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ABSTRACT

This paper describes the hydrogeology of the area of Kenya south of

Mombasa tot{n, running along the coastal plain from Ukunda in the north

towards the Tanzania boarder in the south. The area has a population

of around 53,100 (1933 figures) and it is expected that this wil] rise

to about 75,000 by the year 1993. It covers the whole of Diani and

Msanbweni locations in Krcale district, an area of approxinately 300

sguare kilometres. The clÍmate along the coastal plain is generally hot

and humid with a maxinun tenperature of 33"C and Iowest tenperature of

about 23"C' The mean annual rainfalL is 1,200 mm per year with ¡nost of

the rains coning between Aprfr and Juty. The rain decreases with

distance inland paratlel to the coast.

The existing water supplies are from boreholes and serve only 10%

of the population concentrated in the three connercial centres within

the project area. The rest of the people use water fro¡n shallow

hand-dug wells and other sources including ponds, springs and rivers.

with the objective of improving the sanitation Ín the area, the

govern¡nent of Kenya undertook to rehabilitate the existing wells (by

coverÍng and installing handpumps) as well as dritting new werls to
augment the existing water supplies. The project was funded by Swedish

rnternational Developnent Agency (srDA) under the auspices of united

Nations Developnent Program (UNDP) and with management support from the

World Bank.

The first step was to ldentify the ¡ryells which should be

rehabilitated and new sftes for drilling nore ¡cells. This was done by
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collecting data from the already existing ¡¿elIs. The information

gathered included well depth, well diameter, whether the well is lined

or not, whether it has a pump or not and the number of people served by

each well. It was found that most of the wel.ls were not lined or

covered and this posed a great health hazard. some wells had been

equipped with hand-pumps but due to lack of maintenance none of the

pumps were working and people had broken the cement p].ates covering the

wells and reverted to drawing water from the wells using a rope and

bucket. Appendix I shows water being drawn from a well using a

hand-pump.

The yield from most of the welrs were adequate for domestic

purposes. Of all the 727 wells drill.ed only two wells, Mafisini Kibaoni

and Mbuani shamu had very little water (<900 lph). The most productive

¡,{el. I was at Msambweni camp. None of the wel. ls were dry. chemical

analyses r,rere perforned for 42 welrs and apart fron one welL (chalo),

r¿hich was found to be hiehly mineralised, all the other wells had

reasonably good quallty water for drinking.

Electrical conductivity of the water from existing wells was taken

in the fierd. This provided an overall assessnent of the total

dissolved solids 1n the wells. The higher the electrical conductance,

the more mineralized a well was supposed to be. The actual

concentrations were however deternined after the water sample was taken

to the laboratory and the chenical analysis perforned. The local

administration ç¡as also interviewed in order to identify those villages

whích were heaviLy populated and which therefore required more well.s.

The wel.ls rshich were found not to have silted up and had relatively

- tlt -



clean water were earmarked for rehabltltation while other sJell sites
were identified. The new wells were dug using cable-tool percusion rlg
to depths bet¡,¡een 20 nr - 30 m. After dril.ting the appropriate lengths

of casÍng and screen were installed to prevent the formation from caving
in and then a trial test-pumping was carried out using the rtg pump

(reciprocating pump). During the trial test-pumping drawdorùn was

monitored in the pumplng well and where applicable in a nearby

observation well(s). Durlng the trÍal test-pumping a water sanple was

taken in Z-litre plastic bottles and taken to the laboratory for
analysis.

Nearly all the wells driÌled had yfetds between Z n3/hr and 3 ,3/h"
which is considered adequate for domestic purposes. Quality-wise a

number of wells (8 out of 42) were found to be having hard water

especlally due to the high concentrations of the bicarbonate ion derlved

fron the linestones in which most of the wells are drilled. Hardness is
not hazardous to health despite causing scales in pipes and boilers and

the dtfficutty in forming a lather with soap. Because the water fro¡n

the wells was not intended for industrial purposes, it was reconmended

that the water rcas suitabre for the expected purposes.

-tv-
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1. INTRODUCTION

The south coast Hand pumps project is sltuated in the coastal

province of Kenya, Kwale district approxinately 500 krn SSE of the city
of Nafrobl and about 40 kn south of the port of Mombasa. Figure 1A

shoçvs a nap of Kenya and the position of the proJect area, and Figure 18

shows the location of the groundwater wells ln the area. The well names

are listed in Appendix 2.

The Government of Kenya has realised that the provision of clean

potable water to the rural populatfon in general can be achieved malnly

by the development of shallow wells which are properly constructed to

prevent contamination. Under previous condÍtions nost of the wells in
the rural conmunitres were very shallow hand dug wells which were

uncovered and rarely provided enough ¡cater. In lggz, the south coast

Hand Pumps ProJect was started with the al¡n of providing clean water to

the rural conmunfties. The project has since been successfully

completed and 127 wells have been drilted. Most of the wells were found

to have good water of a quality suitabte for domestic purposes.

It ls the intentlon of the Government of Kenyars l{inistry of 1iater

Development to provlde potable water to every community by the turn of

the century. Encouraged by the success of South Coast proJect two nore

sinilar proJects, the Kwale Hinterland Sanitatlon ProJect and the South

Nyanza Shallow Wells proJect have been started.

This study exaafnes the hydrogeolog'y, quanttty and quallty of

groundwater of the south coast region of Kenya and suggests new neasures

for assesslng quality parameters of groundwater derived fron the wells

in the region. These Beasures included the plottlng of tndÍvidual ions
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in alt the boreholes and deflnÍng two lfmits, the limit of gen""al

acceptability and the highest acceptable limit as stÍpulated by the

World HeaIth Organlzatlon. The ratio of the concentration of each ion

in every ¡sell to the difference between the two bands were taken as a

quantitative neasure of the quality of the water. A ratio of less than

1.0 indÍcated that the well had potable water as far as the

concentration of the particular ion was concerned while a ratio of more

than 1.0 indicated that the concentration of the particular lon was

excess ive .



2. BRIEF DESCRIPTION OF GROUNDWATER, HYDROGEOLOGY AND AQUIFERS

2.7

The coastal region has a geology ¡uhÍch consists of beach sands, the

coraL reef conplex and sandstones. Interspersed between the sandstor¡es

are layers of clays and shales. The area receives about lzoo mm of
rainfall annually, mainly from convectional storms, and a fair amount of
Iocal recharge takes place through the highly permeable sands to become

groundwater. ülells dug into the coral limestones yietd hard but potable

water mainly confined to solution channels within the rocks. This

supply from the coral limestones is however ri¡nited by the close
proximity of the sea with the consequent risk of contamination by sea

water. The sands are highry pervious due to their rack of
consolidation and they yierd good quality and fair quantities of
groundwater at relatively shallow depths. Large diameter boreholes

drilled to about 60 m below surface in the Tiwi and ukunda areas, if
properly gravel-packed, can yield large amounts of groundwater (>g0

t3/h") for municipal supplÍes. Very deep boreholes in the coastal zone

[âv, however, resuÌt in tapping mineralised water from the shales. The

¡ve]ls which are drilled into the sandstone series are liable to be

saline due to the fact that these series were deposited in a Land-locked

basin under conditions of seni-aridity. This led to the evaporation of
the ¡vater with the consequent precipitation of the rnineral salts.

2.2 Groundwater

water is introduced into the ground by precipitation and

streamflow. once in the ground, water exlsts in several dlfferent
environnents as illustrated in Figure 2. There are two main zones, the
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vadose zone and the phreatic zone. In the vadose zone, three separate

types of ¡sater exist: soil water, internediate vadose.water and

caplllary water. At the very bottom of the capillary zone lies the

groundwater table. The groundwater table is such that, lf a number of
observation ¡ryells are drilled through the caplllary zone, the water

level standing in each well n¡arks the elevation of the groundwater

table. &later below the water table is called groundwater.

The groundwater zone may be fmagined as a huge natural reservoir or

a system of reservoÍrs in rocks whose capacity is the total volume of
pores or openings that are filled with water. The thickness of the

groundwater zone Ís governed by local geology, avallablltty of pores or

openings ln the rock formatfon, recharge and the novenent of ¡yater fron

areas of recharge towards points of dlscharge.

2.3 Aquifers

An aqulfer is a saturated bed, formation, or a group of fornations,
tchlch ylelds water in sufftcient quantitfes to be economically useful.

Itlater exists Ín aquifers under two different conditions. The nost

conmon condition fs when the ¡vater table is exposed to the atnosphere

through openings in the overlying regoltth (loose unconsolidated

weathered rock). Thfs type of aquifer is carled unconffned aqulfer
(sonetimes called water-tabìe or free aquifer). The second condition

occurs when ground¡rater ls isolated fron the atmosphere at the polnt of
dlscharge by lnperneable geologic fornations. This type ls known as

conflned aquifer and ls generally subJect to pressures higher than

atnospherfc pressure. Unconfined conditions however do occur at the

point of recharge ln conflned aquffers. Confined aqulfers occur because

the overlying and basal beds are relatively inperneable to water f1o¡u.



The functions of an aquifer are four-fold:

r) Gatherfng: infirtrating rarnwater fs corrected.

ii) Storage: lt acts as a water reservoir.

ili) conduit: it serves as a pipeline to transport the water

tor.Jards the wells.

fv) PurificatÍon: the groundwater ls filtered through the sand

and thereby cleaned.

The four functions are a characteristic of every aquifer whether it
is water-table or confined and are arl very inportant functlons of
aquifers.



3. ANALYSIS OF AQUIFERS

The non-equillbrium formula developed by Theis (1935) has been

¡videly used rufth purnping test data for determining the hydraulic
properties of an agulfer. The development of the non-equilibrium

formula was based partly on the assunptlons that the coefflcient of
storage is constant and that water is released fron storage

lnstantaneously ¡uith a decllne ln artesian head. Under water tabte

conditfons water is derived fron storage by gravity drainage of the

lnterstices above the cone of depression, by compactlon of the aquifer
and by expanslon of the water table itself as pressure on the

groundwater ls reduced. The important effects of gravity drafnage are

not consfdered ln the non-equitibrlun fornula and the applÍcation of the

fornula to the results of pusrplng tests in unconflned aquifers Ís not

generally Justifled.

Three distinct segments of the time dra¡udown curve are recognised

under water table conditlons. During the lnitial stages of pumping, the

unconfined stratified sedÍnents often react for a short time ln the same

fashion as an artesian aquifer, i.e. water is released lnstantaneously

fron storage by the conpactlon of the aquifer and the associated beds,

and by the expansion of the water itself. Gravity drainage is not a

factor at this stage. During the second stage gravity drainage becones

laportant and lts effects are similar to that of leakage from nearby

source. rn the cases examined tn this study, the leakage can be

attrfbuted to t¡co aources. About 40 netres south of one punping well is
a seasonal stream and although dry at the time of test punping, it is
possible that the cone of depression spread past the river bed and
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recharge into the wel.l occurred from water below the river bed. The

other possÍbility of leakage can be attributed to ,reverse fLow,.
During test pumping water was being spilled about s metres from the
pumping well, onto the highly permeablc s¡nds, from where it perneated

back into the rr¡ell. This is the most probable source of leakage as the

analysis by Theis and Jacobs nethod shows that leakage started at

approximately 10 minutes after pumping began, a very short period for
the cone of depression to have spread past the river bed.

There is aLso a decrease Ín the slope of the tine drawdown curve

relative to the Theis curve, begause the water delivered to the well by

the dewatering that accompanles the falling water table is greater than

that which wourd be derivered by an equar decr.ine in a confined werr.
The third segment which may start from several minutes to several days

after lnitial pumping, depending upon aquifer conditÍons, represents the
period during which the time drawdown curves conform closely to the

non-equilibrium type curve. Theis (i935) described the thjrd segment of
the time drawdown curve under water table conditions: 'rn as much as the

rate of fall of the water table decreases progressively after a short
initial period, it seems probable that as pumping continues the rate of
drainage of the sedÍments tends to catch up with the rate of fall of the

water table, and hence that the error in non-equiribrium equation

becomes progressively snaller.' Jacob's method (cooper and Jacob, 1946)

is a modification of Theis method and is used in the analysis of
aquÍfer data after the water levels have stabiLized. rt is much simpler
than Thels method as it does not involve a curve natching technique.
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4. THEIS NON-EQUILIBRIUM IdELL EQUATION

Data collected when'tr is small or 'r' is large do not plot on a

straight llne using Jacob's method. In certain cases therefore, the

TheÍs method is necessary to obtain the transmissibility and storativity
of an aquifer. By use of the Theis equation, the drawdown can be

predicted at any time after pumping begins, and this enables the

transmissibility and storativity of an aquÍfer to be determined during

the early stages of a pumping test rather than when the water level in
the observation wells have stabÍlized as necessary for Jacob's method.

Appendix 3 shows the neasurenent of drawdown in a typical observation

weIl.

Several assumptÍons are taken into account in the derivation of the

Theis equation:

1. The aquifer is uniforn in character and the hydraulic

conductlvity is the sane in all directions.

2. The aquifer is uniforn in thickness and infinite in aerial
extent.

3. The aquifer receives no recharge,

4. The borehole (wetl) penetrates and receives water from the full
thÍckness of the aquÍfer.

5' The water released from storage is discharged instantaneously

¡shen the head is lowered.

