dissolved Solids (TDS) of a solution and
therefore provides a measure of the salinity of the groundwater. EC in microS/cm is
approximately equal to 1.5 times the TDS in mg/l, an EC of 2,250 microS/cm
representing the WHO maximum TD$S guideline value of 1,500 mg/l (WHO 1993). Figure
6 clearly illustrates that the salinity of the groundwater in the Coarse Merti Aquifer is
low with EC less than 2,000 microS/cm. The salinity of groundwater in the Fine Merti
and coastal Fluvio-lagunal Aquifers however is considerably higher with EC up 10 40,000
microS/cm at Qot Qot. It is interesting to note the tongue of lower salinity water
extending towards the Kismayo area from the Coarse Merti Aquifer. .

The groundwater chemistry of the shallow coastal aquifers is generally a very high TDS
Sodium Chloride water type.

The groundwater chemistry of the Coarse Merti Aquifer is a lew TDS., Sodium
Bicarbonate water type which is indicative of freshwater recharge (Lane 1995).

The groundwater chemistry of the Fine Merti and coastal Fluvio-lagunal Aquifers is a
high TDS, Sedium Chloride water type which implies a strong marine influence. For the
Fine Merti in North-east Kenya this marine influence is a residual signature of the
partially marine mode of deposition. For the coastal Fluvio-lagunal Aquifer this marine
influence is probably a result of either horizontal saline intrusion from the Indian Ccean

Kismayo Hydrogeological Study o] March 1997
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or vertical leakage from the overlying shallow coastal aquifers which contain highly
saline water .

At Yaak Bisharo a low TDS Sodium Bicarbonate/Chloride water type is reported (Faillace
and Faillace 1986). This is consistent with fresher recharge from the Coarse Merti
Aquifer of North-eastern Kenya (see Section 2.3.2 above).

A reduction in groundwater salinity with increasing depth has been noted at a number of
locations in the Fluvio-lagunal Aquifer, such as Bilis Qooqgani, Raabey and Hosingo. This
does not necessarily occur in all areas however (Faillace and Faillace 1986]7 A well at
Qot Qot was drilled through the shallow aquifer and cased through the confining layer
into the main aquifer below. Although relatively fresh water with an EC of 3,700
microS/cm was initially obtained from this well the quality gradually decreased with time
until it was abandoned 14 years after construction due to an EC of 40,000 microS/em.
Similarly wells at Laheley initially produced water with an EC of 3,500 microS/cm, but
the currently operational well is yielding water of 5,400 microS/cm EC.

These observed decreases in water quality with time may be due to three factors :

* saline water in the shallow aquifer corroding the well lining and entering the well,

s increased vertical leakage of saline water from the shallow aquifer through the
discontinuous confining clays in the vicinity of the wells in response to pumping,

e horizontal saline intrusion into the main aquifer from the Indian Ocean in response to
pumping.

For the well at Qot Qot it is not clear which is the dominant factor {Faillace and Faillace
1986). The rapid decrease in EC during pumping of the currently operational borehole at
Laheley suggests that while pumping is not occurring saline water from the shallow
aquifer is entering the lower aquifer from the upper aquifer through the borehole (see
Figure 4). Whether this flow is through a poorly sealed annulus outside the casing or
through the inside of the casing which has been corroded by the high salinity fluid in the
upper aquifer is not clear. Depending on the magnitude of the leakage, the 5,400
microS/cm sodium chioride water type recorded after 30 and 60 minutes of pumping
may therefore represent the water type in the Fluvio-lagunal Aquifer or may be a mixture
of water from this and the upper aquifer. If it does represent the chemistry of the Fluvio-
lagunal Aquifer the increase in EC from 3,700 to 5,400 microS/cm in this aquifer during
the life of the weill suggests that increased vertical leakage or horizontal saline intrusion
in response to pumping has occurred.

Saline Intrusion

In coastal aquifers where hydraulic connection with the sea occurs, a dynamic balance
between the denser saline water and the filowing fresher water occurs. In the majority of
cases the balance resuits in a wedge of saline water protruding inland into the aquifer.
The distance from the coast that this wedge protrudes is inversely proportional to the
groundwater flux towards the sea in the aquifer. If groundwater is abstracted from the
aquifer the flux towards the sea is reduced and the saline intrusion therefore moves
further inland, The precise nature of the interface between the fresh and saline water
may be relatively sharp or very diffuse with a gradual increase in salimty over a distance
of several kilometres.

If the Fluvio-lagunal Aquifer is in hydraulic connection with the Indian Ocean in the
vicinity of Kismayo long term abstraction of groundwater may result in significant saline
intrusion. Figures 7 and B present the EC and chloride data for wells in the vicinity of

Kismayo Hydrogeological Study 10 March 1997



GIBB (Eastern Africa) Ltd

Kismayo. The increase in both parameters towards the coast implies that saline intrusion
does exist in the Fluvio-lagunal Aquifer.

The groundwater at Yaak Bisharo is considered to represent the baseline fresh
groundwater chemistry with an EC of 1,800 microS/cm and a chioride of 300 mgll.
Figure 9 presents a linear extrapolation of the minimal data available for EC and chloride
to estimate the current location of the saline intrusion. These two plots suggest a
current location 25km from the coast. If the groundwater flux through a 8km width of
the aquifer is 9l/s and 4.5l/s is abstracted from a well then the groundwater flux is
halved and the distance of saline intrusion from the coast doubled. This would imply
that for the 81/s flux scenario the potential for saline intrusion would exist up to 50km
inland in response 10 pumping.

The precise form of the movement of saline intrusion in response to pumping is very
difficult to estimate given the available data. In particular the timescale over which such
intrusion may occur given the low abstraction rates may be very slow, however the
basic assessment presented here clearly indicates a potential problem in the medium or
long term.

Kismayo Hydrogealogical Study 11 March 1897
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RECOMMENDED WELL LOCATIONS

Discussion

Based upon the limited data, the hydrogeology of the Fluvio-lagunal Aquifer in Southern
Somalia can be summarised as follows:

generally confined but iocally semi-confined in coastal areas

aquifer occurs below 160 to 170 m bgl

recharge through groundwater flow from the Coarse Merti Aquifer in North-eastern
Kenya

transmissivity in the range 100 to 200 m?/d

hydraulic gradient of 0.2 to 0.5 m/km towards the Indian Ocean

potential well yields up to 5.5l/s

groundwater salinity increases closer to the coast

the groundwater in the shallow coastal aquifers is high salinity

groundwater which meets WHO guidelines has only been identified in Yaak Bisharo
sustainable well yislds are probably less than the potential well yields due to the low

groundwater flux through the aquifer
saline intrusion in response 1o groundwater abstraction may also be significant due to

the low groundwater flux through the aquifer

A number of basic conclusions can be drawn based upon the current understanding
- summarised above:

more than one well will be required to meet the estimated 9l/s water demand for
Kismayo

wells should be located as far from the coast as practically possible

wells should be located parallel to the coast, 6km apart to give maximum sustainable
yield

the more wells provided the lower the required yield from each and therefore the
safer the sustainable yield and the lower the risk of saline intrusion

wells will need to be in excess of 170m deep

well design must ensure that the Fluvio-lagunal Aquifer is completely sealed from the
overlying shallow aquifers

Taking these conclusions inte account three potential options are available:

Option A Drill one well at Laheley approximately 20km from Kismayo and identify

the groundwater chemistry. If the groundwater chemistry is acceptable
drill a second well parallel to the coast 6km from the first. Abstract
from each well at-4.5l/s monitoring dynamic water levels and EC on a
monthly basis. If the first well identifies that the groundwater chemistry
is not acceptable consider one of the other options. '

This option would be the cheapest option since the discharge lines will
pe the shortest of the three options. However it is also the highest risk
option. If the groundwater quality is not acceptable a well has been
drilled which is of no use. If the groundwater quality is acceptable the
location of these wells makes them highly susceptible to saline intrusion
and/or leakage from the poor quality shallow aquifer in response (o

pumping.

Kismayo Hydrogeological Study 12 March 1967
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Option B It water with a TDS greater than the WHO maximum TDS guideline
value of 1,500 mg/l (WHO 1893) is considered acceptable, drill two
wells parallel to the coast 6km aparnt between Haadweyn and Yaak
Bisharo approximately 35km from Kismayo, Abstract from each well at
4.5l/s monitoring dynamic water levels and EC on a monthly basis.

This option would cost more than Option A and less than Option C.
Once an acceptable TDS was agreed the precise location of the wells
could be estimated. There is still the risk for this option that saline
Intrusion may occur in response 1o pumping but the risk of this is less
than that for Option A. The risk of leakage from the poor quality
shallow aquiter in response to pumping is also likely to be less since the
shallow aquifers are less frequently developed away from the coast.

Option C Crill two wells paraliel to the coast 6km apart in the vicinity of Yaak
Bisharo approximately 45km from Kismayo. Abstract from each well at
4.5l/s monitoring dynamic water levels and EC on a monthly basis.

This option would be the most expensive option. However, the water
should initially meet WHO guidelines and the risk of saline intrusion
and/or leakage from the poor quality shallow aquifer in response to
pumping is less than that for Options A. and B.

For all three options if dynamic water levels show a steady decrease with time from the
commencement of pumping this implies that the discharge is greater than the
sustainable yield, If this is the case the discharge should be reduced until the dynamic
water level remains constant,

If the EC begins to increase this suggests that saline intrusion is occurring. If this is the
case there i1s very little which can be done to save the well. The only way in which the
well can be used is to act as a scavenger well. This would involve drilling a new well
intand of that affected by saline intrusion and pumping both wells. The new well would
then produce fresh water for human consumption while the old well would intercept the
saline intrusion and pump saline water which would be disposed of at surface. Clearly
there are major cost implications if saline intrusion occurs. It is always best to prevent
saline intrusion occurring than to mitigate the results once it has occurred.

_—

5.2 Optimum Well Design

The following design details are meant as a guide upon which a technical specification
could be based. :

Due to the depth of the aquifer, the use of plastic or uPVC well linings is not possible.
The options are Glass Reinforced Plastic or Stainless Steel. If stainless steel 1s used Type
314 which is resistant to seawater should be used.

The wells should be drilled at 254mm (10") diameter to accommodate 152mm (67} well
linings using direct rotary polymer flush methods. This method was successful in the
Coarse Meru of North-eastern Kenya where temporary casing was not required using
this method (Lane 1995),

The precise well design at each location will be decided on site based on drilling returns,
water strikes and geophysical logs if available.

Kismayo Hyorogeological Study 13 March 1697
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Screens with a 0.5mm slot size should be used and sufficient length of screen used to
ensure a lotal open area such that the entrance velocity is 0.03m/s or less. A 2 to 4mm
diameter grain size gravel pack should be entered into the annulus opposite the screened
sections and a bentonite seal placed above the gravel pack in pellet form to ensure that
leakage of saline water from the shallow aquifer down the annulus does not occur.

Development of the wells should include chlorination to breakdown polymers followed by
arlifting at selected zones within lthe screen. The airlifting should comprise periods of
conlinuous airlifting interspersed with periods of surging.

A submersible pump suitable for installation in a 152mm (67) diameler well lining and capable
of pumping up to 5l/s against a total pumping head of 160m (eg Grundfos SP16-24).

Kismayo Hydrogeological Study 14 March 1997
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6 SUMMARY

Southern Somalia is underlain at a depth of approximately 170m bgl by a confined
Fluvio-lagunal Aquifler. The confining layer which separates this aquifer from the
overlying shallow coastal aquifers is locally discontinuous. The low hydraulic gradients
and moderate transmissivities in the vicinity of Kismayo suggest a low groundwater flux
towards the Indian Ocean.

Maximum well yields of 4.5l/s are likely to be at or near the sustainable limit for such a
low flux and the spacing of wells parallel to the coast is recommended. In addition if
there is hydraulic connection between the Fluvio-lagunal Aquifer and the Indian Ocean
pumping from the aquifer is likely to result in significant saline intrusion, although the
timescale of this is impossible to estimate. The locally discontinuous nature of the
confining layer also means that leakage of poor quality groundwater from the shallow
aquifers in response to pumping from the Fluvio-lagunal Aquifer is also a potential
problem.

Three options have been identified:

Option A Drill one well at Laheley approximately 20km from Kismayo and identify
the groundwater chemistry. If the groundwater chemistry is acceptable
drill a second well parallel to the coast 6km from the first. Abstract
from each well at 4.51/s monitoring dynamic water levels and EC on a
monthly basis. If the first well identifies that the groundwater chemistry
is not acceptable consider one of the other options.

Option B If water with a TDS greater than the WHO maximum TDS guideline
value of 1,500 mg/t (WHO 1993) is considered acceptable, drill two
wells parallel to the coast 6km apart between Haadweyn and Yaak
Bisharo approximately 35km from Kismayo. Abstract from each well at
4.,51/s monitoring dynamic water levels and EC on a monthly basis.

Option C Drill two wells parallel to the coast 6km apart in the vicinity of Yaak
Bisharo approximately 45km from Kismayo. Abstract from each well at
4.51/s monitoring dynamic water leveis and EC on a monthly basis.

Option A is the cheapest option but has the greatest risk attached. Option C is the most

expensive option but has the least risk attached. Option B lies somewhere between
Options A and B in both cost and risk,

Kismayo Hydrogeological Study 15 March 1897
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Figure 2 Well locations, Southern Somalia
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Figure 3 Static water levels in Coarse Merti, Fine Merti and
Fluvio-lagunal Aquifers, Kenya & Somalia (m amsl)
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Figure 4 Static water levels in Fluvio-lagunal Aquifer, Southern Somalia (m amsl)
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Figure 9 Extent of saline intrusion from linear extrapolation of EC and Chloride plots
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APPENDIX A

WATER WELL DATABASE

Kismayo Hydrogeolegical Study March 1997



UNICEF Somalia GIBB Ltd

Kismayo Hydrogeological Study

i ve /
Well Number 1] WellName:  Diif 3/84 i
Well Location |
Easing | 41| Northing: [ 1.0167|
Weil Owner: | | Current Stalus: L ||
Ground Level (m amsl): ! 150! Gealogy: Hydrogeoiegy:
Waell Depth (mbgt). ! 202! |Fluvio-lagunal deposits - Sandy clay

——— jcovering sand, gravel, and sandy clay
Borehole Diameter (mm) |1ayers. marls. (Qcl of Faillace & Faillace
1

Instailation Details’ | el
Drilled In 1975
Geophysical Data

I

{
!
|
|

Static Water Level (m amsl):

[

Drilling Information:

Dynamic Water Level (m amst): |

Yield (Us) | ]
Tes! Pumping Data: ’

! Transmissivity (m2/d):

| Hydraulic Conductivity (mid)

'| Storage:
Chemical Analyses: EC (MicroSicm).
Sample date 30/3/84 pH:

TOS (mgi):

Bicarbenate (mg/) 104 Sulphate (mg) 715  Chloride (mg/l);
Calcium [mgl). ) 2020 Magnesium {mg/l); 2171 Sedium (mg/),
len Balance Errar (%) -8l Gicvieal CommaRils:
Data Sources:

13200

Ja L

1014-1!

