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A BS TRACT 

This thesis pt·esents the t·esults of geological i twestigatlons 

carried out at the Kiser·ian \jam1 ~'siLe, Kajiado district . The -study vms underta~\en v-1ith the aim of obLa·inil1g informaL-i on that 

could help in the design and construction of the proposed dam . 

The main parametet·s to be determined wet·e, t he str·ucture , 
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CHAPTER 

INTRODUCTION 

1.1 Genei·al Introduction 

The development of an area is to a large extent hinged on the 
existence of reliable sources of water preferably in close 
proximity. Water is required for among other uses, industrial, 
agricultural, construc~ion and domestic uses. It is therefore 
inevitable that the development of an u.rea should go hand in 
l1and with the development of its v~ate1 esources. Measures to 
CllSUre adequate VJ<:\ te I supply 1nclude developm nt of quifers, 
conser L1 011 of r ct in \Jftt 'I 

construction of du.rn . lld I 

I trough i rnp l_~nen t- t i 01 of f 01 
len us m n gern n • 

The Go ernment of Keny 
con~er 'ng w ter af he cr 

D elopment (M.O .. 0). Sine th 
pr oj ct II 
r public. ,.. 

1n 

h1ougl1 1 oof c tchnr nt nd 
i Oil of c \ C~Hll nt 

et, tion nd Lt icl. 

d on 1J r o m :\1111 tl 

nof lel-1irnstryo W 

ion 
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The area is dry and hence its g rou11dwate r potential is very 

low. ~t. is however known that the Ngong IIi lls v.Jhich constitute 

its catchment have an ut1usually high precipitation for most 

part of the year. The area receiv~s an average rainfall of 790 

mm per annum. The t:.ask lias been ther·cfot e, to find a suitab l e 

site within the area where the runoff from the Ngong Hills can 

be dammed and eventua 11 y used fot- the purposes mentioned 

earlier. A possible site had beer1 located before the onset of 

this study. 

So 1 c t i 011 of the possible site was done pure 1 y on the basis of 

Lopogr· phical collside t ations. Tl1 t1.0.\v.D surveyo rs did the. 

ur f c ~urv ·y. v .. n i~ l infor·ma ion -;u h loc tion of d m 

x ,spillwy,,_x n of th m t\,'tldloctiono L 

bot hoi r VIer then inCOt porat"d 011 11' 01) phic 1 CO t1LOUr 

rn P , ( F i g 1 . 2 nd 4 . 2) 

Since th identi 1c· tion o th s1 

topogr pi ical con ... ide ations, fu 

necess ry tog in lno 1 dg 

These fur er in 101 

1 s o in ol 

ll d 11 b d pU I 1 y Oil 

tig 11" IJ t 

ld. On p c 

of th 

)' 0 

1on 11\ 
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. . . The 1nformation was then to be used to make recommendations on 

the ~u~tability of the site. Apart from contributing towards 
the success of the conservation p roj ec t, the study by the 
author was a 1 so to canst i tute part of his studies at the 
University of Nairobi. 

1.2 Location of the Area 

The Kiserian dam site is situated ir1 riserian area of Kajiado 
District. It l ies some 2 Krn to the SE of Kiserian market. The 
area of study is however not restricted to the dam s ite but 
extends to cover- the catchment ar·e~ of the dam, (Fig 1.?). The 
~ r· of 'tudy is h r efo t .. bound 

nd longitud "' 30°38 ' E a t cJ 36° 

t.Jo~l:. GO Krn 
'I 

nd 1 i es Jithitl tl 01 

o f Kenya. 

The area is well serve ' ro ds 

r ss b1 e en during h 
1hich tr rs s h 

princip 1 1 in o co 

join K i r i r n k nd 

0 

'P1 
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t u 
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nd 

t.iLudes 1° 26 'S nd 1°30'S 

"Ill i. co s ll 0 

( 1 • /3) 0 1 h • II V y 

' cl mos o1 \hi c h 
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1Ch 11 0 Not ,, 
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The 
.. 

southern sectio 11 of t il e 0 f· <:1.11 

" l o pi.n$ plateau, t f"' l ~'lt i vPly' U!Hiisl.utl1ed Lly f<1lllts. Tl1 0 1 e at·· 
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One set 6-f" streams converge to form Lhe tributary which flows 
southward to the main confltence, (Fig 1.2). 

A tributary from Olchoro Onyore flows in a NilE-SSW dir ction and collects watet-s from the east flovving streams em nating from the relatively flat plateau, (Plate 1 .2). The two tributaries converge just before the dam site to form the 1\iserian river. The ~,iserian river then flm·{S in a W-E direction across a ridge.The gorge cut by the rivet· in this 
ridge constitutes the dam site. 
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. , . . Another cliff ·having a similar trend occurs some 700 m south 

of th~ 9onf luence, and extends southward for another 300 m. 

Pl t 1.3 

ll 
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. •· The Kiserian area shows these characteristics. Since these can 
be d~trimental to a dam, the area should be evaluated to 
formulate a general model of the geology at the site. It is 
also essential to identify any potential problems to aid in 
the design and construction of the dam. 
also need to be identified. 

Location of faults 

Varying series of lava flows emerged from different episodes 
of volcanicity. As a result, the layered sequence is 
accordingly varied. It is therefore essential to determine the 
type of layering and identify location of the bedrock; which 
if used will ensure a st ble foundc.ti rL Joints and fractures 
which occurr d during th coolin nd cry~t lliz tion of 1 va 
,r oft:.er1 p_rviou<. lh ne u o l1 i d to c r in 

h ir \'Ia t:.igl1 ne r nini 1 11 tmifotmity 
o Jnd t ·on nd h bu n n 

D composition n 

h depo ition o 

i p nt be lo 1 

displac m nt l 

pr lOUl 

c 

11 
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dis in gr ion 
succeed1n 1 

tt four d 

0 

r 1 or 

s 

1on 
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1 ll i I 
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1 . 5 
. , 

Obiectives: 

The aims of the pr·esent project were:-

( i) To establish the rock form'at ions in the area nd 
look into their state of weathering at the dam site. 

(ii) To establish the stratigraphical sequence at the dam 
site. 

(iii) To locate and map faults and joints occurring in the 
vicinity of the dam site. · 

(iv) To determine the thickness of the overburden and map 
all the weathered zones. 

(v) To delineate an aquifer if any, below the dam site. 
(vi) To use the information gained from the study to 

assess the suitability of the site and make 
recommend tions on any specinl remedial measure to 
be under tal\en to enhance h sui tab i 1 i ty of the 
site. 