6. All water removed from the well comes from aquifer storage.

7. Laminar flow exists throughout the vicinlty of the well and the

aquifer.

8. The ¡uater table (or potentio¡retric surface) has no slope.

These, assunptions seem to timit the use of the Theis equation severeJ.y
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but in reality, they do not' The first assumption of uniform hydraulic

conductivity is rarely found in a real aquifer but the average hydraulic

conductivity determined from pumping tests have proved to be reasonably

reliable for predicting well perfor¡nance. The assumption of no

stratlfication is not a serlous limitation in confined aquifers where

the well is fully penetrating and open to the fornation. The assunption

of constant thickness is also not an important Iinitatlon because the

variation 1n aquifer thickness withÍn the cone of depression in nost

situations is relatively small especially in sedinentary rocks. The

assumption that the water table or piezonetric surface is horizontal
before punrping begins is also generally incorrect. However the slope or

hydraulic gradient is nearly flat and its effect on calculation of ¡¿ell

yield is negligible in most cases. The flow in all regions of an

aquifer is considered to be laminar, though there are some departures

from laminar flow but this causes only smalt additional head losses

(Mogg, 1959).

rn absolute or non-dinensionar forn, the Theis equation is:

s = e fu-uou4nTlutu

¡ryhere:

u = ,2s/+rt

A = rate of discharge of the well.

T = the coefficient of transnissibirity of the aquifer
$ = the coefficient of storage of the aquÍfer

r = dÍstance fro¡n the pumped well to the observation werl

t - time since pumpÍng began

e = natural logarithm base
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In SI unlts, Equation 1 beco¡nes:

= 1 qÞ{ (u)
4rr T

s =1e -f 
,-uou

4nT J u
'u

where:

s = drandown ln netres at any point fn the vicinity of a werl

dlscharging at a constant rate

a = pumplng rate ln r3/duy

T = coefflcient of transmissfbtlity of the aquifer in m3/m/day

(¡n2l¿ay )

sl(u)= "well function of u" represents an exponential integral

u ="2s
4Tt

where:

r = distance frora the centre of the pumping werr to the

observatfon well (metres)

s = dimensionress coefficlent of storage (storativity)
T = coefflcient of transmisstvlty (n2laay)

| = tine since pumping started (days)

The well function of u, tw(u)] originated as a ter¡n to represent the

heat distribution in a flat plate wlth a heatfng erement at its centre.
rt was recognised that this same concept could be applied to the regular
distrlbution of the groundwater head around a punpÍng well even though

water flows towards a point source rather than away fron it. The

nathenatical prlnclples however renaln the same.
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Table 1. Values of $d(u) for values of u (after Wenzel , 7g4Z).

1.0 2.O 3.0 4.0 5.0 6.0 7.O 8.0 9.0

ux1
_1ux10"
_tux10"
_âux10"
_^u x 10 '

ux10"

ux10"
_4,ux10 I

.l x 1o-8

u x 1o-9

u x 10-10

-11ux10"

u x 10-12

-l aü x 10'"

r x Io-14

.¡ x to-15

0.219

1 .82

4.04

6.33

8. 63

10. 94

73.24

15.54

77 .84

20.15

22 .45

24.75

27 .05

29.36

31 .66

33 .96

0.049

7.2

3.35

5. 64

7 .94

70.24

12.55

14.85

1?.15

19.45

27.76

24.06

26.36

28.66

30.97

3s. 27

0.013

0. 91

2 .96

5.22

7 .53

9.84

72.14

14.44

76.74

19. 05

21 .35

23.65

25 .96

28.26

30.56

32 .86

0. 0038

0.70

2 .68

4.95

7.25

9. s5

11.85

14.15

16.46

18.76

21 .06

23. 36

25 .67

27.97

30.27

32.58

0.00r1

0. 56

2.47

4.73

7 .O2

I .33

11.63

13 .93

16.23

18.54

20.84

23 .74

25 .44

27.75

30.05

32.35

0. 00036

0.45

2 .30

4.54

6.84

9. 14

11.45

13.75

16. 05

18.35

20. 66

22.96

25.26

27 .56

29.87

32 .77

0.00012

0 .37

2.15

4 .39

6 .69

I .99

11.29

13.60

15. 90

18. 20

20. 50

22.87

25.11

27.47

29.71

32.02

0.000038

0.31

2.03

4.26

6.55

8. 86

11.16

13.46

15. ?6

18.07

20.37

22.67

24.97

27.28

29.58

31.88

0 . 00001 2

0 .26

7.92

4.74

6.44

8.74

11.04

13.34

15.65

17.95

20.35

22.55

24.86

27.76

29 .46

37 .77

ixanple: For u = 4.0 x 10-6, BC(u) = 11.Ss
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Equatlon 2 implies a simpre and direct means of sorvrng for T.

unfortunately, however, T is arso invorved in the w(u) term so that a

direct solution is not possibre. This probren can be overcome by the

use of a graphicar sorution (type curve) method. rn Equation 2, the
onLy variable terms ¡r¡ill be the drawdown, s, and the well function,
Í¡(u) ' Similarly in the equation for u the only variable terms will be

u, r and t' The slgnificance of these facts ¡.Iirr be more apparent if
Equations 2 and 2a are rewritten in a slightly different form:

w(u)= f¿nrl slal
1 = l¿rl t; l-i 

"z

Equations 3 and sa suggest that if one ignores the bracketed

coefficients, which are constants, the term w(u) should vary with the
term 1,/u in the same nanner as will vary with t/rZ, i.e. if values of
W(u) are plotted against corresponding values of 1/u, the resulting
curve should resemble that of a prot of s varues agains t t/r2 .

Table 1 gives values of [r¡(u) and u from which 7/u can be determined

and the aquifer test data wrlr provide varues of s, t, and r. If these

two curves are plotted on arithmetlc plotting paper they will exhibit a

general sinilarity of shape but they will not be identical due to the

fact that the variabres in the rlght of Equations 3 and oa are

multiplied by different constants. However if the two curves are

plotted on logarlthmic paper, multiplication becomes addition so that
the differences fn the constant multipliers of Equations 3 and sa onty

causes relatlve dlsplacement in the horizontal. and vertfcal scaLes of
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the t¡oo plots. The use of logarithmic plotting paper has the added

advantage of magnifying the low values in the data array and pernitting

coverage of large ranges in vaLues on a relatively small area.

log W(u) = loe 4nT + log s
a

roc* =ros fl.r.r{ir}

By preparing a logarithnic plot, ¡yittr values of w(u) as ordinates and

values of l/u as abscissae, the so called type curve for the Thels

equatlon is developed (see Figure 3).

use of the Theis equation to determine the transmfsstvity and

storativity fron a fleld puurping test requires neasurement of drawdown

in at least one observatfon well. A denonstration of the Theis equatfon

using data fron Tfwl borehole No. c4520 shown in Table 2 Ís gÍven. To

calculate T and S using Theis method involves natching the curve plotted

fron the test data (Figure 4) with the type curve (Figure o). Both the

type curve and the test data curve should be plotted on papers with

sinilar logarithmic scales and cycles. Table 2 shows drawdown data

taken at negular lntervals fro¡¡ an observation well 32,g0 n fron the

pumpÍng ¡oell. The yleld of purnping well was 15 n3 per hour (s60 n3 per

day). The test data nay be plotted in any of the following ways.
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Table 2 . Drar¡do¡yn data in an observation suer t sz . g m from pumped ¡qell.

lime Since
Punping Started

(øinutes )

Drawdown
( metres )

0
1

2
3
4
5
6
7
I
9

10
15
25
30
35
40
50
60
70
80
90

100
110
130
150
160
170
180
200
240
300
420
480
600
660
720
?80
840
900
960

1020
1080

0
0.02
0.05
0.08
0.09
0.11
o.t2
0. 13
0. t4
0. 14
0. 15
0. 16
o.17
0. 18
0. 19
0.19
0.19
o.20
o.20
0. 20
o.20
o.27
o.2t
o.27
o.27
o.27
0. 21
o.27
0.21
o.27
0.22
0.23
o.24
0.25
0.26
0.26
0. 26
o.27
o.27
o.27
o.27
o.27
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Table 2 (conttd ...)

TIme SInce
Punping Started

(mfnutes )

Drawdown
(aetres )

1 140
1 200
1 260
1320
1380
1440

o.27
o.27
0.28
0. 29
o.29
0.30
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Table 3. Methods of plotting test data.

Method Vertlcal Log Scale Horizontal Log Scale

(a)
(b)
(c)

Dra¡cdown, s
Drawdown, s
Drawdown, s

t
t/12
7/12

rn this anarysÍs, method (a) was used and the prot rs shown on Figure 4.
Drawdo¡un s is protted on vertrcar scare against time since pumping

started on the horizontar scare. This prot was then superimposed on the
type-curve prot, keeplng the axes of both graphs parallel so that the
plotted points farl on or fit some portion of the curve. once a

matching position rs found, a natch potnt which can be any convenfent
point on the graphs is serected. usuarly a point where t{(u) equar.s 1,
10, or 100 or ¡ryhere s rs a ¡rhore nunber is serected for ease of
conputation.

At the early ¡uatch point, t = 2.? ninutes (0.001825 days), s =

0.066 metres, u = O.Z2 and t{(u) = 1.

By using Equations s and 6, the transmissibrrity and storativity of
the aqulfer can be calculated respectively:

T =1QW(u)
4ns

-1 360
4rr 0.066

ã= 434 D" per day per n

(s)



= 4uTt
2r

22

.....(6)

=4xO.22x4B4xO.0O18Z5

'=g.Zx1O-*

The anarysrs of punp test data using TheÍs equation yierds
transnlssibttity and storage coefflcients for aIr non_equiribrium
situations' However the Theis method is often avolded because the curve
natchlng technique fs somewhat Iaborlous.

The Theis nethod can be avoided in nost cases if the pumping test
is long enough or the distance fro¡n the werl to r.¡here the drawdown is
neasured ís sufficientry smalr. In this case the werr functfon w(u) can
be replaced by a sinpler mathematlcal functlon srhich facilitates the
anaìysis considerabry. This function is described in the forrowfng
chapter.

ß2.8)2
-4
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5. },IODIFIED NON-EQUILIBRIUM EQUATION (JACOB'S METHOD)

cooper and Jacob (1946) developed a method ¡uhich permits an
approxinrate solution to the Thefs non-equilibrium uslng a straight Iine
graphical approach. The integrar expression rn the Theis equation is
given by the series:

= -0.5772 - rog"u * u - +. .4 _ u4 * us ....(T)Zx2l 3x3 ! 4x4 t ffil
trhere:

w(u) = ls the werl function or exponentÍar lntegrar of u

hrhen the var'ue of u 
'n 

Equatfon ? is smarr (tess than 0.05), i.e.,
2

when r becones very snaJt (u = ,Z/¿rt'), the ter¡ns forrowing the first
two terms of Equation ? may be neglected and Equation 2 beco¡res:

T u-" du = H(u)
Ju
u

By solving for the varue of u necessary to nake the varue of s equar to
zero Equatlon g can be reduced to:

g = _Q_ Foce G/u) - o.szlz)l
4nT

g = Q log^Z.Z5Tt
4ßT

"2s

Convertfng Equation g to conmon togarithms gives:

g = 2.S Q [log 2.25 I t]

...,..(8)

......(e)

4trT

"2s
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It can be seen from Equation 10 that a plot of the drawdown s, versus

the tine t on the log scale or a plot of drawdown taken at sane time in
three or more observation wells against the distance to the observation

well on a log scale will be a straight ]ine. In this analysis one

observation well and a plot of drawdown versus time was used. The data

for the Tiwi borehole No' c45?0 shown ln Table 2 are used to demonstrate

the procedure. Figure 5 is a plot of drawdown on arithmetic scale and

time since pumpÍng began on rogarithmic scale. The values of

transmissivity, T, and storatlvity, s, are computed using the forlowing

equations:

T = 2.s0 Q

4nÁs

S =2.25 lto
¿r

where:

(11)

T = transnissivity in m3/day/m (n2/a)

a = $¡ell discharge in r3/duy

Âs = drawdown over one log cycte (m)

to = time at zero drawdown intercept (days)

r = distance from the test welL to the observation well (m)

Fron Figure 5,As = 0.148 m and to = 0.00056 days; therefore:

T = 2.g x 360 m3lday = 445 n3/day/n
4n x 0.148 m

S = 2.25 x 400 m3ldav/m x 0.00056 dav

(S2.8 )Z 
^2

= 5.2 x t0-4

By using the Theis method, the value of transnissivity was found to be



.w
a¡
I

.08

.10

.L2

.L4

.16

.18

.20

.22

.24

.26

ol \¡ Oo.-
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+sa n3/day/n and that of storatlvity was found to be 6.9 x 1o-4. These

values do not differ by more than 10% from those carcurated using
Jâcobrs nethod and therefore provide additionar support to the varues
determined by Thers ¡rethod. Ideatry transmissivity and storativlty
calculated by the Theis non-eguilibrium equation and the cooper,/Jacobrs

approxination pethod shourd be the sane. However, within the

assumptions used, the correspondence between the two values 1s

satisfactory.
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6. STEP-DRAWDOWN TESTS

The conventional well hydraulics theory assumes that laminar flow

conditions exist in the aquifer during pumping. However turbulent fl.ow

occurs in some wells when they are pumped at a relatively high rate. If
turbulent flow occurs, the tinear reLationship between drawdown and

pumping rate no longer hotds. step-drawdown tests are developed to

examine the performance of wells under turbulent f]ow. In a

step-drawdown test the well is pumped at successively higher pumping

rates and the drawdown for each rate fs recorded. The pumping times

should be the same for each step, usually 2 hours. The data from the

step-test can be used to determÍne the relative proportion of laminar

and turbulent flow occuring at any punping rate. An example of a

step-drawdown test for Tiwi borehole number C4742 is given in Table 4.