Total Hardnegss (mg/l): |3@

[ a5

| 2025|

[Faillace & Faillace 1986
|




UNICEF Somalia GIBB Ltd

Kismayo Hydrogeological Study
Well Number 2 Well Name:  Diif 3/84

Well Localion: J
Easting: | 41 Northing: [ 1.0167]
Well Owner: | | Current Status: '| |
Ground Level (m amsl) 150 Geology: Hydrogeology:
Well Depth (mbgt) [ 202 [Fluvic-lagunal deposits - Sandy clay |
——— .covering sand, gravel, and sandy clay
Borehole Diameter (mm): | llayers, maris. (Qcl of Falllace & Faillace |
Installation Details. 19ee) i
Drilled in 1873 | |
Geophysical Data: I II
1 | |
1
: | |
.' _J |
Static Water Level {m amsl) — Driling Information
Dynamic Water Level (m amst), | | ' 5
Yield (Vs): ] ’ l
Tes! Pumping Data. l
Transmissivity (m*2/d): :
‘ Hydraulic Conductivity (mid): | |
: Slorage: -—_—"—-‘
Chemical Analyses: EC (MicroSiem): T 14200]
[Sample callected 30/3/84 II pH: B
[ TDS (mg/): 81€0|
Total Hardness (mgh). 16261
Bicarbonate (mg/) T 89 Suiphate (mg/) T 842 Chioride (mg). ~ 459
Calcium (mgf); T 257]  Magresum(mgny | 236 Sodium (mg/) T 202
lon Balance Error (%) j Ginsin Commiee

Data Sources

[Faillace & Fallace 1986
|




UNICEF Somalia GIBB Ltd

Kismayo Hydrogeological Study

Well Number 3 Well Name: | Badhaade 3/84
Well Location |
Easting: 41.50 Nerthing: | -1,0388
Well Owner: | Current Status: |Probaby usable [
Ground Level (m amsl): 62| Geology, Hydrogeoiegy:
Well Depth (mbgl): 145 [Fluvic-lagunal deposits - Sandy ciay '
B — ‘covering sand, gravel, and sandy clay ‘
Borehole Diameter (mm): layers, marts. (Qcl of Faillace & Faillace
19 |
Installation Details {199€) |
| |
|
Geophysical Data:
]
= I |
Static Water Level (m amsl). | Drilling Information

Dynamic Water Level {m amsi):

Yieid (Vs)
Test Pumping Dala’

1

|

Chemical Analyses’

Transmissivity (m*2/d}:

—

Hydraulic Conductivity (mvd): | |

Storage:

EC (MicroSicm):

Sample collected 25/4/84. It Is considered likely that the Na + K value was
'generated by assuming a zerc 1on balance

pH:
TDS (mg/l)

Bicarbonate (mg/)
Caleium (mg/d)
lon Balance Error (%)

Data Scurces

285

[Faillace & Faillace 19886

Sulphate (mg/l):
Magnesium (mg/l):

T a5 Chionde (mg/ty

154/ Sodium {mgA):

Ganeral Commenis

Total Hardness (mg/l)

| |

10000
| 7-5|
I 2612

1145
—_

1755




UNICEF Somalia GIBB Ltd

Kismayo Hydrogeological Study

Well Number | - i‘ Well Name:  \Wadajir 7/76 |
Well Lacation; '
Easling: 41 6667, Northing: | -0.7333|
Well Owner. | 1 Current Status. Mbandonned |
Ground Level (m amsl): T | Geology, Hydrogeology:
Well Depth (mbgi) | | |Fluvio-iagunal deposils - Sandy clay
s 'covering sand, gravei, and sandy clay

Borahole Diameter (mm) | | layers, maris, (Qcl of Faillace & Faillace
Installation Details: 11966)

i
Geophysical Data:

[]

[

|
Static Water Level (m amsl): |_ [ Onlling Information
Dynamic Water Level (m ams!): | |
Yield (Vs). | ] i

Test Pumping Data:

Chemicai Analyses:

Transmissivity (m*2/d)

[Sample collected on 22/7/76. Error noted: the sum of the ionic analyses is

ealer than the TDS

Bicarbonale (mg/l) B 126601
Calclum (mg/i: 736

lon Balance Error (%)

Data Sources.

Suiphate (mg/):
Magnesium (mg/):

General Comments:

.

Hydraulic Conductivity (m/d), :

Storage: —'f

EC (MicroSrem): ]

‘ pH: [—741

- TDS (mgi): 3440/

! Total Hardness (mg/); 1554

T 2436 Chiorlde {mg); E
384 Sodium {(mg/l): | 5500

The weill was abandenned due to the saity nature of the

waler

[Faiace & Faillace 1986

-




UNICEF Somalia GIBB Ltd

Kismayo Hydrogeological Study

Well Number 5 WellName: |Jigaysa 79 ;
Well Location; |
Easting’ 41.5167| Northing: [ 0.2694)
Well Owner. Current Status: [ ]
Ground Level (m amsi) Geology: Hydrogealogy:
Well Depth (mbagl): 172 |Fluvic-lagunal deposils - Sandy clay
. icovering sand, grave!, and clay
Borehole Diametar (mm); ! guym, matis. (Gel of Falllace & Faillace
1
installation Detalls. e
)
Geophysical Data:

Static Water Level (m amsl). ] Drilling Information’
Dynamic Waler Level (m amsl). ]
Yield (I/s): | | |
Test Pumping Data:
| Transmissivity (m*2/d).
Hydraulic Conductivity (m/d).
\ Storage:
Chemical Analyses: EC (MicroS/cm).
Sampie collected in 1579 pH:
TDS (mgn):
Total Hardness (
Bicarbonate (mg/) Sulphate (mg/): Chioride (mg/l):
Calcium (mg/) Magnesium (mg/l): Sodium (mg/)

lon Balance Errar (%)

Data Sources

[Failace & Faillace 1985

General Comments

e LI

mg/): | |

S

i

S —




UNICEF Somalia GIBB Ltd

Kismayo Hydrogeological Study
Well Number | 6  WellName: Haga Liban 3/84

L

Well Localton’
Easting 41,0833 Northing. _ 0.25/
Well Qwner, | Current Status: f 1
Ground Level (m amsl): [ Geclogy: Hydrogesiogy:
Well Depth (mbgl} T s [Fluvio-agunal deposits - Sandy ciay
Borenole Diameter (mm) N xmm?{&m Fan';“w:}m.
Installation Detais .
Drilled in 1979 |
|
Geophysical Data: f
|
Static Waler Level (m amsl) [_4 Drilling Information:
Dynamic Water Level (m amsf) | I
Yieid (Us).
Test Pumping Oata:
| Transmissoty (m*2/d) ]
| Hydraulic Conductiaty (mia), [ |
Storage: ::
Chemical Analyses: EC (MicroSicm), :@
Sample collected 28/2/84, pH [ eq
| DS (mgh): [ 262
| Total Hardness (mgl) [:E
Skabonale (mgh) | 368  Suphatemgh. 161 Chieride (mgh) o9
Cascium (mg) 18 Magnesum(mg) | 4 Sodum(mgl). 78
lon Balance Error (%) T 04 e
Data Sources: |

"anacaa Faillace 1586

L — —_—




UNICEF Somalia GIBB Ltd

Kismayo Hydrogeological Study

Well Number | 7 WellName:  |Raabey 3/84

Well Location: |

Easting, 42,0667 Northing' . 0.225)
Well Cwner: | Current Slatus; [

Ground Level (m amsl):

Weil Depth (mbgi):

Borehole Diameter (mm);

Installation Detaus:

1

150

Drilled in 1978

Geophysical Data

Geology: Hydrogeolagy:

[Fluvio-lagunal deposils - Sandy clay
icovering sand, gravel, and sandy clay
[layers, marts. (Qcl of Faillace & Faillace
11986)

|'

|

Static Water Level (m amsl).

Drilling Information’

Dynamic Water Level (m amsl); }
Yield (Vs). [ 1
Tes! Pumping Data: l
I Transmissivty (mA2/d); 1
| Hyorautic Conductiaty (vay: [ |
|| Slerage: [—'
Chemical Analyses EC (MicraSicm): T aa80|
lmzoueded 28/84. Error noted! Bicarbonalte analysis greater than Total | pH: '_EE
l TDS (mgA): [
Total Hardness (mgA), 1S5S
Bicarbonate (mg/): [T aat Suiphate (mg/) [ 137 Cnionde (mgh): T 1068
Calcium {mg/)’ r“”“‘"TE] Magnesium (mg/): T 28 sodium {magft) |_!CI?§l
lon Balance Error (%), Y '

Data Sources.

General Commenls;

Static Water Level 27 S m bgl

Faillace & Failiace 1986




UNICEF Somalia GIBB Ltd

Kismayo Hydrogeological Study

Well Number 8 Well Name:  |Raabey 1/58 i

Well Location |
Easting 42.0667 Northing: 1 0228
Well Owner | Current Status: |
Ground Level (m amsl): Geology. Hydrogeology
Well Depth (mbgl) 106 |Fluvie-lagunal deposits - Sandy clay

) _— covenng sand, graved, and sandy clay
Borehole Diameter (mm) layers, maris (Qcl of Faillace & Faillace

1

Instaliation Details [ 0
Drilled in 1956 |
Geophysical Data. [

Static Water Level (m arnsl), Drilling |ntormation;

Oynamic Water Level (m amsl)’ ‘: ‘ ‘

Yield (Vs): |

Test Pumping Data: | |
Transmissivity (m*2/d). ]

! Hydraulic Conductvty (mid) | |

' Storage: S

Chemical Analyses: EC (MicroSicm) 1
ple collected 12/1/58 j pH: __||
TOS (mg) [ sioq

} Total Hardness (mg/). :]

Bicarbonate (mg/) T 808 Sulphate (mgh). T 352 Chioride (mg/) [ =52
Calcium (mg?) T 33 Magnesum (mg/) T 3@ Sodium (i) [ 1s00

-1
lon Balance Error (%) General Comments

Data Sources |

Faillace & Fallace 1986




UNICEF Somalia GIBB Ltd

Kismayo Hydrogeological Study
Well Number | 9 Well Name:  |Afmadu 3/84

Well Location: | |
Easting: | 42.075| Northing: | 0.5167]
Well Owner: | Current Status; rPoasibly usable J
Ground Level (m amsl): [ 19.61 Geology: Hydrogeology:
Well Depth (mbg!): | {Fluvic-lagunal deposils - Sandy clay |
covering sand, gravel, and sandy ciay |
Borehole Diameter (mmj: ' layers, mars. (Qcl of Faillace & Failiace |
1986
Installatien Details )
Geophysical Data:
|
)
I
|l
Static Water Level (m amsl) ] Drilling Information:
Dynamic Water Level (m amsl), | | |
Yield (Is): !
Test Pumping Data: {
Transmissivity (m*2/d): ] I
Hydraulic Conductivity (m/d): | |
: Storage |
Chemical Analyses: EC (MicroSiemn): 1106
Sample collected 30/3/84. Error noted: Bicarbonate analysis greates than Total | pH; 8.5
hardness. —_—
‘ TDS (mg/): l 6764
Total Hardness (mg/l). 23ﬁ
Bicarbonate (mg/) 603! Sulphate (mg/); 633  Chlonde (mg/). 305§
Calcium (mgA): 291 Magnesium (mg/). 40/ Sedlum (mgny: | 21
lon Balance Error (%): 5.8 Ganars Gonments
Data Sources

[Faillace & Faillace 1936




UNICEF Somalia GIBB Ltd

Kismayo Hydrogeological Study

Well Number | 10 Well Name:  |Afmadu 7/75 {

Well Location: [

Easting: ! 42,0751 Northing: | 0.5166|

Well Qwner. | | Current Status: [Possibiy usable |

Ground Level (m amsl) | 19.6 Geology. Hydrogeciogy:

Well Depth (mbgh): %0 ;Fluwo-lagunal deposils - Sandy clay 1 ’

e covering sand, gravel, and sandy clay

Borehole Diameter (mm); ! ilayers. marls. (Qcl of Faillace & Faillace

instalation Details: ;‘%6’

[Dritied in 1956 |

| l j

Geophysical Data. |
: |

| I

| [ | i

|

| ‘ '

| [ |

Static Water Level (m amsl). ,I -204 Dnilling Infermation;

Dynamic Water Level (m amsl): |

-

|
|

Yield (I/s):
Test Pumping Data |
| Transmissivity (mA2/d): I '
| | —
Hydraulic Conductiaty (mv/d): i [
! Starage:
! g I
|
Chemical Analyses EC (MicroSicm): | ]
'Sample collected 22/7/75 Il is considered likely that the S04 value was | pH: _ 7 5|
‘generated by assuming a 2ero lon balance, | .
] TDS (mg/) 8560

Bicarvonate (mg/1): o 390| Sulphate (mgA): 5874 Chioride (mg/l):
Calcium (mg/): 388 Magnesium (mg/). 25¢:  Sedwm (mg)

fon Balance Error (%)

Data Sources

General Comments;

