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A8 T 

hi the i · d crib th re uiL of a hydrogeologi al proj ct carri d out in Kidiani 

r a of wale i tri t about kilometr . outh-we ·t f Momba a. 

ith a iew toe aJuate the gr ouml ater pol ntia l in Kidiani Ar a, Kwale District 

geophy ical r i ·ti ity method wa · applied. Here, the v rtical ele tri al ounding 

• ) wa: tlou u ·ing the Schlumh ·rgcr lc l ode configurali 11. The V S re ult 

hm that pot ble water zone cur in b th Magarini and and Mazeras 

and ton . llerati e non-aut matic in er ion of V S data coupled with borehole 

information re 1 ed v ith ome confidence the conducti e / non-conductive water 

interfa e and revealed some corre pondence between the lithostratigraphic units 

and re ·i ti it alues. 

Map f resi ti ity anti tran er e resi lance values agree reasonably with the 

general bydrogeol gical conditions in the area. Within the Mazeras andstone the 

re ults ugge t that ground\ ater is trongly a ociated with the presence of 

truclural feature in the ub urfa e where ea onal recharge i likely. 

orrelati n have been e tablish d between the c mlu tive zone re i tivity and the 

water aJinity and to a le er extent between the tran er e re i lance and the 

potentiaJ area( ) for ground\! ater pro peeling. 

rom the a ailable Reco ery t t data of the well in the area, Jacob's straight line 

method of analy ·i de ict tl the nature and the well chara teri ·tic mainly 

tran rrti ivity (T) and p cific capacity,(Q/S) with ufficient confidence. 

0 termination f ome aquif r limitation and to a le er extent, relative well 
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efficiency were al o made. 

Further groundwater analy i was carried out to determine it quality and pos ible 

u e . Generally it is ob erved that groundwater in the Tertiary Magarini and 

Kilindini and has lower alinity than the water in the Trias ic Mazeras and tone . 

From the observations made in this study it can be concluded that the Cenozoic 

Magarini and Kilindini sands have a higher groundwater potential than the Tertiary 

Mazeras and tone . Moreover the e observations could be used to assi t in the 

exploration and evaluation of groundwater resources in new target areas in the 

Coast Province where litho tratigraphical and hydrogeological information i very 

limited. 
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CHAPTER 1 

INTRODUCTION 
Ll General Information 

Much of Kenyan land i arid and semi-arid. Like other developing countrie 

Kenya face immense difficultie in trying to meet the water requirements for her 

rapidly growing population that are both ufficient and safe. 

The pre ent project area fall within a marginal zone. The cultivated land i 

generally below 10% (Survey of Keny~ 1970) ince there i not sufficient water for 

irrigation purpo es. Currently the population density is low 19-39 people per 

quare kilometre. However, with the present national population incremental rate 

of about 3.6% p.a. (Ojany and Ogendo, 1973), it is expected that the water needs 

will rise even hjgber. 

Currently, the main sources of water are the "traditional" sbalJow village well 

usually dug in dry stream beds. These wells often provide foul water which leads 

to occasional outbreaks of water related disease . However in the recent past, 

everal borehole have been drilled. Some existing spring have al o been 

rehabmtated in an effort to provide clean, potable water to the local population. 

It is therefore, the intended purpose of thi project not only to collect and 

correlate geophysical and well log data but al o to analise the well test data and 

determine the quality of the water in order to adequately evaluate the groundwater 

potential in the project area. This will augment the present water supplies thereby 

enabling the local people to et up better health facilities improve livestock rearing 
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and more importantly carry out some horticultural cultivation projects who e 

market would be the vast touri t hotel industry in the coast. 

1.2 {.()cation 

The project area is ituated in Kwale District of the Coast Province of Kenya. It 

compri e part of the land extent of the lower central region of M ambweni, topo

sheet 200/4 of the Survey of Kenya. It is about 60 kilometres to the outh-west of 

Mombasa and bounded by latitudes 4° 23'12" Sand 4° 28' 12" Sand longitudes 39° 

21' 05" E and 39° 26' 05"E (Fig 1). It covers an area of approximately LOO quare 

kilometres. 

1.3 Physiography 

1.3.1 Topography 

Kidiani area falls under the physiographic unit referred to as the Foot Plateau by 

Gregory (1921), Ca well (1953, 1956) and Miller (1952). This forms part of the land 

between the low lying Coastal Plains and the eminent Shimba Hill which comprise 

the Coastal Ranges (Caswell, 1953; Dindi, 1983). The Foot Plateau lies between 60 

and 135 m above sea level and is generally a flat plain. 

1.3.2 Drainage 

There are two major rivers that traverse the project area. These are ruver Ramisi 

to the west and outh-we t and River Mkurum.uji to the eastern part. River 

Ramisi bas developed drainage channels through the sandstones along some easily 

weathered geological zones. These channels were observed as fractures and/or 

miniature faults which are recognisable on aerial photographs as photo lineaments. 

2 



Fig 1 LOCATION 0 F THE PROJECT AREA· 
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River Mk'lliUIDuji drains the andy flat area to the east of the project area. Often 

it flo into swamp and bow signs of reaching maturity by meandering in everal 

parts. The Shimba Hill ituated on the northern ide of the project area form the 

major catchment and erve as the source of numerou treams and rivers which 

are easonaJ and drain the area. 

L4 Climate 

The project area has a monsoon type of climate. The rainfall pattern is bi-modal 

with long rainy season occurring from mid-March to May while the short rainy 

eason comes between October and mid-December. The highest precipitation 

peaks occur in April and ovember. The average annual precipitation is about 

1250 mm. The rainfall pattern is governed by the direction of the prevailing 

monsoon winds. Table 1 shows the mean monthly rainfall data recorded at 

different stations within and around the project area. 

TABLE 1 MEAN MONTHLY RAJNFALL DATA UP TO 1988 OF THE 
STATIO SIN THE PROJECI' AREA 

STATION JAN FEB MAR APR MAY JUII JUL AUG SEP OCT NOV OEC NO .OF YRS 

KAS 33.0 17.5 59. 4 154 231 99.1 79.7 64 67 105 99.1 79.5 75 
NCO 34.9 24.8 54 115 165 54.3 64.7 59 44 79 83.8 68 37 
SHS 37.8 14.5 69.1 209 293 118 103 78 69 130 118 72.1 34 
KKS 33.8 17.9 74.5 210 267 118 111 82 77 104 122 87.4 30 
KFS 45.2 34.5 64.9 116 257 122 94.6 64 78 121 123 95.5 11 
TCC 23.6 13.1 50.1 226 308 98.3 86.3 76 80 83 82.9 64.2 35 
MOO 18.2 13.2 62. 4 258 371 143 103 79 69 90 94.6 47.3 50 

{Source : Meteorological Oe~artrnentj 
m KAS - KWALE AGRIC. STATIO 

NCO - HDAVAYA CHIEF'S CAMP 
SHS - SHI HBA HILLS SETTLE'HEHT 
KKS - KIKOHEHI AGRIC. STATION 
KFS - KWALE FOREST STATION 
TCC - TTWI CHIEF'S CAMP 
MDO - HSAHBWENI DISTRICT OFFICE 

Temperatures are generally high with averages ranging from 20° C during the 

months of July and August to 35° C in February and March. According to 
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eteorological Department (1988) the mean annual minimum temperature 

is 22° c. 

Humidity varie between 60..95% depending on the locality of the area relative 

to the coastal zone ( Met. Dept. 1988 ). 

1.5 Population 

The Kidiani area with over 205,000 people (Ojany and Ogendo, 1973) i 

predominantly inhabited by the Digo. However, Kambas form a major proportion 

of the population especially in the hilly areas towards the Shimba Hills. A few 

Makonde and Luo people are found in the labour camp of the Ramisi sugar farms. 

The source of income and employment for tbjs population is limited. However, 

majority of the people are employed by the tourist industry at the coast. 

1.6 Soils and Land Use 

1.6.1 Soils 

The type of soil in the project area depend very much on the parent rock. Except 

perhaps in the flood plaio , the oils in the area derived from the sandstones are 

usually red sandy and silty ones. Magarini and provide oils ranging from 

whitish-grey to dark-brownish nearly red sandy soil . Soils from the Kilindini sands 

are generally dark coloured and also finer than those of Magarini sands. 

1.6.2 Land Use 

The inhabitants of thi area are hard working subsistence farmer . However, they 

face the hardship of low rainfall while the oils are likely to be unproductive due 
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to high oil alinitie . People have developed orne land on which they grow ome 

food crop uch as cassava, groundnuts, guavas bananas and maize. Other have 

grown cash crop mainly cashewnut coconut mangoes orange and to ale ser 

extent bixa In addition, they al o keep live tock such as the indigenou cattle, 

beep and goats. 

1.7 Communication 

Characteristically, the infrastructure as in mo t other parts of the eli trict, is poor. 

The nearest tarmac road is the Mombasa-LungaLunga road which passes about 

five kilometres to the east of the project area. Other motorable tracks (murram 

roads) which traverse through the area are the Msambweni-Kikoneni and 

Msambweni-Nguluku roads (Fig 1). A number of other smaller du ty roads also 

exists. However, most of these roads are rendered immotorabJe during the rainy 

sea ons. 

1.8 Justification 

None of the earlier research works has adequately covered the project area though 

a general over-view of the groundwater asse sment has been provided. The major 

problem facing either small scale or large scale developments in the area is lack 

of adequate natural water resources neces ary for its general development. 

Presently water is obtained from river , earth dams or ponds and some springs. 

Such water is however not safe for consumption. To cater for the increased 

population, irrigation of new farming lands and initiation of small-scale indu trial 

projects potable water resources are an obvious requirement. 
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1.9 Aim and Scope 

To evaluate the groundwater potential in this area, the project was carried out with 

the following objective :-

(i) Examine the extent to which vertical electrical ounding (VES) 

can provide reliable results in relation to the quality of the 

groundwater. 

(ii) Establish some hydrogeopbysical correlations which would be u ed 

in other areas of similar geological and hydrogeological conditions 

at the coast. 

(iii) Estimate the well hydraulic parameters, i.e., yields (Q), drawdowns 

(s) pecific capacity (0/S) and transmissivity, (T) of the various boreholes 

within the different formations in the project area. 

(iv) To determine the general quality and use of the groundwater in the project 

area. 

(v) To evaluate the groundwater potential distribution in the area. 

To achieve the e objectives all the already existing resistivity, borehole logs and 

well test data were collected and analyzed. These were, however very little and 

generally inadequate. Fresh resistivity data was acquired. Single borehole 

pumping tests were performed and recorded for the newly drilled boreholes. 

These boreholes were also geologically logged. 

Hydrologic and climatic data were also incorporated. Water quality 

analy is was done on orne randomly selected boreholes spread throughout the 

project area. 
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It i therefore anticipated that it will be po ible to get a clearer "regional" 

picture of the groundwater potential in this area. Thi will go a long way in 

augmenting the current inadequate water upplie in the area. 

1.10 Previous Related Work 

A number of surveys have been conducted in the south coastal regions of Kenya 

in connection with mineral and water exploration . However none of these 

inve tigations has embraced the pre ent project area. The following review, 

therefore, looks at all the work that bas been undertaken in the outh coast. Since 

orne of these works are of a regional nature, they, no doubt, have some bearing 

on the pre ent area of interest. 

Caswell (1953 and 1956) investigated the general geology of Mombasa-Kwale and 

K.ilifi areas, respectively. His conclusion on groundwater re ources agree with 

tho e drawn by Miller (1952). He went further and strongly recommended the 

pre-Cenozoic valleys as the be t targets for groundwater development as they bad 

higher yields and better quality water. 

Sander (1959 and 1963), while studying the mid-Galana and Voi-South Yatta 

areas commented on the water upply of the area. He ob erved that the Lower 

Duruma andstone were depo ited in a emi-arid environment and evaporites 

associated with such environmental conditions have contributed to the salinity of 

groundwater in the area. 
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Sander 195 ) further ob erved that Upper Duruma and tones depo ited in sub

aerial environments have low permeability. The quality of water from boreholes 

drilled in thi formation is better than that obtained from the lower member of 

the same formation. He also ob erved that the Magarini sand are unconsolidated 

and a very permeable formation. Spring are a common feature at their contact 

with the underlying Jurassic formations. 

Gentle (1968) attempted a ystematic resistivity geophysical work in the area 

around Tiwi and Ukunda and the area to the north in corals, beaches and 

lagoonal deposits. Existing boreholes and wells within this area provided the 

controls. He noted from the resistivity data that the top layer in the corals have 

generally high resistivitie: which rapidly decrease with depth perhaps due to 

groundwater salinity. However, the middle coral layers form the main fre h water 

aquifer of considerable thicknes . 

Terra Surveys Ltd. of Canada (1978) carried out a combined towed-bird time

domain "INPUT' airborne electromagnetic and magnetic survey in the area 

between Malindi to the north and Shimoni to the south. From the "INPUT' data 

anomalous areas of low conductivity (high resistivity) were delineated. Some of 

these anomalous areas were interpreted to be due to fre b groundwater. 

Austromineral of Austria (1980) conducted a large scale systematic geophysical 

urvey for groundwater in the area extending from Likoni near Mombasa to 

M uhaka near Msambweni. This area is covered by lagoonal Kilindini sands. 

During the urvey, numerous re istivity measurements were carried out both in the 
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corals and the lagoonal and . In addition, two eismic reflection line were made: 

one in the trike direction of the coral and the other one perpendicular to it into 

the lagoonal depo its. 

From the resi tivity investigation, relationships that govern re i tivity of and and 

coral lime tone were di tinguisbed, but rather tentatively. It wa established that 

in the sand , high/low resistivity values depend on the presence or ab ence of clay 

horizons re pectively. Problems arise in distinguishing the clay layers from ands 

filled with brackish water or shales from saline water saturated sands. This is 

because the resistivity values in both cases are about the same. The uncertainty 

further increases when sequences of sands, saline water and shales or clay layers, 

sands and sand with brackish water are to be determined from the resistivity data. 

Austromineral (1980) like Caswell (1953) and Gentle (1968) agreed that the 

lagoonal sands are indeed favourable aquifers. The sandy aquifer varies in 

thickne from 30-100 m at Tiwi (Austromineral, 1980 ). The resi tivity of the 

aquifer aturated with fre h water eems to be over 50 ohm-m. The presence of 

clay layer prevents the aline water from reaching the top layers of the aquifer. 

The saline water in the lower horizons is probably responsible for the lowering of 

tbe resistivities in Gentle s ob ervations. 

Mwangi (1981) carried out a detailed resistivity survey of Msambweni area east of 

the present study area. Tbi was a ground follow-up of the "INPUT' anomaly 

A6-2. He reported that the fresh J aline water interface is marked by the 

interpreted 6 ohm-m true resistivity along the shoreline. He concluded that the 
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thickne of the aline/bracki h water zone is from a few metre to ju t over lOOm. 

Its corre ponding depth is from 10 to 40 m. Thi brackish water layer i thlcker in 

the NE and SW areas of M ambweni. 

He further reported that the thickness of the coral limestone seems to be 

approximately 310-400 m and there is a po sibility of its interfingering with 

Kilindini ands at variou places. The boundary however between the sands and 

the coral may be difficult to detect by resistivity contrast. The low resi tivity 

values in the western side of the Msambweni area (bordering the present area of 

tudy) are probably due to clays. 

Further, he e timated the depth to the Jurassic shales to be about 310-400 m. The 

shales have low resistivity although this would be due to saturation with 

aline/brackish water. The shales outcrop around the area north of the project 

area. There is a greater possibility that they are buried deeper in the outbern part 

than in the north as suggested by Caswell (1953). 

Dindi (1983) carried out a gravity survey of the Jombo HilJ area situated in the 

south-western part of the project area. Though his survey covered the area of 

interest, its pacing wa however very large (1-2 km). Two deep fauJts trending 

in NE-SW direction and pas ing under the project area were mapped. 

Mailu (1983), while studying the Athi Basin, covered some formations that are also 

prevalent in the project area. He ob erved that two types of aquifers can be 

distinguished, namely the weathered and fault zone aquifers mainly found within 
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the Mazeras and tone and the unconsolidated ediment aquifer on the Cainozoic 

Magarini and . Accordingly groundwater recharge i more ignificant along fault 

zones and within areas covered by loo e ediments. 

Other reports which have a bearing on the present investigation are by Sheikh and 

Biwott (1985) and Norconsult (1986). It should however, be noted that these 

reports have little or no detailed geophysical investigation that cover the 

edimentary formations found in this area. In these reports, the authors 

recommended further and detailed resistivity investigation. 

Majanga (1987) developed a forward model with which he interpreted the time 

domain airborne electromagnetic data for groundwater exploration in the coastal 

regions (around Tiwi) of Kenya. Using this model, be delineated the fresh-sea 

water interface more accurately than wa previously the ca e. 

Thambu (1987) describe the hydrogeology quantity and quality of the groundwater 

in the south-coast area of Kenya. He makes no attempt to carry out any 

geophysical investigation. He however, uggests that the real extent and thickness 

of the Msambweni-Gazi aquifer can only be determined by electrical profiling 

and sounding, respectively. 

12 



CHAPfER2 

GEOLOGY AND HYDROGEOLOGY 
2.1 General Introduction 

The earliest de cription of the sedimentary rock equence of the Coastal Kenya 

was provided by Gregory (1921). However, the general geology of Kwale Di trict 

has been described by Caswell (l953) and Miller (1952). More work involving the 

re-mapping of the area was done in 1978 by the staff of Mines and Geology 

Department, Ministry of Environment and Natural Resources (Winani, 1977). 

According to all these reports the oldest rocks are the Basement rocks of the 

Precambrian age found to the north-we t of the project area. Other rocks are the 

younger sedimentary rocks found towards the Shimba hills and the Indian Ocean 

to the east The general stratigraphical succession of the south coast and the 

tectonism of the area is shown in Table 2. 

The project area is covered by sedimentary rocks. The three outcropping 

geological formations (Fig 2) include: 

(i) The Duruma sand tones mainly comprising Mazeras andstone formation, 

(ii) The Magarini ands and 

(iii) The Kilindini ands. 

2.1.1 Duruma Sandstones 

The e sandstones form the Upper Trias ic formation of the Karroo System (Wood, 

1930; Gregory, 1921). They consist of Mazeras sandstones and the Shimba grits; 

the latter being more resistant to weathering. Thus they form the billy Coastal 
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STRATIGRAPHICAL SUCCESSION OF THE MOMBASA 
KWALE AREA (After K .A .M.E Project 1977) 
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Range ph iographic unit repre ented by the hills around K.idiani in the north

we tern part of the project area. 

The Mazeras andstone enes is compo ed of grits, and tone and bales. 

According to Caswell (1953), thi eries eems to have been deposited under 

lacustrine, deltaic and po ibly neritic conditions. The sandstones and grits are 

mas ive cross-bedded and quartzo-feldspathic with interbedded hales in the lower 

horizons. The feldspar are generally weathered and often kaolioised cemented 

together by mica, feldspar, silica or calcite. The former two are mo t common. As 

they form the cementing material, the rocks readily disintegrate to sand. 

Caswell (1956) observed that the Upper Duruma Mazeras andstones rest 

unconformably on the underlying Mariakani sandstone . During their deposition, 

denudation of the Mozambiquian prevailed; continental deposits accumulated 

under lacu trine or sub-aerial conditions with one or more marine intercalation . 

Mathu, et. al. (1989) have ob erved that this formation, arkosic in nature with 

poorly rounded grains bas silicified fossil wood in certain boriwn . Further, the 

sediments were mo t probably deposited under hallow water conditions with the 

more mas ive members having most likely been formed in an aeolian environment. 

2.1.2 Magarini Sands. 

According to Caswell (1953) Magarini and comprise some of the Tertiary 

sediments in this area. They form the Foot Plateau physiographic uoh overlying 

unconformably the down-faulted Jurassic and Cretaceous shales. They form a belt 
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of low lying bills running parallel to the coast. 

The pper Pliocene Magarini sand were derived from the Mazeras sandstones. 

They abut against the Duruma Serle in the project area. It i extremely difficult 

to delimit their outcrop as both the weathered Duruma and tones and the 

Magarini sand which are al o weathered products of the Duruma series, bear 

very clo e resemblance. 

The Magarini and are predominantly quartzose. According to Caswell (1953) 

these sand contain fragment of Jurassic sbales,rounded fragment of silicified 

fo sil wood and well rounded pebbles of gneiss from the Mozambiquian Belt 

System. The outcrop is usually poorly stratified, ill-sorted and uncon olidated. It 

varies from silty clay to coarse boulder gravel. 