Table 4. Summary of step-drawdown test in well No. C4I4Z.

Yield, Q

(m3l¿ay )

Drawdown, s
(m)

s/Q

4e2.72 (342 LPM)
68s.68 (476 LPM)
eeO.36 (688 LPM)

7027.s2 (714 LPM)

2.72
5.45

10.35
9. 64

0.0062
0.00114
0.0150
0.0135

The drawdown s, in a confined

and in a perfectly efficient well

aquifer under laminar flow conditions

is expressed by:

= 2.30 Q log 2.25 T t
4nT 

"2S

,..(13)
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The above equation can be ¡sritten as:

s

¡shere:

B

=BQ

= 2.3O log 2.2S T t
4fiT 

"2S

The value of B is tlne dependent but after a period of pumping B

changes only slightly and ft can be assumed constant under turbutent
conditions. Jacob suggested that the drawdown in a well can be correctly
expressed as the sum of a first order or laminar component and a second

order or turbulent conponent as follows:

s =SQ*cQ2

A graphical method for determining B and c cuas presented by Bierschank
(1964). In this equation,

=B+CQ

This is a linear equatlon in s/Q and Q and if s/Q is ptotted against Q,

a straight line with slope c and intercept B Ís obtained. If turbulent
flow 1s present the speciflc capacity, e, declines as discharge

increases as shown in Equatlon 1g

s
a

a
s ...(18)

drawdown and specific capacity with increased

lnfor¡nation required to select a pumping rate ¡chich

a long time without excessive drawdown. The

-J.
ca.B

Observing the change in

discharge provides the

will provide water over



ratlo of the lamlnar

step-drawdown tests:

LP = BQ
BQ * iQz

where;

2S

the total headloss can be computed fromheadloss to

. 100

LP= 1s

to

the percentage of the totar headross that is attributable
laminar flow.

Table 5 sho¡ss a dlscharge and drar¡down data from the step draÍcdown

data of Tiwl borehole No. c4142 and Figures 6 and ? shorrys the relevant
plots' Figure I shows a plot of s versus Q. Using Bierschankrs nethod

a
of analysls B = 0.0045 and C = 4.44 x tO-5.

using Equatlon 13 the specific capacity can be carcurated for any

flow rate and the specific capacity and drawdown can arso be projected

for any discharge rate. Assumfng a discharge of 41.g mslhr, La (the

ratio of laminar to turbulent flow) can be calculated using Equation 19:

Lp = 0.045 x 41.0 x 100%

0.0045 x 41.5 + 4.4 x 10-5 x (41.9)2
= 0.18585 x 100t = 7t%

0.26090

i.e. 718 of the headloss fs attributable to Laminar flow.

In sunmary step-dra¡rdown tests can be

1. Determine the specific capaclty of

discharge rates and thls fnformation can be

optinum discharge rates

used to:

the well at various

used to determine the

2. Deternlne the ratio, Lp, denoting the percentage of the total
headloss attributable to laminar flow.
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Table 5. Step-test data for Ti¡si
and 3).

borehole number C4l4Z (step-test 1

Time Since
Pumping Started

(nin )

Drawdou¡n
(¡n)

Di scharge

(m3/r¡r )

0
0.5

11
13
15
20
25
30
35
40
45
50
55
60
70
80
90

100
110
t20
127
122
723
724
125
126
127
728
729
130
135
140
145
150
155
160
165
170
175
180
190

0
1.41
2.09
2.77
2.73
2 .74
2 .09
2.Oe
2.08
2.O7
2.OS
2.09
2.70
2 .10
2.73
2 .72
2.73
2.09
2.70
2.12
7.73
7.62
8. 25
8.44
8.60
8.68
8. 73
8.85
8.91
8. 95
9. 08
9. 33
9.45
9. 76
9. 92

10.08
10. 19
10.30
10.30
10,3i
10.35

20.57

20.67

20. 35

47 .07

4t.07
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Table 5. Step-test date for Tiwl
and 4).

borehole number C4l42 (step-test 2

Time Since
Pumping Started

(min )

Drawdown
(n)

Di scharge

1m3/trr ¡

0.0
2.O
2.5
3.0
3.5
4.0
4.5
5.0
5.5
6.0
6.5
7.O
8.0
9.0

10
15
20
25
30
35
40
45
50
55
60
70
80
90

100
110
720
t2t
722
723
724
l2s
135
140
145
150
155
160

0.0
4.19
4.27
4.34
4.32
4 .45
4.48
4 .50
4 .53
4 .58
4.64
4.68
4.77
4.75
4 .85
5. 03
5.11
s.17
s. 20
5.24
5. 28
5 .28
5. 29
5 .31
5.33
5.32
5.37
5.41
5.44
5 .45
5.45
8.62
9.11
9.37
9.47
9.56

10.26
10.32
70 .42
10.62
10.50
10.49

28.36

28.92

43.09

43 .54
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TabIe 5 (cont'd

Time Since
Pumping Started

(nln )

Drawdown
(n)

Df scharge
(n3/¡r )

165
170
175
180
190
200
210
220
230

10.51
10. 55
10.55
10. 56
9.56
9.56
9.61
9.62
9.64

41.86
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3' Determine the transmisslvity and storage coefflcient val,ues for
the aquifer from tinre-drawdown or dlstance-drawdown graphs drawn for one

of the constant rate pumping tests.
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7. WATER LEVEL MONITORING

IrJater rever data provide records of short ter¡n changes and rong
tern trends of fluctuations of storage within groundwater reservoirs.
uses of data on groundwater revers Ínclude the forrowing:

1' To determÍne areas of excessively high or ,ow water revers.
2' To enable the estimation of the groundwater outlook in future

by showing the time-rate of change in groundwater storage.
3' To provide data for the evaruation of the water yietding

properties of aqulfers.

4' Tr-r appraise the relationship between water rever fluctuations
and pumping.

5. To aid in base flow estimation of streams.

6' To indlcate the status of groundwater in transit.
7 . To obtain data for use in research.

&later revers in werrs are armost constantry ftuctuating and can
decline or rise within a rerativery short time. water revel
fluctuations for six ¡cerrs over a period of 16 months are shown in 

.

Tabres 6 to 11 and the water rever hydrographs for the same werrs shown
in Figures 9 to 14' During the 16 month period the highest fluctuation
in water levels was 5.84 m at Milalani well which had its highest water
lever of 8.20 n on 2nd septenber 19gs and a rowest water rever of 14.04
m on 24th Aprir 1983. The rowest water rever. fructuation 0.45 m (11.43
cn) was recorded at Mwabungu-Garu wer.r. It had its highest water lever.
of 19.20 nr on 3rd June 19g3 and a rowest water rever of 1g.6s m on lrth
January 19g9. of arl the six wer.rs where the groundwater rever
fluctuations h¡ere recorded, four (Milatani, Msanbweni, Gazi and shamu)
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Table 6. Water level fluctuatlons at
of weII, 27.10 m) .

Well No. 93, Magutu (totat depth

Date Static &later Level
(sr)

14-1-83

7 -2-83

19-2-83

31 -3-83

19-4-83

4-5-83

22-5-83

3-6-83

14-6-83

30-6-83

18-?-83

15-8-83

2-9-83

23-9-83

1 ?-1 0-83

13-11-83

5-12-83

24-7-84

17-2-84

20-3-84

28-4-84

22.98

23.67

22.94

23.26

23.34

22.98

22.70

22.65

22.55

22.50

22 .47

22.60

22.56

22.63

22.73

22.84

22.95

23.01

23.05

23, 10

23. 16
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Table 7. Water level fluctuations at
of wel], 20.20 a).

&iel I No . 86 , Shamu ( total depth

Date Static Þlater Level
(m)

13-1-83

7 -2-83

19-2-83

31 -3-83

19-4-83

4-5-83

23-5-83

3-6-83

14-6-83

30-6-83

18-7-83

15-8-8s

2-9-83

23-9-83

1 7-10-83

13-11-83

5-1 2-83

24-t-84

t7-2-84

20-3-84

28-4-84

12.30

12.60

12 .65

13.30

13.32

13.34

13.10

13. 05

72.97

12.93

1.2.52

12.17

12.10

12.34

12 .39

12 .48

12.63

12.78

13. 01

13.98

l4 .64
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Table 8. &later level fluctuations at Well No.
depth of ¡vell, 20. ?0 ør) .

55, Munasunga-Galu (totaI

Date Static hlater Level
(m)

11-1-83

7-2-83

I 9-2-83

3 I -3-83

19-4-83

4-5-83

23-5-83

3-6-83

14-6-83

30-6-83

1 8-7-83

15-8-83

2-9-83

23-9-83

1 7-1 0-83

I 3-1 I -83

5-12-83

24-1-84

77-2-84

20-3-84

28-4-84

19.65

19.5?

79 .42

19.40

19.49

19.43

19.30

19.20

75.22

19.30

19.32

19.31

19.30

19.35

19.38

19.39

19.40

19.42

79.44

t9 .44

19.45
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Table 9. Water level fluctuatlons at
we.ll, 20.?0 ø).

WeII No. SZ, Gazi (total depth of

Date Static &fater Level
(a)

5-1-83

7 -2-83

1 9-2-83

3 I -3-83

19-4-83

4-5-83

23-5-83

3-6-83

14-6-83

30-6-83

I 7-7-83

15-8-83

2-9-83

23-9-83

I 7-10-83

13-1 I -83

5-12-83

24-t-84

77-2-84

20-3-84

28-4-84

9.85

10.13

10. 26

10.31

10.33

10.20

9.97

9.81

9 .51

9.33

9.16

9.24

9.23

9.36

9.57

9.87

10.02

10. 39

70.42

10.51

10.58
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Table 10. Water level
(total depth

fluctuations at
of welI, 16.20

Well No. 6, Milalani tgg3/84
wl .

Date Static Þiater Level
(m)

3t-72-82

7-2-83

19-2-83

3 1 -3-83

19-4-83

4 -s-83

23-5-83

3-6-83

14-6-83

30-6-83

t7 -7-83

15-8-83

2-9-83

23-9-83

I 7-1 0-83

13-11-83

5-12-83

24-7-84

77-2-84

20-3-84

24-4-84

10 .60

11.70

11.55

12.35

12.36

12.10

t2.20

10. 25

9.23

8.5

7.25

8.22

8. 20

8.56

8. 73

9.3

10.5

10.8

11.90

13.08

14 .04



43

Table 1.1. Water level fluctations at Well No.
depth 8,50 m)

26, Msambweni ( total

Date Static Water Level
(m)

3-1 -83

7 -2-83

1 9-2-83

31 -3-83

19-4-83

4-5-83

23-5-83

3-6-83

14-6-83

30-6-83

1 7-?-83

15-8-83

2-9-83

23-9-83

1 7-10-83

13-11-83

5-12-83

24-7-84

77-2-84

20-3-84

23-4-84

3.20

3.95

3.80

4.74

4.76

3.86

2. 13

2.30

2.32

2 .48

2 .60

2.74

2.72

2.89

2.95

3. 29

3.59

3.80

3. 91

4.02

4 .06
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had the lowest water levels recorded in ApriJ.. The other two

(Mwabungu-Gaìu and Magutu) had lowest water Levels recorded in January

and February respectivery. This is expected as January through

mid-April are the hottest months in the region and groundwater recharge

is minimal ' The hÍghest water levels were recorded in July in two wells
(Magutu and Gazi), septenber in two other wells (Milalani and shamu)

while the other two ¡sells, Msambweni and Mwabungu-Galu recorded hlghest
[dater leve]s in May and June respectivery. The rong rains in this
region come between mid-April and June while the short rains are in
september and October. It is therefore in order that the wells register
the highest water revers during or immediatery after the rains.

rt is not clear why dÍfferences in the times when the htghest (or

lo¡,¡est) rorater levels occur. one of the possible contributions may be

the fact that the water-bearing formatÍon (aquifer) is not continuous.

In a sedimentary basin like this one, it is expected that there would be

various impermeable clay layers interspersed in between the sands.

These clay layers thus creates several localized aquÍfers instead of
one regional aquifer. Because recharge in this area can also be very

localized ¡ueLls tirithin the same 'local' aquifer will tend to show irigh

or lo&J water levels at the same time. Msambweni, Milalani and Gazi wells
for example are wells which are close together and they all show the

lowest water levels in Aprit. The highest water levels however were

registered in May, July and september respectively in the three r¿ells.