Total Hardness (mg/)

ol

Water level -30 4 m amsi in Jul 1975 wnen sample collected

Faillace & Faillace 1986




UNICEF Somalia GIBB Ltd

Kismayo Hydrogeological Study
Well Number | 11, WellName:  |Afmadu 8/70 \

Well Lecation ;
Easting’ [ 42,0752 Northing: ho 0516
Well Owner: | i Current Status |Possibly usable [
Ground Level (m amsl), 19.6 Geolegy: Hydrogeology:
Well Depth (mbgl) | | [Fluvio-lagunal deposits - Sandy clay
) et —— |covering sand, gravel, and sandy clay |
Borehole Diameter {(mm) L llayers. mars (Qc! of Failace & Failace
1
insiafiation Details: 95
Geophysical Data:
| !
- |
Static Water Level (m amsl). | Driling Information;
Dynamic Waler Level (m amsl). | | |
Yield {i/s): | | ‘|
Tast Pumping Data. |
| Transmissivity (rn*2/d)
Hydraullc Conductivity (mvd): ]
Slerage: |
Chemical Analyses. EC (MicroS/icm) : 11850
Sample collected 31/8/70. It is considered likely thal the Na « K value was pH 7_5
generated by assuming a zero ion balance
TDS (mg/) 8200
Total Hardness (mg/) 0
Bicarbonate (mg/l): 2635 Sulphate (mg/): 95 Chloride (mg/): 27T
Caictum (mgh): 96 Magneswm (mg/). 49 Sodwm (mgil) 2618
lan Balance Error (%). Ql

General Comments

Data Sources

'Faitace & Fallace 1986 |




UNICEF Somalia GIBB Ltd

Kismayo Hydrogeological Study
Well Number 12 Well Name:  Miido 3/84 |

Waell Location: |
Easting: 1 4215 Northing: [ 03]
Well Owner: | Current Stalus: | ]
Ground Level (m amsl). 231 Geology: Hydrogeology:
Well Depth (mbgl): lBOj Fluvio-lagunal deposits - Sandy clay
—— overing sand, gravel, and sandy clay
Borehole Diameter (mm). layers, marls. (Qcl of Faillace & Faillaca
1
Instaflation Details: %60)
Drilled in 1877 ]
Geophysical Data:
)
J 1
Static Water Level (m amsl); i ] Drilling Information:
Dynamic Water Level (m amsi). | | \
Yieid (Vs): ]
Test Pumping Data: |
Transmissivity (m*2/d). |
Hydraulic Conductivity (mid): [:]
Chemical Analyses; EC (MicroS/icm). 5030/
Sample collected 28/3/84 pH: 8.5l
TDS (mgn).
Tolal Hardness (mg!l). I 106
Bicarbonate {mg/) 83 Suiphate (mgi). 268 Chiloride (mg/l) | "2
Caleium (mgf) 16} Magnesium (mgil); 16/  Sodium (mgi): 7281
lon Balance Error (%) 215 Gobarl Communts

Data Sources

Failace & Faillace 1986




UNICEF Somalia GIBB Ltd

Kismayo Hydrogeological Study

Well Number 13| Well Name:  Miido 1/58 1
Well Location’ I
Easting 42.15] Northing: [ 0.3
Wall Owner’ | ! Current Status { |
Ground Level (m amsl) 23.1 Geology: Hydrogeology:
Well Depth (mbgh) 95 Fluvic-lagunal depesits - Sandy ciay
covering sand, gravel, and sandy clay
Borehole Dameter (mm), layers. maris. (Qc! of Faillace & Falilace
1686
Instaliation Details )
Drilled in 1556 |
1
Geophysical Data:

Static Water Level (m amsl).

i 128

Drilling Information

Dynamic Water Level (m amsl): |

Yield (Vs):
Test Pumping Data:

|

Chemical Analyses

[sample cotected 14/1/58

lI Transmissivity (mA2/d): 1
| vyorauic Conauetvity (mie): [ ]
Sne —

EC (MicroS/cm) [ ]

o —

TOS (mgh):

Bicarbonate (mgd):
Calewum (mg/):
lon Balance Error (%)

Data Sources

[Falace & Fadiace 1586

|

622  Sulphate (mg/).
24| Magnesium {mgfl)’ El...
067

400! Chioride {mof)

Sedium (mad):

Geaneral Commants.

Total H&rdm-ss {mgn): |

L 1984

1705

Water level -35 0 m ams! in Maren 1983 when sampie

collegled

-




UNICEF Somalia GIBB Ltd

Kismayo Hydrogeological Study

Well Number 14  Well Name:  Miido |
Well Location: ]
Easling: | 42,15, Nerthing: 0.3
Well Owner Current Status: |
Ground Level (m amsi). 2311 Geology Hydrogeology:
Well Depth (mbgl) ' |Fiuvie-lagunal deposits - Sandy clay
—— icovering sand. gravel, and sandy ciay
Barehole Diamater (mm) | layers, marls_ (Qci of Faillace & Faillace
i
Instailation Detalls { %0l
Geophysical Data: !
|
Static Water Level (m amsl): Drilling Information,
Dynamic Water Level (m amsl) |
Yield (U's). | |
Tesl Pumping Data,
l Transmissivity (m*2/d): |
! Hydraulic Conductivity (mvd); ! |
l Storage; | l
Chemical Anatyses: EC (MicroSicm), I 7000
pH: i
TDS (mgn): L |
Total Hardneds (mg/): 10
Bicarbonate (mg/) Sulphate (mg). | 250/ Chionde (ma/): 2@
Calcium (mg/): Magnesium {mg/): Sodium (mg/): |

ton Baitance Error (%)

Data Sources

General Comments

Faillace & Faillace 1586




UNICEF Somalia GIBB Ltd

Kismayo Hydrogeological Study

Well Number 1 5’ Well Name: iYaak Bisharo 3/84
Well Location: |
Easting: | 42.1667] Nerthing: I 02
Well Owner; | Current Status: |
Ground Level {m amsi). | Geology. Hydrogeology.
Well Depth (mbgi): y | [Fluvio-lagunal deposits - Sandy clay |
cavenng sand, gravel, and sandy clay
Borehole Diameter (mm): | layers, marls. (Qcl of Faillace & Faillace
Installation Details: 1986)
| |
Geophysical Data |

Static Water Level (m amsli).

Dynamic Water Level (mamsl). |

Yied (Vs): ]
Test Pumping Dala:
i Transmissivity (m*2/d); 1
: Hydrauiic Conducthaty (mid): [ |
s —
Chemical Analyses: EC (MicroSicm). r__m
Sample collected 27/3/84. pH: l_j]
TDS (mgh): 1348
Total Mardness (mg): | 73
Bicarbonate (mg/l)’ T 209 Sulpnate (mgl). T 74 CGnionde (mg/): 34
Calcium (mgh): 6  Magnesium (mgdy 14 Sodum (mgll) [ 308
lon Balance Error (%) 1.7' Canarsl Commeris:

Data Sources:

|Faillace & Faillace 1986

l
|




UNICEF Somalia GIBB Ltd

Kismayo Hydrogeological Study

Well Number 16/  WellName:  |Cabdalle Birole 10/79 |
Well Location: |
Easling' 422 Northing: [ 05|
Well Owner: | | Current Status: |Destroyed |
Ground Levet (m amsl); ' 10 Geology, Hydrogeoiogy:
Well Depth (mbgl): 200 Fluvio-lagunal deposits - Sandy clay
e — covering sand, gravel, and sandy clay
Borehole Diameter (mm); layers, marls. (Qcl of Faillace & Faillace
Installation Delails: 1950)
Drilled In 1978
Geophysical Data:
|
Static Water Level (m amsl): | | Dnilling Information:
Dynamic Water Level {m amsl). | |
Yield (Us) '
Test Pumping Data {
i Transmissivity (m*2/d): [
1 Hydraulic Conductivity (mid). | [
| Storage: |
|
Chemical Analyses EC (MicroSicm): T 3w
Sample collected 28/10/79 ‘ pH: .
TDS (mg/); | |
J Total Hardness (mg/):
Bicarbonate (mg/). Sulphate (mg/): Chloride (mg/). | [
Calcium (mgil): Magnesium (mg/). Sodium [mgil): |

‘on Balance Error (%)

Data Sources

General Comments

|Fadiace & Failace 1986




UNICEF Somalia GIBB Ltd

Kismayo Hydrogeological Study
Well Number | 17/ Well Name:  'Qot Qot 3/84
Well Location: ]
Eastng: | 42.2278) Northing; -0 4667|
Well Owner: | | Current Status; ! By
Ground Level (m amsl): f !3.1' Geaology: Hydrogeciogy:
Well Depth (mbgl); 215 Fluvio-lagunal deposils - Sandy clay :
covering sand, gravel, and sandy clay
Borehole Diameter (mm): | | layers, maris. (Qcl of Faillace & Faillace
Installation Details: 1966)
Drilled In 1976
|
|
Geophysical Data!
] |
|
|
Static Water Level (m amsl). | Driling information:
Dynamic Water Level (m amsl) | 1I
Yield (Us): |
Test Pumping Datar !_
Transmissivity (m*2/d): |'—__m|
[ Hydraulic Conductivity (mid): |
I Storage: I i
Chemical Analyses EC {MicroSicm); 40009]
Sample collected 27/3/84. Error noted: TDS/EC high. | pH:
TOS (mgA): 39776
Total Hardnes’s (mg/h). 7832
Bicarbonate {(mg/): 52 Sulphate (mg/): | 2227"  Chlonde (mg): 16771
Calcum (mgil): B 752 Magnesium (mg/). 1446 Sodium (rmgi). 6162
lon Balance Error (3%). 109

Data Sources:

General Comments’

iFaiﬂace & Fallace 1986




UNICEF Somalia GIBB Ltd

Kismayo Hydrogeological Study

Well Number | 18 WellName: 'Qot Qot 3/76 B
Well Location: |
Easting: | 42.2278| Northing | 0.4667|

Well Owner: | Current Status: {

Ground Level (m amsl). 1y Geology: Hydrogeology:

Weill Depth (mbgl):
Borehole Diameter (mm}

Installation Detalls

Geophysical Data:

[Fiuvie-tagunal deposits - Sandy clay
‘covering sand, gravel, and sandy clay
|layers, marts. (Qcl of Faillace & Faillace
'19886)

Static Water Levei (m amsl)

Dailling Information:

Dynamic Water Level (m amsl). [ |
Yield (Vs): |
Test Pumping Data:

Transmissivity (mA2/d): 1
i Hydraullc Conductivty (mid): [ |
Storage. [:_'—l
L

Chemical Analyses. EC (MicroSicm): 1
Sample cotiected 27/3/76 ’ pH: T 74
§ TDS (mgi): [ 3704
Total Hardness (mg/l): | 300|
Bicarbonate (mg/) | Sulphale (mg/) Chioride (mg/) ]
Calerum (mgit) Magnesium (mg/): Sadium (mg/l): |

lor Balnca Emor(%) General Comments:

Data Sources:

[Failace & Failace 1986




UNICEF Somalia GIBB Ltd

Kismayo Hydrogeological Study

Well Number 19 Well Name: IQot Qot 9/70 ]
Weil Location: ]
Easting. | 42.2278) Northing: [ -0.4687|
well Owner: | Current Stalus; i 1
Ground Level (m amsl)’ [ 13.1] Geology: Hydrogeology:
Well Depth (mbgl): [ aen Fluvio-iagunal deposits - Sandy clay
Pt lcovenng sand, gravel, and sandy clay
Borehoie Diameter (mm): _ llayers, maris. (Qcl of Faillace & Faillace
installation Details: V)
Drilled in 1667 |
|
Geophysical Data:
I
|
Static Water Level (m amsl). __a,z Drilling Information:
Dynamic Water Leve! (m ams): ]
Yield (Us); [
Test Pumping Data: |
‘ Transmissivity (m*2d) i
B
‘ Storage: ]
Chemical Analyses: EC (MicroSicm): aroq
Sample collected 1/9/70. It is considered likely that the Na + K value was pH- [ esl
generated by assuming a zero lon balance 108 (mg) —235‘41
Total Hardess (mg/) | 280)
Bicarbonate (mg/l) 878 Sulphate (mg/). T 208 Chioride (mgi) S
Calcium (mg/). . 641 Magnesium (mg/). T 200 sodum (mg/); P‘?é"g
lon Balance Error (%) ol

Dala Sources

General Cormmaents:

Waler level -187 9 m amsl in Segt 1970 when sample
coliected

Faillace & Failace 1986




UNICEF Somalia GIBB Ltd

Kismayo Hydrogeological Study

T - .
Well Number | 20 Well Name:  |Bibi 3/84 ]
Well Location.
Easling. | 422333 Northing: | 0.1667|
Well Owner: | B Current Status: |Usable in March 1993 |
Ground Level {(m amsl), 332 Geology' Hydrogeology
Well Depth (mbgl) 137 Fluvic-lagunal deposits - Sandy clay
—— covering sand, gravel, and sandy clay
Borehole Diameter (mmj; layers, marls. (Qcl of Falllace & Faillace
119
Instaliation Details. %)

Geophysical Data’ |
v
Static \Water Level (m amsl) 102 Dnilling Information:
Dynamic Water Level (mamsl): | ! {
Yield (Vs). | ‘
Test Pumping Data; |
| Transmissivity (m*2/d); | !
‘ Hydraulic Conductivity (m/d): | |
! Sto 2
I rage
Chemical Analyses: EC (MicroSicm): 39&0]
Sample collected 28/3/84. It is considered likely that the Na « K value was | pH: | s.§|
generated by assuming a zero ion balance. ;
TDS (mg/): ﬁl
J Total Hardness (mg1) 81]
Bicarbonate (mg/l): _ 577 Sulphate (mg/); B4l Chioride (mg/) as9|
Caletum {mg/l): ! 26 Magnesium (mg/): 4 Sodium (mgA): f 30#!
fon Balgnie Emor (%) ———O General Comments,
Data Sources Water level -80.8 m amsl in March 1984 wnen sample