The nature and the constitution of the Magarini sands indicate that they were 

most probably deposited as river gravels and coa tal dunes under conditions of 

intense ero ion by streams rushing seawards from the Shimba Hill . These brought 

with them vast quantities of debri that were scattered all over the Coastal Plains. 

2.1.3 Kilindini Sands. 

These sand cover the Coastal Plain pby iograpbic unit. In the present project 

area, Kilindini ands are only found in the outb-eastem part. They are 

unconsolidated and ill-sorted. The e sands lie on a wave cut platform on the 

Jurassic shales. They are ero ional products of Magarini sand that were deposited 

in a lagoon fringed by the coral limestones in the Plei tocene. These ands are 
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intercalated by clay layer in everal place . The base of the Kilindini sand is 

probably over 200m deep (Mwangi 1981). The thickne s of the Magarini and 

range from 120 m ( Caswell 1956) to 150 m (Thomson, 1954) while Mazeras 

andstones have a thickness ranging from less than 200m to about 300m (Ca well, 

1953 · Thomson, 1954 ; KAM.E., 1977). 

2.2 Geologic History and Tectonism. 

In groundwater inve tigations, the geologic history and tectonic structures are vital 

aspects which hould be considered. The two aspects not only have a direct impact 

on the water quality by the "order of encounter" (Freeze and Cherry, 1979) but 

also on the occurrence and distribution of this natural resource. 

Generally, the coastal belt of the edimentary equence i con idered to have 

arisen due to deposition in a down-faulted NE-SW trending trough. According to 

Caswell (1953), thi trough i envisaged to have been initiated towards the end of 

the Palaeozoic as a gentle downwarp possibly caused by the weight of the ice 

sheet. Depo ition of the post-Basement complex rocks began with the Karroo. 

Ob ervations from the geophysical surveys in the coastal Tanzania (Kent, et. al., 

1971) indicate that the edimentary equence unconformably overlies the 

Basement. 

According to Kent, et. aL (1971) deposition of the Karroo started off at a rapid 

rate becoming slower toward the top of the Karroo. Caswell (1953) sugge ted that 

structural weakness that led to faulting coupled with the great weight of their 

overlying ediment may have been the cau e of the partial collap e of the initial 
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trough. This tend to explain the marine invasion that followed and which re ulted 

in the depo ition of Jurassic ediments consi ting of lime tone , shale and 

andstone. 

The history of the fault movements is parallel to that of the Gregory Rift further 

inland. Similarities occur in the stre s conditions (Kent, et. al. 1971; Kaitera, 

1967). Compre ional structures are absent (Caswell 1953; Kent, et al., 1971; 

K.AM.E. project, 1977) and fault patterns indicate predominantly vertical 

movements with complete absence of transcurrent displacement. Initial NNE-SSW 

trending faulting is considered to have occurred in early Palaeozoic with middle 

Juras ic faulting being the main tectonic episode in the area. In north-eastern 

Tanzania ( outh of the project area), faults of this age are characterised by 

displacements of the order of 3000-6000 metres. 

Further faulting is reported to have occurred in the late Cretaceou prior to the 

igneous intrusion con i ting of the Jombo complex. These faults have an ESE 

trend (K.AME. project, 1977). 

The third phase of faulting resulted in the activation of the old faults marking the 

contacts between the Jurassic and the Duruma sediments (Ca weU,1953; KA.M.E. 

project, 1977). It was characterised by mall displacement . Today this phase is 

represented by fault scarps. The e epi odes preceded the deposition of the 

Plio-Pleistocene deposits o that the latter are generally unaffected by faulting. 

Such is the case for both Magarini and Kilindini and in the project area. 
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In the Mazeras and tone formation encountered in the project area, there i 

evidence of -SW trending vertical movements without any di placement . This 

confirms the ob ervation by Caswell (1953) and KA.M.E. project (1977). The e 

fractures/ minor faults form drainage channels [Fig 2 (b)]. During the execution 

of this project, very low formation dips (le s than 15° ) were measured. 

Compres ional NE-SW trending tructures of syncline and anticline were inferred 

from the e dip [Fig 2 (a)]. It was, however djfficult to confirm the existence of 

the e features due to limited rock expo ures on which dips could be measured. If 

confirmed these feature would enhance the groundwater potential as the syncline 

would provide a reservoir for this resource. Some of the bedding dips were 

interpreted from the aerial photographs as done by Li sa, et. al., (1987) in the 

yanza Province. 

2.3 Hydrogeology 

In the project area, the hydrogeology may be studied in three zone namely, the 

Mazeras sand tones, Magarini sands and Kilindini sands. 

2.3.1 Mezaras Sandstones 

Generally the Mazeras andstones comprise the billy north-western parts of the 

project area These rocks have been mildly folded and fractured (Figs 2 (a) and 

(b)). The Shimba Hills form an ideal recharge zone for aquifers within this 

formation. Seasonal springs are also frequently found. However, a few of them are 

perennial and drain the unconfined sandstone aquifers which appear to be 

structurally controlled. Other tectonic structure uch as incongruent fold axes 

and the many small faults running in various directions induce localised ub-
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urface flow directions. The water quality from the e prings may be poor 

especially due to bacteriological contamination (Lidonde and Mathenge, 1989, 

personal communication). 

Boreholes drilled in this formation are usually successful with ufficient water. 

However, ome boreholes yield mineralized water of which a good example is the 

Fuombi borehole ( o. 8221) with a chloride content of 1475 ppm and total 

dis olved solids amounting to 3434 ppm. 

2.3.2 Magarini Sands 

These sands constitute a higbJy pervious formation since they are unconsolidated. 

They rest upon a sea-ward sloping surface of impervious Jurassic rocks so that 

sub-surface flowage is directed toward the later Cainozoic deposits (Caswell,1953). 

The junction of the Magarini ands and the Jurassic rocks is frequently marked by 

spring most of which are easonal. 

The highly pervious Magarini sands formation constitutes a " relatively richer" 

unconfined aquifer least affected by any tectonic structures. Boreholes drilled in 

the Magarini sands formation yield good quality and often reljable water quantities. 

On average they have a yield of about 4 m3/br which, when compared to other 

formations, is relatively bjgb, 

2.3.3 Kilindini Sands. 

Kilindini sand form the most favoured unconfined aquifers along the south coast. 

The water yields are high an example of whlch is the Kombani borehole ( no 
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6674) with ate ted yield of 20m3/hr. However, the e sandy aquifer are interca

lated by cl y horizons. The quality of water from thi aquifer is good and i thus 

more potable. However, Au tromineral (1980) cautioned about the risk of eawater 

intrusion. Thi phenomenon was not ob erved by the author during the execution 

of this project 
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CBAPTER3 

METHODOLOGY OF WORK 
3.1 Fieldwork 

The fieldwork was carried out in three phases. These were: 

(i) Resistivity (Vertical Electrical Sounding) Survey 

(ii) Well Tests 

(iii) Water Sampling Operations. 

3.1.1 Resistivity Survey 

3.1.1.1 Field Equipment 

For the purposes of mea uring the apparent resistivity of the subsurface, a 

Terrameter SAS ( Signal Averaging System ) 300 B from ABEM, a Swedish 

company, was used. This io trument contains three main units, all housed in a 

single casing. These include the transmitter, the receiver and the microprocessor. 

The electrically isolated tran mitter sends out well defined and regulated signal 

current. The receiver discriminates noise and measures voltages correlated with 

the transmitted signal current ( resistivity survey mode ) and also measures 

spurious, uncorrelated direct current (DC) potentials with the same discrimination 

and noise rejection. The microproce or monitors and controls operations and 

calculates re ults. The results are usually the ratio of the potential difference (V) 

to the current (I), V /I, i.e., resistance. 
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The instrument is made in uch a way that con ecutive readings are taken 

automatically and the re ult averaged continuously . The continuou updated 

average i di played in digital form in kilo~obms ohms and milli-ohms. The 

advantage of u ing Terrameter SAS 300 Bin resistivity urveys is that it permits 

natural or induced signal to be measured at extremely low level , with excellent 

penetration and low power consumption. Moreover, it can be u ed in a wide 

variety of applications where effective signal/noise discrimination is needed. 

The source of power for this instrument is a Ni-Cd battery pack. This pack ts 

fitted conveniently onto the bottom of the instrument. 

To facilitate vertical electrical sounding by this instrument, a sounding cable set bas 

been provided. The cable incorporates heavier gauge conductors and much better 

insulation, both of which improve the electrical survey re ults. Moreover, there 

are convenient, hort book-up cables for easier expandability. The sounding 

cable set consists of: 

(i) Current cables wound on two separate plastic reels, each 

containing 750 m (length) of 0.75 m.m2 (cro s-sectional area) 

(ii) Potential cables comprising two separate 50 m lengths of 1 m.m2 wire 

wound in parallel to a single reel that i provided with a short reel-to 

in trument hook-up cable. 

A set of the Terrameter SAS 300 B together with the acce sorie i.e., sounding 

cable sets is shown on Plate 1. 
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Plate 1 SAS 3008 TERRAMETER and its accessories 

Fig 3.1 SAS 3008 controls and terminals 
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The following are the control and terminal of the Terrameter 

SAS 300B (Fig 3.1 ). 

CONTROLS 

SAS selector (also called the CYCLES selector). 

This 4-position elector is u ed to choo e either the single reading 

mode of 1 4, 16 or 64 automatically averaged readings. For this 

investigation mode 4 was cho en. 

Function selector. 

This selector selects either the resistivity range or the voltage range. 

When thi elector is turned to the battery check po ition, the 

battery voltage is measured. 

ON/OFF Switch. 

Switches power on and off period 

CURRENT Selector. 

Tbjs 11-po ition elector selects the current for the built-in 

transmitter (0.2 rnA to 20 IDA, in seven steps ) 

MEASURE Push button. 

When the button is pushed, the microprocessor runs through its 

automatic diagno tic program and if all is atisfactory, start the 

Terrameter SAS 300 B measurement procedure automatically. 

TERMI ALS. 

The current electrode terminal are at right on tbe control panel. 

The potential electrode ones are at left. 
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.1.1.2 Field ea urement Procedure 

The vertical electrical ounding (VES) were made on orne already pre

determined ite within the project area. The e ite cover all the geological 

formations expo ed in thi area However, the location of orne of the e ite 

were adju ted as the field condition dictated. Often they were inacce ible or had 

thick bu he and/or fore t overgrowing there. Consequently they were bifted 

el ewhere. A total of twenty five vertical electrical oundings (Fig 3.2) were made 

and have been incorporated in this field urvey. 

The resistivity measurement were made u ing a Schlumberger array hown in 

Fig 3.3. 

A B 

H N 
0 

Fig. 3.3 Schlumberger Electrode Configuration 

Terrameter SAS 300 B wa placed at the centre 0 in Fig 3.3 of the sounding 

spread. The ounding centre was marked on the ground by u e of a metal rod. 

The potential electrode po itions for MN/2 equal to 0.5 m, Sm and 10 m were 

measured u ing a tape measure and marked on the ground. Steel electrode were 

used both as potential and current electrode due to lack of the porous pot 

electrode . The current spacings, AB/2 were carefully marked with a masking 

tape. Similar marks were made for the MN/2 of 5 and 10 metre pacings. The 

potential and current cables were reeled out as the measurements were being 
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taken. After acquiring the required data at a given ite the cable were wound 

back . Thi not only minimi ed the cable breakage but also ensured that the 

insulation on the e ounding cables did not come off quickly during the fieldwork. 

The current electrode pacing, AB/2 were increased in the manner hown in 

Appendix A It was envisaged that, with these separations no information in 

between the pacing was mi ed out or repeated. As the current electrode 

spacing was increased, the potential difference (p.d.) decreased. Occasionally, this 

decrease in the p.d. was too great that the ignal/noise ratio became rather too 

small for any accurate measurements. Such readings were repeated with different 

current input until more reasonable and consistent measurements were obtained. 

In the Schlumberger array (Zohdy, et. al., 1980) the distance between the potential 

electrodes MN is small and is kept equal to or smaller than one-fifth of the current 

electrode eparation AB. However, for tbi project, a ratio AB/MN of between 

3 and 5 was acceptable provided reasonable and consi tent apparent resistivity 

readings were obtained. 

3.1.1.2.1 Calculation of Apparent Resistivity 

Apparent resistivity i the mo t convenient quantity u ed to repre ent the 

distribution of true re istivity in the ubsurface on the basis of surface 

measurements. It is a function of several variable : the electrode pacing AM, 

AN B and BN, the geometry of the electrode array (Fig 3.3), the true resi tivity 

and other characteristics of the subsurface materials, such as layer thicknes es, 

angles of dip and anisotropic properties. Several authors have described the 
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caJ ulation of appar nt re i ti\ily 

19 0; I angi, 19 I· Kunetz, 1 

ara ni , 1979; D brin, 1976; Zohdy, et. aJ., 

nz., 195 ; relJana and Mo ney, 19 6). 

The a ic equati n f r the p tenlial due to a point s urce of the curr nt in a 

hom gcncou half space of infinite ·tent i expres ed 

v- _!2_ 
21ti 

\ here I = curr nt emanating from a source 

P = re i ti ity fa medium and 

r = di ·tance from a point ource 

qn 3.1 

The net potential difference between the potential electrodes M and N 

( Fig 3.3 ) can b o tained for a homogeneous earth by considering the djstribution 

of the p tential at these ele tr t.le . Thu the potential at M due to po itive 

electrode A i : 

Eqn 3.2 

while the p tential at M t.lue to the negative electrode B i 

B Ip 
VH- 21t (BM) 

Eqn 3.3 

he t tal potential at 1\1 due to and B i gi en by combining eqn 3.2 and 3.3 : 

• .AB In 1 1 
VM --=-c;_ (---) 

2n AM BM 
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Similarly, th t tal t ntial at due to A and B i given by a combined e uation 

f : 

qn 3.5 

'h me urable n t put ntial di fer n e betwe n M and N i given by 

ubtracting e4n . from eqn 3.4 : 

I 1 1 1 1 v- <-----+-) 
21t AM BM AN BN 

Re-arranging eqn 3.6, 1e i ti ity can e expre ed by 

The fact r 

v ( 21t ) 
P a- I 1 1 1 1 

-----+-
AM BM AN BN 

21t 
1 1 1 1 (-----+-) 

AM BM AN BN 

Eqn 3.6 

Eqn 3.7 

is the geometrical fa tor K f the electrode configuration. bus, 

v.hereas 

v 
P - -K 

a I Eqn 3.8 

Eqn 3.9 

for the s mmetrical Schlurnberger array u ed in lhi project ( Fig 3.1 ) 

and 

Pa = apparentte ·i Livity. 
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Hence after recording the measured V /I (read off from the in trument) the 

corresponding apparent re i tivity value were calculated by multiplying the e 

measurements with the pre-calculated geometric factor K using eqn 3.9 above. 

The apparent re i tivity value were then plotted against AB/2 reading on a hi

logarithmic graph paper of the same modulus as the master curve ( 62.5 mm ). 

The plotting was done before the current electrode operators moved to the next 

spacmg. This erved as a counter-checking method whenever the current 

electrodes were wrongly positioned giving spurious results. 

The bi- Jog presentation of resi tivity data ensured that a wide range of re i tivity 

values were plotted in the field and enhanced both the variation in thickness and 

low resistivity values at shallow depths. Further, the use of these graph papers 

permitted the preservation of the shape of both the field curves and the 

theoretically computed curves. However it proved difficult to distinguish between 

layers with low resistivity contrast at great depths. 

All the soundings were done up to AB/2 spacing of 250 m. Sometimes 

ob tructions such as houses, very thick bu he and cattle fence could not aJJow 

the soundings to be expanded to the required pread. However, this occurred at 

only a few sites. 

A good number of the soundings were made at/near existing boreholes. This was 

intended to calibrate the boreholes by using re istivity sounding measurements 

obtained thus, rendering the survey more credible and reliable. 
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.1. hoi e of the ethod 

The Schlumberger array u ed in this investigation was cbo en mainly due to i 

everal advantage over the other commonly u ed array . Fir tly, it mu t be 

emphasized that it was ab olutely necessary that as much data be collected a 

quickly as po ible due to the limited time and fund available for the project. 

Therefore by using Schlumberger array, considerable time was aved since the 

potential electrodes M and were moved only a few times in a single sounding. 

Besides, the manpower required was only minimal compared with the other 

commonly u ed Wenner array where all the four electrodes are moved between 

each movement. 

The depth to which the probing was aimed at was only 250 m. This is what the 

author considered to be economical depth as far as drilling and extraction of 

groundwater for domestic purpo es is concerned since drilling is generally an 

expensive exercise; more so if deep boreholes are considered. With Schlumberger 

array, even deeper sounding could have been possible ince the two current 

electrodes could be expanded up to 750 m. In any case, Scblumberger array has 

greater probing depth and resolving power than the Wenner array for equal AB/2 

electrode spacing. 

The effects of near surface lateral inhomogeneities are less apt to affect 

Scblumberger measurements ince the e inbomogeneitie are easily detected as 

"jumps". Thus, the e 'jump "are easily corrected by only smoothening the curve. 
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U ually drifting or unstable potential difference i created upon driving two metal 

takes/electrodes into the ground a ituation le encountered with Schlumberger 

array than with the Wenner array (Zohdy et. al., 1980). Be ides Keller et. al., 

(1966) add that any tray current in industrial areas and telluric current that are 

measured with long spread affect measurements made with Wenner array more 

readily than tho e made with the Schlumberger array. 

3.1.1.4 Field Limitations and Data Quality 

During the course of this ounding urvey, a few problems were encountered. 

The e problems could therefore, affect the quality of the data. Initially, a major 

problem was with the personnel. They were not used to the procedure and a lot 

of time was therefore, spent on teaching them. This rendered the process of data 

collection rather slow and expen ive. 

A related and frequent problem was lack of walkie-talkie radios which resulted in 

poor voice communication between the current electrode crew and the recorder 

at the centre of the array. This generally resulted in wrong electrode 

measurement e pecially after AB/2 = 130 m, giving ri e to "jump " on the field 

curves. 

Other 'jump " occurred as well due to lateral inhomogeneities in the surface layers. 

This phenomenon was quite prevalent in areas covered by the unconsolidated 

Magarini sands. This problem was corrected by shifting the current electrode to 

a more compact and seemingly homogeneous point/ urface thereby improving the 

electrode/ ground contact. 
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Bad connections at the current electrode in the in t:rument were a frequent 

problem. However this was easily detected by the instrument. Generally when 

the oundings were done during the dry weather in February and March, this was 

a very per i tent problem. It was cau ed by the ground urface having too high 

resistance for the elected current. When this happened, all the connections 

were checked. The current electrodes were hammered deeper into the ground. IT 

the error persisted, then the current was reduced step by step until consistent 

readings were obtained. 

Another problem detectable by the instrument was due to persistent overloading, 

i.e., signal plus excessive noise. Often this resulted in negative readings 

especially when measurements were made on sands. This was corrected by 

reducing the transmitter current a step at a time till consistent resistivity 

measurements were obtained. 

The high temperatures in thls area especially during February to March, might 

have affected the SAS 300 B Terrameter readings rendering it less sensitive. 

Thus, several soundings were so erratic that they could not be interpreted. 

Indeed, these soundings had to be repeated during the wet eason April to May, 

and ure enough, very good curves were obtained. 

A per istent problem throughout the investigation was that of keeping the profile 

line straight. The tape measure u ed could only tretcb to a maximum of 50 m. 

As such, any sub equent measurements were nfalsely" centred. Thu , the profile was 

hardly ever straight, especially after AB/2 spacing of 150 m. A significant error 
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could, therefore. have occurred in determining the geometrical factor. Howe er 

a c mp was u ed to keep the profile as traight as was po ible tbu reducing 

thi error. This was quite ucce ful de pite thick bu he which often neces itated 

hortening the configurations. 

Despite the e limitations the vertical electrical oundings (YES) data quality in 

this project i generally high and fairly reliable. 

3.1.2 Well Tests 

The ewell te ts were performed in the ab ence of piezometer or ob ervation well 

where the discharge and the water level only in the pumped well were measured. 

The boreholes in the project area were drilled by u ing either Percu ion 

Hydrometer or Percus ion Ru tom Bycyrus rig . Once the recommended depth 

was reached drilling was topped and the aquifer allowed to attain equilibrium 

conditions whereby the water level ro e until it reached a tatic level. Afterward 

a reciprocating pi ton pump wa installed and pumping and sub equent 

development of the test started. 