1. t-1 

s ne ho u 1 I d 111C1 llo o-
111 rpr ion, 1 01 hy ic 1 
in stig io1 <=" ou 1 i 11 o1 h 
pplic 

Pt o o-1n I l h h 
I d 1 I d 

1 1 , h 



1? .. 
Geophysical methods are useful ir1 dam site investigations 
mainl.Y. to obtain infor·mation on lithology of 'Lhe underlying 
strata and its structural feature s . se·ismic refraction and 
resistivity have been known to be the mo s t effective. Seismic 
refraction yields data on seismic v~locities, geometry of the 
various formations and depth to the bedrock. Structures such 
as faults are easily recognized from refraction d~pth sections. 
The resi stivity method in addition to determining the depth to 
the bedrock can also isolate the weathered layers. This is done 
on the basis of resistivities. Thickness of 1 yers are easily 
determined and weathered layers at depth easi ly identified. 

Co drilling i 1)01111 11 >' con due ed l. ob in co s \-Jh i ch re 
t t d for d iff r en , g ctn c G olo ic 1 
logging f ttl cur s II OVid i c i 

h ; . . s ·, c cor dri11'n im 
con umin tl- USlJ 1 ac ic i u ro i b 1 
numb r of t st- or hol 

h us of iou e od 1 1 ic d 1' 11 
f w 11 
h td 

, 
c 
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CHAPTER 2 

GEOLOGY 

2.1 Introduction: 

The only detailed geological works co 'e r·i ng the present area 
of study are those by Saggerson, (19G1 -G 7). Unfortunately, 
his works have so far not been compiled ir1to a report. Only 
the geo 1 og i ca 1 map exists and is at a seale of 1 : 1 25, 000. 
Oth r wo I s touching on t.h · r 

so th t th i of 

of r gion 1 signific nee 

i• r t.l1 r k chy. Amon 
h 8 I (1 21) , ~;, (19~ ' 1 31, lq~ ), 

( 1 G ) , M t 1l ·.on r irbu t (1963) 1 G 

( 1 66) I nd Loup n 

In i w of th 

description of the 

( 1 ) I H 1!1 

( 1 7 1 ) • 

bo 1 i nll i n u hot 

YP s 
e is 1 c i 1 g. S i c_ s c 

Ul i I 

Cl i i 
qu1r d o hi 

uttor o c 0 

0 r 

1 

r i n 

11 

h 
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2. 2 Roc1<.'" Format i OilS 

The study area is under 1 a in by two ma i 11 roc I ~ types. These 
are designated as the Ngong Basalts and the 01 Doinyo Narok 
Agglomerates by Sil<.es,(1939). The Ng or 1g Basalts comprise of 
basic lavas, tuffs and agglomerates. The Doinyan 
Agglomerates are coarse rocks containing lava blod,s which 
vary considerably in size and compos ition. The 1 ava 
fragments include coarse to fine grained phonal ites and 
trachytes from the older rocks, v-1hich distinguish 01 Doinyo 
tJ rok Agglomerates from other· agglomer·ates and tuffs 
ssociated with lct~r volcn11iciti · Til,_ cequences h ve been 

cff cted hy f10' t-dcposition tiltillg"' h t th origin 1 dip 
not t d i 1 y v i i b 1 Obs r ion m d in d 

how v_r how h ll 

h- I gong B s 1 co h 11 tl I ,, 
nd lot tl We te n p o he ll h 1'1 

are as h basalts e usu 11) hin 1 y I o t 
soi 1. Goo posu s c " ml 

long ro in s. T oc 
d in 1 c 11 Ft ·h 

1 c. 
Tl pt oc y 

ol 

1 1 
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. •· 2.3 Geological Structures and Seismi c ity: 

Location of the Kiserian area on the flank of the Rift Valley 
made it prone to the subsequent movements during the 
formation of the Rift Valley. The geological structures found 
in the area are therefore a result of he rift movements and 
volcanism. Structures encountered are mainly faults having 
a north-south trend. Evidence for existence of fau 1 ts is 
abundant but mostly indirect. This is in the form of linear 
cliffs oriented in the same direction , rectilinear alignment 
of stream segments, sharp contacts between basalts and 
agglomer.tes, we ll defin d on 1 v ia ions on erial 
photogr phs nd m r I~ d 1 in tr 11 it im geri s. 
r- i ur 2 . 1 h >WS th fou r rn f J 1 n 

r uc ur 1 l ; ll in h I o 19 1) 0 h t rn in t 

f u l xi h y on i I 1\ i ic I) nd h v 
Ot 11 Otnl t d f r om th n r • 

vid r e for joints I 0 is . Th 111 O il h l op 
0 h ~ on Hills 1 su l td , I l ic l) 
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Intensitie-s of VIII would result in cracks on wet grounds 

and o.n . steep s 1 opes. I ntens i.t i es of I X may cause conspicuous 

cracks on the ground and serious damage to a reservoir. It 

should however be noted that these' i11tensities valu.es ar·e not 

very reliable as they are based on very sparse data. The 

only tool that can be used for reliable extrapolation of 

future earthquakes in the area is a long term catalogue of 

i nstrumenta 11 y recorded and fe 1 t earthquakes. Such a deta i 1 ed 

catalogue has yet to be compiled. On the basis of the 

information, of seismicity vo/ithin and on the shoulders of the 

rift, it can be concluded that the area cannot be classified 

within the high risl'\ zone. I~ ver·th less the seismicity factor 

n d to e tak n into c.oun in h d ign of the d m. 

2.4 

Th geo 1 og i ca 1 I i 

widespread ole nic 

vo 1 can i c succes i or 

s ati 

pyrocl 

1 

p ll c , 

0 

c 

c n 

th 

of 

w 

c 
m i '' 

O l C 

oup 

i h 

y 

lh 

nd 



21 
. ,. 

The outbreak of volcanic act·ivity in the area began with 
disch~~ge of the Kapiti Phonolites. These also cover 6ther 
areas of Kenya. The chronology of the succession is rather 
conjectural. Nevertheless, the Kapiti Phonolites are known 
to be of tertiary age, (Matheson, 1966). They rest directly 
on the folded precambrian rocks. 

The next division to erupt was the Doinyan series. These seem 
to have been less fluid and hence tended to build mountains. 
The division includes flows of phonolites which terminated 
in phonolitic trachytes. These flows are generally more basic 
than the Kapiti Phonolite. The phonoli es of this division 
designat d th Doinycn phonoli 
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The sequence of volcanism can therefore be represented 

(sta~tjng from the youngest · to the oldest) as follows. · 

1. Ngong Basalts 

2. 01 Doinyo Narok Agglomerates 

3. Mbagathi Phonolitic Trachytes 

4. 01 Doi nyo Phono 1 i te 

5. Kapiti Phonolite 

........... unconformity 

6. Precambrian rocks 

A detailed descri tion of the succession at the dam site is 

given in chapter 6. 

2.5 Hydrogeology 
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It is observed from the data on water struck levels of the 
wells in the area, that the main aquifer in the central basin 
region is shallower than those sited on the slopes of the 
hilly ground. This tends to suggest that water accumulates 
in this zone before moving eastwards. 