\Faiflace & Faillace 1986

collected Two wells one abanconned
| |




UNICEF Somalia GIBB Ltd

Kismayo Hydrogeological Study

Well Number | 21| Well Name:  [Bibi

Well Location; ]
Easting: \ 42,2333 Northing [ 0.1667|
Well Owner: | ! Currenl Status: ! |
Ground Level (m amsi) | 33 Geolegy. Hydrogeology:
Well Depth {mbgl). |Fluvio-lagunal deposits - Sandy clay
{covering sand, gravel, and sandy clay
Borehole Diameter (mm), | 'layers, marls. (Qcl of Faillace & Faillace
1986
Installation Details | )
Drilled in 1956 r l
|
Geophysical Data: I
:
!
Static Water Level (m amsi) | . Drilling Information’
Dynamic Water Level (m amsi):
Yield (Us); :
|
Tes! Pumping Data: |
| Transmissivity (m*2/d); |:,
| Hydraulic Conductivity (mvy: [ |
Storage —
Chemical Anaiyses: EC (MicroSicm): ! 7%
pH: l
TDS (mg/): [ |
= Total Hardness (mg/). ZZ_OI
Bicarbonate (mg/) Sulphate (mg/): i 2301 Chloride (mg/l): 211
Caicium (mg/t) Magnesium (mg).  Sodium (mgif): '

len Balance Error (%)

Data Sources

- General Comments:

{Fa:lla:e& Faillace 1986




UNICEF Somalia GIBB Ltd

Kismayo Hydrogeological Study
Well Number | 22! Well Name:  Cabdi Dorreh 3/84

Well Location:

Easting: | 422833 Northing: [ -0.3167|
Well Owner: | | Current Status: [ |
Ground Level {(m amsl): 205 Geology. Hydrogeclogy,
Well Depth (mbgl). | ] [Fluvio-lagunal deposits - Sandy clay ‘
covering sand, gravel, and sandy clay
Borenole Diameter (rmm). | layers, marls. (Qcl of Faillace & Faillace ]
11586 [
Installation Details: 4
Drilled in 1973 1
‘.
Geaphysical Data: :
|

L

||
Static Water Level (m amsl): i: Drilling Infocmation:
Dynamic Water Level (m amsl). | |. [
Yield (Vs) 1 '
Test Pumping Data: |
Transmissivity (m*2/d): {__—|—
Hydraullc Conductivty (va): | |
Sterage: [:
Chemical Analyses EC (MicreSicm): [_jsoj
Sampie collected 2773784 It Is considered likely that the Na « K value was | pH: E
gererated by assuming a zero jon balanca. ' TDS (mgA): E
—_— Total Hardness (ma/y: | 134
Bicarbonate (mg/): T 310 Suphate (mgl) T 480 Chloride (mg/l) [ 1es5
Calcium (mg/l): T 19 Magneswm (mgn) 21 Sodlum (mgA): I 1396
‘o, Bulance Error (%) —70 General Camments:
Data Sources:

-

|Faallace & Failiace 1586

|




UNICEF Somalia GIBB Ltd

Kismayo Hydrogeological Study

Well Number 23 Well Name: | Jaama Cabdalla ,'

Well Location; |

Easling: | 42.2833)| Northing: [ 0.0333

Well Owner. | | Current Status: | ]

Ground Level (m amsi). [ 17 Geology: Hydrogeology:

Well Depth (mbgl); as| |Flvio-lagunal deposits - Sandy clay |
covering sand, gravei, and sandy ciay

Borehole Diameter (mm): | layers, matis. (Qcl of Faillace & Failace

Instaliation Detads: i
Orilled in 1954

Geophysical Data:

Static Water Level (m amsl) { -g Dnifling information:

Dynamic Waer Level (mamsl) | | |
Yield (V). ] ‘
Test Pumping Data:
| Transmissivity (mA2/d): 1
| Hydraulic Conductivity (mid): [ |
Storage. L 1
Chernical Analyses. EC (MicroSicm), :]
pH: |____|
TOS (mgly 1
| Total Hardness (mgd). | 200]
Bicarbonate (mg/): - Sulpnate (mg/). r—:sso; Chlonde (mg/): [ ze80
Calcium (mg/l) T Magnesum(mgh.  Sodium (mgi)y ]
lon - Balance Error (%): General Cormments:
Data Sources Water level -28 m ams! in 72777777 wnen sample coliected |

iFaulaca & Faillace 1586




UNICEF Somalia GIBB Ltd

Kismayo Hydrogeological Study

Well Number 24| Well Name: [Haadweyn 9/70 i

Weidl Location” 1

Easting [ 42.3) Nerthing: | -0.3|

Waell Qwner: | | Current Status: | |

Ground Level (m ams!) 18.9 Geclogy Hydrogeology!

Weil Depth (mbgi): 192! |Fiuvio-lagunal deposits - Sandy clay |

{ ing sand, gravel, and sandy clay

Borehole Diameter (mm). |layers, maris. (Qcl of Faillace & Faillace i

Instaftation Details 1"966) J
| i
! 1

Geophysical Data: {

Static Water Level {m amsl):

Dynamic Waler Level (m amsl):

Yield (ifs):
Test Pumping Data:

w
0

Drilling Information

1l

Chemical Analyses:

Transmissivity (m*2/d).
Hydraulic Canductivity (m/d);

Storage:

EC (MicroSicm);

Sample collected &/9/70. It is considered likely thal the Na + K value was
&d by assuming a zero won balance,

|

pH:
TDS (mgA):

Bicarbonate (mg/T)
Calcium (mg/)
fon Balance Error (%):

Data Sources

1415

Sulphate (mgil)!
1200 Magnesium (mgi).
O

iFallbca& Faiflace 1836

!

|

1

S o

38  Chloride (mg/):
24/ Sodium (mgA):

General Comments:

Ju [

247

Total Hardness (mgn). [ 400

i

Water level -153.1 m amsl in Sept 1970 when sample

collected

L




UNICEF Somalia GIBB Ltd

Kismayo Hydrogeological Study

Well Number 25| Well Name:  |Haadweyn 6/67 1
Well Locaticn: il
Easting: 423 Northing; [ 03

Well Owner: | | Current Status: { |
Ground Level {m amsl) 189 Geology! Hydrogeolegy:

Well Depth {mbgl) 162, |Fluvio-lagunal deposits - Sandy clay

Borehole Diameter (mmj.

Installation Details;

|covering sand, gravel, and sandy clay
layers, maris. (Qcl of Faillace & Faillace
1986)

Geophysical Data

Static Water Level {m amsi)

| 4.4 Drilling Information

Dynamic Watet Level (m amsl), | |
Yield (Us): . [
Test Pumping Data, |
| Transmissivity (m~2/d).
! Hydraulic Conductivity (m/d). | .
| —
Storage: I |
|
Chemical Analyses: EC (MicroSicm): !
Sample collected 25/6/67 pH:
TDS (mg/l): 4700
Total Hardness (mgh); |
Bicarbonate (mg/l) Suiphate (mg/) y 2411 Chionide (mg): | 1@
t e e — e
Calcium (mg/): Magnesium (mg/l). Sodium (mg/): |

lon Balance Errot (%)

Data Sources:

IFadtace & Faulace 1588

General Comments:

Water level -158 6 m amsl in June 1967 when sample
collecled




UNICEF Somalia GIBB Ltd

Kismayo Hydrogeological Study

Well Number 26| Well Name. [_l_*ahe|ey 3/84

Well Location; | |
Easting: | 42,35 Northing | -0.3333)
Weil Owner: | | Curent Status: | ]
Ground Level (m ams) ] Geology: Hydtogeology:
Well Deptn (mbgl) T 200 Fluvio-lagunal depesits - Sandy clay
covering sand, gravel, and sandy clay
Borehole Diameler (mm). : layers, marls. (Qcl of Faillace & Faillace
Instaltation Details: e
Drilled in 1978
|
Geophysical Data:
|

Static Water Leve! (m amsl): 1 Drilling Information:
Dynamic Water Level {m amsl); l
Yield (Vs): I
Test Pumping Dala: |

Transmissivity (mA2/d): ]

Hydraulic Conductivity {m/d); :|

Storage: 1
Chemical Analyses’ EC (MicroSicm), [ 3490
Sample collected 27/3(84 | pH: H__jl !

TOS (mgi). [ 2084
Total Hardness (mgA): | 208

Bicarbonate (mg/l): T 283 Sulphate (mgll): [ 140l Choride (mgi): MY T
Calcium (mg#) T 268 Magresium(mgh) | 34 Sodium (mg/) T s82
lon Balance Errer (%) T e Gkiiril Comeite:
Data Sources

Faillace & Faillace 1988

L




UNICEF Somalia GIBB Ltd

Kismayo Hydrogeological Study
Well Number : 27| Well Name:  |Laheley 9/70

S—

Well Location: |
Easting | 42.35| Northing I -0.3333]
Well Owner: | | Current Stalus: | |
Ground Level (m amsl): | | Geology. Hydrogeoiogy:
Well Depth (mbgl) 192 i%mo-mguna{ deposits - Sandy clay
- ——— ‘covering sand, gravel, and sandy clay
Borehole Diameter (mm) | {layers, maris, (Qcl of Faillace & Faillace
1198
Installation Cretails: { =
|
|
Geophysical Dala’ ;
l |
!
|
— 1
Static Water Level (m amsl)' | Drilling Information:
Dynamic Water Level (m amst); | |
Yield (Vs): '
Test Pumping Data:
i Transmissialy (m*2/d): \:]
| Hydraullo Conductivty (mid)y: ||
Storage: l
Chemical Analyses: EC (MicroS/cm). @
ISamph collected 8/9/70. It is considered likely thal the Na + K value was | pH: s,4|
enerated by assuming a zere lon balance. Error noled: the sum af the ionic >
analyses is greater than the TDS. | TDS (mg/l): . 4356
Total Hardness (mg/), 800
Bicarbonate (mg/). 1285  Suiphale (mg/) 558  Chinride {mg/): ; 1543
Calelum (mgfl); 160|  Magnesium (mg/l): ) 97 Sodium (mg/) ' 1417
lon Balance Eror (%) o | Co :
Data Sources Static 'water level 1S m bgl. Water ieve! 177 m bgl in Sept

— 1970 when sampie collected
Faillace & Faillace 1986 .




UNICEF Somalia GIBB Ltd

Kismayo Hydrogeological Study
Well Number 28| Well Name: [Laheley 7/67 [

Well Location; | |
Easling’ | 42.35| Northing: | -0.3333|
Well Owner. | ‘ Current Status: i |
Ground Level (m amsl); ; Geology: Hydregeology:
Well Depth (mbgl): 192 |Fiuvic-lagunal deposits - Sandy clay
—— leovering sand, gravel, and sandy clay
Borehole Diameter (mm) layers, marls. (Qc! of Faillace & Faillace
11986
Installation Details. {1999
j
Geophysical Dala; i 1
Static Water Level (m amsl). ] ' Dritting Information:
Cynamic Water Lavel (m amsi)
Yield (Us). \ | |
Tesl Pumping Data: |
]I Transmissivity (m*2/d): !
| ; 1
| Hydraulic Conductivity (mid): | |
| Storage: [ |
| o
Chamical Analyses EC (MicreS/cm): | f

Sample collected 27/7167 pH. | }
TDS (mgit): 2200|
Tolal Hardness {mg/): |

Bicarbonate (mgh). | Sulphate (mg/). ! 430/ Chloride (mgil): ' 588
Caicium (mg/l): Magnesium (mg/l) Sodium (mg/). 1

lon Balance Error (%) B Ey s

Data Sources. Static water level 15 m bgl. Water level 177 m bgl in Sept
i S -— 1870 when sampie collected
Faillace & Fallace 1586




UNICEF Somalia GIBB Ltd

Kismayo Hydrogeological Study

well Number ! 29| Well Name: iCanjee] 3/84
Well Location |
Easting; 424 Northing: | -0.15|
Weil Owner: | Current Stalus: [ |
Ground Level (m amsl): | ' Gedlegy: Hydrogeology:
Well Depth (mbgl): | i {Fluvio-lagunal deposits - Sandy clay

) {covering sand, gravel, and sandy clay
Borehcle Diameter (mm). \layers, marls. (Qcl of Falllace & Falllace

it

Installation Details: i 8
Geophysical Data:

Static Water Level {m amsl),

Drilling Information:

Yield (Vs).

Test Pumping Data:

l:[
Dynamic Water Level (m amsl): | ]
b i

s UL L

Transmissivity (m*2/d):

Hydraulic Gonductivity (mid):

Storage:
Chemical Analyses: EC (MicraSicm):
Sample collected 27/3/84, - ] pH.

| TDS (mgh): ] 6248

Total Hardness {mg/): j]

Bicarbonate {mg/); T 1gdl supnate (mgi); 7520 Chloride (mgA): 283y
Caicium (mgl) T 51l Magnesium (mgh): 84 Sodium (mg/): [ 2032
lon Balence Eror (%) 2.4 Garenii & ammacia:
Data Sources:

Faillace & Failace 1588




UNICEF Somalia GIBB Ltd

Kismayo Hydrogeological Study

WellNumber 30/ WellName: [Canjeel 10/83 |
Well Localion: | ]
Easting: | a2.4 Nerthing: [ -0.15|

Well Owner: Current Stalus: [ |
Ground Level (m ams}); Geology: Hydfogaoliogy:

Weil Depth (mbgl):
Borehole Diameter (mm):

Instaitation Details:

[Fluvio-fagunal deposits - Sandy clay
|covering sand, gravel, and sandy clay
layers, marls. (Qcl of Faillace & Faillace
1986}

Geophysical Data

Stalic Water Level (m amsl).
Dynamic Water Level {m amsl);
Yield (Us):

Test Pumping Data:

Drilling Information:

Transmissivity {m*2/d);

Hydraulic Conductivity (m/d):
Storage:

Chemical Analyses:
Sample collected 23/10/83.

EC (MicroS/icm):

Bicarbonate (mg/).
Calelum (mg/l};
lon Balance Error (%):

Data Scurces:

86|
581
R

pH:
, TOS (mg):
! Total Hardness (mg/):
Sulphate {mag/l): 651 Chloride {mg/):
Magnesium (mgil): 54/ Sodium (maf):

General Comments.