F'Jhereas these wells should have shown the highest water levels at the

same time as expected, the discrepancy would probably be due to the fact
that all the three wells are drilled to different depths (Milalani 2Bm,

Msambweni 2sn, and Gazi 12m), and so¡ne ¡uells would therefore tap deeper
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aquifers. Another possÍble reason for the differences between the times

of hÍghest and lowest water levels 1s that the data used was taken over

a period of only 16 months. It is possible therefore that should the

data have been for several years, most of the wells would have shown the

highest and lowest ¡uater levels at more or less the same period.

Water-level monitoring within the region is still continuing and it is
recommended that after enough data have been collected water level graphs

be drawn to establish periods of high and low water levels and

consequently advise on the withdrawal rates.

Water levels in wells in artesian aquÍfers under natural conditions
generally fluctuate to a nuch greater extent than water levels in water

table aquifers and are sensÍtive to such factors as earthquakes and

earth tides and changes in atmospheric pressure, surface water shape and

surface loading (Freeze, lgzg). water levels in artesian wells are

also influenced by leakage from water table aquifers (altliough the

effects of recharge are sometines not noticeable Ínmediately), and by

t+¡ithdrawaLs from wells and springs. Water levels in water tables are

affected by direct recharge from precipitation, evapotranspiration,

¡¿Íthdra¡rals from ¡¿ells, discharge to streams and sometimes changes in

atmospheric pressure (Freeze, 19Zg).

Fluctuations in water levels indicate changes in the actual

quantity of water stored in aquifers and novement of groundwater. A

continual decline in s{ater levels results when discharge exceeds

recharge; water levels a¡iI1 usually rise when recharge is greater than

discharge ' The amount of water taken fron or added to storage per unit
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change in r¿ater Leve1s under ¡uater table conditions is generally rnany

times larger than under artesian conditjons (SO ,, S).

Changes in storage accounts for the greater part of fluctuations in
u¡elIs. During the rainy seasons which are in April-June (long rains),
and october-November (short rains) in Kenya, the water levels are

considerably higher than in the drier months in which there is no

recharge but continuous t¿ithdrawal. Rapid fluctuations of water levels

through vertical distances of several metres are primarily due to
pumping' Seasonal trends show several months of rise followed by a fa11

in response to punping. water-level hydrographs are useful for the

visuaL lnterpretation of water Level data. Recharge direct from

precipitation and by infiltration of surface water involves the vertfcal
downward movement of groundwater under the influence of vertical head

differentials. Thus, recharge involves vertical leakage of water

through deposits above the aquifer, the quanttty of which varies from

place to place and is controlled by the permeability and thickness of
the deposits through which leakage occurs. The water in shallow

aquifers (15-20 n deep) fluçtuates through a wide range in response to
periods of above- or below-normal precipttation. rn drought years many

shallow wells would go dry. However, water stored in thick
unconsol'idated deposits Ís available to deeply buried aquifers, so that
short drought periods often have little influence on !üater levels ln
these aquifers. Artiffcial recharge techniques have been employed to

add water to aquifers but none of the methods has yet been used in
Kenya. Artificlal ¡nethods include water spreading, recharging through

pits, excavations, wells and shafts and pumping to induce recharge from

surface water bodies. Recharge to aquifer by tnfiltratlon of surface
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waters occur s'Jhen the ¡¿ater tabte is belo¡u the çryater surface of a- stream

and the stream-bed fs permeable.

Tables 12 to 14 shows monthty rainfall data for Tlwt, Mwachande and

KÍkoneni stations and Figures 15 to 17 show thelr respective histogra¡rs

for 1983. As sho*rn in these tables most of the rains in this region

comes ln the months of April to June (long rains) and october-Novenber

(short rains). As expected when the rainfarr is highest, the

groundwater Level is also the hlghest and when there is ltttle rainfall
the water level in the weÌIs fs lo¡ry. DurÍng this time only welLs ¡shich

are deep enough and which tap good aquifers are left srith water ryhile

most of the other shall.o¡uer wells dry up or produce so littte ¡¿ater that
after pumplng for a ferc hours a ¡ryait of several nore hours ls necessary

for the rt¡ater to trlckle down into the well fronr the surrounding

sediments. This latter conditfon occurs because as most of the wells
are water table agulfers which receive recharge dfrectly from local
precipitation and because this precipitation is very low the withdrawal

from the ¡vells exceed recharge, i.e. the svater rs being pumped out

faster than the entlre groundwater reservoir ls replenished. under

these conditlons, the reservoir is beÍng emptied of water that nay have

taken sometime to accunulate and there is no possibility of a continuous

supply until the next rains.

However for snall quantlties of

lltres/day), these ¡vells seen to be

the very dry baslns, the groundwater

recharge at all in a year of norpal

moisture 1s dissipated fron the soil

¡uater for domestic purposes (ZO

satisfactory for local needs. In

reservoir may not receive any

preclpitation because all the

zone into the atnosphere. Recharge
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rable 12. Rafnfarr data for Trssf catchment statlon Number 60 (øsr).

{onth 1973 1974 19?5 1976 19?7 1978 19?9 1980 1981 1982 1983 1984 1985 1986

lan.

'eb.

far.

pr.

ay

une

uly

ug.

ept .

)t.

)v.

rc.

- 31 .0 3r.7 o. o 4.2 41 .4 161 .5 3.8 7 .7 o. o o. o 0.4 rb. e s.2
- 1'.2 0.0 0.7 1.4 26.0 77.O 31.4 o.o o.o 28.g o.o 57.2 0.0
- 4.2 6.5 9.3 53.? 116.6 1?2.9 r2.O 1?O.O 79.4 40.5 29.7 16.0 1?.5
- 88 '4 277 '2 109.5 5?.8 20r.8 258.9 45.0 47.2 258.9 120.I 281 .5 153.6 2e8.3
- 155.4 331.? r54.0 114.4 195.6 480.6 48.6 133.4 518.6 385.r 136.5 196.2

86.6 197.O 724.6 1??.9 81.8 131 .5 209.8 21 .g 1,10.6 104.4 146.4 111r.3 12.5
9.2 727.1 94.5 155.1 77.r 45.1 ?9.6 81.4 60.5 134.g 1.44.2 98.9 145.2

76.6 19.7 5.1 12.9 56.8 23.6 56.0 23?.0 164.8 48.2 32.3 20.1 28.3
16.6 36.6 56.1 54.6 116.9 41.0 s7.2 21.2 35.? 143.9 66.8 22.8 26.2

10.? 24-9 77.7 ?1.1 301.5 53.5 50.5 12.6 190.0 193.? 30.3 r94.? 24.4
28.7 56.8 3.1 1 .2 180.3 18S.9 59.6 135.3 51 . ? 139.3 73.7 746. I 108.4
23.5 3.2 46.2 41.9 82. O - 36.3 82. ? 151 .5 28.7 52.2 24.7 3?.8

year average for Station 603 = 10g2.3 øm



55

Table 13. Rafnfarr data for Hwachande statlon Nunber ?r1 (øa)

Month I 979 I 980 198 r 1 982 1 983 I 984 1985 1986

Jan.

Feb.

Har.

Apr.

May

June

July

Aug.

Sept.

Oct.

Nov.

Dec.

54 .0 0.0

23.3 1.9

13.1 19.6

27 .6 27.7

_ 8.6

- 9.5

- 32.0

- 2.4

- 0.0

- 10.0

- 1.1

0. ? 0.0

0.0 0.0

73.2 4.8

4.5 56.4

19.3 69.4

13.2 29.4

8.3 129.0

16.4 65.9

7 .2 70.3

r7.9 124.5

0.9 165.3

41.1 62.3

0. o 0.0

57.0 0.o

9.9 7.4

75.4 112.0

1.O7 .4 253 . 1

74.5 126.0

34 ,5 151 .2

23.8 23.0

28.9 27 .1

13.8 193.0

2.6 139.4

13.2 65.2

56.8 18.8

20.7 0.0

69.0 52.9

136.4 187.0

399.2 402.6

83.4 22.7

183.8

31 .8

57. 1

45.8

90. 8

72.3

Flve year average for Statlon ?Il - ?3g.g øm
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Table 14. Rainfall data for Klkonenf Statlon Number 619 (øm)

Year

Honth t974 19?5 t9?6 19?? 19zB r9?9 1980 r981 rggz 19Bg t9B4 1g's r986

Jan. 1,2O .7

Feb. 5t .2

Mar. 106.4

Apr. SZ.l

Hay zo.t

June BZ. l

JuIy 15. s

Aug. 723 .a

Sept. 13.2

Oct.

l{ov .

Dec.

24 .4

0.0

- 25.9 25.0 208.8

- 46. ? 80.0 64 .0

- 22.5 0.0 o. o o. o 0.4

- 0.0 0.0 0.0 o.o 19.5

- 200.4 65.0 6.0 29.8 27.2
- 24.2 41 . ? 151.0 ?9. s

- 11?.6 157.3 332 .O 297 .4 792.9 724.4 1g7.7 ?5.6 631.6 9s.o
- r71 .5 1'72.0 lsr.3 5r9.1 61.3 13?.5 610.4 152.3 168.2 3?5.6

- 197.0 39'8 86.0 132.8 86.3 10e.9 r59.3 59.3 152.5 77.7

- 117.1 107.8 16.6 136.6 116.0 98.4 154.5 19.s 101.1 140.6

- 30.8 66. ? 39. O 47 .2 2gO. ? 188.2 66.9 72.2

- 62. 2 167 . 5 ?6 .9 42 .5 41 .0 68 .0 183.4 9. ?

- 89.7 110.0 30s.4 ?9.3 10.0 539.8 248.7 4.7

- 46.6 92.9 - 62.0 140.0 58.5 141.1 17.7

- 160.7 140.5 89.0 128.9 80.? 261.4 116.5 88.0

- 58.2

- 53.5

- 34.0

- 22.7

- 138.4

7 year average = l3SS.? em
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to those aquifers occurs onry durlng years of exceptionarry heavy_

rainfal I .

Besides the issues associated u¡ith aquifer replenishment, the sLow

movement of water wlthin an aquifer is also a problem. Arl deveroped

aquifers serve not only as reservoirs to hold water but also as

pipelines to carry u¡ater to the production ¡ve]rs from the areas r¡here 1t
enters the aquifer. The yietd of a production well or group of ¡selrs is
determined by the quantity of water that can move through the aquifer
from recharge areas. If the transmissivity of the aquifer Ís
inadequate, the cvater levels in productÍon wells r,rill decline rshether

the aquifer as a whore is adequatery recharged or not. pumping can

increase the rate of movement f:.om the recharge areas to production

wells by increasing the hydrauric gradlent. The terms groundwater

recharge and groundwater discharge are used here in their dynamic sense

and are restricted to flow processes in the saturated zone, Hlater-table
fluctuations result when the rate of groundwater recharge or discharge

is not matched by the unsaturated flo¡s rate created by Ínfiltration or
evaporation. Since this equilibrium is seldom realized and also because

flo¡s conditions near the surface are extrenely transient owing to the
fnternittent nature of rainfalr and evaporatron the water tabre is
alnost never completely stable,

A sunnary of the construction data for L27 wells drllled rvithin the
south coast region ls listed fn Appendix 4. 53 of the çuells ¡yithin the
region can be consÍdred as'high'ylelding for they produce over 3m3

per hour. Apart from Gazi 1, 2 and 3 ç¿hich are reratlvety sharlow (14m,

17n and 12n respectively) and quÍte productive (over 6ng/hr), all the
other wells cùith a yield of over 3n3 per hour have been drilled to
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depths of 20m to 40m. ylerds of between 2m3 - 3m3 per hour are

considered quite adequate for domestic purposes and more than half of
the wells (69) have yields greater than 2m3 per hour. Eight of the

$rells (Kingwende Primary school, Msambweni camp, Mwangundo No. 2,

Milalani No. 4, Vingunjini primary school and Gazi No. 1, 2 and 3) haà

exceptionally good ylelds (over 6m3 per hour). with an exception of
Gazi 1' 2, and 3 where the water was struck between 1o-12m, arr the

other wells had water stuck between 18¡n and 24m and a water-rest-Ievel
of between 10m-1sn. The werls at GazÍ r,z, and 3 also had

water-rest-levels of around 9n. From the close proximity of these wells
and nearly the same water struck and water-rest-levels it would be

reasonable to assume that they arl tap water from the same aquifer.
The Gazi wel'ls shows a discrepancy as far as therwater struck' Leve]s

are concerned but they show more or less the sane water rest levels.
These wells may have tapped a shallo¡r¡er aquifer at 12m which Ís

underlain by an inpervious layer of clay shietding the main aquifer at

18m from the top aquifer. A geoelectricar sounding is however

necessary to confirm this and to ascertain the thickness of the cray

layer.