In the agglomerates, only one borehole data was available 
for use, (Fig 1 .2). The aquifer was struck in a zone within 
the agglomerates where spheroidal weathering had resulted in 
a diversity of structures. Because of these structures 
agglomerates tended to be pervious at this zone. Elsewhere, 
compact tuffs and agglomP-r·ates are tela ively retentive and 
inhibit tt1e infi 1 ( tion of w •ond I e w thered zone. 
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On the wl161 e it can be said that because of the fracturing 
and faulting the groundw.ater flow regime is fair l y 
complicated. Since some of the faults in the area are like l y 
to be deep, chances of striking reliable aquifers 'for large 
scale water supply are rather slim. 
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CHAPTER. 3 

THEORY OF THE GEOPH SICAL METHODS 

3.1 Introduction 

The theor-y of the two geophys i ca 1 methods used is we 11 
documented in se 'e r·a l standard tex s of geophysics. These 

include Dobrin (1976), Gran nd \>Jest {1965), Keller et al 

(1982), M sg ave (19G7), P rasnis (1w7 ), Telford et al (1980) 

and Zohdy ( 1980). h purpo'"' of 11 i c h 1 tPt th refot not 
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The exp~ession can be applied to any numbe~ of laye~s . . 
Howeve~ "1'b~ a laye~ to be detected~ it must be thick enough 
to cont~ibute to the o~e~all time-distance cu~v . Th 
velocity st~atification should also inc~ease with d pth. 
When the laye~ed sequences a~e dipping, the exp~essions used 
a~e modified slightly. 

~eve~sed, (Fig 3.2). 

In this case, the shooting has to be 
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The expressions used for a dipping refractor are: 

a= [ 

where 
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Unlike the dipping refractor case, the slope of the ground is 
known.~efore shooting and corrections can be applied to the 
observed travel-times. 

Even if the velocity increases with depth, not all velocity 
1 ayers are recognizable as first breaks. This happens where 
there is a large velocity contrast between the refractor and 
an overlying thi~ layer. If second arrivals are recorded, then 
the headwave from the thin layer might be seen on the 
seismogram. When digital seismic timers are used, where the 
arrival of a single pulse of energy is 11 that is recorded, 
the hidden layer 
hidden b d makes 
ov_rburd a 
(So k ; ' 1958). 
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The amplitude of the signal decreases and the higher frequency 
compon~~ts attenuate more rapidly as the offset di~tance 

increases. This results in a large period of the signal. Thus 
the magnitude of the error is a function of the offset 
distance. The error affects both depth and dip determination. 

3.3 Resistivity 

In the application of electrical methods in geophysical 
exploration, two parameters are of t imary importance. These 
are the ability of rocks to conduct an electr1c current and 

polarization which occurs when n electric current is 
ss d th ough them. E 1 c ric con due ion in most roc I s is 
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If a current is ir1troduced through elect~odes A and B placed 
on the. surface, (Fig 3.3) and potential difference V, 
associated with the current is measured cross potential 
electrodes M and N on the same surface, 

c 

Fig 3.3 ARRANGEMENT OF CURRENT ELECTRODES (A&B) 
AND POTENTIAL ELECTRODES (M a. N) 
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The• effective resistivity calculated from equation 3.6 is 
therefore not the true resisti v ity but the apparent 
resistivity, pa of the depth under in vest igation. Furthermore 

the layer interpretation theory is based on a purely horizontal 
stratified model while in practice this assumption is rarely 
achieved. The apparent resistivity is therefore dependent on 
the electrode spacings: AM, BM, AN and BN, (Fig 3.3), the 
geometry of the electrode array, and the true resistivities. 
Other characteristics that affect the measured resistivities 
are laye r thi ckness, dip of beds, faults, non-uniformity of 
beds, rugged topography and anisotropy. 

The basis of conducting an elac t i c sounding is h t th 
larger the cu rent electrode sep r tion, t gr t t moun 
of current thR penatrates to giv I) d p h. fl tl1 
greater the cu ent electrode s rar ' ion, the d 11 
probing . 
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potential electrode arr nge en 

used in inves ig ting 
(horizon 

ctrod 
u ·d ·o 

om ir ) . 

Ji 

In 

p t of i lin ) . 

Con 

ion 

c rod 

in t 



33 

. ,. 
The convent i ona 1 interpretation methods of resistivity data 

are ~a~ed on simple models ·s uch as multiple layers separated 

from one another by horizontal inter~faces. The rock formation 

rarely exhibit such simple stratification of electrical 

Properties. Resistivity variations ar~e therefore much more 

complex in both the lateral and vertical directions. Electrical 

soundings conducted over 1 atera 11 Y i tlhomogeneous ground results 

in a shift of the whole or a part of the sounding curve, by a 

constant on the logarithmic scale. Lateral resistivity 

variations are those caus-=d by i nl10rnogene it i es and an; sot ropy 

other th n the presumed hor i zonta. 1 beds, ( Kunetz, 1966). 

Presence of lateral inhomogeneity is indicated by the form tion 

of cusp co; on the sound in CLJ tV • 
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. ·-When a sounding is carried out with a spread parallel to the 

strik~.of a vertical or inclined contacts, the sounding curve 

obtained can be quite similar to that obtained ~ver sections 
. . 

with horizontal contacts only. Those problems are attributed 

to the so called principle of equivalence, (Van Overmeeren, 

1989). 

The thickness and resistivity of a layer, relative to the 

overlying and underlying layer~ also plays an important role 

in the detectabi 1 ity of the layer on the sounding curve. If 

the ratio of the bed thic~ness to its depth of burial (relative 

thickness) is small I its effect on he sounding curve might be 

o small that the pres nc of th thin layer ;s suppr ssed. In 

such a case 1 sound in curv ob in d o 1 ou - 1 y 

section may be ne rly equiv lent o on 

layer section. This probl m t 1 u 

Principle of suppress1on. 

d 

0 h 0 c 11 d 



35 

... 
CHAPTER 4 

FIELD WORK 

4.1 General Organization 

Field work in the study area was done between October, 1987 

and January, 1988. It involved geological and geophysical 

investigations as well as the logging of the drilled cores. 

The fie 1 d crew consisted of e i gh een men. The author was 

involved in nearly all the aspects of the investigations. 

Since these were going on almos con ut en ly, a tight time 
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It comprises of a counting circuit capable of measuring times 
in the interval of 0.1 mi 1-1 iseconds (ms) and 999.9 ms. The 
other components are the start and stop plugs, a reset switch . ' . . 
light emitting diode (LED), display screen and a polarity 
selector. The various parts of the unit are shown in Fig. 4.1. 
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During t~~ field operation, the start switch is clamped on the 

top side of the handle near .the head of the hammer. The· former 

is connected to the extension cable which traverses over the 

whole spread to the start plug or the equipment. The geophone 

on the other hand is connected to the stop plug. The counting 

circuit is started by the closing of the start switch as the 

hammer strikes the ground. The circuit continues to count as 

the seismic wave travels through the earth towards the 

geophone. A sma 1 1 vo 1 tage generated ~vhen the seismic wave 

strikes the geophone stops the counting circuit and the total 

count is d i sp 1 ayed on the LED r-eadout in mi 1 1 i seconds and 

tenths of mi 11 i seconds. On noting th r e ding, the reset switch 

is depressed and teturns h oun in citcui to z ro. 