6

w L

7.9

il

Failiace & Faillace 1986




UNICEF Somalia GIBB Ltd

Kismayo Hydrogeological Study

. R . I F "
Well Number 31 Well Name:  |Canjeel 8/70 |
Well Location; |
Eastng | 424l Northing: [ 0.15
Well Owner. | | Current Status: |
Ground Level (m amsl). Geology: Hydrogesiogy:
Well Depth (mbgl). 182/ |Fluvie-fagunal deposits - Sandy clay
Borehale Diameter (mm)’ [ayers, maris. (Qclof Faillace & Faillace '
1
Installation Details: II )
Geophysical Data: | [
i 1
-
| 1
|
| |
Static Water Level (m amsl): | Drilling Information:
Dynamic Water Level (m amsl). |
Yieid (Vis). ! 4 }
Test Pumping Data. :
Transmissivity (m*2/d): | |
\ Hydraulic Conductivty (mis). [
! Storage: [ I
|
Chemical Analyses: EC (MictoS/cm): [ 10250]
Sample collected 20/8/70. It 1s considered likely that the Na + K value was pH. 7.3
generated by assuming a zero ion balance. Error noted. the sum of the ionic —_——
[ana!yses Is greatet than the TDS. | TDS (mgh) i §1086]
Total Hardness {(mg/). | ll@
Bicarbonate (mg/) 8300 Suipghate (mg/): 780  Chlonde {mg/l) 2726/
Calcium (mg) 12 Magnasium (mg/l): 214 Sodum {mgil): 197
fon: Halanes Erear (%) -————0; General Comments:
Data Sources’ Slatic water level 45 m bgl. \Water level ' 37 m bgl in August

— 1970 when sample collected

[Falace & Fadlace 1986

|
|
q




UNICEF Somalia GIBB Ltd

Kismayo Hydrogeological Study

Well Number | 32 Well Name:  Yaabo 4/84
Well Lacation
Easling: f 42,65 Nerthing [ B 0.2667|
Well Owner: | Current Status: [ |
Ground Level (m amsi)’ 19| Geology: Hydrogeology
Well Depth (mbgl): ! f Fluvio-lagunal deposits - Sandy clay
- e ‘covering sand, gravel, and sandy clay
Borehole Diameter (mm). ayers, maris. (Qci of Faillace & Falllace
Instailation Details. {1988)
i
]
= |
Geophysical Data: ]
|} |
J
!
Static Water Level (m amsi) | 33| Drilling Information:
Dynamic VWaler Level (m amsi): |
Yield (V's): l |
Test Pumping Data. | !
| Transmissivity (m*2/d); | |
‘ Hydraullc Conductivity {m/d): |
{ Storage,
| age |
Chemical Analyses’ EC (MicroSicmy): l 1" ﬂ
Sample collected 6/#/84. ' pH' | a7
E TS {mg/): | Tass
| =
' Total Hardness (mg/l). | 481|
Bicarbonate (mg/l): 283 Suiphate (mg/) 976, Chloride (mg/l): 34741
Caicium (mg/l): 74 Magnesium {mg/); 72 Sodium (mg/): ] 1860
len Balance Error (%) 16.3

General Comments

Data Sources

iFallace & Faillace 1586




UNICEF Somalia GIBB Ltd

Kismayo Hydrogeological Study

T A

Well Number 33  WellName:  Laheley 1/97 |
Well Location: (Laheley, Somalia |
Easting: | 42.35) Northing: | -0.3333|
Well Owner: | Current Status; {Operalicnal ]
Ground Level (m ams): :| Geology: Hydrogeology:
Well Depth (mbgl); 210 : |
Borehole Diameter (mm) ' ! .
Instaliation Details: ‘ ‘
Pump installed at 58.5 m bgl. | i
‘ |
Geophysical Data: ‘ |I
| i
| !
|
Static Water Level (m amsi): Drilling Information;
Dynamic Water Level (m amsl). i
Yield (1s): [ 37
Tesl Pumping Data: I
No. Logan Approximation anly. | Transmissivity (m*2/a); E
Hydraulic Conductivity (mid): [ |
i Storage: E
Chemical Analyses: EC (MicroS/em). Ij
Two samples collected after 30 and 60 mins of pumping an 24/1/97. Mean pH: |
alues given here, Cl (1,400 & 2.400) was only main difference which may —
 for the high IBEs (17 & 10).A sample coilected after 15 mins gave a I TDS (mgh): 3700
TDS of approx 10,000 mgA, | Total Hardnéss (mg/l) —125&
Bicarbonate (mg), T 3800 Suiphate (mg/); ] 180]  Chloride {mg/): ™ 1500
Calclum (mg/l). T 280 Magnesium (mg/): T 1300 Sodium {mgi); | 92

ion Balance Errof (%)

Data Sources’

lFamace & Faiflace 1985

|

General Comments:

Stalic water level 24 m bgl and dynamic water level 60 m
bgl, therefore 36 m of drawdown. The sample collected
after 15 mins indicates leakage to the well frem the shallew
‘aquifer. The analysis presented here may therelfore be a mix
of groundwater




UNICEF Somalia GIBB Ltd

Kismayo Hydrogeological Study

Well Number 34' Well Name:  |Magdas 1/85

Well Location: Al the Mosque, Magdas, Somalia

Easling | 42.8028| Northing: L 0.2861|

well Owner: | | Current Status: [ |
Ground Leve! {m amsl) 17.9| Geology: Hydrogeology.

well Depth (mbgl): , 20.4; |Fine Merti aquifer (Lane 1995)

Borehole Diameter (mm): ;

installation Details:

Shallow well, presumnabiy large diameter. - ‘

Geophysical Data: [

) [}
{
\
Static Water Level (m amsl): [ of Driling Information:
Dynamic Water Level (m amsl), | i 1
Yield (V's); [ ] Y
Test Pumping Data:
Transmissivity (mA2/d): C ]
‘ Hydrauiic Conductivty (mid): [ |
l‘ Storage: [:I
Chemical Analyses: EC (MicroSicm); [ 3o
Sodium concentration given is combined Sodium and Potassium. ' pH: L
| TDS (mg/). [ 24zl
Total Hardness (mgn) |
Bicarbonate (mg/) T 434 Sulphate (mgh). T 270 Chioride (mgh): [ s
Calcium (mgA). 32 Magresum(mgh: | 21| Sodium (mgh) a6l
o Batnos Errer (36 ——_—__‘———l-[—g General Comments’

Data Sources: lon batance error unacceplably high

|Lane 1995




UNICEF Somalia GIBB Ltd

Kismayo Hydrogeological Study

Well Number 35 Well Name:  Magdas 4/84 |
Well Location:  |Magdas, Somalia |
Easling: 42 8028/ Nerthing: ] 0.3851|

Well Owner; 1 Current Status: [ |
Ground Level (m amsi) 178 Geology: Hydrogeclogy:

Well Depth (mbgl)y 206 [Fine Merti aquifer (Lane 1995) |

Borehole Diameter (mm).

Installation Details:

[Shallow weil, presumably large diametar

Geophysical Data

Static Water Level (m amsl): | 1.5 Drilling Infarmation;
Dynamic Water Level {m amsl). | [

Yield (Is):

Test Pumping Data |

Chemical Analyses

[sodium concentration given is combmned Sodium and Polassium

General Camments

Transmissivity (m*2/d): ]

Hydraufic Conductivity (mvd). | |

Storage. —_—___i

EC (MicroSrem) — arnol

pH: BT

TDS (mas): T 224

Tolal Hardness (mg/): :

T 253 Chloride (mg/). [ &4
31 Sodium (mg) T

ion palance error unacceptably nigh.

Blcarbonate (mg/l): 315 Sulphate (mg/):
Caicium (magil): 16 Magnesium (mgd)
lon Balance Error (%) 118

Data Scurces’

'Lane 1965




UNICEF Somalia GIBB Ltd

Kismayo Hydrogeological Study

Well Number | 36 Well Name:  Sheek Cabdi Muddey 4/84
Well Location: . Sheek Cabdi Muddey, Somaka ]
Easting, -' 428167 Northing: l 03
Well Owner. | | Current Status: [ |
Ground Level (m amsi) _—176[ Geaology. Hydrogeolegy:
Well Depth (mbgl)’ T Fine Merti aquifer (Lane 1995) |
Borehole Diameter (mm): | | |
Instalistion Details. .. ||
Shallow well, presumably large diameter y
Geophysical Data:
|
N |
| |
Static Water Level (m amsi). 16 Drilling Information:
Dynamic Water Level (m amsl): | { '
Yield (Vs) ] 1
Tes! Pumging Data: |
\ Transmissivity (m*2/d): |
i Hydraulic Conductivty (m/d): :
| Storage: ]
Chemical Analyses- EC (MicroS/cm). | 840
Sodlum concentration given is combined Scdium and Potassium pH: Nk
TOS (mg/): [ 558
Total Hardness'{mg.rl) ]
Bicarbonate (mgh): [ 797)  Suiphate (mgh) 1238 Chloride (mg/); T 1566
Calcium (mg/): T 200 Magnesum (mgl) 37 Sodium (mgf) 1502
lon Balance Error (%) - 88 T T
Oata Sources N

Lane 1995




UNICEF Somalia GIBB Ltd

Kismayo Hydrogeological Study

Well Number | 37|  WellName: | Aminow 4/84 |
Well Location:  /Aminow. Somaiia |
Eastng. | 42,8417 Northing; l 03583

Well Owner. | | Cutrent Status: ]
Ground Level (m amsl); _‘ 211 Geology: Hydrogeology:

Well Depth (mbgl): | 20| l'Fine Merti aquiler {Lane 1985) |
Borehole Diameler (mm)’ | [ ! [

Installation Details® |

Shallow well, presumably large diameter, |

Geophysical Data!

[

1 I
N |

Static Water Level (m amsi) f 28 Drilling Information;
Dynamic Water Level (m amsl): | |

Yield (Us),
Test Pumping Data: !
‘ Transmissivity (m*2/d): :’
| Hydraulic Conductivity (mvd) ,_.._____li
i Storage: |—-—i
Chemical Analyses EC (MicroS/em): T 3a0
[Sodium concentration grven is combined Sodium and Potassium 1 pH . T8
-' TDS (mgh) [ 1800
Total Harcness (mgd)
Bicarbonate (mg/): T 252 Sulphate (mg)): T 259 Chloride (mg/) B TEY
Calcium (mg/): T 93 Magneswm(mgl), 138 Sodium (mg/l): T
fon Balance Error (%) A7 Genaral Comments.
Data Sources:

ILane 1995




UNICEF Somalia GIBB Ltd

Kismayo Hydrogeological Study

Well Number 38 Well Name:  Aminow 3/71 !
Weil Localion:  Amnow, Somalia !
Easting: | 423417 Northing | 0.3583|

Well Owner: | Curren! Status: !

Ground Level {m amsi): 1 211! Geology. Hydrogeology

Well Depth (mbgl). 95| (Fine Merti aquifer (Lane 1995) I

Borehole Diameter (mm): !

instaliation Details: 1'

{Shallow well, presumably large diameter.

|
|

Geophysical Data:

Static Water Level (m amsl) 1" 5

Dynamic Water Level (m amsi), | |
ieid (Is)!
Test Pumping Data:

Driling Information

Chemical Analyses.

{Sodium concentration given is combined Sedium and Potassium

Bicarbonate (mg/l) ' 927] Sulphate (mg/l).
Calcium (mg/) 128 Magnesium (mg/):
lon Balance Error (%) 0

Data Sources

'|Lane 1855

| Transmissivity (m*2/d).
Hydraulic Conductivity (mid):
| Storage.
EC (MictoSiem) T 2798
PH 1
TOS (mga) ~ 1574
Total Hardness (mg/l)
37 Chioride (mg/). T A%
4% Sodium (mgi) T 418

General Camments

The zera ion balance error may incicate that the Sodum
concentration has been estimated assuming a perfect lon
balance




UNICEF Somalia GIBB Ltd

Kismayo Hydrogeological Study

Well Number | 101 Well Name:  |Lagh Bogal
Well Location.  Lagn Bogal, Kenya |
Easling: | 39.&@ Northing: 1 _2903{
Well Owner. | | Current Status. /Abandoned |
Ground Level (m amsl): | 226 Geology: Hydrogedlogy:
Weil Depth (mbgl) | 1754/ Fine Merti aquiter Water strike at
—_— | 155.5 m bgl
Borehole Diameter (mm) 1
Installation Cetaiis: |
]

Geophysical Data '

|

|

| i
Static Water Level (m amsl) I 10711 Drifling Information:
Dynamic Water Level (m amsl) | 104| |
Yield (Us): ' 1.6 :

Test Pumping Data

Na, Logans approximation only

Chemical Analyses:

Transmissivity (m*2/d). | E
Hydraulic Conductivity (m/d). S

Bicarbonate (mg/l): L | Sulphate (mg/):

Cakcium (mg) 428 Magnesium (mg/l).

lon Batance Error (%)

Data Sources’

]5walzenska & Munaertf 1877

Storage: ___1

EC (MicroS/cm): [ 16000

| pH: XL

TDS (mg): T 114001

Total Hardness (mgit). T 2970

T 5712 Chionde (mgl): [ s080
Sodium {mg/): T

General Comments




UNICEF Somalia GIBB Ltd

Kismayo Hydrogeological Study

Well Number 102 Well Name:  Kurdi ]
Weil Location:  [Kurdi, Kenya |
Easting’ | 4067281 Northing: [ -0.7378|
Well Owner: | | Current Status: [Abandoned ]
Ground Level (m amsl]; 4_—_____72; Gealogy: Hydregeology:
Well Depth (mbgi) R E Fine Mert aquifer identiied by Lane 1995 | \
Borehole Diameter (mm). | |
Instailation Details; | |
18.3 m of well screen | ‘| ll
| | '_
Geophysical Data | I|
3 ‘ I:
! [
' ||
; : f
Static Water Level (m ams{) o a7 Drilling information;
Dynamic Waler Level (mamst). | -13.3] ! ‘
Yield (Vs) 06
Tes! Pumping Data: |
No, Logan approximaticn only Transmissivily (m*2/d) T
l Hydraulic Conductivity (m/d). —_(_J?i
L} W: 0 ——
Chemical Anatyses: EC (MicroS/cm), 22000
pH: 7.4
TDS (mg): T 134000
| Tetal Hardness (mgf) 207G
Bicarbonate (mg/l); 460 Sulphate (mgil): " 48001 Chioride (mg); [ 3570
Caicium {mg/) T ss0 Magnesium (mg/): 1700 Sodium (mg/) 3663

lon Balance Error (%)

Data Sources

19

{Swarzenski & Mundorif 1977
|

General Comments:




UNICEF Somalia GIBB Ltd

Kismayo Hydrogeological Study

f -
Well Number 103 Well Name:  |Dif j
Well Location:  [Dif, Kenya ]
Easting’ 40.9908| Northing: . 0.9819!
Weil Owner: | Current Status: [Abandonned
Ground Level (m amsl) \- 153_1 Gealogy. Hydrogeolagy:
Well Depth (migl): 122 Fine Mert1 aquifer (Lane 1985) Water struck al

1128 m bal,

Borehole Diameter (mm): | |
Instaliation Details

|
\

Drifled in 1556 ‘
|
Geophysical Data
|
Stalic Water Level (m amsl) [ ar8 Drilling information:
Dynamic Water Level (m amsi), | | [
Yield (Vs): 1y ‘
Test Pumping Data:
Transmissivity (mA2/d): ]
. Hydraulic Conductivity m/g): [ |
| soage I
Chemical Analyses EC (MicroSicm): [ 25000
' pH: . 78
TOS (mgi) [ 15100
Total Hardness (mgh) | 3300)
Bicarbonate (mg/l); T 200  Sulphate (mgi): 1415/ Chioride (mg/l) 8170
Calcium (mg/) T 485 Magnesium (mgdy 501 Sodum (mgA) .

lon Balance Efror (%)

Dala Sources

Genetal Comments.