The wells fn the northern part of the project area seerns to be

tapping an aquifer which is much more deep seated (Mbuani with a rdater

struck level of 4o-44n) but still the yields are reasonable. The further
one goes away fron the coast, the more deep seated the aquifers become

and punping, using a hand pump may be difficult.
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8. CHEMICAL ANALYSIS

Groundwater in Kenya once considered relatively pollutlon free is
being contaminated locaLly by munlcipal and industrlal wastes.
contanination occurs Frhen soluble or lnsoluble substances are introduced
into the hydrogeoì.ogic environ¡nent as a resutt of man,s activlties. All
groundwater originates as rain or snowmelt which infiltrates through the
soil into the flow systems rn the underlying geologic nateriars. As

groundwater moves along flowlines from recharge to dlscharge areas, its
chenistry is altered by a variety of geochenical processes. rncreases
of total dissorved sorids and nost of the maJor lons normarly occur.
shallow groundwater in recharge areas is lower in dlssolved solids than
the r¡ater deeper in the same system and lower in dissolved solids than
the rryater in the sharrow zones in the discharge areas.

Once in the aquifer, the prinary driving force for contaminant
movenent is created by the hydraullc gradient that produces groundwater

flow' contaminants are thus carried down gradient formÍng a contaminant
plune as sho¡r¡n in Figure rg. Thls type of novement is known as

advection. Two other hydrodynamic dispersion nechanlsms, nechanical
mixing and morecular dlffusion infruence the shape of the prume by

causing a spreading of the contanfnant over a nuch larger area than
s'ould occur from advectlon alone and çvÍth a conseguent dilutfon of the
conta¡ninant away from the source. Mechanfcar nixlng ls caused by

veloclty dlfferences ¡sithin the pore openings, veroclty differences in
sizes through which the ssater noves and the degree of tortuosity
(Iength) of the pore channel.
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In the absence of any groundwater movement, a slug of highly_

concentrated chemical wÍIl move outwards from its origin towards

points of Iower concentration through diffusion. The effect of

molecular diffusion on contaminant dispersion is, however, nuch Iess

than the effect of mechanical mixing processes and except in cases of no

groundwater movenent at all (very rare) it can be ignored in the

estimation of the spread of contaminant plumes.

Table 15 shows the chemical analysis data for 42 wells in the

project area and TabLe 16 the recommended chemical. concentrations in

drinking water by World Health Organization ($¡HO).

The determinations to establlsh water qualÍty most often utilised
are hardness, iron, chrorides, total dissolved solÍds, specific

electricaL conductance and hydrogen ion concentration or the pH.

According to its total dissolved solids (TDS) groundwater is

classified as follows:

Fresh
Moderately saline (brackish)
Very saline
Briny

1O00 mg,/l
1000 - 10000 mgll
10000 - 35000 ngll
35000 ncl]

For most groundwater, the specific conductance multiplied by

factor of 0.55 to 0. zs gives a reasonable estimate of the total
dissolved solids (TDS).

8, 1 Numerical Presentation

chemical analysis can be expressed in many different ways. since

nost of the solids in water are in solution, their concentration in

ionic form is presented as millÍgrams per litre (ne/l) or in
milliequivaLents per litre (meq/l). An example of the numerical



Table 15. Chesnicol sflalyois data.

We I I l{ane

No.

C5¿120 Milalani tt g/H l.25

Hilaleni Itt B/H O.35
Vidungeni B/H O.S4

sBH 5 8/H o.3o

Mbuani (oø 83) û

Kibareni (oø ?O) -?

2

3

5

6

No¡

? tfwangoloko (æ 6?) -?

8 Kibarani (æ 66) -?

9 Kiborani (ow ??) -?

10 Mkuakweni (ow 92) -?

ll Mts¡bwe Muhaka (ow S1 -?

12 Kibarani (ow ?5) -?
13 Kibarenl (ow 69) -?

216.0 21.4

290.0 35. ?
92 .0 28.6

312.0 28.6

45.6 170.
187 .2 29.0

341.0 50.0

30s.0 0. 10

14.4 11.0

441 .6 61 .0

12.2 13.0

385.2 5. ?
30't .2 99.0

Nit 0.58

10.0 0.58
8.00 0.60

9.00 0.65

1.00 0.03
3.00 0.30

16.00 0.20

12.0

I . s0 0.06

2. 50 0. 20

0.38 0.04

l.12 0.20
11.3 0.20

tÐnce6 Concentra

Na Ca

16.0 96.0 t.e6

32.4 30.4 44 16

20.0 23. I 13. 92

28.0 54 .4 32 .64

? 6. 1 5.00
? t32 21 .00

-? 114. 43.00

-? 99. 34. OO

-? 3.1 z.so

-? 140.0 56 . O

-? 55. 3. 90

-? 138. 30. o

-? 112. 44. O

Nil Nil 0.05 ,t.7

Nil Nit
Nil ¡tit

Nil Nit

t.'t 1.0
0.1 2.2

0. I 0.6

0. I 0.3

0. 1 0.3

0. I 0.2

0.8 0.5

ïDS Remarks

0. 25 ?.3
0. 20 6.8

0.12 7 .2

Ê 5.9
Â 9.2

^ 1.7

286 Free from orgenic
pol lut ion

322 Neutral end eoft
102 Free frør orgenic

pol ìut ion
345 Freo frorn organic

54

162

pol lut ion
(ca I cuetod )

Organic matter
present, hard
Þlodorate ly
minerel ised
Hard with orgsnic
nstter
Low minsral end
organ ic matter
Slightly hard end
elkal ine
Sì ightly acid end
corros ive
Hard el ightly

-do-

* 7.5 330

360

* 6.?

Â ?.9

Å 5.s

a ?.5
* ?.9

0.1
0.3

2.5
0.3

30

480

42

420

420

o\
Ltl



Table 15 (cont'd ...)

fable 15. Chemicel enelyeie deta.

Wel I

No. NBm€

14 Kibarani (ø ?3)
15 Songrwe (w S?)

18 Kiberani borehole
17 Chaìo (æ 42)

18 ?tualibems (ow ?1)

19 Lunga Lunga B/HZ

20 Mugutu (orl 93)

21 Ètuanraguo (os Zl

22 Shenru (ø)

HCO3

-? 348.6
-? 441 .6

-? 19.2
-? 448.6

-? 2't3.O

-? 429.l

22.O 1.?5 0.1?
32.0 1 .25 0.20

23 .O 3.35 .2
0.39 165.

66.0 9.25 0.2

- 144 .42

22 .O 1 .5 .20

19.0 5.0 . 04

39.0 0.8 .04

so¡
Subs

F

ancee C

NA

-? 326.7

-? 21.94

-? 4.8'.1

-?
-?

_?

-?

-7

727. 9.0
I 18. s6. o

110. 60.
380.

118. 33

0. I 0.6
0.1 0.1

0.1 0.1
7?4 0.1

0. 1 0.6

1.0 0.5

0.1 0.4

0.3 I .6

0.1 1.0

-? 186 225

-., 100 39

1.3 .9

t.'t 1.1

*
Â

â

*

-7

IDS Remarko

?.5
?.9

6.2
8.2

-.,

360 Okay
420 Slightly herd and

elkal ine
360 Good quel ity

3300 Highly ealine and
hard eource

384 Mildly herd end
tyrbid organic
mat ter

d80 Hard, high
concentrst ion of
eu I phatee

300 Slightly hard
water

48 Slightly ecidic -
neede filteretion

72 Sì igh¡ ly cc id ic -
neede fi lteretion

a B.s

Â ?.9

Â ?.9

A 5.9

* 5.4

o\
o\



lable 15 (cont'd ...)

lable 15. Chornical anelyeis deta.

Wel I

No. Næro

23 Þfsembroeni (I)

(orw 03) ?

(ow 4) Eomani

Ngaja village (ow S)

Milelani (or 6)
Ètunge (æ 8)
ñtunge (ow 9)

Ètunge (ow)

Ndzovuni (ow 11)
Kingrwonde (ow 12)

2d

25

26

21

28

29

0.06 192.0 60. o

0.51 130.0 34.0

0.02 130.0 48. O

.00? 160.0 104.

0. 3 130.0 34 . O

Ni I 116 28
o.l2 148 32

0.2 168 10030

3l
32

Subet ancee

FNa

Nit 0.65 51

3.0

29.

2',1 .

Nil
Nil
Nil

28

Nit
Nil

0. 12 138

0.05 128

0.65 19

0.65 26

0.40 49

0.65 24

0.7 20

0.? 24

0. 3 114

trat ion

50.4 22.6

84.0 Nil

94.0 8.6

113.0 8.6

88.0 .96
62 10.56
8s 10.56

36.8 1?.3

43 3.8
85 1.9

32

26

Nil

Nil

Nil

Nit

Nil
Nil
Nil

Nit

Nil
Nit

0.3
0.6

Nil 0.06 ?.5

Nil 0.0? ?.6

¡rll 0.2 7.4

Nil 0.14 ?.3

Nil 0.14 ?.9
Nit 0.1 ?.8
Nil 0.14 ?.5

Nit 0.1 ?.6

Nil 0.08 ?.6
Nil 0.08 ?.8

19

l8

TDS Remarke

610 F4oderate minerel
conEt ituent

382 Chemical ly
suitable

268 Free frøn organic
pol lut ion

812 Fair ly
minerel iscd

220 Soft and neutrel
1?4 Soft and neutral
256 ChenricaI ly

eu itable
¿N?8 $fu€rate mínerel

cø¡poe i t ion
120 Neutrel and eoft
234 Moderate with

fevoureb I e

mineral
concentrat ion

o\
.*¡



Teble 15 (cont'd ...)

lable 15. Chemical enelyeie deta.

Wol I

No. Nwrþ

33 Msambüeni (æ 13)

34 Mi laleni (os fS)

35

36

3?

38

39

40

Mabatani (w 16)

KinEnøende (oø 1?)
Kingændo (ø 18)
Kingwrande (ow Z0)
Munge (ow 21)
Munge (ow 23)

0.5

41 Kiriogo (oq ZAI
42 Shirazi (ow 26)

0.02 136

0.1 1s6

0.03 1s0

0.3 140

0.15 140

0. 1 150
Ni I 180

50

Key:

28

16

22

40

20

â2

92

148

Substancee Concon

-?
*

33 0.85

Nil 0.2

Nil 0.65

Nil 0.30
Nil 0.35
1 0.?s
Nil 0.3
Nil 0.?5

Nil 0.2
16 0.6

FNaCa

not indicat6d
not analysed

0. 28

0.06

22

144 22

156 54

l8

24 Nil

39 5.8

91 ?.68

58.4 3.8
48 d.8
83 35.5
â7 15.4
99 17.2

16

25

18

28

51

91

Nil Nit 0.02 ?.5

Nil Nil 0.11 ?.8

26 48.8 1.4
7.8 26.4 l¡t.B

Ni
Ni
Ni

Nit 0.1 7.2

Remarks

150 Sl ight organic
pollution

132 Fevourable
minere I
const i tuent

368 Fit for domestic
uge

3?6 -do-
462 -do-
392 -do-
4d6 -do-
408-do-feirly

mineral ieed
138 Soft and euiteble
d62 Soft end suitable

Nil 0.0? 7.4
Nil 0.07 ?.5
Nil 0.02 ?.8
Ni I 0.1 ,t .3
Nit 0.13 ?.5

Nil 0.08 ?.4
Nil 0.05 ?.6

Nit
Nit

Nil
Nit

o\
@



69

Table 16. Internatlonal etandards for drinklng water (W.H.O)

Subs tance
Haximun Al loc{able

Concentra t fon
@e/Ll

Toxic Substances

Lead
Arseni c
Se I eni um

Chronluø (Cr Hexavalent)
Cyan i de
Cadni um

Bari um

Radionuclides (Gross beta actlvity)

Conoonents Hazardous to Health

Nitrate as NO3
Fl uor i de

0. 0s
0. 05
0.01
0.05
o.20
0. 0r
1 .00
tow/t

45.0
1.5

Substance
Linit of General Haxlnu¡r Allo¡rable

Acceptabtllty Concentration

lotal dissolved eolld
Col our
lurbidt ty
Taste
Odour
Iron (Fe)
ilanganese (Mn)
Copper (Cu)
Zlnc (Zn)
Calclun (Ca)
Hagneslum (e{C)
Sulphate (SOOZ-,
Chloride (Cf-¡
PH range

500 agll
5 unitss
5 uni ts88
UnobJecti onabl e
UnobJect lonable
0.3 agll
0.1 øgll
1.0 ngll
5.0 agll
75 øe/7
50 ngll
2OO øe/l
2Oo øC/I
7-8.5

1500 øglt
50 units*
25 unitsss

1. O aell
O.5 eell
1.5 ag/l
15 agll
2oO øg/I
150 sg/l
t800 ngll
600 agll
>6.5 & <9.2
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lable 16 (cont'd

Substance
Maxleum Allowable

Concentrati on
F{axinum Al lowable

Concentrat i on

Magnesiuør + eodiugl sulphate
Phenollc substances (as phenol)
Carbon chloroform extract (CCE)

(Organic pollutant)
Alkyl benzl suphonates (ABS)

( Surfactants )

500 øell
0.001 agll
O.2 øg/l

0.5 øel]

1000 øgll
O.OOZ øC/I
0.5 mgll***

7.A wg/I

a Platlnun-cobalt scale

8s Nephelonetric turbidity
aa8 Concentrations greater

further analysls to deternine

unl ts

than 0.2 ^e/I fndicate
the causatlve agent.

the necessity for
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presentation using chemical analysls data from Table L5 is sho$rn on

Table 17, in &rhich the ions are expressed in mlrtigrams per riter,
mllliequivalents per litre and in milliequivalents per cent. The choice
of presentation r¿ill usuatly depend on the analyst.