3.1.2.1. Measurements 

The performance of the well test comprised regular measurements of depth to 

the water level and di charge rate of the pumped well. Water level mea urements 

were taken during both the pumping phase and the recovery te t. 
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.1.2.1.1. Water Level Measurements 

Water level measurements were taken as many times during the cour e of the test 

with as much accuracy as p ible. Since the water level were dropping fast 

during the initial tage of the te t, readings were taken at brief interval . These 

intervals ( Table 3.1 ) were gradually increased as pumping continued. After the 

pumping was topped the water level in the well started to rise, Le., recovery te t. 

Initially, the level ro e rapidly, but as time went on, the rate of rise decrea ed. A 

typical schedule of time interval for the recovery measurements as used in the test 

i shown in Table 3.2 

Water level measurements were taken by use of an electric dipper (Plate IT). This 

comprised a double electric wire with two electrodes at the lower end attached to 

a calibrated steel tape. The upper ends of the wire were connected to a battery 

and an indicator. When the tape was lowered into the well and the electrode 

touched the water, an electric circuit clo ed. This was shown by the indicator. The 

depth to the water level was then read off directly from the tape. 

A normal chronometer was u ed to record each instant the water level was taken. 

Table 3.1 Range of time Intervals between water level measurements 
in the pumped well during the pumping phase 

Time since pu!l)ing started Time Intervals 
<minutes) (minutes) 

0-10 1 
10-ZO z 
Z0-40 5 
40-90 10 
90-180 15 
180-~ 30 

shutdown 
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T I .l nn e or 1 im lnt nl '" n w ater le cl men urcments 
in th pump d " II duri g the Recovery T t 

Ti since ing started 1 i Intervals 
(lll lnutes) (minutes) 

0·5 1 
5· 10 2 

10·60 5 
60·120 15 

120·180 30 
180-no 60 
no-enct of 120 

test 

.l.2.1.2 i cha r e Rate 1\1 asuremenl 

much a us i le the ui cha ge rate was kept constant during the te t. It was 

mea urcd frequently Ytith any variati ns eing recorded and any nece ary 

a just men . made in rdcr t keep it constant. At the end of the te t, an average 

di. charge rate wa calculated. 

S \eral meth d f m asuring t 1e discharge rate for a pumping well exist 

( ri c II, 198 ; r undwater Manual, 1981; Hazel, 1975). For the purposes of this 

study and owing to the unavaila il ity of the ther meth d a 220-litre drum wa 

used. ften a 110 litre drum wa al·o used. Thi was c n idered a imple and 

fai rly accurate meth d. II that wa done wa t mea ure the time taken to fill the 

container . 

. 1.2.2. uration of the T t 

1e questi n f h w I ng a pumping test should Ia t is difficult to answer because 

the eri d f pumping essentially depends n the type f aquifer and the degree 

f accuracy desired in esla ishing its hydraulic characteri tics. Better and more 
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reliable data are obtained if pumping continues until the cone of depre ion 

Plate II Electric Dipper used for Water Level Measurements 

stabilizes and does not eem to be expanding further as pumping continues. It 

i for tbis reason that the pumping was done until there was hardly any significant 

change in the water levels for the last three hours. This was exemplified by the 

drawdown remaining constant for that duration. 

Hazel (1975) in Table 3.3, gives the duration for which various tests should be 

done. Thi however depends on the purpo es for which the water is required. 

Generally, for livestock and domestic purpo e , pumping te ts should be done for 

between four to six hour . For this study, a pumping period of between ix to 

eight hours was considered appropriate and adequate. In some instance , pumping 
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was done up to fourteen hours. Rarely was it done for twenty four hour . 

Table 3.3 De ired type and duration of pumping test programme on 
arious type of Boreholes. (After Haz41975) 

Type of Borehole Type and Duration of Test 

livestock and Constant Discharge or Constant 
OOIOOStic Drawdown (4-6 hrs> 

Irrigation Constant Discharge (24 hrs) with 
optional steps in closing stages 

Town water supply As for irri gat ion boreholes 
and Industrial but duration for a 100 hrs 

duration 

3.1.2.3 Field Limitations of the Test and Data Quality 

The hydraulic data collected during the well pumping test was po sibly affected by 

any one of the following :-

(i) During the pumping test, the vibrations caused by the pump 

affected the tape. Consequently the accuracy of the water level 

measurements was not as high as desired. 

(ii) The initial drawdown was influenced by an additional loss in the 

hydraulic bead due to turbulent flow conditions in or immediately 

around the well· this means that the discharge, Q was from the 

water stored in the borehole ( before pumping ) and not from the 

aquifer itself. 

(iii) The clearance between the draw pipe and the outside casing was 

not large enough to let through the electric dipper. This resulted 

in abandoning measuring the water level in boreholes where thjs 

problem persisted. 
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(i ) Occasionally a pump operator would increase its peed during the 

te t. 1lti affected the d · charge rate thereby violating the 

principle upon which thi method i based-the con tancy of the 

discharge rate throughout the te t 

However ince the recovery data was collected after pumping was stopped, the 

above limitations were eliminated to a great extent. This rendered the e data 

more reliable and of relatively good quality. 

3.1.3 Water Sampling Operations 

In order to determine the quality of the water in the project area it was necessary 

to collect some samples from the boreholes for chemical analysis. Eighteen 

boreholes were randomly selected from the project area. It wa anticipated that 

the e boreholes provided representative amples for analysis. 

The water samples were collected from the selected boreholes in clean half litre 

plastic bottles. These bottles bad screw cap stoppers to prevent leakage during 

transportation were initially cleaned with metal free nitric acid and then rin ed 

everal times with distilled water. Each bottle was again rinsed thoroughly with 

the water about to be sampled from the borehole. The e samples were taken 

after the water was allowed to flow after pumping for ome time. This was to 

ensure that the sample collected was as representative as possible of the borehole 

ource. 
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The parameter which required immediate determination ucb as specific 

conductivity and pH were determined in the field. Specific conductivity was 

measured by using an Electrolytic Conductivity, Measuring et, Model MC-1, Mark 

V. It was recorded in micro iemenfcm. The pH was measured by using a pH 

meter. To pre etve the samples for later analysis of other parameter about 5 

millilitres of nitric acid was added to the ample bottles. Tbi ensured that the 

sample could be analyzed much later without necessarily bowing any ignificant 

changes in the concentration of the parameters to be determined. 
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II PT •R4 

D A NALYSIS 
4.1 R i thit) ata nul 

In order acquire a much information a po ible ab ut the nature of the 

ub urface iu the pruj ct ar a re i ti ity data were ana lyzed both qualitatively as 

\\ell ' quantita ti ely. Ace rding to Zohdy, et. al., (1980), qualitative analy i 

h >ulu alwa s pr cc c the quantitati e on for ele tri al ounding. 

.... 1.1 Qu litath e nal i 

'I he fir t st pin thi. anal ·., j wa to Ia ify th observed apparent resistivity curves 

int types. 'hi cia ifi ation wa rimarily made on the ba i f the hape of the 

lectri cal sounding curve .. 

geology wa au mpted. 

orre lation f thi cia ification with the areas 

Z h<.ly et. at. (1 8 have gi\' n a m thod in hich letter H, A, K, and Q are 

generally u Ll t de cribe the relation et' een the ariou resi tivie ~. P 2, and 

P 3 in a three-layer geocle ' tric section which has thlckne se h, h2, and h3 

re. pe ti e ly. e four p s i le type curves resul ting from Lhe combinations 

het\\een the alue fP 11 P2 amJP 3 are:-

i) lini mum ype \vhere P, > P2 < P3 ref rred t a H-Type secti n 

(ii) 1aximum ~ pe whe1e ~ < P2 > P3 referred t a -Type secti n 

(iii cemJing y e " h re P, < P2 < p3 referred t a A-Type ction 

(i\) e cending pe \i here P, > P2 > P3 referred to a -Type ection, 

a illu tra ted in ig 4.1 (a). 
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lf lh u urfa compo d of m re than three horizontal layers of re istivitie 

P, P. P3, ••• P" and thickne se h,, h h3 ••• hn =cP. re pecti ely, the geoelectric ection 

i de cri d in t rm of the relatio hip betw en the re i tivitie of the layer and 

the letter 1-1, K and Q in combination, t indicate the variati n of the 

re · ti ity with depth. or example, in a four-layer ge ele lric section, there are 

eight p ible relatior hip between f , f 2 P3 and P4, three of which are shown in 

Figure 4.1 (b). 

Fuur typ of cu e h wn in ig 4.1(c) can be distingui hed by thi analytical 

method. Type I the QHA type ction curve are typical f the area c ered by 

lUiindini sand . rom the apparent re i tivity value the conductive woe i 

expected to be due to day . Higher apparent resistivity alues of the lower non

conducti e layer may be duet coral Lime tone. Mwangi ( 1981) bserv d that the 

Kilindini and inter-finger with the coral lime tone . 

ype ll and 111 curves ar observed in area covered by the Magarioj sands. 

Where the urface sands are loose and dry, type II curve are typical while type Ill 

are ob erved in area where the Magarini and are compa ted. 

he fir t I w re i ti ity zone in ty e II, tbe KHK-type ection curves, i expected 

to be due to fre h waters while the sec nd ne wilh le than 10 ohm-m is 

expected t be having high clay content and probably saline water. The conductive 

zone in either QH or KH type Ill s ction urve , i about 10 m deep. It is 

expected to be highly w at.hered and mo t potential aquif r z ne. 
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Type IV ection curv are b erved in areas covered by Mazeras and tone. Two 

conductive zone can be di cerned. The fir t hallow one is u pected to be a 

moi t/damp layer ju t below the urface while the econd one is u pected to be 

a highly weathered aquiler zone. More qualitative analy i involved the 

preparation of apparent re i tivity map . Zohdy, et. al., (1980) emphasize that each 

map is prepared by plotting the apparent re istivity value , as regi tered and 

moothened on the ounding curve, at a given electrode pacing common to all the 

oundings and then contouring the results. For thi project, such maps were drawn 

at AB/2 pacing of 13, 50 and 100 m. From the borehole logs (Appendix D) the 

conductive zone is expected to be at a depth of about 50 m. Lateral electrical 

propertie of the subsurface at the e depths were evaluated and related to 

geology. There ult and interpretations of these maps are presented in 

Chapter 5. 

Further qualitative analysis was done by correlating the electrical ounding curves 

that comprise a particular type of curve . The ounding curves were drawn on the 

arne X-axis ( different apparent resi tivity axes ) and then with the same AB/2 

axis and apparent resi tivity axis as in Fig 4.2 and 4.3, respectively, for Type IV. 

It thu became po sible to check how the ubsurface was changing- thus to see if 

the same layers are prevalent throughout the entire area of inve tigation. Any 

common features present in certain curve and not others were noted. Also noted 

is where and when such features di appear and why, for example, due to the 

presence of certain layers and the changes in their resistivities and thicknesses. 
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From ig 4.2 it appear that there i a low re i tivity layer with a minimum at 

about AB/2 = 6 min ounding F35. However thi layer eems to di appear and 

only to reappear in oundings F27 and F33. It i po ible that thi layer could be 

due to locali ed wet/damp oils near the urface. A layer with a maximum at 

about AB/2 = 25 m is common in all ouodings though not very di tinct in F38. 

Another notable feature i the re i tivity low prevalent in all the area except F35. 

It occur at AB/2 pacing of about 80 m. It is hallowe tin curve F27. This i not 

unexpected since this ounding was done on an elevated ground. 

Fig 43 confirms the above ob ervations. It further reveal that the low resistivity 

layer su pected to form the aquifer has re i tivity value in two rather distinct 

ranges. Range I is from about 100 to 150 ohm-m while range II i from about 20 

to 35 ohm-m. The first range mo t probably ignifie the pre ence of fresh potable 

groundwater but the second one bows orne contamination of the water. 

It is noteworthy that the presence of an overlying low re i tivity layer in F29 

significantly lower the last rising branch of the curve. In F29, thi layer tart at 

about AB/2 = 10m. In the neighbouring ounding curve F26, F32 F40, F15 and 

F36 this layer begins at about AB/2 spacing of 30 m. 

4.1.2 Quantitative Analysis 

Several method are employed for quantitative analysis of the electrical ounding 

data. The e methods have adequately been discus ed by Mwangi (1981), Koefoed 

(1979) Zohdy et. al.,(1980) Keller and Frischknecht (1966, 1970 ), Mathies and 

Huyot (1966), Dobrin (1976), Kaufman and Keller (1983), Morris (1964), Van 
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Dam and enlenkamp (1 ) and many othe . In thi project, electrical ounding 

data were quantitatively analyzed by ing the method of curve matching and 

computer model curve generating. Quantitative analy i involved the determination 

of the layer parameter namely, thickne sand re i tivity value . 

4.1.2.1 Curve Matching and Auxiliary Point Method 

The field curve exhibited the pre ence of at least four layer . For the initial 

approximation of these layer parameter , theoretical curves for a single overburden 

and auxiliary graphs ( Bhattacharya and Patra 1968 ) were employed. Thj was 

upplemented by three-layer Rijkswater taat's (1980) standard graph . 

A detailed de cription of the auxiliary method is not neces ary as everal authors 

( Cagniard, 1952; Koefoed, 1960· Homilius and Mundry 1979; Orellana and 

Mooney, 1966 ) have presented the basic principle of this method. It is worth 

noting that, by this method, the determined layer tbickne ( Zohdy, 1965 ) is 

usually greater than the true thickness by a factor of P v / P h• where P v i the 

vertical re istivity and Ph the horizontal resistivity of the layer. 

4.1.2.1.1 Disadvantages of this Analytical Method 

The application of a combination of curve matching and auxiliary point a an 

analytical technique has the following dj advantages :-

(i) the method only yield approximate and often wild layer parameter which 

may be geologically ambiguous 

(ti) u ually mo t of the available standard curves are only up to three layers. 

Thi , therefore, inhibits their application in interpretation especially if the 
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curve has more layer . Beside one may lack a uitably matching master 

curve from the available catalogue 

ill) for the application of thi method it mu t be ascertained that each layer 

bas a considerable effect on the field curve otherwi e a layer without uch 

an effect may not be noticed in the sub urface, 

(iv) the method is tediou and time consuming. 

Despite the above limitations, curve matching and auxiliary point method still 

remains a valuable tool of interpretation especially in and during the field work. 

When used correctly it can provide reliable result . However, the availability of 

computer programs is rendering this method almost obsolete. 

4.U.2 Computer Model Curve Generating Method 

Generally the interpretation by the curve matching method were useful as they 

provided the initial model parameters for the computer program. These 

parameter were, however, changed until a suitable be t fit was obtained. The 

changing of the layer parameter was done by non-automatic iterative method. 

'This method involved changing the parameters by personal judgement based mainly 

on the operator's experience. More often than not, some guess work was involved. 

The choice of the change that had to be applied in the value of a layer parameter 

involves two step . The first of the e determined which layer was to be changed 

in order to eliminate error in a given section of the curve; the second concerned 

the amount by which the value of the layer parameter had to be changed. This, 

however, was not an easy proce s e pecially because everal permutations of resis

tivity and thickne s parameters were involved for each layer. 
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or this project computer model curve generation of the electrical ounding was 

quantitati ely analyzed by u ing a Vertical Electrical Sounding (VES) program. 

This program was coded on the ba i of Gbo b convolution method using inver e 

0 eill filters ( 0 eill, 1975 ). An ffiM compatible Olivetti M24 micro-computer 

was used. Generally thi program provided the data-base for the geo-electrical 

sounding data calculated the apparent resistivity curve with 0 Neill filter 

coefficients and plotted the e curves. This filter is for a sampling distance of a 

ixtb of a decade. It generally took 16-20 econds to plot one such a curve. The 

computer model curves generated are pre ented in Appendix B. 

4.1.2.2.1 Advantages of this Method 

Computer curve generating method provided several advantage over that of curve 

matching; the most obviou one being that the interpretation was faster and more 

reliable. From literature, field observations and experience, it may be highly 

acceptable that the computer interpletation method gives higher accuracy than the 

traditional methods. 

The other advantage of the computer model curve generating method was that the 

layer parameters particularly resistivity, could be specified more clearly while the 

other parameters were adjusted such that reasonable and desirable fit to the field 

curve were produced. For example, if the resistivity of a layer could be 

determined more reliably in one field curve the same value could be used in other 

field curve in the same profile provided there was evidence that the same layer 

existed. This however, could only be true if the assumption that the resistivity of 

a layer does not change so abruptly along a given profile held. Gradual variations 
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might have been detected onl where the layer was thlck enough. The ensitivity 

of this meth d of analy i eemed to dimini h with depth. 

4.1.2.2.2 Limitation(s) of Computer Modelling Method 

Even though the interpretation of re istivity data by u e of a computer modelling 

was considered to be more accurate and faster than the traditional curve matching 

method it nonetheless bad orne limitations. 

The mo t erious limitation, especially to the particular YES program applied in 

thi project, is its inability to give the percentage error on the final computed 

curve . This mean that a "good fit" to the field data doe not nece arily indicate 

an accurate determination of the layer parameters. It was therefore, necessary to 

check the interpreted results against the drilling result obtained from nearby 

boreholes. 

The other minor limitation was the declining of the re olution especially at greater 

depths. This could be a ociated with the decrea e in the current penetration to 

the deeper layer uch that the apparent resi tivity measured at large current 

electrode pacings are only repre entative of resi tivity structures at hallower 

depths. 

4.1.2.3 Limitations of the Two Applied Analytical Methods 

During the analy is by both curve matching and auxiliary point and computer 

model curve generating method two limitation which often reduced the reliability 

of the interpretations were experienced. One was the principle of suppression 
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while the other was the principle of equivalence. 

Electrical p tential at the ground urface does not depend on the ab olute value 

of re istivity ( p ) and thickne ( h ) of the layer but by the ratio of its thickne 

to re i tivity when the thickne and re i tivity of the intermediate layer are 

considerably maHer than tho e of the layers above and below it and the product 

of the thickness and re istivity if the thick:ne s of the intermediate layer is small 

and the re i tivity large compared with the values of the layer above and below 

it ( jau 1981· Bro~ et. al., 1972 ). The e are the principle of equivalence by 

longitudinal conductance (S) and tran ver e resistance ( Tr ) re pectively 

( Zobdy, et. al., 1980· Koefoed 1979). 

Computer model curve generating method provided yet another advantage over 

curve-matching while investigating the principle of uppre ion. If there was 

evidence of the existence of a layer who e effect have been uppressed in the field 

curve, its layer parameter could be extrapolated from the interpretations of the 

neighbouring curves and a ati factorily fitting curve generated. For example, F20 

had initially been interpreted as a four-layer KH-type curve. However, from F16 

nearby within the arne geological formation, it became apparent that another 

intennediate layer exist . Its layer parameter were deduced to be 65 m and 350 

ohm-m. When the e parameter were fixed in the F20 curve, no significant hift 

was ob erved. Upon little adjustment by non-automatic iterative method, the layer 

parameter were changed to 55 m and 500 ohm-m. Thi , therefore, proved the 

existence of ucb a layer. 
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Field curve F3 bas been u ed to illustrate the principle of equivalence by 

longitudinal conductance (S). The low re i tivity layer had its parameter changed 

u h that the ratio h/p = 0.6 remained constant. Three acceptable curve are 

bowo in Fig 4.4 while Table 4.1 ummari e the layer parameters for three 

curves. From the well logs correlation analysi , curve "c" was the mo t acceptable 

one. 

Equivalence by transver e re i tance (T,) was illustrated by using the field curve 

F40. Initial curve "a" bad its parameters altered in ucb a manner that the product 

h xP= 8976 for tbe high resi tivity layer remained constant. This re ulted in two 

other equivalent and acceptable curve "b" and "c" hown in Fig 4.5. The ummary 

of the layer parameters i tabulated in Table 4.2 

Table 4.1 Layer parameters of three Equivalent model 
curves by Longitudinal Conductance ( S ) for F35 

LAYER 1 2 3 

MODEL 

a h = 1 h = 8 h = 11 
p = 100 p = 13.8 p = 40 

b h = 1 h = 7.5 h = 11.5 
p = 100 p = 12.5 p = 40 

c h = 1 h = 6 h = 13 
P = 100 p = 10 p = 40 

h = thickness (rn) 
P = resistivity (ohm-m) 

4 

P = 110 

P= 110 

p = 110 

Due to the e two principle limitations different layer resistivity tructures could be 

produced by the same sounding graph as illustrated above. Therefore, to obtain 

true resistivities and thicknes es in terms of the subsurface hydrogeological 
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conditio upplementary data uch as tho e from logged b rehole within the 

project area were required and correlated with the re i tivity data ( Chapter S ). 