Swarzensk & Munderf! 1977




UNICEF Somalia GIBB Ltd

Kismayo Hydrogeological Study

Well Number 104 Well Name:  [Merti 1 |‘
Well Location:  Menti, Kenya |
Easting: [ 38.66291 Northing: [ 10564
Well Owner: | Current Status: [ |
Ground Level (m amsl). [—ﬂ Geology: Hydrogeology:
Well Depth (mbgl): - [Fine Meni aquifer (Lane 1995) Water sinick 3t 30 |
Borehle Diameter (mm): ' s '
Installation Details! ‘
| |
|
Geophysical Data: |
1 |
| | L
Static Waler Level {m amsl) | 278 Drilling Information:
Dynamic Water Level (mamst): | 277.4 (
Yield (Us)’ [ s f
Test Pumping Data: '
Analyses of pumping tests given in Lane 1995 Transmissivity (m*2/d). @
Hydrautic Conductivity (rvd): :|
Slerage: |._-“_-;
Chemical Analyses EC (MeroSiem), [ 949
pH: ___.|
TDS (mgh): [ =82
Tolal Hardness (mgd) |
Bicarbonate (mg/1): — suphate {mgd) Chioride (mg/t) ]
Caicium (mgi) T Magnesium (mg/l) Sodium (mel); 1

lon Batance Error (%)

Dala Sources

WRAS

General Comments:




UNICEF Somalia GIBB Ltd

Kismayo Hydrogeological Study

Well Number 105, Well Name:  Merti 2 |

Weil Location |

Essting: | 38,5473 Nerthing: | 10514

Well Owner; | Current Status: [ ]

Ground Level (m amsf) 290, Geology Hydrogeology.

Well Depth (mbgl) S0/ {Fine Merti aquifer (Lane 1995) Waler struck at 42 |

| m B

Borehole Diameter (mm). | | ‘ 9 1

Installation Details i

Drilied m 1977 '

Geaphysical Data: ;
|

Static Water Level (m amsl)

Drilfling Information

Dynamic Water Level (m amsl) | !

Yield (Vs). | z.ﬂ

Test Pumping Data ‘.

No.

Chemical Analyses:

Bicarbonate (mgl)y: o Suiphate (mg/f)
Calcium (mg/l) Magnesium (mg/T):

fon Batance Error (%)

Data Sources

EPW

Transmissivity (m*2/d).

Hydraulic Conductivity (m/d):

Storage:

EC (MicroS/em):
pH:
TDS (mg/):

Total Hardness (mg).

Chionde (mg):
Sodium (mg/l):

General Comments

il

S




UNICEF Somalia GIBB Ltd

Kismayo Hydrogeological Study

| X ! = !
Well Number 106 Well Name: Matasadeni 1 l
Well Location;  Malasadeni, Kenya
Easting: 38,4288| Northing' 1.375
Well Owner | Current Status: l f_
Ground Level (m amsl)! Geolegy: Hydrogeology:
Well Depth (mbgl) ( 150 'lFine Merti aquifer (Lane 1985) Water struck at
= 66.0 m bgl, |
Borehole Diameter (mm) !
Installation Details '
Driled in 1980 | |
r
Geophysical Data |
| |
_ J L |
Static Waler Level {m amsl) | | Driiling Information;
ic W ! ’
Dynamic Water Level (m amsl) | |
Yield (Us). L | } |
Test Pumping Data:
No Transmissivity (m*2/d); [ !
Hydraulic Conductivity (mvd). | .
Sterage
Chemical Analyses EC (MicroSicm) ;
pH.
TDS (mgd):
Total Hardness (mg/),
Bicarponate (mg/) Sulphate (mg/) Chicride (mgl). .
Calcium (mg/l): Magnesium (mgi) Sodium (mg)

len Balance Error (%)

Data Sources.

EPW

General Comments.

Stabc water level 80 m byl




UNICEF Somalia GIBB Ltd

Kismayo Hydrogeological Study

Well Number ~ 107|  WellName:  |Matasadeni 2

Well Location:  |Matasadeni, Kenya

len Balance Esror (%) _ General Commenls:

Easting 38.6387 Northing: | 1.3613
Well Owner: | [ Current Status: {Abandoned
Ground Level (m amsl) — Geology. Hydregeology:
Weil Depth (mbgl) T 1924 [Fine Merti aquiler (Lane 1695) ater struck al
T -—---— | 147.0m bgl. [
instaliation Details |
Drilled in 1579 |
Geophysical Data:
.
]
Stalic Water Level (m ams). Drilling Information
Dynamic Water Level (m amsl). |
Yield (Vs) ] l
Test Pumping Data: v
No. | Transmissivity (mA2/d): ]
‘ Hydraulic Conductivity (mid) |
f —
Storage: |
Chemical Analyses: EC (MicroS/em) |
pH C
TDS (ma). [ 1
Total Hardhess (mg/l):
Bicarbonate (mg1) T Sulpnate {mgh) T ] Chioride (mg/):
Calcum (mgh); T Magnesum(mgl) | Sodium (mgA) 1

Data Sources: Sianc waler level 140 m bgl

[EPW




UNICEF Somalia GIBB Ltd

Kismayo Hydrogeological Study

Well Number | 108

Well Name:

Bule

Well Location.  Bule, Kenya

Easting: 38.7917)

Nerhing:

Well Owner:

Ground Level (m amsi)
Weil Depth (mbgt)
Borehole Diameter (mm).

Installation Details,

2007

Drilled in 1979

Geology:

] Current Status.

1 40361

|abandoned

Hydrogeoiogy:

iFine Merti aquifer (Lane 1995)

Geophysical Data:

‘Water struck at
1275 mbgl.

Static Water Level (m amsl)

Drilling Information

_

Dynamic Waler Level (m amsl): [ 1

Yield (Us): I ‘
Test Pumping Data

No, | Transmissivity (mA2/d): :]

i Hydraullc Conductivity (mid) [ |

| Storage:. 1

Chemical Analyses; EC (Microsicm) E

pH 1

TDS (mgh): 11030

Total Hargness (mgh) | |

Bicarbonate (mag/) Sulphate (mg/): Chionde {mg/) ]

Caicium (mg/): Magnesium (mg/l): Sodium (me): -

lon Balance Error (%)

Data Sources

[EPWAVRAS

General Comments

Static water level 103 mogl




UNICEF Somalia GIBB Ltd

Kismayo Hydrogeological Study

— : -
Well Number 109 Well Name:  Merti E
Well Location.  Merm, Kenya
Easting 38 8167 Notthing. [ 1.0389)
Well Owner: | ' Current Status! i 1
Ground Level (m amsl) Geology Hydrogeology
Well Depth (mbgl) 160 ,Fm Merti aquifer (Lane 1995) Water struck at
— 340 mbgl

Borenole Diamaler (mm)
instaliation Delails

Dnlled in 1578

Geophysical Data

Static Water Level (m amsl)

Drilling Information

Dynamic Water Level (m amsl);
Yield (Vs):

Test Pumging Data,

i

f

No Transmissivity (m~2/d): | |
Hydraulic Conductivity {m/d) :]

Storage: T

Chemical Analyses: EC (MicroSicm); T a100
pH: ]

TDS (mg): [ 2500

Total Hardness (mg/), | |

Bicarbonate {mg) Sulphate (mg/) Chioride {mg/l) ]
Calcum (mgit): Magnesium (mg/l) Sodium (mg/l)’ ]

lon Balance Error (%).

Data Sources

General Comments:

EPW

Static water level 34.4 m bgl




UNICEF Somalia GIBB Ltd

Kismayo Hydrogeological Study

o ——
Well Number 110 Well Name:  'E| Dera
Well Location:  |El Dera, Kenya ]
Easling | 38.8311] Northing [ 0.5014|
Well Owner: | | Current Status’ [Abandoned J
Ground Level (m amsl) 354 Geology Hydrogeology:
Weil Depth (mbgl) 1244 'Fine Merti aquifer {Lane 1995)
Borehole Diameter (mm) - '
Instaliation Details |
Drilied In 1940 |
|
Geophysical Data
Static Water Level (m amsl) |87 Drifling Information
Dynamic Water Level (m ams): i
f
Yield (Vs). (0 :1]
Test Pumping Data
No. | Transmssity (m*2/d); :I
| Hydrauic Conductivty (midy: [ |
Storage: ! [
Chemical Analyses: EC (MicroSicm) |
pH |
TOS (mgA). '
Total Hargness (mgt): | |
Bicarbonate (mg/) Sulphate (mg/) Chionde (mg/) I
Calcium (mgfl): Magnesium (mg/l): Sodium (mg/): |

lon Balance Error (%)

Data Sources:

‘iEPW:SwaQensh 3 Mundorft 1577

General Comments

s ——




UNICEF Somalia GIBB Lid

Kismayo Hydrogeological Study

Well Number W Well Name:  Korbesa E f
Well Location:  [Karbesa, Kenya |
Easting; _ 38.8804) Nerthing [ 12113
Well Owner: | Current Stalus. 'Abandoned |
Ground Level (m amsl) - Geology: Hydrogeology
Wil Depth (mbgl). T 180 [Fine Merti aquifer (Lane 1995) Water struck at |
Borehole Diameler {mm). fi——— " fs.’ Omdd
Installation Detalls I
Drilled in 1979 ’ |
. | |
Geophysical Data: ' | |
i | | |
I
]
Static Water Level (m amsl) Dniling Information
Dynarmic Water Level (m amsi) |
Yield (Vs): (.
Test Pumping Data I
No. Transmissivity (m*2/d); ]
Hydraulic Conductmty (mid) [ |
- —
Chemical Analyses EC {MicroS/cm) l_l_‘ﬂ
o —
TOS (mgh): | 7970
Total Hardness (mgn): |
Bicarbonate {mgl) _ Suphate (mg/) Chioride {mg/l): ]
Caleium (mag/l). Magnesium {mg/). Sedium (magA): |—_—_|

lon Balance Error (%)

Dala Sources

‘EPw

General Comments

Static water level 20 m bgl




UNICEF Somalia GIBB Ltd

Kismayo Hydrogeological Study

Well Number 112! Weli Name:  |resa Buru

Well Location:  Iresa Buru, Kenya

Easling: | 38,8926/ Nerthing’ | 1.1452
Well Owner: | | Current Status [ |
Ground Level (m amsly ' | Geology: Hydrogeoiogy
Weil Depth (mbg): 76| Fine Merti aquifer (Lane 1995) |Water struck at
o e 158.0 m bgl.
Borehole Diametes (mm): | | |
|
installation Details |
{Drilled In 1980 [
L |
Geophysical Data: |
| ‘ ,
[ |
=) i |
Static Water Level (m amsl) " \ Drifling information

Dynamic Water Level (m amsi). | ] [

Yieki (Vs) R X1
Tes! Pumping Data.
No. - Transmissaly (m 2/d). ___'
! Hydraulic Conductivity (va): | |
i Sterage. !
Chemical Analyses: EC (MicroSicm) 1
[ | pH: 1
1 TDS (mg/h
Total Hardness (mg/);
Bicarbonate (mg/) - | Sulphate (mgn). I Chloride ‘mg)
Caicium (mg/) — 1 magnesum(mgny [ | Sodum (mghy

lon Balance Emor (%) G . s

Cata Sources iSIat:c water level 15.6 m bgl

EPW |




UNICEF Somalia GIBB Ltd

Kismayo Hydrogeological Study
Well Number 1 3] Well Name:  Sericho 1

Well Location:  Sericho_Kenya ]

Easting: : 390942 Nerthing: [ 1.0275|

Well Owner: | | Curren! Status:

Ground Level (m amst); 229 Geology: Hydrogeology:

Weil Deplh (mbgi) 125 Fine Mer aquiler {Lane 1635) ‘Water struck al
—=r_—bar | 100.6 m by,

Borehole Diameter (mm)

Installation Details:

Drilled in 1972. 6.1 melres of screen.
ol
Geophysical Data:
I
|
| i
Stalic Water Level (m amsi) [ ya91| Driling Information
Dynamic Water Level (m amsl). | [ |
Yieid (Vs) [ oss | '
Test Pumping Data: .
No, [ Transmissivity {m*2/d)’
[ Hydraulic Conductivity (mvd). | |
Storage: .
Chemical Analyses: EC (MicroSicm) T 10400
Carbonate 312 mgil. Fluoriae 37 mgi. Iron 0.80 mgA. 1 pH. 85
' TDS (mgA): - 7970
: Tolal Haraness (mg/l)  ta
Bicarbonate (mg/l) T 2920 Suiphate (mg/) T B0O0  Chioride (mgh) T 2470
Calcum (mgh); -___'_? Magnesum (mg/): Tl Sedium {mgif) _3!E
lon Balance Error (%) 71 il CamiAEE:
Cata Sources o o

'Swarzensk: & Mundor!f 1977




UNICEF Somalia GIBB Lid

Kismayo Hydrogeological Study

Well Number | 114 Well Name:  |Sericho 2
Weill Location.  Seticho, Kenya 1
Easting: 39,0092 Northing; [ 1.1456|
Well Owner: ] Current Status: {Abandoned
Ground Level {m amsl). 239‘ Geology: Hydrogeology:
Well Depth (mbgl): | 915 [Fine Merti aquifer (Lane 1995) \Water struck at |
' S0.2m bgl.
Borehole Diametet (mm). | i
Installation Cetails i
Drilled in 1972 l'
{ 1
'.
Geophysical Data ! ]
1 l
| |
| |
. |
Static Water Level (m amsi): [ 2187 Drilling Infarmation:
Oynamic Water Level (mamsl): | ! '

" { |
Yield (V's) ‘ I |
Test Pumping Data:

No | Transmissivity (m*2/d).