8.2 Plctorial Diagrams

Pictorfal diagrans can be used to present the data of a particular
¡uell ln bars or circular dlagrams. while 1t is not possible to present

data fron nany werrs (aquifers) by means of pictoriar dÍagrams, they are
able to fllustrate graphicarry the major ions rn a water sampre and

serve as a simple, vfsual conparison of groundwater sanples. The most

commonly used type of pictorial diagram is the bar graph whlch shows the

fractional content of anions and cations as fractions of the total
column length. conventionally cations are ptotted on the left of the
bar and anions on the right. Figure 19 irlustrates the presentation of
data usÍng a bar graph of data for Itlilalani ¡cell taken fron Tabl e 17.

These types of flgures are not believed to be as clear and useful for
this analysis as those proposed and discussed in the fotlowing sections.
conseguently conparable graphs for the other wells in the area are not
developed here.

8.3 Graohical presentation

Graphical presentation of chemical anarysis data is intended to
sinplify comparison and evaluation of different analyses. one of the
methods which ¡uas used ¡vas to plot the concentration of a particular
cation or anion rn dffferent borehores. By defining two rimrts, the

lower llmit being the llnrit of general acceptability and the upper tinit
being the maximum allorsable limlt as stipulated by world Health
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Table 17. Numerical presentation of chenical data.

Qoncentration nits shName of Well Cat i ons @c,/ r Beq/ I meq * Ani ons øC,/ I meq/l meq *

Hilalani II 16
96
1.96

Nit
Nil

0. 0s

0. 70
4.8
0.16

0.001s

5.66

Na*
ca2*
HgZ+
Hn2*
Fe2+
znZ*

Total

72 .4
84 .8

'_'

0. 09

100 .09

Nog-
HCO3-
ct-
so42
F-

7.25
246
27.4

Nit
0.58

o.02
4 .03
0 .60

0. 03

0 .42
86.1
72.8

0.64

4.68 99,3

Milalani III 32 .4
30 .4
44.16

Nit
Nil

0.2s

7 .47
1.52
3.68

.0076

6.62

Na+
ca?*
ì4g2*
þln2+
Fe2+
zn2*

Total

27.3
23.O
5s.6

0.11

99 .9

Nog-
HCO3-
cI-
so42-
F-

0. 35
290
35.7
10
0. 58

.0056 0. 09
4.75 79.3
1.00 16.7
o.27 3.5
0.030 0.5

5 .99 99.6

Vindungeni Na+
ca2+
MgZ*
¡dn2*
Fe2 +

znZ+

Total

20.0 0.8?
23.7 1 .16
13.92 1 .16

o.2 0. 006

3. 196

27 .2
36. 3
36.3

0.18

99.9

Nos-
HC03-
cl-
so¿-
F-

0. 54
92. 0
28.6
8.0
0.6

.0086 0.3
1 .51 59. ?
0.81 32.O
0.17 6. ?
0.03 7.2

2.53 99 .9

ìBH 5 B/H Na+
Ca+
HgZ+
Hn2*
Fe2*
zn?*

Total

28 7.22
54.4 2.72
32 .64 2 .72

o.72 .003?

18.32
40.8
40. 8

0.56

99.9

Nog-
HCO3-
cl-
so42-
F-

o.32
312
26.6
9.0
0.65

.0048
5.11
0. 75
0.19
0.34

.078
83.9
12.3
3.1
5.5

6.66 6 .09 99 .4
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Tabìe 17 (cont'd)

Nane of Well

Hbuani Na+
ca2*
MEZ*
Þtn2*
Fe2*
znZ*

Tota I

?-
6.1 0.31
5.0 0.42
7.7 0.06
1.0 0.03
a_

0 .82

NOS- s -
:1 g HCo3- 4s.6 o.?5 13.s57.2 ct- 1?0. O 4.7s 86.2

1 
.! so42 1 .0 o .oz o. s63.7 F- o.o3 0.0016 .029

100 5. 56 100

Ki baran i
( ow76 )

Na*
ca?*
NgZ+
Þ{n2*
Fe2*
znZ+

lota l

?
132.0
27.O
0.1
2.2

a

6.6
1 .75
0.0036
0.078

78.3
20.8
0.043
0. 93

Nos-
HcQs-
cl-
so42-
F-

?
187.2
29.0
3.0
0.3

3.07
o.82
o.063
0.016

77.3
20.7

1 .59
0.40

8.43 99. 2 3.9? 99. 6

Hwangol oko Na+
ca?*
MgZ+
Hn2*
Fe2*
zn?*

Total

?
114.0
43. 0
0.1
0.6

a

5. 70
3.58
o.0036
0.021

61 .3
38 .5
0. 039
0. 23

Nos-
HCO3-
cI-
so¿z-
F_

?
341 .0

50 .0
16.0
0.20

u. un
1 .41
0.33
0.015

76.2
19.2
4.5
0. 20

9.3 99.8 7.34 99.9

if baranl
ow66 )

Na+
ca?+
þqg?*
Hn2*
Pe2*
zn?*

Total

?
99. 0
34 .0
0.1
0.3

a

a. ss
2 .83
0.036
o. 011

63. 2
36.1
0.46
0.14

Nog-
HCO3-
cl-
so42-
F-

?
305

o. t0
5.0 ,r.,
0.0028 0.053
0.25 4.8

7.83 99 .8 5. 2s 100.05
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Table 1? (cont'd)

Name of Well Cations øg/l
ncentrat fon uni t s ho¡un

øeq/ì øeg & Ani ons @e/l meq/l

Kl barani
(ow?? )

Nao
ca?*
Hg2+
Hn2*
Fe2+
zn?+

Total

o.ls
0.20
0.0036
0.01r

47.7
5s .6
1.0
3.1

Nog-
HCO3-
ct-
s042
F-

a

74 .4
1r.0
I.s0
0.06

?
3.1
2.5
0.1
0.3

4

o.24
0. 31
0.03
0.003

43. 1

53 .4
5.1
0.5

0.36 101 0, 58 702

Hk uak uan i
(owe2 )

Na+
ca?+
HgZ+
Hn2*
Fe2*
zn?+

Total

?
140
56 .0
0.1
o.2

,t

7.0
4.7
0.0036
0.0071

ss. a
40.1
0.030
0.061

Nos-
HCO3-
ct-
so42-
F-

?
441 .6

61 .0
2 .50
o.20

7 .24
7.72
0.052
o. 011

ao. g

19.1
0.58
o .12

11.7r 99.9 9. 02 1o0.1

It anb¡ge -Èluhaka
owsr )

Na+
ca?+
Ng2*
Hn2*
Fe2+
zn?+

Total

?
55.0
3.9
0.8
0.5

a

2.75
0.33
0. 029
0. 018

ez.s
10.5
0.9
0.05

Nog-
HCO3-
cL-
soez-
F-

?
72.2
13. 0
0.38
0. 04

3.13 99. 3

o.2o s¿ . s
0.37 63.9
0.0079 7 .4
o. 0021 0 .36

0.58 100.06

I baranl
0w7s )

Na*
ca2+
HgZ+
Hn2+
Fe2*
zn?+

lotal

?
138.0
30. 0
0.1
2.5

a

72.4
26.2
o. 38
0.93

Nos-
HCO3-
cI-
so42-
F-

?
385.2

5.7
1..72
0.20

6.3
o. 16
0. 023
0.011

sz.o
2.5
0.35
o .77

6.9
2.5
o. 036
0.089

9. 53 99 .9 6.494 t00,02
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Table 17 (cont'd)

Name of Well Catlons @e/l
centrat ion unf sho¡rn

øeq/ I øeq I Ani ons @E/l @eq/ 1

Kl barani
(ow6e )

Na+
ca2*
HgZ+
Hn2*
Fe2+
zn?+

Total

?
112.0
44.O

0 .30
0.30

5.6
3 .67
0.01r
0. 011

60.2
39. 5

o .72
o.12

Nog-
HCO3-
ct-
so42
F-

307.2
99. 0
11.3
o.20

s. oa
2.79
o.24
o. 011

62 .4
34 .5
2.9
0.14

9.3 99.9 8.08 99.9

Ki barani
(ow73 )

Na+
ca?*
Þ4g2+

Mn2*
Fe2*
zn?*

Total

?
727.O

9.0
0.1
0.6

a

6. 35
0. 75
0.0036
0.021

89. 2
10.5
0.05
0. 29

Nog-
HCO3-
cl-
so42-
F-

?
348.6

22.O
1.?5
0. 17

7 .72 100. 04

5.? as.o
0.62 9. ?
0.036 0.57
0.0089 0. 14

6.36 100. o1

long:we
old87 )

Na+
ca?*
NgZ+
Hn2*
Fe2*
zn?*

Total

?
118.0
56.0
0.1
0.1

a

s.s
4 .67
0. 0036
0.00357

ssle
44 .1
0.034
0.0034

Nog-
HCO3-
c]-
so¿¿-
F-

?
447.6
32.O
I .25
0. 20

7 .24
0.90
0.026
0.011

aa.s
11.0
0. 32
0. 13

10. 58 99.9 8.18 99 .9

I barani
orehol e

Na+
ca2+
NgZ+
Hn2*
Fe2*
zn?*

Total

?
1r0
60
0.1
0.1

@

s.s
5
0.0036
0.0035?

52.4
47.6
0. 034
o.034

Nos-
HCO3-
c]-
so42-
F-

?
19.2
23.0
3.35

o.2

0.003r o .42
0 .65 88.5
0.0?0 9.5
0.010s 1 .4

t0.5 100 0. ?34 99 .8
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Table 17 (cont'd)

ent rat I on unfts sName of Well Cations øg/l øeq/I øeq % An i ons øe/I øeq/ 7 meq S

ChaI o
(oþ¡42 )

Na+
ca2+
HgZ*
Hn2*
Fe2*
zn?*

Totaì

?
380

1,24

0.1
a

19

4.5
0. 035

go. z

19.1
0.15

Nog-
HC03-
c]*
so42
F-

?
448.6

0.39
165 .0

7 .35
0.011
3 .44

68.0
0.10

31 .8

23.54 99.9 10.80 99 .9

þlwa I f bepba
(o}{?1)

Na+
CaZ*
HgZ+
Hn2*
Fe2*
ZnZ+

TotaI

?
118.0
33.0
0.1
0.6

a

5.9
2.75
0.0036
0.021

ea]
31.7
0. 04
o.24

Nog-
HCO3-
ct-
so42-
F-

?
273.O
66.0

9. 2s
o.2

I .67 to0.08

4.48 68.5
1 .86 28.4
0.19 2.9
0.0105 0.16

6.54 99 .9

,unga - I unga
t/H 2

Na+
ca?+
NgZ*
Hn2*
Fe2*
zn?*

Total

?
186
225

1.0
0.5
*

9.3
18.75
0. 036
0.018

ss.r
66.7
0. 13
0. 064

?
429 .7

144.O
o .42

7.03

3.0
0 .053

10.08

Nog-
HCo3-
cI-
So¿z-
F-

os. z

29.8
0.53

28.10 99 .9 100.3

agulu
0we3 )

Na+
ca2+
HgZ*
Hn2+
Fe2*
znZ+

lotal

?
100

3.9
0.1
0.4

a

5
3.25
0.0036
0.0143

60. 5
39.3
0.04
0.18

Nos-
HCo3-
ct-
so42-
F-

?
326.7
22.O
1.5

0.2

5.36 89.04
0.62 10.3
0.03 0.50
0.0105 0.17

8.27 100.02 6. 02 100 .01
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Table t7 ( cont 'd )

Naae of Welì
Concentrat unlts shownCatlons øg/l @eq/l aeq I Ani ons @c,/ I weq/ 7 meq %

Hwanaguo
( oÞ¿2 )

Na+
ca?*
ì4g2+
Hn2*
Fe2*
zn?*

Total

oloos
0. 0075
0.011
0.057

31 .3
36.1
5.3

27 .4

Nos-
HCo3-
ct-
so42
F-

?
2I .94
19.0
5.0
0.04

0.36
0. 54
0.104
0.0021

?
1.3
0.9
0.3
1.6

a

gs. g
53.7
10.3
o.27

0. 208 100.1 1 .006 100 .01

Shanu
(ow)

Na+
ca?*
HgZ*
Hn2+
Fe2*
zn?+

Total

?
1.7
1.1
0.1
1.0

a

0.08s
0.092
0. 0036
0.0367

39.3
42.5
1..7

16. s

Nog-
HCo3-
ct-
so42-
F-

?
4.87

39.0
0.8
0.04

0.2r6 100 . o0

0.079 6. ?
1 .09 91 .8
0.016 1 .3
o.oo22 0.19

I .187 99.9

lsambweni ( I ) Na*
ca2*
HEZ*
Hn2*
Fe2+
zn?+

Total

5r
50 .4
22 .6

Nil
b¡i I

0. 06

2.22
2.52
I .88

0.0018

6.62

33. 5
38. 1

28 .4

o.o27

100.03

Nos-
HCO3-
cI-
so¿e-
F-

0 .06
192.0
60.0

Nit
0.65

o. 00096
3.15
1 .69

0. o34

0.019
64.5
34 .6

o.69

4 .88 99 .8

onanf
DW3 )