4.2.2 
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Starting with the geophone posit i 011 111':><'\ 1 '-'!"\ l:. to the hamme ,~ , the 

grour·~d. was strucl<. with the hRmmer cor1tinuously until a 

reasonably consistenL time was rPconied. Four or five rrival 

times which wer~e the same or clo~e "'~r·e sufficient. 

The readings and the average data cornput d ~'Vhet e necessary were 

entered on the data sheet ,(Appendi x /1...2). The average reading 

was then plotted on a field time-distance graph to evaluate the 

trend of the cur e . If a deviation f r· '01 he rest of the p 1 ot ted 

curve ~"as no ted and the point 1.,as rw t a c r·oss-ove r point, the 

geophone position .,.,as l1 if ed to arw the r position whose 

dis ftllC v1as not d. Tl e llCI/ r e~ ding 1·1 s t. I' n and p 1 ot ed. The 

h dings 
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Starting with the geopl10ne position 11~a 1 est to the hammer, the 

grour~d. was strucl~ with the hi.'lmmer continuously until a 

reasonably consistent time was recorded. Four or five arrival 

times which were the same or close were sufficient. 

The readings and the average data computed wher·e necessary were 

entered on the data sheet,(Appendix A.2). The average reading 

was then plotted on a field time-distance graph to evaluate the 

trend of the cur e. If a deviatio11 f1·om the rest of the plotted 

curve \<Jas noted and the point \'I' as 110 t a c 1·oss-ove r point, the 

geophone position 'tiaS shifted tr~ nother position whose 

distance I·Jas noted. Tl1e ltl?\1 reading 1·1 s t I~ nand plotted. The 

geophone vias then rno rJ o h 11 x PO'"' i ion nd he t dings 

k n til s m 1-1 Jl 1 i l • 1 11 f h i . 

lh h mrn p .., i I, i 011 'I nd of l, l 

sp r ad nd J.)l 11 11 

same graph a 

as h origin,( . i g 3.2 Th 11 h 
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Starting with tl1e geophone position t18a 1 est to the hammer, the 

g rour)d, was strucl< with the hamme r· continuously unt; 1 a 

reasonably consistent time was recorded. Four or five arrival 

times which were the same or close were sufficient. 

The readings and the average data computed where necessary were 

entered on the data sheet ,(Appendi x A.2). The average reading 

was then plotted on a field time-distance graph to evaluate the 

trend of the curve. If a deviation from the rest of the plotted 

curve ~"as noted and the point was not a c t oss-over point, the 

geophone position vias -hi fted tn a110 the r· position whose 

distance was noted. Tlte ltl?ll t ead i ng 1·1as AI~ en and p l o ed. The 

geophone was then mov d o th t 1 x PO"' i i o" nd he r dings 

t ken It s m vi 1 Jt t i 1 I r:. '' j f It d. 
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The prof'i'1e along the river course was carried out on the 

valley bottom along the longitudinal axis of the dam.The 

profile was extended to the reservoir area and across the 

eroded southern section of the scarp on the western side of 

the site. The profiles were 20-30 m apart. This happens to be 

the separation of the test-boreholes which were located on the 

dam-axis. 

The 1.5V dry cells were replaced when display became dim and 

the 9V dry cell replaced during the third replacement of the 

former. Care was taken to make sure that the ce 11 s were 

attached to the proper connections. Longer 1 i fespan of the 

cells was attained by turning off th · pocket-seis orr setting 

after every re ding. Th c 11 s w t 1 rnov d wh n th pock t -

seis was not in use for 

damage from 1eakag . 

tend d p r i od o 
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... 
Because of the variation in the amplitude of the first arrival, 

it was found necessary to · use both positive and ne~a t i ve 

polarities of the first arrival to estimate the arrival times. 

The first positive arrival is normally detected .before the 

first negative. On the other hand, the first negative arrival 

has a higher amplitude. It was therefore found convenient to 

use the negative polarity under noisy conditions. The slope of 

the plotte d line in such instances was not necessarily parallel 

to the line plotted from the first positive arrivals. This can 

be attributed to lack of an averaging facility in the 

instrument used. The negative polarity was also used to confirm 

if the pos itive arrival di s played was ac uall y t he first wave. 

T h i s i s e s i 1 y c hecked s i 11 c e the f i t s t n g t i v _ w v e ,. r i v e s 

wi hin a trav 1 t im b w e n h f i r t nd co nd po. itiv 
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· 4.3 Resistivity Measurements 

4.3.1 Equipment 

The equipment used for all the resistivity data acquisition 

was ABEM SAS 300 Terrameter, (~ig 4.3). 
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. ·-The voltage to current ratio (dV/I) is automatically calculated 

and ~;~played digitally in Kilo-ohms, ohms and milliohms. The 

overall range extends from 0.5 milliohms to 1999 kilo-ohms. 

The equipment is powered by 

charged, displays a voltage 

recharged if the reading is 

special charging device. 

4.3.2 Field Measurements 
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Nine horiz~ntal profiles using the Wenner· probe configuration 

were made, at Wenner separations of R = 4, 10, 25 and · 40 m . 
. . 

The centre positions were at the test - boreholes along the dam­

axis while the others were at the "spillway and the SE section 

of the darn-axis. 

During the field operation, meticulous car-e vtas taken in the 

arrangement of the cab 1 es and e l ectr·odes. This was to min; mi ze 

any cur rent leakage. Current lea~' age and creep substantia 1 1 y 

reduce th8 attainable ac ~ urac y at1d s9nsitivit); and thus the 

depth of penetration. Ca!·e w s a 1 1-1ays tal · en to connect the 

c ables 0 the c o rt e c t polar· ities , P. Cause vtt ong connections 
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The or i gina 1 shape of the apparent resistivity curve was 

obtai t}~d once the surface e 1 evat ion on the other side ·of the 

va 11 ey was the same as the former side. A repeat of the 

measurements yielded the same condition in all the spreads 

where the current electrodes were placed on sloping surface, 

(discussed in section 5.2.2). 

Warnings and information comprising of beeper signa 1 s and 

simple error codes minimized operational errors by advising on 

the right parameters and checks of the circuits. This improved 

the overall data obtained by use of the SAS 300 Terrameter. 

The Self Averaging System (SAS) in the equipment ensured 

continuous aver ging of a 1 l h m Ut rn nts 0 v t y t ding. 

This made th f i 1d d ion 1 nd 

ccurate . In rno 11 w r dy t d 

rarely requi ed ep r eacl i ng 

The SAS 300 Terrarnete h s n o er n s rn CCU! c of ±2 

of the reading. This accur cy d Ufll 01 h 

Schlumber e sounding 1 n I B 1/ ic l l 

ss than 2 ' 
lo d 1 r·or 

0 1 s h n 4 . G n 0 

u 1 i ty nd d CIU lrl " . 
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Under normal drilling conditions about 1.5 m of the core was 

recovered in an hour. 