Hydraulic Conductivity (m/d)! |

Storage. ’ |
Chemical Analyses EC (MicroSicm) [ 8000
Carbonate 552 mg/l. Fluonde 20.0 mg/l ] pH: 91!

! TDS (mgn): f 560
L [ Total Hardness (mg/l): 10
Bicarbonate (mg/) 2050 Suiphate (mgi). 827 Chlonde (mgi): | 1080/
Calcium (mg/): 3 Magnesium (mg/): 1 Sodium (mg/) 2200
len Balance Error (%) 1.8 O

DOata Sources

Swarzenski & Mundorff 1977




UNICEF Somalia GIBB Ltd

Kismayo Hydrogeological Study

Well Number =~ 115/  Well Name:  [Sericho 3
Well Location:  ;Sencho, Kenya J]
Easting 39.0993 Northing: [ 11459
Weill Owner | 1 Current Status: |Abandoned J
Ground Level (m amsi): ' 236 Geology Hydrogealogy'
Weidl Depth (mbgf) 516 IFine Mertl aquiler (Lane 1965) Water struck at |
—————: ! 15,2 m byl. l

Borehole Diameter (mm):
Instaliation Details. |
Drilled In 1972 l
Geophysical Data.

]

|

|
Static Waler Level (m amsl). 2085

Drilling Information:

Dynamic Water Level (m amsl): |
Yield (Ifs). |
Test Pumping Data:

Hydraulic Conductivity (mvd): | _.

No. Transmissivity (m*2/d):
|
Storage.
Chemical Analyses: EC (MicroSicm)
Carbonate 996 mg/l Fluoride 12.0 mgA pH:
TDS (mgA):

Bicarbonate (mg/). 2430 Sulphate (mgn): 9731 Chionde (mg/).

Calcwum (mgil). 16! Magnesium (mgil) 0 Sodium (mg/l)
- a1

itk cowist 2 General Comments:

Data Sources.

[Swarzenski & Mundort! 1977

140001
| 85
| 100001

Total Hardness (mg). 40




UNICEF Somalia GIBB Ltd

Kismayo Hydrogeological Study

Well Number 116 Well Name:  |[Madogashe
Well Location:  Madogashe, Kenya
Easting: [ 39.1689| Northing: | 0.7181)
Well Owner: i Current Status. [Abandoned |
Ground Level {m amsi). 255] Geology: Hydrogeoiogy:
Well Deplh (migl); i 188.2! |Fine Merti aquifer (Lane 1995) ‘Water slruck at I
) | 181.5m bgl
Borehole Diameter {mm): | '
Instaliation Details: i '
Drilied in 1969 [ [
J
Geophysical Data: '
|
!
Static Water Level (m ams?). | 1176 Drilling Information:

Dynamic Water Level (m amsl):

] |

Yield {Us): i | f
Tes! Pumping Dala;
No. Transmissivity (m*2/d), ._‘—_;I
Hydraullc Conductivity (midy [ |
Storage: :]
Chemical Analyses EC (MicroSicm); [ 17000
Carbonate 422 mg/. Fluonde 2.0 mgA. Nitrate 57 mgA pH: a7
TDS (mgh); [ 1000
Total Hardness (mg/l); ___66'
Bicarbonate {mg/l): T 31000 Sulphate {mgil): 16300  Chloride {mg/l): 3100
Calcium (mg/l): 50 Magneswm (mg/l), 0l Sodium (mg); [ 3600
lon Balance Error (%) 78

Dala Sources:

Swarzenski & Mundortf 1977 WRAS

General Comments:




UNICEF Somalia GIBB Ltd

Kismayo Hydrogeological Study

Well Number 117 WellName:  [Kune
Well Location:  Kune, Kenya |
Easting: | 39.2886 Northing: | 0.8978
Well Owner | Current Status: !Abandoned ]
Ground Level (m amsl); f 285 Geology: Hydrogeclogy:
Well Depth (mbgi): 152 Fine Merti aquifer {Lane 1865) ﬂabtgelf struck al 136
Borehole Diameter (mm): | 1
Installation Details: |
Drilled in 1878 | l
t |
Geophysical Data: '
|
| |
| L j
Static Water Level (m amsl): 1671 Drifiing Information:
Dynamic Water Level (m amsl) | | [ 1l
Yield (Vsy ] ‘. ‘
Test Pumping Data: | |
No. | Transmissivity (m*2/d); ]
| Hydraulic Conductivity (mva)y: | |
Storage:
Chemical Analyses- EC (MicroSicm). T 10000
Fluoride 8.0 mg/l. tron 1.80 mg/!. pH: B
" DS (mah): 6680
I Total Hardness (mgh): &
Bicarbonate (mg); __22?2'.. Sulphate {mg/). 1_-__— Chionde (mg/l): Sl
Calcium (mg#): 4 Magnesum (mgl) 8 Sodium (mg/): T 2400

lon Balance Error (%)

Data Sources

General Comments.

EPw




UNICEF Somalia GIBB Ltd

Kismayo Hydrogeological Study

Well Number 118 Well Name:  |Garissa |
Well Location:  |Ganssa, Kenya !
Easting 39 6667] Northing [ -0.4728)
Well Owner, ] Current Slalus [Abandened ]
Ground Level (m amsl). ' 146 Geology. Hydrogeclogy:
Well Depth (mbgl) 54.§| [Fine Merti aquifer (Lane 1885) Water struckal |
| 42.7 m bgl. I
Borehole Diameter (mm). i_ ‘
Instaliation Details. f |
Drilled in 1857 - ’
Geophysical Data: 1 }
l 1
|
| | |
Static Water Lave! (m amsl). 103.3 Drilling Infermation:
Dynamic Water Level (m amsl), | | ‘
Yieid (Us): ' 0.38 ’
Test Pumping Data: |
No. Transmussivity (m*2/d}: |
! Hydraulic Conductivity (m/d). |
| Storage: | |
Chemical Analyses: EC (MicreSicm): s @
Iron 0.80 mg/l. Flucride 9.4 mg/. o ) ] pH: ' a1l
1 TDS (mgn). 22100
Total Hardness (mgh) | 80|
Bicarbonate (mg/l) 1330 Sulphate (mgi) 1580  Chioride (mgh): T 11400|
Calcwm (mg/): Magnesium (mg/): Sodium (mg): i ]

lon Balance Error (%)

Data Sources

{Swarzenski & Mundortf 1977

General Comments’




UNICEF Somalia GIBB Ltd

Kismayo Hydrogeological Study

—_—

I P 1
Well Number 119 Well Name:  Giriftu 1 |
Woell Location: erm.l. Kenya
Easting. 39,7422 Northing: [ 1.9908|
Well Owner: | | Current Status: |Abandoned |
Ground Level (m amsl) i 302 Gealogy Hydrogealogy:
Well Depth (mbgl): 55.8| 'Fine Menli aquifér (Lane 1595) Water struck al
11.6 mbgl.
Borehole Diameter (mm): . ™
Installation Details, |
Drilled in 1668
|
| | |
Geophysical Dala \
y (|
I
|
| |
Lo f
| I_ |
Static Water Level (m amsl): T 2871 Drilling Information:
Dynamic Water Level (m amsf), | [ '
Yield (Us): L 0.16 ( ‘
|
Test Pumping Oata; '
No Transmissivity (m*2/d). I ;
' Hydraulic Conductivity (mva). | |
I Slorage: |
Chemical Analyses: EC (MicreSicm): i |
borehole possibly in Fine Mertt al Ginflu has a reported EC of 650 pH: ] |
roSicm (Lane 1985) —_—

TDS (mg):

Bicarbonate (mg/)
Calcium {mgi)

lon Balance Error (%)

Data Sources

Sulphate (mg/)’
Magnesium (mgil):

Chiande (mg/l):
Sodium (mg/l).

General Commenls:

Total Hardness (mgll). | f

J

Swarzenski & Mundorf! 1977




UNICEF Somalia GIBB Ltd

Kismayo Hydrogeological Study
Well Number 120! Well Name:  |Giriftu 2

Well Location:  |Giriftu, Kenya

Easting \ 39 7424 Northing | 1.991]

Weil Qwner: | | Current Stalus: |Abandoned |

Ground Level (m ams!) 302 Geology: Hyarogealogy:

Well Depth (mbgl) { 82 'Fine Merti aquifer (Lane 1995) Water struck al
prcE— 13.1 m bgl.

Barehole Diameter {mm):
Inslaliation Details {
Drilled in 1970 ‘

|
Geophysical Dala: ’|

| |

Drilting Information’

&

Static Water Level (m amsl).

Dynamic Walter Level {m amsi): ‘
C

Yield (Us)'
Tes! Pumping Data: I
No ' Transmissivity (m*2/d) ]
Hydraulic Conductivty (mig): [ |
Storage: [ 1

Chemical Analyses: EC {(MicroS/icm): :
pH: ' |
TDS (mg): :

| Total Hardness (mgA): :'

Bicarbonate (mg/) T Sulphate (mgl): | cnloride (mgn); 1

Calcium (mgil) Y Magnesium (mg/l): 4—; Sodium (mg/): !

lon Batance Errar:(%) B — General Comments:

Data Sources

[Swarzenski & Mundort! 1977

|




UNICEF Somalia GIBB Ltd

Kismayo Hydrogeological Study

Well Number ' 121 Well Name:  Garissa E1 |
Well Location:  |Garissa, Kenya j
Easting | 398214 Northing: [ 03764
Well Owner | ] Current Status: [ ]
Ground Level {m amsi); L 210 Geology’ —ydrogeoclogy:
Well Depth (mbgf) i 231 8| Fine Mertl aquifer {Lane 1835) }
Borehole Diameter (mm):
nstaliation Detais.
Drilled in 1968 ) |
J
Geophysical Data |
| |
I
Static Water Level (m amsl) 734 Dnifing Information:
Dynamic Water Level (m amsi): | | '
|
Yield (/s): f 0.16l !
Test Pumping Data. !
No, Transmissivly (m*2/c’ '1
Hydraulic Conductnity —wd).
Storage | |
Chemical Analyses EC (MicroSic— 9400
Carbenate 48 mg/l ‘ pH 8.5
[ TOS (mgf) | s
Tolal Hatdness —g/l). | 160
Bicarbonate (mg/) 238, Sulphate (mgA). . 1440  Chioride (mg/l): L 18801
Calcium (mg) _ Magnesium (mgll). Sodium (mg/1) i l

i € ‘
B6: Bllunce (%) - General Comments

Data Sources

iSwmens!u & Mundorff 1577




UNICEF Somalia GIBB Ltd

Kismayo Hydrogeological Study

Well Number

122 WellName: Garissa E 2

Well Location. |Garissa, Kenya

Easting 1_ 39.8214 Northing; ( -0.3764|

Well Owner: | Current Stalus; [ |

Ground Level (m amsl); | 210 Geology Hydrogeology:

Weil Depth (mbgl) 2318l Fine Merti aquifer (Lane 1995) '

Borehole Diameter (mm) | [ '
1

Instaiation Details: 1 I

Drilled in 1963 I | ;

|
Geophysical Data:

_
Stallc Water Level (m amsl): | 59 Drilling Information:
Dynamic Water Level (m amsl): | I |
Yield (¥s). [ oa F
Test Pumping Data
No, Transmissivity (m*2/d) L
Hydraulic Conauctivity (mva) [ |
Storage: :I
Chemical Analyses EC (MicroS/cm): ]
R R pH: 1]
TDS (mgi); ]
Total Hardness (mgh) | |
Bicarbonate (mg/) Sulphate (mg/) T | Chionde (mgh) ]
Caicium (mg/l) Magnesum (mgd)  Sodium (mgA) T

lon Balance Error (%)

Data Sources

_— General Comments

JiSwn.rzensm & Mundorit 1977

!




UNICEF Somalia GIBB Ltd

Kismayo Hydrogeological Study

Well Number 123 Well Name:  |SW Waijir

Well Location:  Wajir, Kenya

Easling: | 39.9635 Northing: I 1.5272
Well Qwner: | | Current Stalus: {Abanaoned
Ground Level (m amsl). ,'_ 233 Geology: Hydrogeology:
Well Depth (mbgl) f 107! Fine Merti aquifer (Lane 1995) IWater struck at
165.8 m bgl.

Borenhole Diameter {(mm)
Installation Details:
Orilled in 1840

1 ]
Geophysical Data:

| |

| |

|
Static Water Level (m amsl)’ | Dnlling Information

DOynarmic Water Level (m amsl) | il

Yield (I's): !
Tesl Pumping Data: |
No | Transmissivity (mAZ/d): '___H|
( Hydraulic Conductivity (midy: | |
] Storage: l___d—
Chemical Analyses EC (MicroSiem) [
pH: r ]
TDS (mg/). T
Total Hardness (mgn): = |
Bicarbonate (mg/) | Sulphate (mgn): — ' Chioride (mgn) ]
Calcium (mg): T Magnesium (mgf) T Sodum (mgl):
lon Balance Error (%) 0 Ganicral Comments

Data Sources

warzenski & Mundorfl 877




UNICEF Somalia GiBB Ltd

Kismayo Hydrogeological Study
WenNumber| 124 Well Name: W Dadaab

Well Location.  Dadaab, Kenya

Easting: | 39,6767 Northing -0.0344!