Na+
ca?+
þäg2*

Hn2*
Fe2+
zn?*

Total

19.0
84 .0

Nlt
NJI
Ntt

o. 07

0.83
o_,

o.oozl

5. 03

16.5
83. 5

0.o42

100.04

Nos-
HCo3-
cl-
so42-
F-

o.5r
130
34 .0
3.0
0.65

o.0082 0.26
2.13 66. ?
0.96 30.0
0.063 1.97
0.034 1 .06

3.20 99 .99
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Table 17 (cont,d)

Nape of Well

Bopani
(ow4 )

Na+
ca?+
Mg2+
Hn2+
Fe2*
zn?*

Total

26
94 .0
8.6

Nit
NiI

o.2

1 .13
4.7
o.72

0.0061

6.56

1,7 .23
71 .65
10.98

0. 093

99.9

NOS- O.OZ O. OO03Z 0. OO?8HCO3- 130.0 Z.tgt 51 . ?0cl -- 48.0 1 .352 32.80so42 zg.o 0.604 14 .6sF- 0.65 0.0342 0.83

4.123 99. I

Ngaja Village
(ows )

49.0 2.73
113.0 5.65

t_u o.?2

0.14 0.0043

8. 50

Na+
ca2*
P4g2+

Hn2*
Fe2*
zn?*

Total

25 .0
66 .47

8 .47

0.05

99.99

Noe-
HCO3-
ct-
so42-
F-

0.007
160.0
104.0
27 .O
0.4

0. 0001 12
2.62
2.93
0.56
o.o27

0.0018
42.74
47 .79
9.14
o.34

6.13 100.01

lilalani
ow6 )

Na+
.ca2*
I4g2*
Hn2*
Fe2+
zn?+

Total

18.84
75.71
I .45

0.078

100. 07

Nos-
HCo3-
cl-
so¿e-
F-

0.3
130.0
34 .0

0. 6s

0. 0048
2.131
0.971

0. 034

0.157
67.82
30. 90

1 .08

24 1 .04
88 4.4
0.96 0.08

0.14 0.0043

5.52
3 .142 99 .95

unge
)w8 )

Na+
ca2*
?{g2+

Hn2*
Fe2*
zn?*

lotal

17.9r
63. 9r
18.14

0. 064

100.02

Nos-
HCo3-
cl-
so42-
F-

NiT
116
28

Nit
o.7

t .90
0. 79

0.037

20 0.869
62 3.1
10.56 0.88

0.1 0.0031

69. 60
28.93

1.36

d.85 2.73 99 .8
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Table t7 (cont'd)

Name of ktel I : --Concentration (units shown)cations øe/t ,ìVl --ãuq:E

ffunge
(owe )

Na+
ca 2*
HgZ+
Hn2*
Pe2*
znZ+

Total

16.84
68 .83
74.25

0.069

99.9

24 1 .04
85 4.25
10. 56 0.88

o. 14 0.0043

6.17

Nog- o.tz
HCo3- tdB. O
cI - 32.0
so4 2

F- o.7

0.0019
2 .43
0.53

0.037

2 .99

0.063
81 .03
77.67

1.23

99 .9

Hunge
(ow)

Na+
ca2*
?tg?+

Hn2*
Fe2+
zn?*

Total

60. 2
22.3
17.5

0.037

100.0

o.2
168.0
100.0
28. 0
0.3

114.0 4.96
36.8 I .84
17.3 7.44

::
0.1 0.0031

8.24

Nos-
HCQ3
cl-
so42-
F-

0.0032
2.7s
2.82
0.58
0.016

0.052
44.57
45.77
9.4
0.26

6.17 99.7

ldzovvnl
owl1)

Na+
ca2*
Ng2+
Hn2+
Fe2+
zn?*

TotaI

24.9
65 .3

'_'

0. 73

99.9

Nog-
HCO3-
cl-
soee-
F-

19 o.82
43 2.15
r:r 0.32

0.08 0.o24

3. 29

o .72
138
32

0.3

0.00192 0.06
2.26 77.7
0.90 28.3

0.015 o.47

3.18 99.9

I ngwende
twl2 )

Na+
ca2*
HgZ*
?4n2*
Fe2+
zn?+

Total

l8
85

'-'

0. 08

0.78
4.25
0. 158

o.oo24

5.19

15.03
81 .8
3.04

0.046

99.9

Nos-
HCO3-
cI-
so42-
F-

0.0008
2. 098
0. 73

0.032

0.05
728
26

0.6

o.o27
73 .4
25.5

1.1

e.86 100.0
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Table 17 (cont'd)

Nane of klell Catlons @e/I
Con entra t f on unf ts sho¡vn

øeq/l øeq E Ani ons wg/ 7 weq/ I

Hs ambv¿enl
(owl3)

Na+
ca2*
MgZ+
|tn?*
Fe2*
zn2*

Total

22.O
24.O

0.02

0.96
t_,

o. ooolo

2.16

44 .4
55.6

0.007

100.0

Nos-
HCo3-
cì-
so42
F-

0.5
50.0
28 .0
33.0
0.85

0.008
0. 82
0. 79
0. 69
0.045

0.34
34.9
33.6
29 .4
1.9

2.35 r00.01

¡li lalani
(0w15 )

Na+
ca 2+

P4g2*

Hn2+
Fe2+
zn?*

Total

18.0
39. 0
u-'

0.11

o. 78
I .95
0.48

0. 0033

3.21

24.3
60. 7
14.9

0. 010

100. o0

Nos-
HCo3-
cl-
so42-
F-

o.02
136.0
16.0

o.2

0.00032
2.23
o. d5

0.011

0.011
82 .9
16. 7

0.41

2 .69 100 .0

iabatani
oH16)

Na+
ca2*
MgZ*
Hn2+
Fe2 +

zn?*

Total

16.0
94 .0

? .68

0.1

0.69
4.7
0. 64

0.0031

6.03

11.4
77.9
10.6

.05r

99.9

Nos-
HCO3-
ct-
soa¿-
F-

0.1
156.0
22.0

0.65

0.0016
2.56
0. 37

0.034

0.054
86.5
72.5

1.1

2.96 100.2

ingwende
)Þ¿l 7 )

Na+
ca2+
HgZ+
Hn2*
Fe2*
zn2+

Total

2s. o
58 .4

'-'

0.07

I .08
2.92
0.32

0.002r

4.32

25.0
67.6
,_n

0.049

100. o

Nos-
HCO3-
ct-
so42-
F-

0.03
150.0
40. o

0.3

0.00048
2 .46
2.82

o.01s8

0.009
46.5
53. 3

0. 29

5. 29 100. I
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TabIe I7 (cont'd)

Naee of Well

Kingwende
(owl8 )

Na+
ca?*
MgZ+
Hn 2*
Fe2+
zn?+

lotal

t8.0
48.0
n-'

0.07

0. 78
2.4
o_,

0. o02r

3.58

27.8
67.0
1,7.2

0.058

100.1

NOg- 0.9 O. O04B O. t?HCo3- 140. o Z.Zs ?9.8
cI - 20 .O 0.56 19 .5
so42
F- 0, 35 0.018 0. 63

2.87 99. I

Ki ng,wende
(oH20 )

Na+
ca?*
tig?+
P{n2+
Fe2+
zn?+

Total

28
83
35.5

o.02

1.22
4.15
2 .96

0.00061

8.33

14 .6
49. 8
35.5

0.007

99.6

Nog-
HCo3-
c¡-
so42-
F-

0. 15
140.0

42.O
1.O
0. 75

0.068
64.9
33.4
o. 59
1.1

o.oo24
2.29
1.18
0.021
0. 039

3.53 100. 1

lunge
'ow21) Na+

ca2+
HgZ+
Hn2*
Fe2+
zn?*

Total

51 .0
47.O
15 .4

0.1

2.22
2 .35
1.28

0. 003r

5.85

37 .9
40.2
21 .9

o. 053

100. 1

Nog-
HCo3-
cI-
so¿e-
F-

o.1
150. 0
92.0

0.3

0. 0016
2.46
2.59

0.015
--
5.07

0. 032
48.5
51 .1

o.29

99.9

unge
0w23 )

![a +

ca2*
HgZ*
Hn2+
8e2+
zn?*

Total

38.3
47 .9
13.8

0.038

100.0

Nog-
HCO3-
ct-
so42-
F-

180.0
148.0

0. ?s

e. gs
4 .77

0. o39

47.2
58.2

0.5

91 .0 3.96
99.0 4.95
17 .2 1 .43

0. 13 0. o03e

10.34 ?.16 99 .9
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Table 1? (cont'd)

Nase of Well

Ki rl ogo
lowz4)

Na+
ca2*
þ482*

Hn2*
Fe2+
zn2*

TotaI

30.6
66. 1

'-'

0. 65

100.6

Nos-
HCO3-
cI-
so4 2
F_

o.28
744.O
22.O

o.2

26. O 1 .13
48.8 2.44
t_n o.t2

0. 08 0 .o24

3.69

0.0045 0. 15
2.36 ?8. I
0. ô2 20.7

0. 011 0. 36

2.99 100. 1

Shf raz i
(ow26 )

Na+
ca?*
MgZ+
Y4n2*
Fe2+
zn2*

TotaI

1r .76
45.67
42.56

0.052

100.0

Nos-
HCo3-
ct-
so42-
F-

0.06
156.0
54.O
16. O

0.6

0.021
57 .65
34.23

? .43
o.72

7.8 0.34
26.4 7.32
14.8 1.23

0. 05 0.001s

2.89

0.00096
2 .56
7.52
0.33
0.032

4 .44 100.1
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organization (wHo) standards for drtnking water and protting the
indivldual rons reratfve to these bounds, it fs possibre to fdentify
those boreholes with good ¡sater, moderatery good water and those
boreholes ¡oith water unfit for consunption. The plots shouring thfs
lnformation for each ç*ell and each contaminant examined are sho¡,rn in
Ffgures ZO-Zï.

For those ¡vells srhich had concentratfons of particular ions above

the linit of general acceptabfllty, a ratlo tndicatlng the nu¡¡ber of
deviatlons fron the linit of general acceptability was developed. This
ratio was deftned as the hetght (deviations) above the ]fne of generar

acceptabflity divided by the dlstance (deviattons) between the rine of
general acceptablllty and the line of naxinun allowable llnit. Any

element having a ratio greater than one ¡ras considered to be excessive,
Tables 18 and 19 show wells s¡fth ions having concentrations above the
lfnit of general acceptibility.

None of the ¡uells sho¡¿ed excesslve contents of chloride, sulphate
or fluoride. AII were below the lisrtt of general acceptability. Five
of the boreholes showed pH values ¡uhich are lndicative of acidtty (below

6.5) .

8.4 Multivarlate Diagrams

In order to be abre to show chenicar anaryses fron many water
saaples, øultivarfate dlagrans can also be used. Dlfferent syabols are
used to represent data fron dtfferent aguffers (werrs). one type of
sultlvariate dlagraE con¡nonly used to present data on cheøical anaJ.yses

is the trllinear dragran. It shows the conbinations of ions (cations
and anfons) ln øtlllequlvalent percentages. rn trllfnear diagrams,
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Table 18. Wells with above limits of general acceptability.