Once the core was removed, the Parker test was carried out in 

the drillhole to determine the permeability of a particular 

zone of the rocks. This was done by sealing off a length of 

uncased hole with packers and injecting water under pressure 

into the test section. Single packer test method was used where 

a 3m length of the drill hole was sealed by a single packer 

and tested independently. After the test a further section was 

then drilled and another test performed. 

The recovered co es wee gener lly of good qu lity . . A r covery 

of 80-100% was achi v din mos of h drill d d ths. How v 

poor r_cov ry occurr~d from 

cases, the total 1 ng h of 

length drilled was 1 s h n 

The cores were then s o 

by the borehole number 
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A total of nine test- boreholes were sunk at the dam site, (Fig 

4. 2) .. 1wo of these were 1 ocated a 1 ong the sp i 11 way, five· on the 
dam-axis and two along the river course, (plate _4.1). Those . . 
on the abutments were drilled to depths of 10 to 16m, while 
those along the river course were sunk to a maximum depth of 

30 m. 

Pl t 
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. ·- CHAPTER 5 

INTERPRETATION OF GEOPHYSICAL DATA 

5.1 Seismic Refraction 

5.1.1 Hethod of Interpr-etat ion 

Interpr·etation of seismic refraction da a invariably entai 1s 

determin tion of thichlesse"', veloci ies and dips associated 

\·lith a given layering sit.uL'l .ion. ~·1or o rigorous interpretation 

rn y leo involve id ntific ion of fa•1l sand other structural 

isconti111iti In d rn s1 inv l' ion~. he int t st is 

1.1 s u a 1 1 y 1 n t he d i 1\ f til 

j 1 in i rl of til 1'1"''1' ZO!l 
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The Delay-time method utilises the time difference between the 

hypo~~etical time which would be measured, if the refra6tor was 

at the surface, and the actual time measure~. Horizontal . . 
disposition of the refractor is assumed. The method provides 

only the depths at the two ends of a reverse profile. 

The Graphical Method employs the laws of geometrical optics to 
/ 

infer velocities from the time-distance curves. In practice, 

the accuracy is restricted to an unknown degree by the 

assumption that the velocity stratification is inferred 

unambiguously from the time-distance cu rves. When the number 

of layers to be consid red are many, method becomes tedious 

to apply. 
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The Gener.alized Reciprocal Method (GRM). is a technique for 

proc~s.sing and interpreting in-1 ine seismic refraction data 

consisting of forward and reverse traveltimes. ~h~ processing 

involves use of computer proirammes to compute velocity 

ana 1 ys is function and genera 1 i zed time-depth to obtain the 

ve 1 oc i ty and depth of the refractor respective 1 y. The GRM 

overcomes the ambiguity inherent in intercept time by recording 

the reciprocal time in the field and incorporating the value 

into calculations involving the arrival times at the geophones. 

The p 1 us-Minus method is an approximation 

(1930), wave front reconstruction method. It 
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. ·-The main applications of the plus-minus method are in shallow 

inves:tigations, (one interfa-ce). Its application is simple and 

fast to execute manu a 1 1 Y. The . method has a. _significant 

advantage over the standard formula interpretation, in that it 

uses the data collected at each geophone in the interpretation. 

In a two-layer case, a standard interpretation utilising text 

formulae, (Dobrin, 1976) would produce a depth to the second 

laye~ near each shotpoint. The plus-minus method on the other 

hand provides depth to the refracting horizon for each geophone 

that receives a refracted wave from the layer,(Fig. 5.1). 

The method uses the principles of intercept time and delay time 

to determine the depth (z) to the r f ac o . For two 1 yer 

case ,(Cummings,19 79) . 

z = ( t, ?. ) k' . . . . . . . . . . . . . . . . . . . . . 1 

where (t 1 +t2 -t11 ), defined as th plu 

of the intercept tim cor esponding o 

time-distance graph. Th 

at the s me g_ophon 

r specti nd t i 

hotpoint, ( ig 5.1). 
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Combining equations 5.1 and 5.2 
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. ·-The velocity v 2 of 11e refracted vJaver·. was taken to be the 

average of the up dip veloc'ity, v2 t ~tH.i downdip velocity,v
2 

__ 

This was the velocity of 11e refr·.actit1g ltot-izon.·. 

The inter cept times for the upd i rJ end, t 0 + and downd i p end, 

t 0 - for every spread was read directly from the time-distance 

graph by extending the traveltime curv<; from the cross-over 

point to the abscissa ax i . The tot a 1 tr ave 1 time, tx between 

each pair of fonJard an reversE> sh t poin s normally termed 

s reciprocal time vtas also ob ain d from he graph. 
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The plus •·times tb For e ·pry geopho11e position were used to 

calcl,.ll.ate depths hb from t.11e sur f:~c:e to the refractor at the 

geophone posit i 011s. 

t v 
b i 

wher-e h -
b 2cose 

............•....• " 5. 6 
c 

Those provided the depth to the ref 1 actor at the shotpo i nt 

posit; ons and geophone position. The refractor-depths were then 

plotted to define the topograpll)' of he r·efractor~, (section 

6. 1 ) . 
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In this study, the orientation of the sr reads 1vas parallel to 

the topog raph i ca 1 contour s. · This er1su red tile same su · face 

elevation for the shot <\nd detector positions. Furtt1errnore the 

length of the spreads were too shor· t to ha e any app rec i b 1 e 

variation in surface elevation. This was confirmed from the 

r·ec iprocal times which wer ·e the same for· the forward and 

reverse spreads. The first ar-rivals data obtained was from the 

sha 11 owest refract i 119 hor· i zons (bed r·ocl<.) . Hence the top so i 1 s 

nd the we a the red r ocl· s we r e inter p r et ed a5'; constituting the 

over· ur·den. Therefore the VJ~'>ather ing cort ction did not arise 

in h interpretations. 
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5.2.1.1 Visual Interpretation 

The type of apparent resistivity (p ) curves obtained 1
n an 

area are functions of the resistivities, thickness of the 

layers and electrode conf~guration. The Pa curves obtained at 

the dam site are composed of many combinations of the simple 

H, A, K, and Q type of sounding curves. The curves with the 

same rel tionship wete classified together for interpretation 

purpose. The dominant resistivity cutves in the whole area were 

of three types, (Fig 5.2). 
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5.2.1.1 Visual Interpretation 

The type of apparent resistivity (Pal curves obtained in an 

area are functions of the resistivities, thickness of the 

layers and electrode conf~guration. The Pa curves obtained at 

the d m site a ,~9 comf')osed of m.oar1y e m1b in t 1 ons of' the imp 1 e 

H, A, K, and Q type of sounding curves. The curves with the 

same rel ,t ionsllip we1e c lass ifiecj together for ·interpretation 

purpose. The dominant resistivity curves in the whole area were 

of three type s , (Fig 5 .2). 
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Generally, the Pa curves in the area were characterized by a 

sharp . rise in apparent res 1st i vi ty be tween separation AB/ 2=4 

m and 10m. The first type of c~r es designated . x have high 
apparent resistivities on the surface followed by a gently drop 

around AB/2=3 m and then a rise up to a maximum AB/2=10 m. 
This is followed by a drop of Pa which tends to flatten or rise 

at AB/2>100 m. These curves were found in areas where there was 
topographical depression. These depressions are filled up by 
thick clayey materials at S18, S19, S8 and 02, (Fig 4.2). The 

clays contributed to the initial gen le drop in Pa values. 
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. •· 
5.2.1.2 Mastel Cu1 ·ves. 