Table 4.2 Layer parameter of three Equivalent model curve 
by Transverse Re istance ( Tr ) for F40 

LAYER 1 2 3 

MODEL 

a h = 1.5 h = 9.5 h = 189 
p = 360 p = 944 . 8 p = 125 

b h = 1.5 h = 10 . 2 h = 188 . 3 
p = 360 p = 880 p = 125 

c h = 1.5 h = 10.5 h = 188 
P = 360 ' = 854 . 9 p = 125 

P= 

f = 

f = 

h = thickness {m) f' = resistivity (ohm-m) 

4 

200 

200 

200 

Generally, in the interpretation individual layers are a umed horizontal, 

homogeneous and i otropic. Therefore, the resistivity method is only most accurate 

enough for sedimentary rock areas ( uch as the project area ) where actual 

conditions are clo e to tho e as umed in the interpretation. 

4.2 WeU Tests 

4.2.1 General Principles 

Generally, the method applied for the analy i of the well te t data is based on the 

basic analytical well flow equation fir t de cribed by Thei (1935). This method 

is based on the following highly idealised assumption and conditions: 

i) the aquifer sy tern bas a eemingly infinite areal extent 

(ii) the aquifer sy tern i bomogeneou isotopic and of uniform 
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thicl·ne. o cr the area innuenced by the te t 

iii) 1 rior f pumpin • t te hydraulic head i. nearly h riz ntal er the area 

iunuen d by th tc:t, 

iv) the aq i er il\ purnpcd at a c mstant di charge rate, 

(v) the well penetrate the entire thickne of the aquifer and thu receive 

\ ·atcr y h rizontal now 

( i) the aquifer y tem an c:: treated as c nfined, 

( ·ii) the low f the \\ell i un teady. 

quation 4.1 relate the dra,. down d a o erved in an bservation well at a 

tfutance ( r ) fr m the pumped well, to the rate of di charge Q 

(Eqn 4.1) 

\\here is d fineu a 

qn 4.2 

wh re T = Tran. mi .. ivity, 

t = Time ince pumping tarted, 

r = i ·tance fr rn the pumping borehole 

S = Storativity. 

Th integr. I io equation 4.1, call d the exponential integral, i known as the well 

function, II (U) Freeze and herr 1979). Hence, equation 4.1 becomes 
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.. 
0 J e -u 0 sd- - --du- --W(U) 

4n7' U 4nT 
u 

qn 4.3 

lfowe er the' ·ell function,\\' in equation 4.1 anti 4.2 can be repre ented by 

~1.1 1 infini tc e ri s 

-
f

e -u U2 U 3 
-du-w(u) - -o . 5772-lnu u- + + ..•.• 

u 2.2! 3.3! 
u qn 4.4 

TIJU , Thei. luti n ec me 

o u2 U 3 

Sd· -- (-0.5772 - lnUt-U- + 
3

.
31

) 
1tT 2.2 ! Eqn 4.5 

rom equation . jt i. edden t that decrea. e a time t) f pum ing increase 

and the di lance r) f the' ell cl creu. e . ccordingly, Jacob {1963) providecl a 

logarithmic appro imati n meth d, here for mall alues of drawdown 

o!Jser.ati n made in the icin ity r the well after u(ficient time of pumping has 

assed the well fun ti n com.erg tov ard the urn f it first two terms. 

·1 he ref ore, for mall 'aluc of ( < . 1) the drawd wn can e appr xi mated 

S·_Q_( 0.5772 - lnU) 
d 41tT qn 4.6 

uh uming the numerical con tan t into the I gari thmic te rm and replacing 

the natural logarithm by the decima l logarithm, eqn 4.2 yield if 

t < 0.0 1 

S _ 2. 303 l 2. 25 Tt 
d 4nT oglO r2S 

Eqn 4.7 
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''here = tli char c rate 

= 11 ansmi ·. i ·i ty 

= :t rati' it. 

= time sin pum1 \HI ·tarted 

= di. tnncc from umpetl well 

quati n 4.7 a ove is the Jacob's modified appr ximation meth d. 

4. .• Recovery T l 

In thi project, Jac c. pproximation method\ a utilized for the evaluati n of the 

'' II chara teri. ti s by using data fr m the reco ery t t ( · ig 4.6 ) of a ingle 

borehole. ur thi te t swppag of pumping is represented mathematically by the 

assumption that the rchole continue to be pumped indefinitely at a constant 

rate and lhat, fr m a time f t 1 page m ard , injection of water is carried out 

into the . ame rehole at an equal rate, that the net pumpage from this 

momen t is zero. 

Eq ati n 4.7 give the tlrawtlown due to pumping while the drawdown due to 

lllJ ction is given in the following ex1 re wn: 

qn 4.8 

where t' = time since injection started 

and t < 
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t = time si nce ump started 
t' = time since pump stopped 
s' = residual drawdown 

• ig -t.6 ingle Bor hole Reco ery Test 

13) adtliti n of equatiom .7 an . , the re idua l drawd wn, S, is given by 

s • 2. 303 Qlog _.E.. 
c 41tT 10 t' 

qn 4.9 

~I !li equation 9 ha al b en n by B uwer ( 1978 ). 

f ing R c 'c' . Te t Data 

I ceo ·ery t t <.lata v ere referrel f ruse in the aquifer analy·i t the pumping 

ones or the f llowing rca ons:-

(i) <.luring the rec ery test, ater level measurement were taken without 

being a r ted b th pumping ibration noi e 

(ii) ater level mea urements were aL o not affectetl by m mentary 

( the pum ing rate a: the ers nnel were well c nver ant with 

th me uring techni JUC 

(iii th re wa n nee to correct the ob erved drawdm n data for the weU 

l sc , 
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(i". ) u. uall in u pumpi1 g mrehule the drawdown i. ery en itive t the 

tulntc c n·tan < f the di. charge which i rather difficult 

maintain in actual racti e. 'hi \\a unn e ary during the recovery te t 

(\ the time-rec ery lot for the umped well i m re accurate and 

reliable ri coli, 198 ). 

~ qn 4.7 wa lv <.1 y dra" ing a graph where t/t wa lotted n the I g c le 

ag· in l re idual dt awd wn, , on th arithmetic ale. A st raight line wa then 

fi tted thto gh the <.lata point. in ru r l e ·tabli h the r lation hip between the 

re iuual dra \down ami the r· ti t/t'. The lope,AS, 

s- 2 . 303 Q 
r 41t T 

'[ hu , by rearranging ·qn 4.10, T can e calculated a 

wher , 

T• 2. 303 Q 
41tASr 

T 

f thi line was found t be: 

qn 4.1 

h wn bel w:-

qn 4.11 

qn 4.12 

is the chanue in r ·siuual dra u n ver one 
' 0 

It • cy le ljt . 

>nly , .. ell te t u· ta fn Ill thre b rehole no. 6 73 721 and 7 97) within the 

l:1g· rini and and fi\e borehole. (no .. 7 87, 70 , 7267 7 34 and 8221) drilled 
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within the azeras andstone Appendix C) were u ed. Thi is becau e f the 

fact that during the pumping te t of the e boreholes the d" charge rate were well 

controlled and were not as adver ely affected like in the other case . Thu the 

r ults are fairly reliable for the e borehole . The specific capacity was calculated 

by noting the final drawdown in the pumped well and multiplying its reciprocal 

with the discharge rate of a given borehole. 

A ummary of the hydraulic aquifer characteristics of some repre entative 

wells/borehole in the project area is pre ented in Table 4.3. 

4.3 Water Quality 

Various analytical technique were used to determine the concentration of various 

parameters that were required to determine the quality of the water collected from 

the boreholes in various geological formation . These parameters included total 

dissolved olids (IDS), dominant anions such as the bicarbonate /carbonate , 

ulphates, chlorides and fluorides and the major cation - odium calcium, 

magnesium, pota sium silicon and iron. 

The choice of the analytical techniques was influenced by the tandard of accuracy 

and precision required. According to Gaciri (1980), accuracy and precision are 

influenced by the concentration of the elements ought both in absolute terms and 

in relation to the other constituents of the sample. 

For the analysj of dominant cations, Varian Tecbtron Atomic Ab orption 

Spectroscopy machine, model AA6, was used with different detection limits 
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Table .3 Aquifer Characteri tic in Magarini and and azeras and tone 

Formation in Kidiani Area wale. 

1 2 3 4 5 6 7 8 9 
AQUIFER 8/H No Total WSL IJRL Q T Total 0/S 

C: 
Depth Drawdown 

(Ill) (Ill) <m> lll /hr m7/hr l s, Cm) I rt
2
/hr I 

IMAGARINI 6673 50.0 43.0 12.6 3.3 0.196 10.43 0.316 
SANDS 6n1 40.0 24.0 0.8 3.3 0.209 9.92 0.333 

7097 70.0 50.0 20.0 3.2' 0.233 17.99 0.178 

7087 58.0 36.0 27.4 2.80 0.043 24.34 0.115 
MAZ.ERAS 7090 61.0 47.0 23.7 2.93 0.062 25.30 0.116 
SA STONES n67 54.0 33.0 17.9 2.84 - 31.10 0.091 

7934 70.0 22.3 15.1 1.20 0.026 20.75 0.058 
8221 40.0 18.0 7.4 1.16 - 9.29 0.125 

OTES: 

Value not calculated 
1 Type of Aquifer Formation 
2 Identifying serial number 
3 Total depth to which the borehole was drilled 
4 Water struck level: level in borehole at which 

water was encountered (in metre below ground level) 
5 Water rest level: level to which water rises in 

borehole (in metres below ground level) 
6 Tested yield at commis ioning pumping te t (in m 3 /hr) 
7 Transmissivity values calculated u ing Recovery te t 

method 
8 Total drawdown: final water level at the end of 

pumping pba e 
9 Specific Capacity: calculated as Q/S in m 2/hr 

( Table 4.4 ) of each element. Before carrying out the above analysi two 

taodards of each element were u ed to catibrate the machine. The ources of 

error(s) during this analysis have adequately been discu ed by Maina (1983). This 

technique was chosen becau e it relatively lacked interferences (Maina 1983; 

Ediger, 1976) and generally required minimum manipulation (Rawting & 

Greaves, 1960). 
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The determination of the anions concentration- ulphate fluoride, bicar

bonat /carbonate and chloride - was done u ing the tandard procedure 

de cribed y the Kenya Bureau of Standard (KBS part 2 and 5 1985) for the 

pecifications of drinking water in Kenya. 

Table 4.4 Detection Limits of AAS Varian Techtron machine 

Element Wavelength ( lllll) DL (PPM) 

Ca 422.7 0.0005 

K 766.5 0.003 

Na 589.0 0.0003 

Mg 285.2 0.0003 

Si 251.4 0.3 

Fe 386.0 0.005 

(DL - Detection Limit) Cnm - nanometer) 

Total dissolved solids (IDS) in all the amples were determined by evaporating 

each fil tered ample in a weighed platinum/nickel dish on a steam bath. The 

residue was then dried in an oven to a con tant weight at 180° C. The increa e in 

weight over that of the empty dish repre ents the weight of the total di solved 

olids. 

For the analy is of the dominant ions in the water samples, trilinear diagram 

method (Piper 1944; Maina, 19&;; Mailu 1983 ) wa employed. Various types 

of water from both the Magarini sand and Mazeras sandstone formations were 

distinguished. 
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The distri ution of the ampling ite hown in Fig 3.2. The results of the 

chemical anal i of the water ample from borehole in different formations are 

bown in Table 4.5. 

Table 4.5 Chemical Characteristics of Groundwater in Magarini sands and 
Mazera sandstones in IGdiani Area, Kwale District Between 1987 - 1989 

Saq>le Na K Ce Hg Fe Sl S04 F Cl HC03 1' C03 1' ros I conct I pH IB/H I' ppn ppm ppm ppm ppm ppm ppm ppm ppm ppm ppm ppm I'S/cm c-

IMs-1 12.0 3.0 3.2 1.9 0 24 7.6 0 40 60 0 73 110 6.0 5556 Ms-2 15.0 4.0 100.0 14.4 0 16 13.6 0.1 20 165 0 217 330 6.8 5559 l ~~s-3 85.0 10.0 17.6 20.5 0 40 5.0 0.1 224 28 0 443 600 6.3 5764 1Ms· 4 132.0 13.5 52.8 82.1 0 66.7 39.4 0.1 286 434 0 882 1300 7.1 6673 Ms- 5 10.5 1.5 1.6 3.8 0 26.7 3.5 0.1 28 10 0 49 85 6.9 7268 Ms-6 60.0 9.0 21.6 18.8 0 30 15.0 0 42 172 0 253 320 8.0 7361 Ms· 7 21.0 2.0 2.4 2.4 0 20 5.3 0.1 15 35 0 80 123 6.7 7362 1Ms·8 45.0 5.5 10.4 10.1 0 100 70.0 0.8 40 124 0 200 300 6.9 7610 

Mzs-1 123.0 10.0 42.4 22.6 0 60.0 33.8 0.1 92 372 0 512 700 7.3 6672 Mzs-2 11.5 4.0 1.6 3.4 0 40.0 5.1 0 28 22 0 50 80 7.0 7088 Mzs-3 70.0 4.0 9.6 16.3 0 80.0 28.0 0.2 32 92 0 264 290 7.2 7270 Mzs-4 80.0 10.0 26.4 7.2 0 40.0 30.0 0.1 81 2.80 0 471 650 7.6 7280 Mzs -5 73.0 6.0 22.4 37.9 0 50.0 24.0 0.4 54 316 0 474 606 7.1 7281 Mzs -6 30.0 4.5 18.4 11.0 0 40.0 12.0 0.2 34 106 0 176 270 6.5 7283 Mzs-7 67.0 8.0 17.4 15.8 0 50.0 25.0 0.1 68 160 0 284 420 6.5 7594 Mzs ·8 22.0 6.0 6.0 8.4 0 40.0 11.0 0.2 38 55 0 115 190 6.9 7932 Mzs-9 53.0 7.5 64.0 24.0 0 60.0 0 0 40 322 0 408 500 8.0 7933 Mzs -1 0 788.0 150.0 8.0 25.2 0 20.0 0 0.5 1475 985 0 3434 4500 7.8 8218 
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CHAPTERS 

I TERPRETATION OF RESULTS AND DISCUSSIONS 
5.1 GeneraJ Introduction 

already highlighted in Chapter 4 the analy i cornpri ed three different type 

of data, namely re istivity well test and water quality data. Qualitative analysi 

of the YES data yielded results which to a certain extent were speculative. As 

such, quantitative interpretations of the said data in terms of horizontally stratified 

layers of definite thicknes es and re istivitie were necessary. However this could 

not be meaningful without control by reliable lithological and hydrogeologicaJ 

information. Consequently, a correlation between VES data and the stratigraphy 

information from the borehole logs was carried out. Also apparent resistivitie 

presented in form of i o - resi tivity maps at various depths have been interpreted 

related to groundwater flow and groundwater potential di tribution. Lateral 

variation of the electrical properties of the subsurface material at the e depth has 

at o been evaluated. This chapter focuses on the interpretation of tbe re ults and 

their subsequent discu sions. 

5.1.1 Description and Interpretation of Apparent Resistivity Maps 

As has already been ob erved in chapter 4, qualitative interpretation of the 

electrical ounding data should normally precede the ub equent quantitative 

interpretation. In this project apparent re i tivity map were prepared by plotting 

the apparent resistivity values, as registered on the sounding curve , at given 

electrode spacings (AB/2 = 13, 50 and 100 m), common to all sounding and 

contouring the re ults using the method described by Bishop (1960). 
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Z 11 y, t. at ( 198 ) remark that th e apparent re i ti ity map do n t repre ent 

the areal aria tion )f re ·i ·ti-..ity at a depth equal t that teet rode pacing. In tead, 

the 111 rely imJica te the gen ral latera l ariation in the electrical pr pertie at that 

pa ing. 

rig 5. 1 h w appar nt resi: ti\ it alue at AB/2 pacing f 13m. rom it, highe t 

a1 parent va lue. ( P > I C\()0 ohm m ) are within the Magarini sand . At the arne 

depth the cc r e 1 unui ng a lu for 1azera and t ne area doe n t exceed 1 00 

ohm-m. Re. istivity va lu . tie r ase in ariou directi n sugge. ting the variation 

uf tl e I<>"•' resi tivi ty anomalou zones. 

At an A /2 pacing of m ·ig _ .-). the apparent resi tivity values are generally 

lower compare I to tho. e one at A /- = 13 m. rom the geo-electric section 

thi d pth rcp1 e ent the c nuuctive zone. Within the Mazeras andst nes the 

anom lou area are foun t \.\' r . the south-we tern and western parts. The 

re isti ity "high" corre. J n<.l . lf> the hilly part f the project area. T ward the 

m rth - a t, the c 11tour are close s gge ting a rapid drop of the water quality. 

Area c •ered by the aga ri ni . and ha e their cont ur afar howing relatively 

10\ gradient ugge ting tal le" · ter . he decrea e in the contour re i tivity values 

ugge t that the anomalous 1 a1 t ar the uthern, ea tern and outh-ea tern. 

Fig 5.3 repre ents the apparent resistivity alue at AB/2 = 1 0 m. hi depth 

genera l! r present a 111 n-eon ucti ·e "electri al ba ement" z ne. Like in the 

othe two map ig 5.1 an 5.2) the anomalou · zone with I wer re i ti ity value 

are to vard the ea. tern so Jthern an . ou th- a. t rn pa rt . Howe er, f r the zone 
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c ered by 1:.tzcras s· nd. tone. an int r tin i ualion m 7t11 0 

"internal dtJinagc'' \\.'ilh anornalou. alu uf I twe 11 Wl olu rl 

demarcated, spreading in a north· outh dir ctiun. riJlin uh rom a bm h le 

at ivum ni Primary Sehoul. ' here ·ounding I wa c.Jone, inuicat the f>rc n 

of gra el within he conductive zone. It i evic.J nt from f-ig . that r i ti ity 

"high " within the azera sand tone c rre ·pond yet again t the hilly pori of th 

project area as served at F27 and 0. 

5.2 lntcrpt cted o- · lcctric nd t ali raphical 

The re ult of the V S data are her hy pre cnted in three geo-el ctric cr .,_ 

cction along cro s-sectional line B- ' -T and X-X'(fig .2). It mu t 

emphasized yet again th~t these pr file were de ided u on after grouping the 

ounding cu es (chapter 4) into different ypes. 

5.2.1 Profile B-B' 

This is a SW-N profile mainly through soundings done on the azeras and t ne 

(Fig 3.2). As already shown in secti n 4.1.1, the sounding curve indicate lhe 

resence of at least four layer in the u surface. hi o ervation is furth r 

highlighted on the ge -electric cross s ction shown in ig. 5.4. The Ia er appear 

to be thinning out and ecome shallower to-ward the north-we lend o the pr 1le. 

;\ few micro-geoelectric layers form lenses within the major one . 

Jnterpreted re i th·itie ( ~ ig 5.5a ·uggest that the top layer i com o ed of dry, 

red, sandy oils often intercalated with ome layey material . Thi t p layer 
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attains a maximum thkkne of ab ut 2.0 m. Apparently the thickne the t p 

Ia er materials eem to be t p graphically contr lied. Where there are 

depre ions the layer is often thicker th n in other areas. The re i tivitie f the 

top layer may a1 o reflect variation in the oil moi ture due to infiltration of rain 

water. Often, the e value ignify geol gicaJ variation of the urface layer. For 

example in both ounding F33 and F3 done on a rainy day, the t p layer 

re istivity value are relatively low compared to others (F27 F32) which were made 

on a bot and sunny day (Appendix B). AJ o where thi layer wa compo ed of 

white loo e and dry ands ( F18 ), the re i tivity values were high compared to 

areas where the layer compri ed red, compact oil ( F37 ). 

The econd layer attains a maximum thickne s of about 60 m and re i tivity value 

between 120 and 600 obrn-m. However, it i ob erved that there are numerou 

geo-electric layer lenses with a variety of resi tivity value from a low a 40 

ohm-m to as high as 1000 obm-m. Borehole Jogs shown in the tratigraphic 

correlation ection (Fig 5.5b) suggest that this layer i e entially cornp ed of 

either clayey sands or sandy clays. The variou formation len e compri e clay , 

ands and ften quartzitic ands. This tratigraphic ection therefore, reveals the 

rapidly variable and often complex geological nature of the ub urface. 