Well Qwner: | | Curtem Slatus. |

Ground Level (m amsl): 171 Geology: Hydrogeology:

Well Depth (mbgl). 165.21 Fine Merti aquiler (Lane 1995) Water struck at
145.8 m bgl,

Borehole Diameter (mm): i

Instailation Details:

Dniled in 1971, 6.1 metres of screen

Geophysical Data:

Static Water Level (m amsl): W Drilling Information
Dynamic Water Level (m amsl) | | f
Yield (I/s): R
Test Pumping Data
No. [ Transmissivity (m*2/d): |—_—
] Hydraulic Conductivity (mve): | |
¢ Storage: —[
|
Chemical Analyses: EC (MicroS/cmy T 11800
[Carbonate 152 mg/l. iron 0,80 mgil. Fluoride $.2 mgh o i pH: [ a7
TDS (mgl); [ 830
‘ Total Hardness (mgi) . 80
Bicarbonate (mg/l): [ 994 Sulphate (mg): | 933 Chiorlde (mg/): T 3850
Caiciurn (ma/l); I-___l-dl Magnesium (mg/l): T a Sodium (mg/). -___5_273
lon Balance Error (%) | 234 Genersl Comments:
Data Sources. Unacceptably high ion balance error.

[Swarzensxi & Mundorft 1977 ,




UNICEF Somalia GIBB Ltd

Kismayo Hydrogeological Study

Well Number | 125 Well Name:  Leheley ]

Well Location.  Leheley, Kenya |

Easling 40 0181 Northing: 1.6181

Well Owner. | | Curren! Status: |

Ground Level (m amsl) | 26& Geology: Hydrogeology

Weil Depth (mbgl) | 126! [Fine Merti aquifer (Lane 1995) ater struck al €4
— m bgl,

Borehole Diameter (mm) I

Installation Details

Drited in 1981

Geophysical Data;

Static Water Level (m ams!)’ [ 2037 Drilling Information:

Dynamic Water Level {(m amsl). "Runnmg sands encountered al 85 m depth

Yieid {Vs): 083l

Test Pumping Data

No ] Transmussivity (m*2/d). 1
Hydraulic Conductivity (mic): ||

’ Storage: l:

Chemical Analyses: EC (MicraSicm), l:'

‘ i pH: 1
‘ TDS (mg/): ]

[ - | Total Hardness (mgi): | |

Bicarbonate (mg) Sulphate (mg/) T Chioride (mg/). ]

Caicium (mg/l) Magnesium (mg) Sodium (mg/): ]

for; Satance Bror 18] = General Comments:

Data Sources
erw




UNICEF Somalia GIBB Ltd

Kismayo Hydrogeological Study

Well Number 126 Well Name:  |Fafi

Weil Location®  [Fafl. Kenya

Easting: | 40.3028| Northing -0.3836|
Well Owner | ‘ Current Status: |Abandoned |
Ground Level (m amsl) i 135 Geology. Hydrogeology:
Well Depth (mbgl), [ 137 2! Fine Merti aquifer (Lane 1595) Water struck at
) P 111.3 mbgl.
Barehole Diameter (mm): [ | I
Installation Details: |
Crilled in 1960, 10 4 melres of screen, l
|
Geophysicat Data:
'|'
| |
| _I. ]
Static Water Level (m amsl) ' 2371 Driliing Information:
RS ————
Dynamic Water Level (m amsl): | |
S |
Yield (Vs): | 0.64! I
Tes! Pumping Data l
oy \ Transmissivity (mA2/d): 1]
" Hydraulic Conductivity (mid): |
| Slorage: ! |
Chemical Analyses: EC (MicroSiem): [ 11300]
1 [ ]
Fluoride 2.3 mgil | pH: | 7.9
| TDS (mgh); | 69195'
|
Total Hardness (mg/l), | 350
Bicarbonate (mgi} Suiphate (mg/l) 871  Chionde (mg): i 31801
Calcium (mgA) 22 Magnesium (mg) " Sodium (mgh) '

lon Balance Error (%). General Comments

Data Soutces

Swarzenski & Mundorfl 1877




GIBB (Eastern Africa) Lid

APPENDIX B

LAHELEY WELL QUESTIONNAIRE

Kismayo Hydrogeological Study March 1997



88 g:
14 FROM UNICEF—SOHRL!R~USSC

WEL). QUESTIONAIRE - RISMAYQ HYDRCGEOLOGICAL STUDY.

1. jow many times is the pump switched on/off a day?

ONE TOME / DAY FOR 3 HRS.

2. Is the pump switcched off because cthae watar level drops koo low or
anocther reasocn, such as the storage tank is full? If another
ceason, please explain below. . '

DUEZ TC THE GENESET WHICH IS VERY OLD.

. How long does it take to £ill the storage tank?

ABOUT 10 KRS, DUE TC THE PUMP OUT PUT.

4, What {3 the volume of the storage tank?

40 meu - IT IS GROUND TANK.

5. How many pipes ig the pump connected to?

13 PIPES.

Db ™ Ok 199 |

-
0.4 46901

-
<2

Y RG]

Cat |
-4

PRGE, agz



_,F.sé 9:14  FROM UNICEF=SOMALIR-USSC PAGE . 823

o

How long is each of the pipes?

4.5 m

7| Row were the Btonesd removed from the borehole, and how deep were
the gtonas when tha pump was lowered?

6§ m FRCM THE GROUND AND AFTER FEW METERS THEY WENT THROUGH
AITHOUT OBSTACLE.

8| wWhat was the water lavel in the well when the etones wers removed?

24 m.

9. For how many wesXs, or montbs, has the borehole been used since the
stones were removad?  FOR 15 DAYS.

11 .Has the water become galtier.during this time?

WO,

Jj1.Please write down anything slse you think nay be imporsazc.

SWL 24m, pHWL 60m, DEPTH 21idm.

el ]

200 ' P60 IT-C-PeT-000: X4 I¥O1¥SV 'NYILSYII G410 31:p1 (30L)96. 3G-(1



GIBB (Eastern Africa) Lid

APPENDIX C

LAHELEY WELL CHEMICAL ANALYSES

Kismayo Hydrogeological Study March 1997



-JAN." 97(WED) 08:00  GIBB(EASTERN. AFRICA) FAX:000-254-2-210694 TR0

REPUBLIC OF KENYA
"OFFICE OF THE PRESIDENT Telephone: 72580677
P.O. Box 20753
GOVERNMENT CHEMIST'S DEPARTMENT NAIROBI, KENYA
REPORT ON CHEMICAL ANALYSIS OF WATER
Repart Reference: P/WAT/VOL.I/97/15 Date: 24/1/97
Laboratory Sample No. 27/97 Date Recsived: 174197
Sender: GIBB (EA) Ltd! Box 30020, NAIROBI  Date Sample Taken:
‘Source: Borehole Eismayu - Sample I after 15 min
KISMAYU
RESULTS
PHYSICAL TESTS
Colour: 65  (Hazen Units)  Tuwbidiy: urbid (JT.U)
Depesit: S11% ~ - “<--% ' - - Qdour: ‘Noné” =~ (T.ON)-
i U . “ Electrical . Conductivity at 25°C (micto mhos/am?)
pH: 7.0 1350 o~
CHEMICAL TESTS
mg/1(ppm) me/l
Total Alkalinity as CaCOQ; ., ;i;)'o
Phr..nolphr.halem (CO;)- oy e es _— _
) 26000 L RS e
Metsyl Orange (HCOD— .. oo wovy..
.0
Chloride (C— .. .. . .. . 6400 )
Sulphate (SO.)= 340.0
Nil
Nitrate (NO;) ..
il
Nitrite (NO»)— i
. Ce6
Fluoride (F)— ..
Total Anions ==
2060,0
Sedium (Na)+
Potassium (K)+ 55.0
Calcium (Ca)++ AeED
Magnesium (Mg)++ 4500
0,“!5
Iron (Total) (Fe)++=
0451

Manganese (Mn)++ ..

Ammonia—Free & Saline (NH)+~ ..
Ammonia—Albuminoid (NH,) =
(Pb Cu Zn)

Trtal Catrana . 2
Yy




‘AN 9T(WED) 08:00  GIBB(EASTERN. AFRICAI PAX:000-254-2- 210694 i‘*‘ﬁf)‘“"f

mg[l (ppm)
260.0
Carbonate¢ Hardness as (CaCO»)
Non-Carbonats Hardness as (CaCOy) 4340.0
5200.0
Total Hardness as (CaCO,)
‘ - 11.0
Free Carbon Dicxide .. . .. .. .. - : -
Silica (Si0,) o 3¢0
Oxygen absorbed, 4 b, 8t 27°C (P.V.) o : .O'.S. -
’ N 9 ] 090‘ O

Total Dissolved Solids, residue dried at 180°C =~ ... ..

REMARXKS:

Neutral but excessively hard and mineralized water,
Excessive colour should be removed and the water

demineralized before it is declared suitable for -
human consumption.: 2y

"_‘."f, e

oue 24 Simary o970 - (Cifoham)

"

JON /MWK,
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97(WED) 08:01  GIBB (EASTERN. AFRICA) FAX:000-254-2-210694
REPUBLIC OF KENYA
OFFICE OF THE PRESIDENT ° Telephone: 725806/7
. e P.O. Box 20753
GOVERNMENT CHEMIST'S DEPARTMENT NAIROBI. KENYA

-RE'PORT ON CHEMICAL ANALYSIS OF WATER

Report Reference: P/WAT/‘TOL 1/97/16 Date: 24/1/37
Laboratory Sample No. 2g8/97 ‘Date Reczived?! 17.1,97
Seader: GIBB (EA)-Itd, Box 30020, NAIROBI . Date Sample Taken: '
Source: Borehole % Sample ‘
After 30 minutes
RESULTS
PHYSICAL TESTS
!
Colovs: 29 *  (Hazen Units) Turbidity: Olear (LT.U'S)
Deposit: Slight Si'l"" ~ 2 B3fu = -Odour Tee'n NO‘BB . (TON)
Taste: = b - Elqcm_gr 'Conducnvny ‘at 25°C (rmcro mhos/m‘}
pH: .7 '5,400,0 -
CHEMICAL TESTS
mg/1(ppm) me/l
Total Alkalinity as CaCOj .. 368.0
S - b
Phenolphthalein (COp= . o Z VBDE v il o
MQLHY]O&S‘ (E'I.CC; )_. ._-‘-- - ) 368.%.: ‘ ‘ —... '.h.-': ,'..H‘-
S o 1,37345
Chloride (Cl)— s
; 175.0
Sulphate (SO)=
Nil
Nitrate (NO3) ..
. Nil
Nitrite (NOg)— 108
Fluoride (F)— .. *
Total Anions o
; ' 925.0
Sodium (Na)-
Patassium (K)=+ 19.0
320.0
Calcium (Ca)=+-+
144,0
Magnesium (Mg)++ .. :
0.49
lron (Tortal) (Fe)+++
0.07

Manganese (Mn)++ ..
Ammonia—Free & Saline (NH)+ ..
Ammonia—Albuminoid (NHa)+

(Pb Cu Zn)

L0



JAN. " 97(WED) 08:01  GIBB(EASTERN. AFRICY)

Carbonate Hardness as (CaCO;) ..
Non-Carbonate Hardness as (CaCOj)

Total Hardness as (CaCOy)

Free Carbon Dioxide

Silica (Si03) © i
Oxygen a?safb;g...ém. #27°C @V)

Total Dissolved Solids, residue dried at 180°C

e

REMARKS:

] -
-

Very hard and excessively mineralized water, .
-.Demineralization is recommended before the water

18 used for bupan gonsumption.
L] Y -

L
. L8
Dats _24?11 Ja_mary_, 1997 .
S
N ¥ <
L
JON/MYE . g

PAX:000-254-2-210694

mg/1 (ppm)
368.0

1,032.0
1,400.0

£.0
45.0

* 0.75
T‘ = '
3,750.0

. —

2 I3

T

7.V

i §R005 %

for:




~JAN." 97(WED) 08:01  GIBB(EASTERN. AFRICA)

GOVERNMENT CHEMIST'S DEPARTMENT

OFFICE OF THE PRESIDENT

FAX:000-254-2-210694

‘ .
REPUBLIC OF KENYA

" Telephone: 725206/7
P.O, Box 20753
NAIROBI, KENYA

REPORT ON CHEMICAL ANALYSIS OF WATER

Report Reference: P/WAT/VOL.I1/97/17

Laboratory Sample No. 29/97

Date: "24/1/97

Date Received: &7+1e97

Sender: GIBB (BA) Itd., Box 50020, NATROBI Date Sample Taken:

Source: Borehole - Semple 3

after I hour.

Colour; 2 (Hazea Units)
Deposit: Debris/siltrc .
Taste: -
pH: 7e7

Total Alkalinity as CaQ(_); .
Pt OO £ 1
Methyl "Ofinge (HCOD—
Chloride (Cl)}—
Sulphate (SO)=
Nitrate (NOy) ..
Nitritzs NO2)—
Fluoride (F)— ..

Total Anions
Sodium (Na)=+-
Potassium (K)-+
Calcium (Ca)++
Magnesium (Mg)+-+ ..
[ron (Total) (Fe)=+-—- .
Mangancse (Mn)-++ ..
Ammonia—Free & Saline (NH,)-+
Ammonia—Albuminoid (NHy)~
(Fb Cu Zn)

Total Cations ., o

RESULTS
PHYSICAL TESTS

Turbidity:
Odour: -~ None

Clear (J.T.U.'s)

. - (TON)

Electrical Conductivit):- at.25°C '(micro mhos/cm?)

CHEMICAL TESTS

5:30.000

g/ 1(ppm) me

360,0

Nil

36040 IR Oh s v

2,40640

190.0

Nil

Nil

1.0

920.0

28.0

240,0

120,0

0.0%

Cloli -

P. 006



-JAN." 97(KED) 08:0: "~ GIBB (EASTERN, AFRICL) PAX:000-254-2-210694

.- - '__.Eu-‘u,o’:.“;
z- It
mg/1 (ppm)
Carbonate Hardmess as (CaCOy). .. .. .. .. 360,0
. ’ .0
Non-Carbonate Hardness as (CaCOj) 149
'Total Harduess as (CaCO;) .. ;1‘50’0&
Free Carbon Dioxide .. .. .. .. .. .. = o
: 80,0
Silica (Si05)
_)' g 1= Y e 02 -
Oxygen abserbed.d hr. at 27°C (P.V.) s —
Total Dissolved Solids, residue dried at 180°C° .. ~.. —=— 1 9700,0
. = L3
REMARKS:

This water is similar to sample No. 28/97 @and .comments
are the same. B
T-?

Date ..24th January, 1997 e M&.@:) |

. . for: M‘m

JCN /MWK,

Samfle 3

,L\aw(-