The common method of interpretati~11 1s by use of _assemblage of 

theoretical curves (master cur :es) . The master cur· ves are 

computed apparen resistivity cut'. 0 S plotted 

co-or·dinate s:;stem. They are ptt:>p~ted using 

expression of appar·e11t r·esisti ·.; ity 1-1here all 

occur as dimensio11less tRios, (<?qu a iotl G.7). 
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Three-la~~r theoretical curves by Rijkwaterstat (1980) were 

used in the curve match·ing intel~ pretat ·ions. The 3-layer · master 

curves p rev i ded the thicknesses and resistivities of the 

overburden and those of the bedro6k which was the 6bjective of 

the invest; gat i ens. However aux i 1 i ary point method was emp 1 eyed 

to interpret the deeper layers. Auxiliary curves combined the 

first two layers into a single fictitious layer so that the 

portion not interpreted by the 3-layer master curve could be 

interpreted. This provided the layer parameters of the deeper 

1 ayers. It was noted that in the 3- I aye r curve matching 

interpretation, the resistivity of the third layer was an 

estimation of the earth model assuming infinite thickness of 

the 1 aye . Hen c he t e s i s t i v i Y \" u n l i a 1 e . The r f 0 r h 9 
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. ,. 
The data input for the YES programrnP re the measured field p 

a 

va 1 ues and the cor respo11d i ng E' 1 E.1ctr ode spacing, AB/ 2. These 

were stored in a f 1 oppy disk wr:e r9 every spread_ had its own 

f i 1 e. Tf1e mode 1 menu required an input of the 1 aye r depths and 

the corresponding expected resistivity for the specific layer. 

The computer then computed the O'Neil YES curve to match the 

mode 1 fed by the i nte rprete r. This ~~as adjusted by chang; ng the 

depths and resistivities parameter~s unt i 1 the computed curve 

on the screen matc hed the field data points.This procedure was 

followed to get the cor ect model for· every spread. 

The qua 1 i ty of he compt rte r mode 1 s " s improved by sta r- t; ng 
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The dete~~ination of the layer parameters in the interpretation 

thus.p,rovide a way of averaging the e lectrical properti·es over 
1 arge vo 1 ume of rocks, which may not necessar i 1 y ~e homogenous. 

The geoelectrical section boundiries between lay~rs are also 
determined by resistivity contrast rather than by the 

combination of factors used by the geologist in establishing 
the boundaries between beds. 

The field curves were displaced as a result of enlarging the 
potential electrode spacing after several measurements. Very 

often the measurements repeated with unchanged current 

e 1 ectrode spacing showed a sh if in the P" curve. In such 
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Another serious ambiguity in the illter-pretation of the 

multil;;ly,er sounding cur·ves ·was CC\USGd by the well ·l<.nown 

pr-inciples of equiv r'lle 11 ce m1d suppr E>FSi') tl. Ur1ique layer- model 

solutions could not be found. Many 'sr)lut.ions cou ld be obtained 

correspondin g to a variety '": f lay 1 th i d~nesses and 

r· e s i s t i v i t i e s . I t vi as o b s e r v e d U 1 r C a n 11 , 1 CJ 7 7 ) , that c u ,- v e 

matching or comput<?r progrRn1rnes do tlc•r, cc,r·r·ectly compute the 

r·esistivity of all earth modnl co11ta.irti11g a perfectly insulating 

or perfect~ ly comJur.ti;e la.rer· . l11 ::"' 1rjer o chec l' fot· the 

xi stence of such :"- co11d it i ott i 11 h· sntmr.i i ng curves, 1 ay-er 

models of CLU"ves lC.t"''1'"'it1 ( r rlr:•rro'!""'it19 1. pidly v.Jith depth 

"' e r c r e i u 11 y i r w s i ' a c1 • T h i c r c- G I 1 f o ,. the pur p 's e 0 f 

~nstH·ingUhta•.nnllpt'urt(_\l:.i 11 •I lr "' id 11 t result 
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T he s u 1~ f ace g eo e 1 8 c t r i c a I 1 r--1 Y e t 11r:t d t "' <; i s t i v i t i e s o f 4 t 0 2 7 

0 h rn- m • The 1 aye r h 8. s R ·; e r age de P Lit s '1 f ., bolt t 1 . 3 m . The sec 0 n d 

geoelec 1~ical layer had t•2sisti'·.itir.•s c·f J"j2 tu 71_0 ohm-m, and 

attains a maximum depth nf 17m . TIL tilird geoelectrical layer 

had y a r i a b 1 e t n S i !" t i I i t i e S I'J 11 i ,. h I ! ~ I 0 C: h a I" 3 C t e r i S t i C 0 f the 

different pr·ofil"'s. Tho ::1lley l"'ttrm hod resistivities ranging 

fr·om 6 Lo 28 ohm m, v1hi 1"" the <:~hutrnc>tlt.s had resisti\ ities of 

3 5 t 0 tl0 0 11m- m . .1\ p p 1T c- n t 1 Y t h i s 1 21 > e r v-1 as t h i c k e s t a t the 
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The resistivity profile shows high Pa on the right abutment. 

The left abutment has high Pa at only station H7. The Pa values 

show presence of low resistivity materials at the valley bottom 

and beyond H7 on the left abutment. Generally the bedrock has 

the same characteristics between the two depths which conforms 

with the observations obtained from the core-logs. 
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Fig. 5:~ shows the resistivity profile at wenner spacing of 
a = 25 m and a = 40 m. This was conducted to investigate the 
weathered zone under 1 Y i ng the bed rock. The Pa va 1 ues show 
uniformity between the two depths, across the dams-axis. Low 
Pa are obtained at the valley bottom while the abutments have 

higher values. 
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CHAPTER 6 

GEOLOGICAL INTERPRETATIONS OF THE RESULTS 

6.1 Seismic Refraction 

The low velocity surface layer was interpreted to represent dry soils occurring witl1 weathered boulderly rocks.These were directly overlying the hard roc l<, (bedrock). The extremely low velocities were associated with tile thick dry alluvium along the val ley, where the SLlrface velocities ranged from 280m/sec to 330 m/sec. The higher surface v loc iti ~ were encounter d ; n area "' where tllP wPa tiHcH e d bou 1 d r r- and de t-ornpos d ocks w r exposed. These velociti c \vet picl don s pt'~ d TS, NP nd ij, (Fig.4.2) ,and were mr tP han 3 0 rn/s c .Th se m t 1 ls w r considered as par · o f I 1P ov 1 hurd "· 
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... The v all ~y i s cc tl ~ t ricrncJ at 1.11 is ~'0'. tic~t1. (f ig 4.2) with ft esh_ r: ocks and bcu l"?.l ~ r.>, t€~11r i \11g w :· I. tr) t. l1 e stream course. 
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Fig 6. 2 shows the i nte rp reted depth section across the dam axis. The buried refracting horizon follows extrapolation of the visible surface topography of the dam- axis. This postulates an even surface weathering of the bas alts to about the same depths. 
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6.2.1 ~1ver Course 

Fig 6.3 shows the interpreted geoelectrical cross-section drawn along the river course profile. This section reveals four geoelectrical layers decreasing to the three at the SW limits of the profile. 