The third layer is characteri ed by low re i tivity value ranging from 12 to 80 

ohm-m and a thickness of about Om. Tbi actually form the conductive zone in 

the geo-electric ection (Fig 5.4) and form part of the un-limited layer in Fig 5.5a. 

From the tratigraphic section (Fig 5.5b) it i ugge ted that this layer i largely 

compo ed of clayey sand I andy formations and to some extent shales/mudstone 

76 



which occur as intercalations within the and tone . It i within thi zone that 

water was truck in mo t borehole within the pr ~ect area. 

lntere tingly it was noted that often water was truck earlier at hallower depth( ) 

in orne borehole not nece arily within the conductive zone . From Fig 5.5b the 

shallower water level can be as ociated with the pre ence of perched aquifer 

formed by the imperviou clayey layers above the water bearing andy formations. 

Fig 5.4 reveals that resistivity values between 50 and 80 ohm-m of the conductive 

zone occur for boreholes sited on elevated ground such as at sites F26, F32, F36, 

F28, and F29 which corre pond to boreholes nosC- 7931, 7267, 7283 7592 and 

7280, respectively. The conductive zone, however, eems to contain water with 

different qualities as implified by different re istivity values. Thus, by comparison, 

the (20 ohm-m) resistivity value of the conductive zone, may suggest the pre ence 

of relatively poor quality water than the 50 to 80 ohm-m resistivity value . Thus 

there seems to be a loose correlation between the topography and the di tribution 

of the saturated layers in the project area. 

The conductive zone appear to be thin at F27. Thi is not unexpected ince the 

ounding was done on a slopy site where erosional proces e had removed mo t of 

the overlying material, thus rendering the conductive zone hal lower than in other 

areas. Generally this conductive zone ha a thlckne ranging between 30 m, at 

F27 and 115 m at F36 with an average thicknes of about 80 m. 
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nderlying the conducti e zone i a non-e nductive "electrical b ement" layer with 

relatively high r i ti ity alue . The e value ugge t th t the layer i comp ed 

of lightly weathered and Je fractured and tone . They therefore contain little 

or no water. Unfortunately no very deep borehole have en ank in the pr ~ect 

area and consequently no log are available for comparing and calibrating the 

resistivity sounding data 

U ing information from Fig 5.4 and 5.5a and 5.5b a correlation between re i -

tivity value and formation/ tratigrapbic characteri tic in the Mazeras and tone 

(Table 5.1) i e tablished a presented below. 

TABLE 5.1 CORRELATIO BE1WEE RESISTMTY AND FORMATIO 
CHARACTERISTICS OF MAZERAS SAND TO S OF KIDIANI 
AREA KWALE 

Depth Resist ivity Formation 
<m> (~) Characterist ics 

0-2 100-600 Top dry sandy soils often 
with clayey content 

2-60 120-280 weathered sandstone; clayey 
sands and sandy clays and 
quartzitic clays forming 
intercalations 

60-215 12-80 very highly decomposed 
sandstone saturated with 
water. Often clays may be 
present. 

>215 200-300 slightly weathered sandstone 
less fractured; often shale/ 
mudstone form intercalations 
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.2 l'rofile -

preuominate. 

pr file, I ut traver ing th1 ugh area where agarini and 

1 resi'\ti it sounuin interpretation ( · ig 5. l) ugge. t. that [! ur 

ge -electric Ia} er can be d marcateu. I J we r, in the ent1 al part f thi pr file 

a fifth low esi ti'vity Ia) er is e\ iu nL 

The fir t lay r ha re. i, tivity Ht /ue vu 'ing £1 >m 0 to 1 , hu1-111 wfth a 

maximum thi kne f a out 16 m (figs. 5.7a and 5.7b). he re i ti ity range 

clearly indicate. the variati 11 the wetne s f this layer as well as it geological 

nature. ll1e 2 Ima-m value on Fl7 indicate red, compacted' et Magarini and 

while the 10 ohm-m alue on ~ re re ent dry I e white Magarini sands. 

omparing and c ntrasting with the tratigraphic correlation ection (Fig 5.7b ), it 

i apparent that thi layer repre ent the t p andy soil . Generally, it bas 

resistivi ty values etween 2 and 1 hm-m the high value indicating the dry 

characteristic of the sands. 

In igs 5.6 ami 5.7a there is resisti ity "low" intlicating the rapid grading f the dry 

and int m ist, clayey layer. Thi C rms an intermediate layer between the 

top,dry and and tb contlucti e zone elow. ften, it c mpri e the geo-electric 

la) er lenses ,.., ith resisti ity a lues between 130 and 270 ohm-rn and a maximum 

thickness of about 15 m. r 111 the traligra hie correlati n cti n (Fig 5.7 ), thi 

layer i asso iated with clayey sandy len es. ften, thi Jay r may al o f rm 

perched aquifer( ) as e idenced on s unuing F34 \ here boreh len . 5557 ha been 

drilletl. 
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1e second major geo-el tric Ia · r i th mducti e z n . r 

h low re..,i I i\'i I value h t vc 11 • nd II 0 ohm·m and 

about 5 m. I· rorn the strati 'WI hie c rrclution cti n 

r 

.71 ), it i l'l r n r 

that \! :Her in 1110:t horehulcs wa tru v. ithin thi I 1r IUJ I • '" 

borehole no. 7 at _4 water wa tru k at 5 m \\hi! rchol 

·18, \Vater struck level\! as at 38 m. · hi , th refore, c n 1rm thal the ndu u 

zone is actually aturateu. 

ection ( ·ig 5.7b) reveal 

urther, interpr tation uf the g ()Jo i aJ tr•rtr •rar hie 

that this Ia •er i · e s ntiall campo d o and 

d · y / layey c:;and with evcral thin layer of cia·· form in a multi aquifer t rn. 

Below the c nductive z ne i a non-e nducti e layer chara teri ed r lati ely 

medium re ·i tivity value etv.,cen 3 and ohm-m with a rw imum thi n 

of about 70 111. he e re i ti ity value may indicat th pr . cnce f nu re andy 

material 'Which could, in fact, be aturated. mall am unt of Ia ma , h w vcr 

be ex e ted. 

In the central part of this profile a less extensive, low re isti ity ge -el' tri lay r 

is encountered after a depth of a1 proximately 150m. \Cn though its thickn 

has n t been determined it re i ti ity alue of between 5 t 4 hm-m, ugg 

that it has poor quality water. alues up to 1 ohm-m may indi ate the pr 

of saline/brackish '' aters '' hile the 40 ohm-m alue uggc L that cia y mat rial 

may e encountered. Unfortunal ly, no deep oreholes ha e b en drilled in thi 

formation t provide the mi sing c rra olati e inf rmati n. 
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It i n te \ th • that tt " n.l th u r h 

hi h re i li'- 11) Ia) r at al , ut () rn 

unc peeled. 

a\'ail.\bl lo' 

en though onl · 

iII i at t h I Lh i 

h ' ·el l I g o one 

it Ia r 

rl 

n dtll 

ul ll In H I 

'i zumh ni I ble 

viden that oral lime ton unt.l 1li th ilin ini an 1 1 J( ln 

th r d n hm-m intermedi:He lnyer ( ig 5. 1) i m '· r pruh 

fractured c r· I lime tone. I ig 5.7a clc· r) ugge l. th 

the c rals and the T rtimy !'all . 

a fault t" n 

fable 5. gi\·cs a gcnerali ed correlation et \een the re i ti ity alu . and th 

tagarini sand C rmation characteri tic in Kidiani Area . 

. 2. P1 file 

·1 hi a N W- pr file. T w· rtl the north it h w g neral thinnin - ut f 

the ge -electric Ia er . I I w er, the arne layer are thi k r in th mit.lt.ll · nt.l 

war . th sou th f the r file bee ming n ticeabl thinn r again in par 

underlain by the oral lime ·tone at and J ). 

Table .2 76 idzumbnni. 

0· 4 

6 · 10 

10 16 

16·18 

18 22 Sands and clayey sands 

----------------~ 
22·25 ~ athered coral lrme tone 
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Table 5.3 Correlation between r i li i and fi rmati n 
'di ni characteristics of a arini and in 

Area Kwale 

Depth Cm) Resi s tivity Fol'lll t lon Charac ter! t l~ 
(Oil) 

0· 10 200· 10000 red, c c ted and wh i te loose 
Magar inl s ands fn terce let lont 

10· 25 130·270 110fst, cl ayry s or sencfy 
clays 

25·90 40·110 sandy c l ays/ clayey sand 
saturated 

90·160 150·600 moist sand 

>160 10· 40 clayey format ion, probably 
saline water 

>160 600·3000 moderately to unweatherd 
coral limes tone 

From the geo-electric section (Fig 5.8), at lea t four layer can be erved. ik 

in the other sections (Figs 5.4 and 5.6), the top layer i thin with a maximum depth 

of about 10 m with resistivity value ranging between 1 0 and 6 000 m. Thi layer 

is e entially composed of dry and loo e and . Where the and are c mpacted 

and moi t, for example at F17, the re istivity value are generally low. 

The econd layer compri es geo-electric len e of variable thickne e ( -1 m ) 

and resi tivity value in between 120 and 500 ohm-m (Fig 5.9a). 

Below i a conductive zone with re i tivity value from 4 t hm-m a nd a 

maximum thickne of about 100 m. This layer i e entially comp d of andy 

beds with Httle clay content (Fig 5.9 ). Often thin gravel bed (for e ample at 

F23) were encountered where they form the aquifer zone. 
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Below the c nductive zone, i the 5 hm-m geo..electric Ia r. 

not extensi e and i nJy enc unter d in p rt underlain by th 

and bas a thickness ranging fr m 2 m t ab ut 6 m. It re r 

r 

weathered and p ibly fractured coral lime. tone zon below whi h i u high! 

re isti e unfractured, fre h c rallirne tone formati n. 

The b undruy between the 30 ohrn-m Ia er and an ther ne f 1 hrn·m 

(Fig 5.8) i not clear thus the zig-zag line separating them. Thi p< ibly irnpli 

the inter-fingering (fault?) of the ilindini sand and the c raJ lime tone in lh 

eastern part f the project area. 

5.2.4 Di cussions on the E Data Result 

· rom the interpretations of the eJectro- tratigraphy pre ent d al e it i appar nt 

that compari on of the re i ti ity value and the tratigr phic rrelati n 

observed from the boreh Je I g i fair. Howe er the greate t limitation i th 

lack of deep, ' ell-logged b rehole with which all the re i tivity values acquired 

could be calibrated a the deepe t borehole in the pr ~ect area i about l m 

deep while the ertical electrical ounding were made t a maximum /2 

cparati n of 2 0 m. 

M-. angi ( 1981) oncenlrated hi \ ork around M ambw ni, an area und rlain b 

coral limest ne . 1l1e oral were aturatcd with • ea wat r alth ugh h 

enc untered lense f fre. h \Htter. he aline water generally lower d the 

resistivity of the coral.. In thi project high resistivit value (P. 2 hm-m ) ar 

b erved at area c vcred y the Kilindini and . Although the effec f th t p 
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sandy layer annot e umlcre tim" ted, they, ncv rthcl , cunnut t mir ly 

ass dated~ ith the high re ·i. tivity ·alue r the ub UJfac hy r . \ II J cJ Ia 

(Ta le 5.2) provide e id nee that the coral lime ton 

depth. Their pre. ence, ther rore, ma partially be aurit utcd t< th ul cJ tu h 

re i tivity value . 

The variati n and oft n compl nature of the ul urf. mpll • d hy th 

presence of several clayey lajers occurring in between the sand he 

layer hydrogeologicall sub-divide the aquifer, e. pe ially within the ag·lrini and , 

into a multi-aquifer system. 1 he resence of the e thin clayc b d cann t b 

detected using the resistivity method as their effect are geo-electrically uppr . ed 

( lathe, 1955 1976). hi al o could lead to the enhancement f th princi Je 

of equivalence ( secti n 4.1.2. ). 

The geo-electric ecti n ( igs 5. , .6, 5.8 ) pr ide a rather implifi d itu' ti n 

of the subsu face. Several smaller and undetecta Je layer are u. ualJ lum1 ed 

together to form one r ad geo·electric layer. The harp c ntrru t in r istivity 

between the conductive zone and the non-conductive z )llC, ither low r a o 

it, j proba ly indi ative of a dr / aturated irHcrfac rath r than a 

litho tratigraphical or geologi at b undary. he ame effect could al. m 

the conductive layer rought about by tr pica! ch mi ·I weathering f lit holt gy 

ince the tran ition between the \\eathered conducti e layer ( aprolit ) and the 

underlying bedrock i usually harp. 
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mnpari n between the o ervations made from th appar nt r i ti i y m p 

and the flO\i direction ( ig 5. 10) sugge t that the fl W direction gr Uri w· t r in 

the project area is not uniform and unidilectional. It is mainl in the 

1agarini anus) or SSW (in the Mazera and. tone ). 1is bs rvation I rl 

and faithfully agree with the observations made from the apparent re i ti it m p . 

n 1is t o, corresponds to the topography and the draina c pattern f the re· e 

Je ared parts form the recharge z ne ' hile the I w r purl ure rh 

zone . The hilly part are part f the Shimba Hill a major catchm nt zon forth 

project area. 

l l1e hilly parts of the Magarini an I formation a pear to ha e een cau ed y 

orne structural feature . Mea urement f the dip angle at me utcr p al ng 

the Nguluku-M amb\ eni roau ugge. t the p ibility fa minor an ticline. lienee, 

it appears that the drainage of thi area ha been mo iliec.J by the g I gic 

structures. The many lineament (Fig 2 b) show a I ar contr I f gr undwater 

now direction. 

Qualitatively, the aquifer material in idiani Area wa gauged y mapping it 

transverse re istance, 1~ alues ( thickne x resi tivity of the aquifer) as pre en ted 

in ig 5.11. enerally, the higher the value f tran ver e re i tance ( ,) the tter 

the aquifer (N-Ruwaih anti Ali, ( 1986). w alue of , are u ually due l thin 

aquifer, high clay c ntent or p sibJy saline water r a combination of all the 

factor·. Accordingly, the be t area. for groundwater prospecting are the I vated 

one , e pecially " ithin the Mazera · and tone where the a lues ofT, are etween 

4 0.9 hm-m7
• This i further u ported by the fact that the pre ent 
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proouct ion w IL are ncentrated wi th in thi zc ne. enera ll , it can h taken that 

valu ( r greater than m7 ro i<.le the be. t pro. ecting . it e . . 

Fer the are co ered y the Magarini • and. alue f , greater than 20 ) m7 

will n rmally pr ide go d pro pecting it . II the well drilled within thi range 

f , value generally yield ufficient water. Value f T, f ah ut 1 hm-m1 

seem to ccur in parts where the clay layer are evident. uch T, value. ar , 

therefore, con. idered to occur in z ne unsuitable for gr undwater pr specting. 

5.3 Interpretation of Well Tests: 

Results and Discussion 

'\,3.1 Introduction 

Several fact r innuence the interpretation of the pumping test data. Among them 

are:-

(a) hydrogeologic characteristi of the aquifer 

(b) errors in data collectionfacqui iti n 

(c potential omis i n of important envir nmental impact , 

d) pumping rate 

(e) theoretical limits of Jac b the ry. 

The method f analyzing the recovery test data used in this interpretation give 

limited results in that the only aquifer characteristics which were fairly determined 

include tran mi sivi ty (T) and specific capacity (0/S) values but not the st rage 

coefficient (S). 
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ll·ct f 1 m H)c.Jr ug u1 ,i · ra ·t< r n th lnt rpr ted Rc ult 

Pre "c.Jec.J the aqui r unrorrn to 1hc arli r tared as. umption (chaJ ter 4) the 

re.itlu~l-drawtlown cur e. v.hcn cxrentlcd lf th left of <.lrawn graph, huulll pa 

th ro rgh the zero-lira' o \ n poitll d1cre the r·1tio t/t' rea h . I. However, it was 

n ened tha t n t ah .. a tlid the cu1 c a. s through thi p inl. Thi , thereC re, 

meant that the aquif r <.lid not on form t<.> the a. umed idea li ·ed c n<.lition . . 

everal h:drogeologi factor nwy b • heft! r • pou ible f, r thi effect on the 

r <.:o ry data. Su h a tors ha been given by riscoll ( 198 ); r undwater 

~lanual ( 1981 and ruc;eman am.l c illc.Jer I 7 , 1983 ; o winkel (19 ) and 

iL on ( 19 3 ). II we er, all the-;e auth r. agre that, Ll SJ ite the. e limitation 

the Thei. Ja ot traight lin <.lpproxim· tion method f analy -j for ingle reh le 

pumping te t r main· vnl id ;.tn) ''a . 1 i. o il ( l 8 ) ha · gi n a ery elaborate 

gr· phi cal analy. i of tlte. e hyd1 ogeolc gical factor. of whi h a imilar treati e is 

gi ... cn belov.. 

The lot t f the re ·idual d1awd ' n again t the ratio t/ t' for boreh le 7087 ( ig 

5. L) reveal thnt the zero-point drawdO\ n occur at a t/ t' rati equal to 4. 

C(on.ling to ri coli ( 19H6) and Ground\ ater Manual ( l I , if the graph 

inoicate zer dra Ll \\.-11 at t/1' alue of 2 or more th n some recharge water 

nltl ·t have rea he<.J the aquife r during the pumping phase, thu , bringing about full 

rectl\er. to the lriginal tali le el \ ithin a relati ely short recovery period ef re 

1/ t' appro~ he. unit . 

hi ob. ervati n i coll~borated b a t ime-dra\ down curve ig 5.13) pi tted f r 

the. ame boreho le. ·rom this figu re, ap arent actual recharge i indicated by the 

91 



·-..- :-

- 1-- 1-

- -

6 - · - ·1- 1- - r--t-t--t-t+-------+--4--+-~---

B-----

1 
~ ~~------------ ----~ 

8 
~ 11. _..._ _____________ _ 

s • ·-

- 1-

• 

1---- - --- ----------
1- ~- ,_ - 1- 1-t-

-

0-,.28Lm3/hr - .. 
"'' :f II 1. 8) m 

:122m _ 

T : 2 303 0 

4)f ~Sr - 1-

: 2.303x 2 84 (m3ttv/m) 

- I, 7rJI '2 2 

:0 043 m2thr 
----

:102 m2tday 

------~-+-+~1-1-

• 
10 ·- +---t-· - 1-l-1--H-1 r-- - 1- 1- -++-+-H 

• 
21+-----11--· - 1-- f---1-- ++4+-----~·~--~~- 1-

2 3 4 5 6 789\d 2 3 4 5 6789102 

Ro ro 1-t'-----

-
3 4 5 6 7 8 9103 

Fig. 5.12 
. I 

Residual Drawdown curve against rat1o t-t tor C7087 

92 



·-
2 - ~-

6 +---~- --+---+---1-- f-. 

8
-
---1- 1- 1·-

. : 
I ,~~t----+-- -· 1-· +--'-

14 t--- ~ - - t- j c. 

16 - 1-- -

18 ~ r-

2 0 1- -- 1-

22 - -·--- - 1- ~ 

N! 7087 

-----

• 

. - r 1}! Lm3, r ] --·-.... ... 
tD = 186m 

---t--li-1- T = 2 303 Q 
411 OS 

f- e I ~ 

• 

• 

1_ = 2 303x2 84 107/hr • 
4 Tr IB6 

:0 028 m2ihr 
--4--~ -1-

:0 68 m2/day 

1- 1- 1- - f-

- ---- .- c- 1-

• 
- -t- 1--l-~--+4-1 

--- · '-
-1- 1- -

- --1---1-

~--~-l~+-+-~~~----4---1--4-~-~~~~ 

2 3 4 5 7 91 2 3 4 5 6 7 8 g1{)1 3 4 5 6 7 89 

Fig.5.1 Ti e 
t im rnct ' pum in .. Jtdrhd -

· v;do · curvp for pumping phase tor C7087 

93 



flanenin f the lope of the curve. Since the cond part f the urve i n t 

horizontal, then the rate of recharge i lower than the pumping rate of the 

borehole. 