El ement Name of Well
No. of Width of

Deviations Band
(ne/t)

Deviation
Width of Band Com¡nents

I ron Mbuani

Kibarani (OWZ6)
Mwangoloko

Muhaka
Kibarani (OW?S)
Kibarani (OWZ3)

Mwal i benbo
Lungalunga
Magutu
Mwanaguo
Shamu

35

95
15

10
110

15

15
10

5
65
35

35

35
35

35
35
35

35
35
35
35
35

1.0

2.7
0 .43

o.29
3. 14
0 .43

0.43
0. 29
0. 14
1.85
1.0

Reasonabl y
good water
Exces s i ve
Reasonably
good guality

Excessive
Reasonably
good quality

n

ExcessÍve
Reasonably
good water

Magnesium Mkuakuani 28

28
32
88

50

50
50
50

Bongwe
Kibarani
LungaJ. unga

0. 56

0.56
0. 64
1.76

Reasonabl y
good water

il

sxces s I ve

TDS ChaIo

Msambweni

Ngaja

106

o.4

o.7

(r)

40

40

40

2.65

0.010

0.0175

Excess ive
very sáline
Moderately
saI ine
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Table 19. WeIls with concentration of
general acceptability.

calcium above the.limit of

Name of WelI
No. of

Devi at i ons
Width of

Band
Devi at i on

Width of Band Comments

Milalani II
Kibarani (0W?46)
Mwangoloko
Kibarani (OhI66)
Mkuakuani (OW92)
Kibarani (OIdZS )
Kibarani (0W69)
Kibarani (OW?3)
Bongwe (OWB?)
Kibarani (B/H)
Chalo
Mwal ibembo
Lungalunga
Magutu
o[{ (3)
Bomani
Ngaja
Milalani
Munge
Kingwende (OW12)
Mabatani
Kingwende (OW20)
l{unge

I
22
25
19
25
24
14
20
16
13

115
16
47
10

3
7

15
5
4
4
7
3
I

50
50
50
50
50
50
50
50
50
50
50
50
50
50
50
50
50
50
50
50
50
50
50

0. 16
o.44
0.38
0. 38
0.50
0 .48
o.28
0.40
o.32
o.26
2.30
o.32
0.94
o.2
0.06
o.74
0.3
0.1
0.08
0.08
o .74
0. 06
0. 18

lt¡ithin limits
It

il

tl

tt

lt

tt

il

r

tt

Excess ive
Within limits

t

(
il

I
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groundfdater is assumed to have three catl0n constituents (Na, Mg, ca),
and three anion constituents (HCO' , 

"Onr- 
and Ct-). The

nilliequivarent percentages of the three cation groups and the three
anion groups are plotted as a single point on the triangle whose scale
reads in 100 parts. Data from Tabre 17 is used to irrustrate the
presentation of chemical analysis using trilinear diagran in Figures 29

to 34. From these figures and ar.so from Tabre g, it is evident that
most of the werrs have bicarbonate water, the principal cations being
caLcium and magnesium. The high concentrations of bicarbonate and

carbonate 10ns causes hardness. Most of these werrs are drirled in
coral linestones which are predominantly conposed of calcium carbonate.
The carbonate ion arso finds its way into the groundwater from the
adsorption of carbon dioxide from the atmosphere. All hardness found in
the wells is tenporary hardness, f.ê., caused by the bicarbonates of
calcium and magnesium. The surphate ion, which is responsibre for
permanent hardness is hardness is present but onty in very s¡nall anounts
(less than 20 meq *) in arr ¡cerrs but one, Msambweni (old13) which has 29

meq % of surphate ion. However in the interpretation of the chemical
analysis, the meg % can be misreading especiarly when the totar mee/r of
cations and anions is less than 5 (Hem, 19?0).

In this case, the actual concentration of the ions in ngll should
be used and compared to the rimit of general acceptability as stipulated
by the [rtorld Heaìth Organization (I{H0). For the case of Msambweni

(ow13), It shows that the neg % of the surphate ion is 29%, white the
actual concentration of the sulphate ion is 33.0 rgl1, a figure a¡ell
below the limit of general acceptability of SO ngll Table 21 shows

those wells ¡orhich are considered to have hard water.
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Table 21 WelIs wlth hard water.

Name of &tell calcium uugn-sium 
-_-- 

Bjcarbonate

1. KJbaranl

2. Hkuakuani

3. Klbarani

(¡. Klbarani

5. Bongwe

6. Chato

7. Mwallbenba

8. Lungalunga
boreho I e

( ow?6 )

(owsz )

(0w75 )

(or{6e )

(ow87 )

(ow42l

(ow?1 )

132 .0

140.0

138.0

112.0

118.0

448. 5

1r8.0

100. o

27.O

56 .0

30.0

44.O

56.0

33.0

39 .0

187 .2

441 .6

385. 2

307 .2

447.6

380.0

273.O

326.0
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The hardness can be attributed to the high concentrations of
calcium lon and the bicarbonate ion especially in the coral and coral
brecia ¡uhich are predominantly composed of limestone (CaCOa) and

dolonite (Mgcoa): The relative proportions of these ions depends on the
source of the sedinents. In the south coast the sediments usuarry come

fro¡n the erosion of the igneous intrusions which form isolated hills
¡sithin the Digo settlement areas and which contains more calcium and

magnesium minerals. Jonbo and Mrina Hills are covered by a thick layer
of dístinctive red-brown soil caused by the ¡*eathering of the manganese

and iron ores (Baker, 1959). The effects of these ions ís to make the
water objectÍonabre by imparting some cor.ouration on it. Three welrs,
Kibarani (OIVzs), Kibarani (ohrz6) and Mwamaguo were found to have

objectionally high guantities of iron while none of the ¡uells had

concentrations of manganese, high enough to affect the potability.
water from these wer-rs is, hor¡ever, rikery to stain raundry and is
therefore undesirable in this respect.
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9. WELL DESIGN

once the rvell (borehole) has been drilled it has to be constructed
in such a manner as to guarantee a fl.ow of water which ls free of
particJ.es fron the aquifer and the overlying soils. construction

consists of three parts:

1. The screen section, through which the water from the aquifer
flows into the weII (intake portion).

2. The casing section (btÍnd pipe) which serves as a permanent

wal'l of the borehole and prevents the borehole walls from caving rn. It
al'so serves as a housing for the pumping equipment and as a vertical
conduit for r¡ater flowing upwards from the aquÍfer to the pump intake.

3 ' Ce¡nent plate on the surface to prevent contaminants fron
entering the well. The cement plate should slope outwards slightly to
prevent water from collecting beside the casing and percolating into the
nrel I .

Before the caslng is inserted, the drill samples (taken after every
two metres or at any time when the change of fornation is apparent) are

carefully examined by a hydrogeorogist who, with the herp of other.
infornation such as erater struck level, water rest level and the

drillerrs log, determines what length of blank casing and screen should

be lnstalled. If the formation is firm enough to stand on its own

(rarely so in the south coast proJect) the borehole can be left open,

i. e, uncased.

The objectfves of a good welr design is to ensure the forlowing:
1 ' The highest yietd with minimum drawdown consistent with aquifer

capabitity.
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2' Good quality water with proper protection from contaminatlon.
3. Water should remain sand free.

4. A well that has long life (> 25 years).

5. Reasonable short_term and long_term costs.
There are trco types of screened production ¡cells: natural pack and

artificial pack. In a natural pack production well ¡naterials
surroundfng the production rvelr are developedrin place?while in the
artificial pack production well, nateriafs having a coarser uniform
grain size than the natural fornratlon are artificially placed around the
production well' In the natural pack case development renoves the finer
materiaL fron the aquifer so that only coarser material surrounds the
screen' i'e' naterials around the productfon ¡sell are made ¡nore uniforn
in grain size and the sand and gravel are graded in such a üray that fine
deposits fron the aguÍfer cannot crog the naturar pack. Design and

development of ¡orells with 'artificial' pack materlal is descrlbed in
sections 9.2 and g.3.

9.1 F{ell Depth

This is usuarly deternined from the tithological log of the area

and conflrmed by the electricar resistivity and drilllng tlme logs. The

well is usually drilled do¡{rn to the bottonr of the aquifer so that the
full aquifer thickness is avairable permitting greater werl yierd.

9.2 Well Screen

hlell screen design deternÍnes the length of the screen, its
locatlon, percentage of open area, size and shape of the slots and the
selection of the screen paterfar. The length of the werr screen is
chosen in relation to the aquifer thrckness, avalrable dra¡¿down and
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stratlfication of the aqutfer. In homogeneous artesran agulfer about z0

to 808 shourd be screened, and the screen shourd be posftioned to be

egual distance from the top and bottom of the aqulfer.
In water table aqulfers it ls best to screen the bottom portion of

the aquifer as the upper part is necessarfry dewatered in formlng a

hydraulic gradient for flow into the well. selectlon of screen length
is a conpromÍse between t¡uo factors--a hfgher specific capacity can be

obtained by using as long a screen as possible, while greater drawdown

results from uslng as short a screen as posslbte.

Theory and experience have shown that screening the botton 7/3 of
the aquifer provides the optimum deslgn. (Driscol, F.c. 19g6). The size
of the slots in the screen depends upon the gradation and size of the
for¡natlon nateriar. so that there wtlt be movenent of fines into the
slots and all the fines around the screen are washed out to increase
permeability' In the case of naturally developed wells the slot size is
taken as 40 to 70* of the size of the formation material. ArtificÍat
gravel pack ls requlred when the aquifer material is honogeneous r,rith a

unifornity coefficient of ress than 3 and effective grain size less than
0.25 nm. The pack aquifer ratio, i.e. the ratio of so to s0% slze of
the gravel pack naterfar to the 30 to 50% size of the for¡nation
naterial, should be kept at 4:1 if the formatlon is flne and uniform and

6:1 if the fornatton ls coarse and non-uniform. The gravel pack material
should have a unrformity coeffrcient of ress than 2.s. The graver pack

material should be clean, rounded, smooth and uniform consisting nostly
of slliceous material with the maximum grain size of the pack material
belng less than 10 nm. Appendix 1s (top) shows the seiving of
artlficial gravel pack.
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The diameter of the screen is determlned so that the entrance

velocities (expected yield/total area of openlngs in the tength of the

screen chosen) çulll not exceed 3 to 6 cm./sec to prevent incrustation and

corroslon and to minimize friction losses.

9.3 9lell Development

hlell development requlres reversal.s of flow through the screen

openings so as to wash out the fines and rearrange the formation

particles ln a naturally developed well and forn a graded filter srith

rings of increasing porosity and permeabllfty towards the ¡¿ell in an

artlfÍclally gravel packed well, so that ulti¡nately the well wilt yield
sand-free water. Reversals of flo¡ry around the screen overcones the

tendency for several small particles to bridge between large particles.
Methods of t¿ell development include:

(Í )

plunger. The plunger is operated up and dou¡n in the casing like a

piston in a cylinder producing the required arternate reversals of

flow.

(li) Bv use of comoressed aÍr. This involves a co¡ubination of
surging and punping by using sudden releases of large volumes of air.

(iii) High velocity Jettlne of water. A high velocity jet of ¡cater

is directed horizontally through the screen openings.

(iv) Overpumping and back washing. When the well is punrped at a

higher rate than the optimun rate recommended excess dra¡sdown is
created, l.e. higher gradients are created, and this washes out the fine
particles.

nlcal s solid or v
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of the four çverr deveropment methods, compressed air and

overpumping are the ones commonly used in Kenya. If the nethod of
drillfng is by rotary rig both compressed afr and overpumplng can be

used but if the method of drilting the percusion rig only overpunrping or

unechanical surging can be used.
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10. SUMMARY

Groundwater deveropment in the south coast regÍon of Kenya is
considered adequate for rurar communities. However, due to the row

yields (average of 3 m3lhr), groundwater alone cannot be sufficient for
municipal uses and other sources need to be consldered. The yields from

the ¡vells are variabre but generarry row. This is nainry due to the
poorly sorted nature of the sands and partly due to the filling of most

of the intergranular spaces by secondary ¡ninerals. The wells seldon

exceed 40 m in depth, but the nature of the strata is such that there is
little or nothing to be gained in terns of quantity or quarity of the
¡vater by dril.ling deeper.

Most of the werrs in the area have yields varying from 1ms per hour
to 3m3 per hour with an average of 2.gmg per hour. Eight of the werrs
around Msambweni and Gazi have relatively higher yields (average of 9m3

per hour) ' Both to the north and south of Msambweni and Gazi area the
average yield of the werr is about 3n3 per hour. The Msambweni and Gazi

wells may be tapping a much more expansive and thicker aquifer than the
wells to the north and south of this region but the real extent and

thickness of the aquifer can only be determined by electrical profiling
and sounding respectively.

Apart from the welrs yietding hard water, the n¡ater is generarly
potable' Those svells drÍlled in the sandstone formation are sLightly
mineralÍsed but the water is still potable. The concentration of the
mlneral salts in the wells drll.Ied in the sandstone formation is due to
the fact that the sandstone series were deposited under conditions of
semi-aridity which led to evaporation of the water with the consequent
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precipitation of mineral saIts, mainly carbonate, chlorides and

sulphates' These salts were disseninated throughout the succession with
varying degrees of concentration and being partiaì.ly soluble, they were

readily re-dissolved by groundwater and hence the water derived fron
these beds is most likety to be saline.

There has been no case of salt water intrusion fron the sea into
the wells though some werrs are drirred quite crose to the sea. This is
because the werrs are very sharlow and the nethod of drawing water is by
neans of handpumps, which does not create a drawdown large enough for
the cone of depression to Íntercept the sea water Ievel. Hotvever, the
possibflity of sea water lntrusion should not be ruled out and especially
in deeper wells and in those wells where electrical subnersible pumps

are installed' rn such cases, a continuous trial test should be done to
deternine how long it takes for the cone of depression to intercept the
salty water rever. Based on this information a rength of pumping time
should be reconmended after which pumping must be stopped to arrow the
water rever to recover to the originar water rest revel before pumping

can be started again.

For a project like this to succeed proper maintenance is essentiar.
The Ministry of Hater technicÍans in Kenya are wer.r trained for the
maintenance of hand punps. The rocal peopre (wonen groups) have arso
been taught the importance of keeping the ¡yell surroundings clean and to
report any cases of breakdown to the nearest Ministry of ürater

Development's office. spare parts for the hand pumps are readiry
available ln Kenya' rnitially spare parts used to be a problem as nost
of the hand pumps were Ímported, but ¡rith rocal modifications of these
pumps' spare parts are nord available. rt is expected that ¡,{ith the
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realization by the ]ocar peopre of the importance of keeping their
village welr properry maintained, shalro¡,J welrs ¡qirr remain the onry
cheap method of supplying clean suater to the ruraL comnunities in Kenya.
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