Interpreted resistivities suggest a top layer of clays, which is the conductive zone. This attained a maximum depth of 5.2 mat S18, but the average depth along this profile is 1.3 m. Apparently this geoelectrical layer is controlled by topograph i ca 1 depression as tl1e deepest zones were encountered on 1 y wl1ere deep c 1 ays cov r·ed a d I ression. The resistivities along this profil also rofl ct v t i < ns in soi 1 moi ur I dll 0 th in f i l t r at ion of .11 \'I f 0111 ., t rn. Ttl int ~I ted r 1 ti viti es of· 4 0 ohm-m in this 1 y r the efo e attr 'buted ) we cl ys. T ansitional zone with resistivities of 20 to 22 ohm-m \'le r e e'ident 05 nd S1 . These co re pond to the res is 1 ities of the oulder·l sur· f c s on the abutmen s. Hence hey "e 
weather·ed roc.l~ mas~es w i hi n tl 
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. . .. Th1s layer appears as the second geoelectrical layer on the SW end of the profile. The depths of this layer increase from 
. . 

the surface on the SW to a maximum of 28.5 m on the NE end. This conforms with the condition which was observed on the river course profile. The fourth layer is characterized by resistivities greater than 80 ohm-m. This corresponds to those of the second layer, but at this depth the rocks are weathered and fractured to some extent. 

6.2.3 Dam-axis 

Fig 6. 5 shows the interpreted geoelectrical cross-section of the dam- axi s . The section summarises the geoelectrical sections discussed for the river course and the spillway profil s.The section reveal s fou geoelectrical laye s at the v 11 y bottom and on the abu ments. 
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These were attributed to the highly weathered zone which was 
described for the river course section. The extent of 
decomposition to clayey materials was evider1tly g~~ater on the 
valley bottom contributing to the lower resistivities. This is 
also evident from the thickness of this layer, which is 
thickest at the valley bottom; thinni11g out completely on the 
abutments. 

Generally the right abutment has higher resistivity values 
which correspond to those from the Wenner horizontal profiles 
(section 5.2.5). 

The sharp contrast in r·esistivity or U1e op bould rly 1 yer 
at the abutme11ts a11d the underlying )' 0 t w(,~ r·ob bly moist 
overburden and rJ y fr· sh rock in e c c r a ~, r h n ny 
change in the o c l· prop12 r ties. 
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The basalt formation was completely weathered in the deeper 
zon~9 resulting to a completely weathered zone, moderately to 
slightly weathered zone and residual soils. _The top basalt 
flow is underlain by an agglomerate layer which was 
subsequently deposited above an earlier basaltic flow. Core 
logging results are given in the next sections. 

6.3.1 River course 

Fig 6.6 shows the geological cross-section along the river 
course. The top soi 1 layer consists of black cotton soils. 
Their depths range from 0.6 to 2 m. The test-boreholes were 
bored next to the iver course and l1 e infiltrating w ter rest 
level from the stre m wa found o coincid with the int f c 
of the top so i 1 "' a 11 d · he h i gl1 1 y \·1 e h r d b 1 t. , ( S c i on 
2. 5). 

The highly weathered bas lts laye s d epe upstre m (5 m) 
and shallowest a the d m-axis (2. m). These were und rl in 
by the fresh basa 1 ts ;:one . he res'\ b s 1 c: occu1 s s 1 i ght 1 y 
fractured ocks \'li h sl i gh long h r c ut· 
surfaces. Til fre h 1 up rn (4. m) 
narro ling to m n o comp l ly 
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. ·-The deepest zone drilled in this profile consists of highly 

fraGt~Jred basalts which are moderately to highly weathered. 

The clays from the residual soi 1 .zone have filled. ~he fractures 
giving the basalts a soilly appearance. The fractures in this 
zone are thought to be open hence the clays have filled them 
to the maximum depths drilled. The zone tends to be thicker 
downstream where it attains a thickness of 11.4 mat the end 

of BH6. A few fresh rock lenses were encountered in this zone 
which were slightly fractured. 

6.3.2 Spillway 

Fig 6. 7 shows the geological cross-section t the spi llw y. 

BH1 which has een included in he s ction w s 32 m off th 
spillway, (Fig 4.2). The top ""Oil )' long U) pillw y 

section has a uniform thickness of a ou m. Th com 
thinner on the NE sec·ion, where the highly w th red lt 
are exposed. The boundary deline tin the o soil 1 nd 

the highly weathered basalt zone is moe o 1 ss uniform. 
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6.3.3 
. . . . 

Dam -ax 1s 

Fig 6.8 shows geological section along the dam-axis. The 
black cotton soils attained a thickness of 1 m. The highly 
weathered zone is thin at the valley bottom and thickest on 
the right abutment where it attained a thickness of 4.2 m. 
These were underlain by the fresh basalts which narrows at the 
va 11 ey bot tom and gets thicker on the abutments. Lenses of 
completely weathered basalts are found within this zone at BH5 
and BH 1. 

The completely weathered zone has a uniform thickness.This zone 
is not defined at BH4 and BH5 which we e terminated at 
shallower depths. Agglomerates wer ncount r d t d pth of 
g min BH3, where it l'1ad thicl<.n ss o 5 . 9 m. BH2 nd H4 w r 
terminated within he agglome ate la er, h nee th thickn 
on the valley sides cannot be obtained. Th other de IJ zon 
described for the river course cross-sec ion w r 
recovered in BH3 which was drilled o dep h of 26 m. 
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The first geoeletrical layer with l ow resistivity corresponds 
to s~i. l s and part of the highly weathered basalts, interpreted 
as the overburden materials. The high resistive zone (54 ohm­
m) corresponds to fresh basalts, interpreted to be the bedrock. 
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The relative thidmesses of geological zones in the latter 
geoe 1 ectr i ca 1 1 aye r are sma·l 1 as compared to their depth of 
burial. T11is restricted their indi~idual resolutio~~ hence they 
were geoelectrically resolved as one layer of resistivity 13 
ohm-m. The thin lenses of the fresh basalts within the highly 
weathered zone and vice versa are also geoelectrically 
suppressed in the interpreted model. 