An averaged' charge rateof2.84 m3/ hr as maintained during the pumping phase. 

ing the equati n f r the rec very data qn 4.10), the transmi ivity value of 1.02 

m2/ day (Table 4.3) for the aquifer i btained. rom the time-drawdown curve 

( ig 5.1 ) the tran mis i ity alue of 28 m2/ hr ( . 8m2 /day) i obtained. Thu , 

the reco ery data give a higher value for tran mi ivity than the time-drawdown 

curve (Groundwater Manua1,19 1). The true tran mi ivity alue f r the aquifer 

is most likely between 0.68 m2/day and 1. 2 m2/ day. he recharge must have 

caused the reduction of the slope f the curve giving ri e to the low tran mis ivity 

alue. 

From the re idual-drawdown curve ( ig 5.14) for borehole no. 7934 as the value 

of the ratio t/t approache unity, there i a net residual drawdown of about 1.0 m. 

Driscoll (1986) sugge ts that when such a residual drawd wn is observed, then a 

ituation exists where an aquifer f limited areal extent bas no recharge at all and 

only pumping lowers the static water level. This phenomenon is most likely to be 

caused by an impervious b undary. 

urther evidence f the abo e ob ervation i adduced from the time-drawdown 

curve ( ig .15). The b undary cau e the lope of the drawd wn plot to steepen 

instead of flattening. hi i ecau e the expanding c ne of depre sion must 

deepen more rapidly in other di recti ns in order to maintain the arne yield. Only 
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the initial ust part of thi curv 

aquifer conditions. 

u ed ince it actu lly repre em the true 

e transmi i ity alu calculated from there idual drawu wn curve ( ig 5.14) i 

.61 m7 /day ( a le 4. ) while fr m the time-drawdown curve ig 5.15), this vaJue 

i 0.6 m7/day. 1ere j a very clo e agreement between the two transmi ivity 

values "'hich clearly indicate the a cum nd reliability f ch r idm I dr d n 

data. Another h 1dr geol gical factor with a limitati n n the interpretati n wa 

in\e tigated y plotting a re idual-drawd wn urve ( ig .1 for b rehole no. 

8221 fr m "'hich am iguou re ull are obtained. Two f the curve P and 

Tare discernible with the ratio t/f for ection P sugge ting that orne recharge l 

the well occurred during the pumping phase while the ratio f r ection T indicate 

some variations of the storativity rise ll 1986) f the aquifer. 

In order t get a clearer perception for this observed phenomenon, a time

dra\: down curve ( ig 5.17) wa pl tted. ccording to Driscoll (1986) a curvature 

uch a the one ob erved on this graph shows the effects of low drainage within 

the cone of depre i n f r thi rehole. ypically, the effect f low drainage lasts 

only a matte r of hour before the lope of the drawdown line reflects the true 

aquifer characteristic . Water, theref re, flows freely in a horizontal dlrectio~ but 

'<ertical flow is greatly retarded. 

true tran mi ivity alue can be cal ulated from these curves as to do so, 

se era! hour of pumping would have t pa . In thi particular te t, pumping wa 

done for nly 4 minute and the re ulting drawdown of nly 9 metres was 
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relat i el mall c mpared to other c, e con. idered h fore. Howe r, the 

p ihilit f the presence fan im Ia er in th i init of th hor hoi 

hindering f1 w cann t e umlere timated . 

Forb reh le no C7 9 the re idual drawd wn curve was I tted as shown in 

Fig .1 . in Fig 5.14, it i. erved that an im ervious b undary exi t. which 

limi the areal extent of the aquifer. 

The transmi ivity value calculated from thi curve (Fig .18) f 1. m2/day agree 

fa ourably well with the ther values calculated for the boreh le. in the Mazeras 

and tone z ne (Ta le 4.3 . Although highe t, thi value is in the arne order of 

magnitude ru the other calculated value . 

For borehole I cated within the Magarini sands, the residual -drawdown curves ar 

presented in Fig 5.19 5.2 and 5.21, respectively. An intere ting feature about 

the e curves i that they all sh w zero-drawdown at the rati t/t' being equal to 

one. They, therefore, reflect ideal conditions which in reality are high ly doubtable. 

F r borehole no 6673 a tran rni sivity value of 4.7 m2/day is obtained while the 

re. pecti eva e for the other two boreh Je no .C6721 andC7097 are 5.01 m2/day 

and 5.59 m2/ day. 

5.3.3 Oi cus ion of the Recovery Te t Re ults 

In general, the average tran rnissivity value for aquifer( ) within the Mazeras 

sandstone i 1.048 m2 /day while that of the Magarini sand aquifer(s) is 
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:.1 m'/da . 'llu i · a. antiripatt:tl a the tagarini ·uutl. are le ·. con oliuateu 

1 d, rh r fore. more pcrlllC:II>Ic uml uuy 1 charge wuter i · transmitted int the 

r untl \.ater lora e more readil than i11 the compacted, highly cemented and le 

ptl'\IOU 1azeras ami tulle.. J his phem menon i ""ell rt:Oected in the c.Ji harge 

rate ( able 4. ) uf the va1 ious borehole . The a 1 age di charge rate ~ r a 

hurehule within the lagarini anus i al out 3.67 m3/ hr "hile for tho in the 

tazera antl wnc. , the idu i. ouly ahouf 2. 2 111 
1/hr. 

alre ac.J ob er etl, . ome h} tit ogculogical factor af ected the data and 

. u equent inte1 pretatiun. of the re. ults htained. Among those factors are 

recharge, im1 erviou. hound~uy anti tlelayed yieltl / low drainage. 

ll1 ource u the ub rved 1 cch<uge \\a· not clear from the field observation a 

none of the natural ou rce de cribed by ri coli ( L 86) roundwater Manual 

(ltJ 1), otlc.J, 1959), euer (1980 and Hazel (1975) can be attributed t the 

ob ef\ed phenomenon. However, it i · sugge tetl that the ob erved recharge was 

a are ult of ome h drogeological anomaly within the aquif r y tern. ither the 

aquife r thickened in one or more dire tion. from the borehole <.Jue to the pre ence 

of ub- urface anticline/ ·ncline or a zone/formati n f higher hydraulic c nduc

ti' ity ''as encountere<.J '' ithin the cone of tl pre . ion, thereby, cau ing the I pe 

to omewhat flatten. 

Ia} v.ithin the . tratigraphic .cclions (Fig 5.5 anti .7b) of the borehole are 

nature. l1erefure, they provide poor paths ~ r water from the 

orage of the aquifer. he cia s ma be inclined " ithin the ub. urface and may 

105 



be of limited lateral xtent. 

i I\ da) I yer. aud orne fine grained and inhibit the c rtical flow of wat rand 

onl: readily ermil limited h rizuntal now. hi cau e the aquifer to have 

delayed yield for me time b fore the aquifer condition. tabilize, thu , displaying 

th o . e ed phenomen m (fig 5.17). 

lt! aquifer v.-ithin th lagariui . and. ha higher specific capacity value ranging 

from .178 m1/ hr to .333 m2/hr (Table .3) ' ith an a erage value of 0.276 m2/ hr 

'' hi le the corre ponding value f r compacted Mazera andstone aquifer are 0.058 

m; /hr to a maximum of 0. LS m2 /hr with a mean of 0.1 1 m2 / hr. 

The relati el · thick and laterally extensi e sa turated Magarini ands aquifers uffer 

-. ery little drawduwn after releasing large volume of water thu , showing high 

pedfic capa itie ; wherea the un aturated or thin and laterally re tri ted Mazeras 

sam] tone aquifer uffer un iderable <.lrawdown even when small volumes of 

\•,:ater are ab. tracte<.l. Hence, their SJ ecific capacities are low. Generally, 

the refore, the higher the pe ific apa ity, the greater the available groun<.lwater 

I e. uurce . 

The two parameter. a l o appear to be a reflection of the geological nature of the 

re pecti e aquifer with the lagarini sand being more permeable since they are 

uncon olidated and the Mazera an<.l · tone · having low poro ity due to Lheir high 

compaction. 
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e pecific capacit alue ( able . ) can al o b u. ed to e aluate the relati e 

\\ell effi ien . enerall , the \ ell effi i ncy tlepend not only on the n ture of 

the aqui er iLel but al o on either the de ign or c n tru ti n fa ·tor . 

In the pruject area, boreh >le. , Hh in the agarini sand anti Mazeras and. t ne , 

\\ere imilarl tie igned with imilar t pe of cr en (u ually lotted PV ). hu , 

any ariatiun in the p cific capacit alue could only c ur cith r du th 

con tru tion method or the nature of the aquifer t m. ither the b rehole 

\'.ere inadequately de elop d \ her b ome drilling fluid Bentonite) was 1 ft 

around the creen . u h nuid wa only u. cd here ca ing in the borehole occurred) 

t r the creens w re improper! em pia etl re ·u lting in artial penetration of the 

a4uifer. However, great care wa always taken during thi exercise and it is hoped 

that thi roblem wa greatly minimi ·ed. 

the ~· i e, lover specific capacil value ·eemto ugge t that the aquifer within the 

tazera sam.L tone i "Je . efficient" than that of the Magarini and .. 

5.3.-t mpari on B h een the Interpret d VE and Well Test Analy es Results 

The re ult of both the re. i livity ur ey anu the recovery te l pr ville a ba i for 

cumpari on between the different aquifer y tern within the project area. 

Comparati ely. the aquifer . stem in the Tertiary Magarini and is at a depth 

range of about 25 - 9 m ( able 4.3 . he tra er e re i tance value (Fig 5.11) of 

the coJH.lucti e zone " ithin the M:..tga• ini and i low, about 10 0 - 4 Om2
• 

flm\e er, anal i of the re o ery te . L data gi e re ult . hO\i ing that the aquifer 
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b higher tran mi ivity and pecifi apacity alue of 0.27 m2 /hr and 0.213 

m· / hr, re pectively (Table 4.3). uantitatively therefore Magarini and aquifer 

yields higher amounts of water 3.67 m /hr) at relati ely hallower depth . 

On the o ther band, the aquifer within the Mazeras and t nes h ws a lightly 

di.fJerent trend. he depth range of this aquifer is from ab ut 60 to 125 m (Table 

4.3) and bas higher transver ere i tance values ( ig 5.11) f up t 9 0 nm2• Th 

corresponding results from the hydraulic tests indicate that this aquifer has 

relati ely lower transmissivity and specific capacity values of 0.044 m2/hr and 0.101 

m2/ hr, respectively. C n equently, the average output from the boreholes of this 

a uifer i lower (2.32 m3 /hr) than that of b rehole in the Magarini and . 

It is, therefore, apparent that from the above comparison, the Mazeras sand tone 

aquifer is generally "p orer" than that of the Magarini ands both in output and 

relative depth. However, more water may be obtained from the Mazeras 

sandstone aquifer if the borehole are drilled where tructural features (Fig 2b) are 

evident. Such features enhance the recharge into the groundwater storage system, 

thereby boosting the outputs. This eems t be the situation in the project area 

e peciaJly where the sites are on ele ated ground. 

SA lnterpr tation of Water Quality Analysis 

ResuHs and Discussions 

In order to fully appreciate the groundwater potential in the project area, the 

chemical characteristics Table 4.5) of the water samples collected and analyzed 

as previously de cribed (Chapters 3 and 4) were determined so as to evaluate the 
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ater quality and i p ible u e. 

5.4.1 minant I n 

or the anal i f the d minant ion ( odium, p t ium, magne ium, ulphate, 

chloride, and bi arb nate/carbonate ), a trilinear diagram meth d ( Pip r, 1944; 

faina, 198:1; Mailu 1983 ) was empl yed. ing tbi method, variou type of 

water from the aquifers \! ithin Magarini sand and Mazeras and tone were 

distinguished. 

From Fig 5.22 (with ion concentration in epm) most of the water fr m boreholes 

within the Mazeras sandstone have sodium cation present in appreciable amounts. 

About 70 per cent of the water samples form a cluster, indicating the presence of 

50 per cent and above, of sodium cati ns. Therefore, they are sodium type of 

.... ater . From the anion triangle, a out 70 per cent of the borehole water samples 

ha e the bicarbonate as the dominant anion. However, 20 per cent of the 

remaining waters have chloride ion as the dominant ani n (over 60 %). Hence, 

the waters from the Mazera sand tone aquifer can be classified as sodium 

bicarbonate r sodium chloride water type . 

From the same ig 5.22, ample of b rehole water fr m Magarini and have 

sodium as the dominant cation ( over 75 per cent ) while both bicarbonate and 

chloride ( 50 per cent each) form the anions. Consequently, the water are either 

sodium bicarbonate or sodium chloride type . 
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SA linor lon 

Iron ( e ), ilica Si ) fluoride ( and pi con titute min r chemical 

ch· rac teri ti c in this project. 

5.-L.. l lr n 

For all the "ater amples, both from bor hole in Mazeras . anti tone and 

1agarini and , iron nly occur · in trace amounts Table . ). Ther fore, lr n 

tloe . n I p e any eri u hazard to the water. However, during the cour e f the 

author'. fi eld"'ork, water .. ample from ome boreholes were found to contain a I t 

of ru . t.. to t of tho e bur hole had been idle for mo t of the time and the user 

complained that upon boiling u h wat r, a lack precipitate wa left at the bottom 

of the boiling containers. 

The minute/trace amounts of iron ob erved in the water analy i agree quite well 

\\ith the o ervations of ~1ailu ( 1983) and generally, fit a c mmonly ob erved trend 

for mo. t groundwater (Le in on 1974; Hem, 1959). 

5.4 .•. 2 Fluoride 

Fluuride, deri ed from fluorite (the principal fluoride mineral in igneous rock ) and 

the minera l apatite and mica ( ri cull. 1986 ), is, gen rally pre ent only in I w 

concentration in gn undwater since it · olubility is low (flem, 1959). 

In the pr ~ect area, orehole water sampl from within the Mazera sand t ne 

aquifer ha e fluoride c ntent ranging from .00 to 0.50 ppm v ith a mean value of 

0.1 ppm while th e within the -lagarini and have their fluoride value in the 
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r nge of 0.00 t( U-< ppm \ ith <t 111 ~ · Ln , 0. I l 1 1 111 . 

: .41 iii-· 

th econu nto l ahunuant d ·mcnt in the Earth · c1u t after o yg n 

(Ori oil. 1 > , form. a broad range of ro k forming min rat . Jt i not r adily 

di olved by \ ater but nc\ erthcle. s ' arm water m ·time onlain as much as 

ppm iii a: and ilica concentration. )f 20 ppm ar ommon ( ri · II, t II 

In thi pr ~ect, ~ater . amp! frum t orehole v..ithin the Mazer· and tone aquifer 

ha• e ilicon amount ranging from 20 t 8 p m C a le 4. ) with a mean alue of 

4 ppm. Th , v.ater ample fr m bor agarini and have 

amou nt of ilica in the range of I PI m with a mean value of 4 .4 ppm. 

5..t.2...t Pll 

'lhe pH alu are important in groundwater inve ligation ince they a i t in the 

e\Jiuation of the reacti,ity olth water ·. Wat r with I w pH tend t be rr tve. 

reeze and herry ( 1979) remark that the tendency C r ad orption of cati n or 

anion plus the calion exchange apacity all depend on the pH. 

·n1e II value for \vater samples from borehole within the Mazera and t ne 

aquife r range from . to 8.0 ppm v.ith a mean f 7.23 ppm. Tho e ample m 

the ~tagarini and aquifer have pll alues in the range of 6. to 8.0 ppm and a 

mean aloe f 6.89 ppm. 'hus waters in the two aquifer y tem are e entially 

neu tral. he H alue or these waters in the project area are within the 

"normal~ 6 - range ( r eze and herry 1979) for groundwater. 
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: .. t.. .. p ·Hi . nductan · • and Total Oi ol lid T 

Dri ull ( 198 ami II 111 1970 r mark that pu li 1u ill v.ater ha. ery I w 

ele trical onllu tan . Ho t.e'w r, the pre. en e of charged il>ni pccic. in . olution 

rna ·c it conllu ti e. Sin natural \ ater contai n a \Uriety of both iuni and 

un 1arge<.l pecie in variou amount. and proportion , then, <.J et rmination of the 

cunJuctan e cannot b u ed to obtain accurate timate. of ionic concentrati ns 

or total dissoh d solid. I lowe er. specifi conductance alues are often u. eful a. 

a general indication of the total di ·. olved ·olid . 

Freeze and her I)' (I 7 ) and ri. cull (I< Bl> ha e given a con er ion relation hip 

bet \een con uctance alue - ami TD us hown b low: 

TO =A 

the conductance in p.Sjcm, TDS is ex pre • ed in ppm and 

A a con ersjon f:1ctor. 

stimation of total di solved solid. from conducti ity mea urement i convenient 

because conducti ity an be determined quickly in the fi e lc..l u ing rather imple 

e4uipmen t and pro edure . xamination of the OS and pecific conductance 

\alue ( able 4.5) gi es an average con ersion factor ( for borehole waters 

wi hin the Mazeras and tones of 0.69 while the alue for tho. e sample in 

. 1agurini sanc..l i 0.62. These alues fall within the 0.55 - 0.75 range given by 

both Driscoll ( 19 6) and reeze ami herry ( 1979). 
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A imple but wide I u~.ocu . dJCIIlC for catcgori7illg ground~. <tlcr ba. cu on T S 

i given in abl 5. 

Table .4 atcgurizatiun of roun nutcr a cd on TU 

CATEGORY TOTAL DISSOLVED 
SOLIDS (PPM) 

Freshwater 0 - 1000 
Brackishwater 1000 - 10,000 
Salin w ter ~o,ooo - 100,000 
Brine w te more han 100,000 

SOURCE: FREEZE & CHERRY 1979 ) 

ing thi categorization it i apparent that all the borehole water sample within 

the project area (ex ept one ample no. 8218) are fre hwater . 

n the \Vater Analy i 

SA .. I \\'ater Quality and e 

Tite primary purp e of a water anal . i to determine the uita ility of water for 

a propo e<.l u e a· groundwater quality i f nearly equal imp rtance t quantity 

(Walton 197 · odd, 1959 . The three main cia .. e · f u e are d me tic, 

agricultural and industrial. 

5A.3.l.l Dome ti 

\'ariou water . tamJard ha" been r ommenu d and formulated for u e for 

dome tic purpo e by re-kno\ n rgani ation uch a W rid Health Organi ation 

W.ll. .,( 1984 and Kenya Bureau of tandan.J · (K.B.S.) pecification part "a", 

1985) as shown in Table 5.5. 'he xpre purpo e f regulating the water usage 

i. to minimise hazard that uch \ ater rna otherwi e cause. 
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B e t~ntl<.~nl. it is e itlcnl that all the ater, within the entire pr >je t area 

ex ll for tho ne~r bur hole no. 8218 able . ) are gen rally p ta le and fit 

for dom ti human onsumption anti u~c . 

5.-t .1.2 I ndu trial se 

The quality r quiremcnt fur industrial water vary witlely ac ortling t the 

poten tial u. e. For mo t im.lu. triul purposes, water must be of much higher quality. 

lunicipal upplie are generally good enough to ali fy the quality requirement 

of mo t proce e . ften, groundwater may e tie irable for particular use due 

to it low relative! con tant temperature. 

In the project area, onl a few factorie are found reflecting low ec nomic 

protluctivity. The e fa torie · pruce uch agricultural products as bixa cashewnuts 

and coconuts. he now defunct Ramisi ugar factory is a l found within the 

project area. The groundv.ater suppHes in this area are suitable for the e proces es 

with only a little treatment. 

Table 5.5 Drinking a ter Specifications Kenya Standards K.B.S.) 1985) 

SUbs tance or Unit Cui del ine Highest Maxi nun Maxi nun 
Charac teristic Value des i rable permiss able adnissable 

leve l evel cone. 

Fluoride pprn 1.5 0.9 1.7 1.5 
Chlori ne ppn 250 200 600 -
Sutpl'la te pprn 400 200 400 250 
Sod ppn 200 . - 175 
Po tass iLn pprn - - . 12 
Masnes i1.111 ppm - 30 150 50 
catci i.Jll ppm - 75 200 -
I rOt'l ppm 0.30 0.10 1.0 0.20 
TDS pprn 1000 500 1500 1500 
pH pH 6.5 -8.5 7.0· 8 .5 6.5 ·9.2 7.5 .....__ 
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'.-tJ l Irrigation e 

Wa er qua it robl m. in irrigati<m includ alinity and t l icity. xce sive alinity 

rna) occur when the oil ermea ility i significantly reduced y the build up of 

alts in the top oils. nsequent ly, crop pr duction i limited ince ufficient 

water cannot reach the root zone. T xicity i at o another problem in maintaining 

goou yield . orne c rnmon to ic u ·tance include sodium, boron and chloride 

( Dri coli, 198 

Sodium, a luhle 1 r uct during weathering f plagioclase feldspars (Davis and 

De\\ iest, J 66 has far-reaching effects n soils. Because f thi importance, a 

method to measure the effe t of i ion has been adopted by McLaughlin (196 ), 

Mailu (1983) and n oil {L986. l11i meth d measure the djum ads rption 

ra ion (S R) which i calcu lated hy using the f llowing equati n:-

Eqn .1 

where, 

sodium, calcium and magnesium are in ppm (Table 4.5). 

Table 5.6 gi es the calculated values of SAR for all the borehole water amples in 

the project area. Fr m this ta le, except for borehole n .8218 with ao SAR value 

or 30.82, the other samples with in the Mazerns sandst nes have low SAR values 

between the range of 1.185 and 3.795 with a mean value of 2.32 . Forth se within 

the agarini sand. , the S R values are in the range of 0.711 to 3.265 and a 

mean of 1.991. 
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t t uf the "atcr ample ha · \ r. I w S H alue and are, therefore uitable 

for trrigating mo t rop . Since the R alue are le than 1 • a aJue far much 

le than the critical SAR ·alue 1f IH, ( ri cull, 198 ) then they pose little <.Janger 

of the odium prollem. ·ig 5.23 drawn u ing the SAR value in abl 5. has 

been used to clas ify the borehole water in the project are· I a ed on the alinity 

hazard indicated by the e lectrical conducti ity f the water and the <.lium r alkali 

hazard, (S R). 

\\ ater ample from the borehole within the Ma.zeras sand tones have low to 

medium alinite and al o otliurn toxicity ( Fig 5.23). onsequenUy, they can be 

used for irrigating mo t crop with little likelihood that oil salinity will develop. 

T BLE 5.6 SAR VAL ES ORB REHOLE WATER SAMPLES IN MAGARINI 

S D AND 1\lAZERAS S D TONES I KJDIANI AREA KWALE 

MAZERAS SANDSTONES MAGARINI SANDS 

SAMPLE No. SAR SAMPLE No. SAR 

Mzs-1 3.795 Ms-1 1.313 
Mzs-2 1.185 Ms-2 0.711 
l-lzs-3 3.193 Ms-3 3.265 
l-lzs-4 3.562 Ms-4 2.651 
Mzs-5 2.182 Ms-5 1. 031 
Mzs-6 1. 367 Ms-6 2.279 
Mzs-7 2.799 Ms-7 2.293 
Mzs-8 1.360 Ms-8 2.382 
Mzs-9 1. 434 
Mzs-10 30.817 

Ho "e er, odium sen iLi e crop uch a avocados may accumulate injuri us sodium 

concentration . Ace ruing to Dri ·coli ( 1986), mo t of these waters are hazardous 
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• Water SOJTiples f rom Mazeras sandstones . 

• 'M:l er sampl s from Magorini sands 

Fig. 5. 23 Classif icat ion of irrigation waters based on 

SAR and conduc tivity [Adapted from Driscoll (1986)] 
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to u. on me-t tur ·u sui I with high atiun e chunge ca a it . "I hey hov. ver, 

may t u ~ c.J on oar e-l lured organi oil v.ith guod p meability, qualitie f 

the its preval nt in the n ject area. I he arne can aiu f r tho e wale from 

boreh 1le \\ ithin the tagarini and . 

OnJ; one ample ( tz -J ) had \\atcr ' ith ery high alinity as well as high 

odium to icity. It. <Her. , theref01e, a1e un. uitable for irrigati n under normal 

and ordinary conditi n . If, however u u, the oil mu t e permea le, drainage 

mu t he adequate, con ·iderable exc s irrigati n water mu. t e applied and very 

tolerant crop hould e elected ri coli 1986). 

1aina ( 19 ha gi en the thre h ld concentrati n of variou hydr chemical 

parameters that may be required for any water quality suitable for use by livestock. 

Calcium hould be 5 ppm \ hile odium, magne ium, ulphates, bicarbonates, 

chloride and fluoride sh uld be 100, 250, 500, 50 , 150 and J ppm, respectively. 

Therefore, the water in tJ1e pr ~ect area are o viou ly uitable for livestock 

con umptiun. 

5A.3.2 Relation to Geology 

From the interpretation gi en earlier, the water in the entire project area are of 

mixed type , i.e., they are either ·odiulll icarbonate or diurn chi rid water . 

Thi coulc.l pro ab ly be a o iat d with the en ironment in which such water were 

formed. It could at be a reflection of ome geographic factor uch a rainfall 

and temperature . Ace rding t ri coli (1986) rainwaler in coastal regions, 

gener<t lly, contain. more chloride than il doe further inland. lie further remarks 
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1at atrno ph ric chloriuc. corm ibu te about 0. ppm to the tot<.~ I ·hluriu ont nt 

r inlanu urfat: !Her . ince the rainfall in thi area i rclati ely high about 

IUOO mm p.a. then high am unt o hloriue are di ol ed in it. Due to high 

temperature · (average of 27° preval nl in this area, the wal r evaporate lea ing 

hind chloride and other ui sol ed alt a e aporites. he e, then tend to leach 

into the urrounding ro k ormation and may be trapped as gr undwater. Thi 

roba ly explain · I he high cunteut uf the cltluride and other di olved aft In 

orehole no. 821 and titer near it i inity. 

1aina (1983) and Ongweny 1 7 ) o erved that the chemical c rnponent of 

ground~Aater are n t nly a a r ult of ge graphic factor ( climatic, hydrologic, 

iologic and chemical pro e e ) ut al ge I gical pro e e (mineralogical 

composition, tructure and texture of pecific rock type ). T dd ( 1959) ha 

that the concentration of salt in water d pend on the environment, movement and 

ource of groundwater. lle has further indicated that the supply of ions in 

groundwater is pr ided b the s lution of rocks r oils through which the water 

ha travelled. hi i what · reeze and herry (1979) refer to as "the order of 

ncounte r". 

ariou factor eem to have c ntributed greatly to the chemi try of groundwater 

in thi area. lim · ver, geol gic:al f::tctor ha e had a greater effect a can be 

oh.erved from the analy i ·. The relatively high amounts of silicon noted in the e 

\\ater are indicative of the a t amounts of silica (quartz in sands) that are found 

in thi area. hemicaJ weathering of ilicate mineral due to high temperatures 

and rainfall re ult ill the tli :olution of ilica. 
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nl · little arnoun~ of . ul1 hate ar rved in the \\at r . . Their origin may n t 

ntirel be e aporite. I heir pr nc ma he a · ociatetl with galena and po. i ly 

1. rite Du 13 i ·, J 970) tlue t o. ic.lation procc e . a well ( 1953) and Miller 

( 195-) ha e xplained the 1 rc~ •nee o ·ulphate . in gmunu water· within Taru gri 

and bji-ya- hum i bed a being due to C rmati n f vaporite in the land

Jo ked basin . These e ap rite are marine in rigin. Howe er Mazeras 

andstones Jagarin i ands and Kilindini au<.l arc onliuental in origin. hi 

therefore, explains th minute amount of the ulphate pre enl. 

It i for the rune rea on that the OS are lower for the e water than would be 

e pected for gr undwaters \ ithin marine sediments. Marine ediment, according 

t > Bredehoeft ( 1963), are a ociared with connate water. Thus, the water amples 

ha\'e more TDS than ater d rived rom continental sediment . High potential 

evaporation in thi area coulu, h we er, increa e the S. 

luoride in the e water is a· ociated with the pre ence f mica within the 

redominant ro k formation .. e. pecially the Oaggy and tone . The fluoride 

concentration i Je than the recommended 1.5 ppm by W.H.0.(1973, 1984) and 

may be helpful in preventing tooth decay. 

ere i little iron in the aquif r. them el . Howe er, the high amounts ften 

detected in ome oreholc e. sentiall originate fr m ec ndary urce uch as 

iping, screen and pump part which ha e decayed and di. integrated into the 

groundwater sy tern th reby re ulting in bacteri logi al contamination (MJengu 

Ill 3 ). 
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pH' lue indi ate that the· \ at r: arc a ically neutral. on equ ntly, they 

are 11 t corro he. 

Other arameter in the e waters are a xpected. ~heir relati e c ncentrations 

cern to agree ' ith hat ther re earcher have b rv <.1 ( ri c II 198 ; reeze 

and Cherry, 1 79; 1aina, I ( S ; Mailu, 1983 ). However, modification of the e 

parameter c ncentrations by ariou geographic factor cann{)t h und r timcll d. 

In Lhi area the groundwater flow is generally either ea terly or southerly. 

Therefore boreholes found toward the e dj charge z ne h uld ha e higher 

con entrations or dis ohed aiL ( S). H wever, thi d e not eem t be the 

c e. Therefore, it i ugge t d that the groundwater quality i dependent n the 

ambient geological conditions pr valent in a articular locality. 

Pre..,iou re earcher have expres ed fear of sea-water intru ion (Be t w, 1958; 

Cas \ell, 195 ; Gentle, 19 ). However their data on which they based their 

re ommendation 'Na li mited. rom the pre ent re ult , thi doe. not eem to be 

a problem. twangi ( 1 8 1) delineated the sea-fre h wa ter boundary to be a ut 

6 km from the c w tline and Majanga ( 1987 remarked tha t the d pth t the all 

water eem t increase from the coa tline towards the inland. Hence it 

ugge ted that the pre ence of a cora l ridge parallel to the coastline pr vide a 

barrier to the u urfuce in a. ion b ea-\uller. 
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5AA orr lation Uch' •n quifcr R i ti it and alinity 

ln order tu interpret th aqui l. r re i li ity d tcrmined fr m the tTl del curve r 

the ertical electrical soun<.ling (V S) <.lata ( ppen<.lix ) in term. f the water 

quality, Lh formation factor f the rock formations ( 1- uwuih anti AJi, 1 8 and 

lathiez and lluot 1966) was a umeu to e c n tant thr ughout the entire area 

O\ere l y the am geological formation. hu any aria tions in the aquifer 

re i ti it reOect change. in the water quality. However, such an as umpti n i 

greatly u 1ective ince it ign 1 the effect of poro ity, cementation fact r and, 

to ale er extent, the temperature of gr un<.lwater. (Archie,1942 in AJ Ruwaih and 

Ali, 1986). 

The orrelation between the aquifer re i tivity and the gr undwater salinity, 

mea ured in terms f TDS (ppm) and compared with the pecific c nuuctance 

(Table 4. ), is shown in ig 5.24 . 

. ummary [ the determined aqu ifer resisti ity alues and the alinity of the 

borehole water with in lazera sandstone formation is presented in Table 5.7 

below. 

Table 5.7 Salinity and quifer Resisth·Hy of some Boreholes in 
l\1azeras andstones in Kidiani Ar a Kwale. 

Borehole Conductivity TDS Aquifer Resistivity 
Nurber (JlS/cm> pP1l (!bn) 

7282 750 517.5 14 
7280 650 449 20 
7281 3 0 235 35 
7283 140 97 80 
7932 220 152 70 
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Mazeras sardstones in Kidiani area Kwale . 
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Fr 1 ·ig .24. it i b:cr cu that h01 cbule \\Uter ample. "'ithin the Mazeras 

and t ne h 1W • tl finite tdati 11. hi1 l.>etv.een the aquifer r i ti ity anti the 

al nit . Thi i.· not unu~ ual a the high r the alinity, the m re nducti e the 

v.at r are aml henc.:e le · te.i ti\e. AJthough thi relation i valid, it huuld not be 

urpri ing if e ception·tl re ult ·are en outttered. Such result w uld me up due 

to everal rea on su h a the alteration of the formation fa t r gi ing ri e to 

different poro ity hange anti also the altcrution of the c mcntuti >n fuctur, the 

type of aquifer and its geology an the hydraulic c nducti ity of the aquifer. More 

im rtantly, mixing of t\ o or more dif erent water fr m vari us aquifer within 

a borehole may occur thu. , altering the alinity/conductance alues. 

For the 1agarini anti formation only a few boreholes were aJ o considered, the 

re ull of which are ummari d tn able 5.8. Aquifer re istivity vaJue were 

obtained from the V urve tain d near these boreh les. 

Table 5.8 Salinit and Aqui~ r Resi ti ity of some Boreholes in 
Magarini ands in idiani r a Kwale. 

Borehole Aquifer Resistivity TOS Conductivity 
Nl.llber (llm) ppn <~tS/cm> 

7363 40 49 85 
6669 50 62 100 
5557 60 50 81 
7602 40 84 136 
6673 80 59 95 

A plot of the water alinity and the aquifer re i tivity (Fig 5.25) how the 

rel ati nship etween the alinity and the aquifer resi tivity. As observed in Fig 5.24, 

thi plot yet again , how a rather agreeal le relalion hip; that as the alinity 
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incr t e aquifer re. i. ti ity decrecu e. . I t . h uld he m hasized that, for thi. 

relar n to h ld the geological formati n mu. t remain m re or le the • a me. 

Within the Magarini and , ther i. a noticeable aria tion f the urface lay r. 

enerall it chang~ fn m red, c mJ>act formati n to a white, andy me, th reh 

altering th formati n fact r. The C II wing e ample clearly show. thi. d viation 

from the o erved relati ru hip. 

The c nducti ity of the water .ample c llected at orehole no 7592 i. 2 0 

micro. iemen per centimetre. Thi value give a c rre. ponding salinit alue of I 

ppm (- 0 0.62 where 0. l2 i. the average conver. ion fact r for hor holes within 

Magarini ands . Fr m the graph in ig 5.25 the expected aquifer re i tivity would 

be I e .. than 2 ohm-m. However from the V S curve, it is apparent that the 

aquifer re i tivity i a out 80 ohm-m. This clearly hows the variation of Magarini 

. and. in terms f p rosity cementation factor and the clay content pre. ent. 

Thus. the relationshi e tabli hed ab ve between the aquifer· re i tivity and 

groundwater salinity within the two different geol gical formations should only be 

u. ed where and when it ha been established that the formation characteri tics are 

. imilar t tho e of the project area where the abo e oh. ervation were made. Any 

variation an alteration in the formations will nly negate fr m thi relation hip 

and reduce its validity. 

5.4.5 Ground\ atcr Potential Oi tributi n in Kidiani Area 

The groundwater potential in the different aqu ifers in the project area was 

evaluated by c n idering uch factor. a the amount of a ailable recharge, 
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h_ drogeol gical ch~ actcr i ti . of the aquifer and oth r g ulogical factor . 

SA . . l Rainfall/Recharge 

u tud) the recharge pot ntial, analy is of rainfall tli tri ution pallern and its 

ariation in time i con idered. ainfall di tribution in b th time and pace i 

gi en in able 1. rom thi ta le, the highland in th northwe t of the pr ject 

area exclu j ely c ered l y th Mazera and tones recei e go d rainfall am unt 

as indicated b rajnfaU tutions at Shimba Hill Settlement and Kikoneru 

Agriculture Station ( ig 5.-6). rom the arne figure, a not dis imilar pattern f 

rainfall di tri uti n 1 ob. erved in the central parts of Kidiaru Area covered y 

iagarini and a indicated by the rainfall tation at Kwale (Buda) Forest Station. 

A similar ub ervatiun j matle in the ea tern part of the project area which i 

co ·ered by the Kilindiru and formation. Thi i clearly indicated by the data 

recorded at the rainfall tation at Tiwi hier Camp anti M ambweni Di trict 

Office. 

It i appare nt that, in the region cover d by the Mazera . and t ne over 4% of 

the average annual precipitation ( > 11 40 rnm) fall during the long and the hort 

rainy seasons in the month of pril-June and October-No ember re pectively. 

H ,,e er in the areas covered y the Magarini and nly ab ut 61 % f the 

annual precipitation ( > 1215 01111) fall within the arne period while in area 

v.here the Kilindini and. are dominant about 7 % of the average annual 

precipitati n > 127 mm) falL during the same period. 
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:A. ~ .2 W II haract ri tic 

from the aquifer cha1 acteristic <.lata (Table 4.3), it i. appar nt that the fazer· 

::111u tone aquifer i le. perviou (a era e /S = 0.1 1 m 1/ hr, = 1.048 rn 2/ <.lay) 

than th aquifer within the more porou Magarini and (a erage Q/ S = .178 

m / hr; = .10~ tn1 /da) ). Ac ording lO hambu 1987), the Kilin<.lini and at the 

south-co t ha e v ry high tran. mi ivit alue and al high pecific capacity 

\alue . 

G ul >gicall , th e ilindiui sand are we ll orted and are, th refore, more 

permeable than oth the ~tazera. and. tone and the Magar ini and . 

5.-:1.5.3 Bor hole Di tribution 

Further assessme nt of the general gr undwater poten tial di tributi n in thi area 

can be made fr m the analy i of the distributi n of bor h le already drilled. 

6 % f these reholes penetrate the Magarini ands aquifer and have relatively 

higher yie ld averaging abou t . 7 m3/ hr while the remaining 40% penetrate the 

tazera and t ne aquifer and ha e generally lower yield with an average of 

ab ut 2. 2 m3 /hr. In thi area, there are no boreholes drilled in the Kilindini 

amJ . Howe er Tham u ( 1987 ob erved that the boreholes which penetrate this 

aquifer have very high yield of abou t 20 m3/ hr at very shallow depths. 

lhu., hy c mbining the preci itation/recharge data, the hydraulic cbaracteri tics 

of the differen t aquife r and the information obtained from the piezometric map 

(Fig 5.10), it i c n luded that the aquifer within the Kilindini sands has high 

groundwater potential while the Magarini and aquifer has intermediate 
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roun \ ater p aential. '1 he 1azera · ·amJ toue. aquifer h· relati ely, the I we t 

roum]water pot ntial than the other tv.o l) pe · of aquifer . Thi. analy i 

ummarised in the groun \ ~tlcr potential di trihution map in igur 5.27. 
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'IIAI I .. R 6 

CONCLUS ONS A D RECOMMENDATIONS 
6.1 \ rti ·al ~tecta ical uu11ding ( 

The main ~e ti e of thi. . tudy ' a to determine the ap lical ility f the vertical 

electrical unding in relation to ext Juration and valuation of groundwater 

potential in idiani area with . pedal empha ·L on the demarcation of water quality 

interface . Thi o jective a achieved y making t\ enty five (25 geo-ele trical 

verti aJ ounding mea urement in Kidiani area where already me 

h droge I gical information \ a. a ailable. 

6.1. nclu ion 

From the analy is and interpretation of the V S data, it i concluded that the u e 

of the comput r curve modelling technique to interpret the V S data permjtted 

rather accurat delin ation of cotHJucti rejnon- conductive z ne and r cogruti n 

of hydro-litho tratigraphical units. Since, within the c nductive zone, salinity 

control re i ti ity change both ertically and laterally then geoelectric layer were 

only interpreted in terms of water quality horizon . 

TI1e pre ence f thin clay layer oh rved from the borehole log hydr geol gically 

u divide the aturated zone into a multi-aquifer y tem. I lowe er, due to their 

small relati e thickne e the. layers ould not be resolved by conventional V S 

mea urement . 
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The I~ thigh re. i ·ti ity Ia er um.Jerl ing th azera andstone i due to the re h, 

relati el unfra lured . ami tone r k. In the areas covered y the }(jlindini and , 

inter-fingering f the. e and.- with the oral lime tone \ a . ugge ted with the high 

re i t ity value b ing a . o iated with the unweathered and un aturated coral 

lime tone formation . 

A g nerali cd graphical empirf al reluli tt hlp h« · en ·"' ' •f>IJ,..IIctl b 1 c n rh 

aquifer resi tivity ami the water salinity (1 OS). S me correlati n, however 1 o e, 

b t ~ en the trans erse re i tance ( , ) nd the be t area( ) for groundwater 

prospecting has al o een . ugge ted whereby , value f m re than 3000 ohm

m2 ( for lazera and tone ) and 2 0 ohm-m2 
( for Magarini sands ) occur at 

the mo t promi ing ite . Ho .. ever, it mu t be emphasized that this correlation 

mu l be cautiou ly applie<l ince it i only applicable where the geological 

formation ami ther formatiou paramet rs are similar to th e of the pr ject area. 

Finally, correlation between the r si tivit values and formation characteri tics from 

the boreh le tratigraphi sections i airly good up to a depth of 50 metre for 

1agarini and and 7 metre for Mazera and tone. llowever, lack f deep 

borehole in thi ar a inhibitel.l accut ate re i tivity correlation at greater depth f 

pro he. 

6.1.2 Re ommendalions 

According to indi ( 1983 ), two deep N -SW trending faul are pa ing under the 

project area. H 'Ae er, the \\ re not del cled ince the re i tivity ounding were 

done to a maximum AB/2 pa ing of only 250 m. It i a well accepted fact that 
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fault are e cell nt r unc.J, ater re ervoi r .. n. equ ntly, only deep undin . 

( B - pac1ng of I m) wi ll I e able t map th e fau lt., there! enhancing th 

grourc.l ater p tential in the ar a. Therefore, deeper~ ell -1 gg d bore hoi . , n 

if th ma; e for e pi ratory purpo. e. nly hould be drilled within both th 

Tertiary Magarini and and the Tria sic Mazera ediments . a to calibrat th 

r~ i tivity data obtained ' ith large AB/2 spacing. 

Further, it ha been e tablished that there i a strong tructural control of 

groum.lwater resource in thi. area. It is therefore, recommended that re istivity 

. urve .. hould be concentrated in areas where . tructural features are discernable. 

Thi wou ld increase the pro peel f striking huge quantities of groundwater. 

To upplement this method of investigation reflection sei. mic method sh uld e 

applied to c rrobolate deeper soundings and al o sufficiently map the structural 

nature of the sub urface. Similar work carried out in north - eastern Tanzania gave 

encouragi ng re ult . 

From the re i tivity unc.Jing., therefore, productive boreh les are expected at the 

zone of "internal drainage" demarcated on the apparent re i tivity map with AB/2 

spacing of 1 m. This i the best ite for prospecting for groundwater within the 

Mazeras and tones. As uch, a reh le hould be drilled within thi zone to 

confirm th i. ob ervati n. 

The experience f the author during the cour e of fieldwork tend to uggest that, 

for bet re. ult:, any resi ti ity sounding in tl i area hould be done just after a 
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rair f II. If done during th dry weath r, then it i recommended that ela rate 

precaution hould be taken to improve the urface c ntact of th current 

electrodes. ne \ ·a of doing o \\.Ouh.J be to \! et the current electrode . 

Otherv.i e the llry nature f the urface oil woulll increase the contact re i tance 

at the current electrodes, thu making current penetration a major problem. 

6... \- 'ell Te t 

Jaco 's straight line a1 pro. imation me thou wa applied t the recovery data 

obtained fr m a fe\! repre entat ive bur hole in the project area. The recovery 

data \ere preferred a. they were Cree from interference y pumping ibration 

no1 e. urther. there wa no momentary alterati n of the pumping rate by the 

per onnel and no \\.ell lo e needed to e corrected for. nsequently, fair and 

reliable results were obtained from the analy i of the e data leading t the 

following conclusions and recommendations. 

6.2.1 Conclusi ns 

From the interpretation of the recovery data three major hydrogeologicaJ 

factor were deduced to ha e affected the te t. hese are:-

(a) recharge po sibly due to thickening of the aquifer during the cour e of 

pumping ur an increa e of the hydraulic conductivity of the aquifer 

material 

b) imperviou boundaric mainly llue to the pre ence of thick clay ed withjn 

the aquifer(. anll 

(c) dela ed yieltl I 1 l\\ drainage ari ing from the pre ence f fine 

cia ey layer which inhibited ertical flow of water in the aquifer. 
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It i · rther couduucu that lagarini autfs attuifcr h· hi her tran mis i ity (5.104 

m~t cl y) and . J t.:dfk cap: <.ity 0 _7, 111
1 /hr} alue than the azera and LOne 

aquifer with re 1 ecti e value. of l 048 m2/day and 0.101 m" /hr. Thu , the aquifer 

~ithin the tag.trini . and · i more pro uctive ( . 7 m3/ hr than the one in the 

fazer ant.! l ne fonuation with an a\ erage output f 2.32 m3/hr. 

6.2.2 Recommendations 

On the ba i of the above conclusion , it i recomment.led that full and detailed 

pumping te t with obse ation borehol (s) houlu e arried ut. Such a tc twill 

provide data from \Vhich not only the principal factor of the aquifer per~ rmance 

-tra mi i ity and storage coefficient, but als the perC rmance characteristic of 

the aquifer will be well determined. 

It is further rec nunended that during the performance of this test effects on the 

dra'w\dO\Hl by change in barometric pre sure , nearby tream levels and tidal 

oscillations h uld be gi en due attention. hi will help in determining and 

planning of long term groundwater re ource in the area. Should this prove 

expensi e, i u ually the ca e, then tep-drav d wn v ell te t should be carried 

out. Such test not nly yield the above e aluated aquifer parameter , but will al o 

gi e other uch as the ' ell lo:se . 

Care hould e taken not only in the de igning f the rehole ut, al in the 

com truction and finaJ development of the e b rehole . Where and when drilling 

fluid are u ed, the boreholes hould be w II developed in order t increa e the 

ermeability. Thi " ould improve the well efficiency and thu enhan e the 
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producti ·e capa it o th complete<J bor holes. 

6J \\' ter ualit 

The orehole from which am le. " ere taken are spread through ut th entire 

area and alth ugh the ample siz i mall, it is ne erthele repre entative. 

6J.l Conclu ion 

From the re ult and di us ion ( hapter 5), it i con luded that the waters found 

both in Mazeras and tone and 1agarini and are either odium bicarbonate or 

sodium chloride \J ater. The e at rs are potable and generally u ·eful for m t 

purpo es such as domestic, livestock and irrigation. They may also be u eful for 

industrial urpose but requi re nly a littl treatment 

The chemi try of the e ground waters seems to reflect the geological en ironment 

in v.hich they were formed. lowe er, improvement by geographic factors, 

e pe ially rainfall and e aporati n (temperatures) t gether with the "order of 

encounter" f the e ater , i · als uggested. 

6.3.2 R commendations 

Since the ample ize for analy i was relatively small it ts, therefore, 

recommended that more water amples . hould be c llected. complete chemical 

anal) ·i f the e am pies, to incoq orate b th bacteriological and trace constituents 

determination, . hould he <lone. 
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1 iron ntent in utne orehnle should con tantly b monitored and 

in e. tigated. \\here it is found w he e ce i e, it main < urcc., i.e., decayed and 

disi· egrated or re-acti\·e m tals appertaining to pump part • piping y tern and 

re ns, houlc.J be replaced v.ith other that do not react with water uch as 

tainle teel equi1 melll. IJO\\C er steel is expensive. Thus, pia tic equipment 

houltl e adopted in thi area. 

Further, c ntinuou monitorillg of th hydro-chemical characteri ·tics i 

re ummended in order t check the le el of c ntaminati n f these water . 

En roachment of all water into the su urface groundwater torage hould alway 

be monitored and appropriate remedial mea ·ure taken ace rdingly. 

ln thi project, e\ aluation of groundwater balance would have been ery important 

in order to determine the am unt f water available f r recharge and afe 

harvesting a suggested by Heath and Trainer (1968) Me ann (1974) and Ward 

19 ). Thi \\:ould require a lot of data such a precipitation temperature , 

infi lt ra tion, e apotran pirmion and effects of the vegetati n cover. llowever mo t 

of these data were not available during U1e execution of this project. It is 

therefore, recommended that, for future in estigations, mo t, if n t all, f the e 

data should e culle ted and evaluated for water balance. Houston's 1987) 

ugge tion f applying more than one analytical teclmique hould also be effected 

in rder t pro ide an independent check on the water balance results. 

All in all, the re ul obtained in thi "regional" hydrogeologic iove ligation provide 

ufficient preliminary information regarding the groundwater potential in the 
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Tertiary fagarini and and the ria 1c azera and tone in IGdiani rea. It 

,-, therefore, c nclu<.led that the ainozoic ilindini and Magarini and ha e a 

igher groundwater potential than the Me oz i Mazeras and tone . he e 

esul can e e tended for explorati n and asse sment of groundwater re urce 

in other areas f the ince which are c ere<.l y the two exten ive 

formations. 
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C2 

' 101 I R A CROll'IOIIA I(R SUR \lEY 

CO ERY PHASE 

7087. BOREHOlE NAME: Mokutono 

58 m MEASURING PI: G/l 

DATE Of TEST: 23 01·89 
Elect INITIAl \o/Rl: 27.40 m 

ater level t/t' 
in 

min m Sr,m 

0 51.74 24.34 
1 49.50 22.10 541 
2 48.20 20.80 271 
3 47.50 20 10 181 

46.20 18.80 136 
51,5 5 45.15 17.75 109 
546 6 44.05 16.65 91 
547 7 43.10 15.70 78.1 
548 8 42.30 14.90 68.5 
549 9 "1. 15 13 . 75 61 
550 10 40.45 13.05 55 

0.00 555 15 38.75 11.35 37 
560 20 37 40 10.00 28 
565 25 36.65 9.25 22.6 
570 30 35.82 8. 2 19 
575 35 35.10 7.70 16.4 
580 40 3 .35 6.95 14.5 
585 45 33.75 6.35 13 
5 0 50 33 20 5 80 11.8 
5 5 55 32.68 5.28 10.8 

0.45 600 60 32 .43 5.03 10 
615 75 31.85 4.45 8.2 

1 • 15 630 90 30.35 2.95 7 
645 105 29.65 2.25 6.1 

IUS 660 120 28.98 1.58 5.5 
12.15 690 150 27.40 0.00 4.6 



C3 

.-
IDIAIII AREA GROUNDUATER SURVEY 

RECOVERY Pll,ASE 

BOREHOLE 110: 7090 BOREHOLE NAME: Hivi.JllOni 

BOREHOLE DEPTH: 61 to MEASURING PT: G/l 

MEIHOD Of MEASURING DAlE OF TEST: 16·03-89 
UA TER LEVEL: Electric Dipper INITIAL \JRL: 23.70 m 

Cloc 1 irne Recovery Time \Ia er level Residual t/t' 
& PU1l)ing t I in Drawdown 
rime, .min min m Sr, m I 

8.45 540 0 49.00 25.30 . 
541 1 48.10 24.40 541 
542 2 47.25 23.55 271 
543 3 46.45 22.75 181 
544 4 45.67 21.97 136 
545 5 44.65 20.95 109 
546 6 43.99 20.29 91 
547 7 43.39 19.69 78.1 
548 8 42.81 19.11 68.5 
549 9 42.23 18.53 61 
550 10 41.83 18.13 55 

9.00 555 15 40.93 17.23 37 
560 20 40.13 16.43 28 
565 25 39.38 15.68 22.6 
570 30 38.68 14.98 19 
575 35 38.00 14.30 16.4 
580 40 37.40 13.70 14.5 
585 45 36 .85 13.15 13 
50 50 36.35 12.65 11.8 
595 55 35.87 12.17 10.8 
600 60 35.40 11.70 10 
615 75 34.20 10.50 8.2 
630 90 33.15 9.45 7 
61.5 105 32.10 8.40 6.1 
660 120 31.20 7.50 5.5 

11.15 690 150 29.40 5.70 4.6 
720 180 27.80 4.10 4 

1?.45 780 240 23.70 0.00 3.3 
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~------------------------------------------, 
Jnl Nl AR A GROUNDUAIER SURVEY 

RECOVERY PH~SE 

80fi£HOLE : 7Z 7 BOREHOLE NAME: ICamene 

B{)REIIOLE OEPTII: 5 m MEASURING PT: GIL 

[~£11100 Of .. EASURI C DAlE OF SURVEY: 13·04·89 
[VAIER LE EL Electric Dipper INI T JAL URL : 17.90 m 

Clock. rime 'p ing 
liiiK', ,min 

Recov ry Time Vater Level 
t' in 

min m 
--- ---+---------
8. 5 420 

42 
422 
423 
42 
425 
426 
427 
428 
430 
us 
440 
445 
450 
455 
460 
465 
470 
475 

9. t.5 480 

0 49.00 
1 48.20 
2 47.50 
3 47.05 

46.40 
5 46.00 
6 45.15 
7 44.68 
8 44.15 

10 43.10 
15 42.15 
20 41.55 
25 40.95 
30 40. IS 
35 39.60 

0 39.05 
45 .38. 55 
so 38.00 
55 37.20 
60 36.55 

Residual 
Orwado n 

Sr, m 

31.10 
31.30 
29.60 
29.15 
28.50 
28.10 
27.25 
26.78 
26.25 
25.20 
24.25 
23.65 
23.05 
22.25 
20.70 
21.15 
20.65 
20.10 
19.30 
18.65 

t/t I 

421 
211 
141 
106 
85 
71 
61 
53.5 
43 
29 
22 
17.8 
15 
13 
11.5 
10.3 
9.4 
8.6 
8.0 

--------~----------~--------~----------~--__J 



IPIAII AREA GROUHOWATER SURRV£Y 

RECO ERY PliASE 

-
BOIIEIIO E : 793 BORE HOLE NAHE: Kiranga Eshu 

BORE fiOl E DE Iff : 70 m MEASURING PT: G/L 

HErHOO Of EASUR l G DAlE OF TEST: 31 ·01·89 
\1 fER LEVEl: Electr 1c Oi~pcr INlflAl \JRL: 15.10 m 

Clock l in.e Rcco cry 1 imc \.later Level Re~idual t/t' 
& r~.~~ing t I in Drawdown 

'illll!, ,min In m Sr,m I 
-

15.00 300 0 35.85 20.75 . 

301 I 35 . 10 20.00 301 
302 2 34.80 19.70 151 
302 3 33 .00 17.90 101 
3U 32.05 16.95 76 
306 6 31.20 16.10 51 
308 8 30.50 15.40 38 .5 
310 10 28.10 13.00 31 
315 15 27.00 11.90 21 
320 20 26.60 11.50 16 
325 25 24.33 9.23 13 

5.30 330 30 22.04 6.94 11 
335 35 20.80 5.70 9.6 
340 40 19.00 3.90 8.5 
345 45 18.94 3.84 7.7 
350 50 17.50 2.40 7 

355 55 17.30 2.20 6.5 
6.00 360 60 17.10 2.00 6 



C8 

KIOIANI AREA CROUNOYATER SUR EY 

RECOVERY PHASE 

8 E 0 E 0: 8221 BOREHOLE NAHE: Fuonbi 

8 EIOlE DEPTH: 40 '" MEASURING Pl: G/L 

HETHOO OF MEASURING DATE OF TEST: 10-03 89 
\lATER LE'JEL: Electric Dipper INITIAL YRL: 7.37 m 

-
Clock li~ R covery 1 i n.e \later Level Residu~ t/t' 
& P161ping t. in Drawdown 
I i ,t,min min m Sr,m I I - - -
6.55 400 0 16.66 9.29 -

401 1 16.40 9.03 401 
402 2 16.00 8.63 201 
403 3 1s.n 8.35 134.3 
404 4 15.34 7.97 101 
406 6 14.30 6.93 67.7 
408 8 13.67 6.30 51 
410 10 13.23 5.86 41 
415 15 12.30 4.93 27.7 
420 20 12.11 4. 74 21 
425 25 10.80 3.43 17 

7.25 430 30 10.12 2.75 14.3 
435 35 9.78 2.41 12.4 
440 40 9.51 2.14 11 
445 45 9.42 2.05 9.9 
50 50 9.24 1.87 9 
55 55 9.11 1. 74 8.3 

7.55 460 60 9.05 1.68 7.7 
475 75 8.94 1.57 6.3 
490 90 8.70 1.33 5.4 
505 105 8.61 1.24 4.8 
525 125 8.50 1.13 4.2 
555 155 8.23 0.86 3.6 

10 .00 585 185 8 . 15 0.78 3.2 
615 215 8.13 0.76 2.9 



C7 

Y.IDIAijl AREA GROUNOUATER SURVEY 

RECOV RY PHASE 

- -
BOllE IDLE NO: 6721 BOREHOLE NAME: Kivuleni 

BOREHOLE OHTH: 40 m MEASURING PT: G/L 

~ETHOO Of MEASURING DATE OF TEST: 25-05-89 
\JAIER LEVEL: Elec ric Oippc:!r INITIAL URL 0.80 m 

Clock lin.: Reco cry Time lolater lev l Residual 
.1 t/t' & PUTVir t' in Drawdown 

Tiroo, t.ntin min m Sr, m I I 
6.00 83 0 10.70 9.90 -

84 1 9.86 9.06 484 
485 2 7.80 7.00 242.5 
486 3 7.15 6.35 162 
487 4 6.65 5.85 121.8 
489 6 6.07 5.27 81.5 
491 8 5.94 5.14 61.4 
493 10 5.64 4.84 49.3 
496 15 5.18 4.38 33.2 
503 20 4.90 4.10 25.2 
508 25 4.85 4.05 20.3 

6.30 513 30 4.50 3.70 17. 1 
518 35 4.08 3.28 14.8 
523 40 3.91 3.11 13 . 1 
528 5 3.87 3.07 11.7 
533 50 3.73 2.93 10 .7 
538 55 3.69 2.89 9.8 

7.00 543 60 3.61 2.81 9.1 



ce 

lOlA I AREA GROUNO~ATER SURVEY 

AECO EAY PHASE 

NO: 7097 

OEPflt: 70 ITI 

MEASURING 
EL: 

n 

1 
720 
72 
722 
723 
724 
726 
728 
730 
735 
740 
745 
750 
755 
760 
765 
770 
775 

11 35 780 
795 
810 
825 

12.35 ~0 
865 
925 

3.00 985 

El c t r it Dipper 
-

Reco11ery Time 
t I 

min 

- -
0 
1 
2 
3 
4 
6 
8 

10 
15 
20 
25 
30 
35 
40 
5 

so 
55 
60 
75 
90 

105 
120 
1 5 
205 
265 

BOREHOLE NAME: Hwachande 

MEASURING PT: G/l 

DATE OF TEST: 20·04-89 
INI riAL 1/RL: 20.06 m 

I ~oter level Residual t/t I 
in Orawdown 
m Sr. m 

38.00 17.94 -
28.60 8.54 n1 
27.00 6.94 361 
26.00 5.94 241 
25.60 5.54 181 
25 . 07 5. 01 121 
24.75 4.69 91 
24 . 47 4.41 73 
24.24 4.18 49 
24.03 3.97 37 
23.84 3.78 29.8 
23.64 3.58 25 
23.45 3.39 21.6 
23.27 3.21 19 
23.10 3.04 17 
22.95 2.89 15.4 
22.82 2.76 1 . 1 
22.69 2.63 13 
22.56 2.50 10.6 
22.43 2.37 9 
22.30 2.24 7.9 
22.07 2.01 7 
21.72 1.66 6 
21.71 1.65 4.5 
21.70 1.64 3.7 

I 



1.35 8~0 

IJ!l 841 
842 
843 
8 I 

846 
848 
850 
855 
860 
865 

2.05 870 
875 
880 
885 
890 
8 5 

2.35 900 
915 
930 
945 
960 
990 

1020 
5.35 1080 

1140 
7.35 1200 

1260 
320 

t:S80 
11.35 1440 

C9 

Nl AREA CP.OUND~ATER SURVEY 

R covnv PHIISE 

6673 BOREHOLE NA E: Mnazimoja 

50 Ill MEASURING PT: G/L 

G DATE OF lEST: 25-02-89 
ctric Dipper INITIAL URL: 

cry r i 
t I 

in 

0 
1 
2 
3 

6 
8 

10 
15 
20 
25 
30 
35 
40 
45 
50 
55 
60 
75 
90 

105 
120 
150 
180 
240 
300 
360 
420 
480 
5 0 
600 

--

Uatcr Level 
in 

1ft 

-
23.03 
22 .94 
22.70 
22.58 
22.41 
22.29 
21.92 
21.54 
19.n 
19.29 
18.88 
18.58 
18.33 
18 . 12 
17.93 
17 . 71 
17.57 
17.43 
17.22 
17.13 
16.90 
16.46 
15.01 
14.80 
14 . 10 
13.71 
13 .60 
13.52 
13 .46 
13.40 
13.36 

Residual 
Orowdown 

Sr, m 

10.43 
10.34 
10.10 
9.98 
9.81 
9.69 
9.32 
8.94 
7.12 
6.69 
6.28 
5.98 
5.73 
5.52 
5.33 
5.11 
4.97 
4.83 
L.62 
4.53 
4.30 
3.86 
2.41 
2.20 
1.50 
1.11 
1.00 
0.92 
0.86 
0.80 
0.76 

12.60 m 

,I t/t I 

I 
. 

841 
421 
261 
21 1 
141 
106 
85 
57 
43 
34.6 
29 
25 
22 
19.7 
17.8 
16.3 
15 
12.2 
10.3 
9 
8 
6.6 
5.7 
4.5 
3.8 
3.3 
3 
2.8 
2.6 
2 .4 
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