A better resolution was achieved for VES 815, (Appendix 9.5) 
when a ttansition layer of 20 ohm-m was inserted between 5.2 
and 80 ohm-m geoelectrical layers, shown in table 6.1. 
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. '. The relative thicknesses of geological zones in the latter 

geoe lt?c.t rica 1 1 aye r are sma ·l l as compared to their depth of 
burial. Tl1is restricted their individua ·l resolutio~, hence they 
were geoelectrically resolved as one layer of resistivity 13 
ohm-m. The thin lenses of the fresh basalts within the highly 
weathered zone and vice versa are also geoelectrically 
suppressed in the interpreted model. 

A better resolution was achieved for VES 515, (Appendix 9.5) 
when a transition layer of 20 ohm m was inserted between 5.2 
and 80 ohm-m geoelectrical layers, shown in table 6.1. 

Layer Oepth(m) P.esi ti ; y(ohm m) 
1 . 5 r:. 2 

2 4.4 20.0 
3 8.0 80.0 
4 22.0 10.0 
5 9999.0 1500.0 

Table 6. 1 La· m 0 mod 1 ob ·o 
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6.5 Discussion of Results 

One problem inherent in all geophysical studies is the 
ambiguity of any particular geol~gical model to a set of field 
data. The source of the problem is that geophysical techniques 
measure physical properties of the earth from the surface to 
obtain the subsurface information. Severa 1 different 
combinations of earth materials can give the same signal at the 
surface. Hence geological information from other sources is 
useful in quantitative interpretation of the data. Geophysical 
techniques also have a limitation in that the equipments used 
have their own allowed degree of error. This applies also to 
the methods of interpretation. 

The seismic refraction and resistivity m thods which w r u d 
in this study have their own setbac ks which wer di cu s d in 
chapter 4. The core- logging also presented a p obl m in 
establishing accurately the boundary between th bould rly 
overburden and the upper parts of the f ac ured f sh b s lts. 
Therefore the decision making equi ed tl lu ion of th 
quality of the results i n tt l i gh o 11 g ologic 1 nd 
geophysical 
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Boreho 1 e •· Core log Seismic refraction Geoelectr.layer 
No Depth(m) . trave 1 Depths(m) Depth (m) 

BH1 4.2 1 . 8 2. 1 
BH2 2.0 2.9 1 • 2 
BH3 2.4 2.6 1 . 3 
BH4 3.2 2.8 2.7 
BH5 1 . 0 3.3 1 . 2 
BH6 3.0 3.0 1 . 2 
BH7 5.0 5.0 1 . 1 
BH9 2.0 3.2 3.4 

Table 6.2 Summary of the core logging,seismic refraction and resistivity sounding r esu 1 ts of the depth to the bedrock. 
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the seismically d termin d depths OH6 nd BH7. Tho 
and BH4 are within the expected uncer t i nty of ± 11 

w i h 

of BH3 

of h 
seismic refraction method. Differences indict h compl x 
nature of the bedrock sur ace 
boulderly rocks, fractu Pd a'd 
variable to be resolved ccu a 
method. Hather 1 y et 1 ( 198 ) 
r· frac or d t c n 1 o 
unm 
in 

u 

loc 

hich is ch r cter iz d by 
sur c . This w s too 

t c ion 
r i in 

im 

t u 1 

n 

u 



89 ... 
The above limitation was borne in mind when comparing results 
fro~.drilling and refract·ion. In the refraction method, the 
dry loose materials on the surface layer constituted a problem 
in determining their velocities·. The velocities .in this layer 
were low and relatively small variation in thickness influenced 
the recorded times. Owing to the fact that the site is 
underlain by the same formation, the velocities of the surface 
layer increased uniformly unti 1 the fresh basalt zone 
(refracting horizon) was reached. Hence the refractor-depths 
were affected by all these factors. 

Refraction results are consistent with the drilling results 
between BH6 and BH7, (Fig 4.2) at the valley bottom.Here the 
surface is even and not boulderly, hence the 
resolved. The results allowed inte elations 
between drill holes with much more confidenc 

efr cto w w 11 

of bed ock d pth 
th n wou ld h v 

been otherwise possible. The boundary of the ref 
can therefore be used as a basis for estim ion of xc v tion 
depth of the dam foundation. At t11s dep h, the b s lts r 
slightly to highly fractu ed and 1e ound ion would 
treatment. 
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The v~i~ey bottom is filled by deposits of varying composition. 
such surface deposits generally vary in their electrical 
conductivities because of heterogeneity, variable moisture 
conditions, and the effects of' weathering and erosion. Hence 
the resistivity results realised at the valley bottom are 
characteristic of such terrains. Taking into consideration 
that the least depth of the first geoelectrical layer that can 
be resolved is 1 m, the results in table 6.3 show that the top 
soils were well defined by the r es istivity method. 

Borehole Core log 
No. Depth(m) 

BH1 1 . 0 
BH2 0.8 
BH3 0.6 
BH4 1.0 

BH5 0.5 
BH6 2.0 
BH7 1. 0 
BH8 0.3 
BH9 1 . 2 

Tabl 6.3 
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consequently, the interpreted thicknesses are greater by the 
sam~ ratio as observed in the comparison, shown in Table 6.3. 
This study aimed at delineating the conductive overburden from 
the resistive bedrock, hence the anisotropy investigations 
which require a number of cross spreads at every station, 
(Matias M.J.S. et al 1986) was not necessary. 

A minor fault with a downthrow to the east is eminent between 
spread k and j of the seismic refraction surveys. This had 
a NNW-SSE trend which is parallel to the major fault west of 
the dam site. The depression observed between stations u and 
q, (Fig.4.2), is suspected to be the surface manifestation of 
the fau 1 t. The throw is to th east, but the present dat 
could not furnish enough information to d te min th 
of throw. 
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Decomp6~ition and disintegration occurred on the top surface 
re~u~ting in the residual.soils zone. The infiltrating waters 
carried the soil~ downward into the open fractures filling them 
as observed in the lower zone. 

These were followed by deposition of volcanic debris of varying 
fragment sizes. These consolidated as an agglomerate bed with 
no joints or cracks of consequence. The surface weathering of 
the agglomerates is very slight indicating short time lapse 
before the deposition of a later basaltic lava; which forms the 
bedrock at the site. The relatively water retentive agglomerate 
bed might have inhibited downward water passage to deeper zones 
resulting in accumulation of water which facilitated w thering 
of the lower surface of the latter basalts. This r sult d in 
the comp 1 ete 1 y weathered zone and 1 enses of re i du 1 oil 
above the agglomerate zone. 

The weathered zone above the agglome ates would h v be n the 
upper aquifer but the constituent mate ials wer found to be 
only moist. It is envis 
on the surface of the 
downst earn. Th low 
basalts, (Fig 6.6) i 
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CHAPTER 7 

EVALUATION OF THE DAM SI~E IN TERMS OF GEOLOGY 

The investigations have shown that the dam site is made up of only one lithotype- the Ngong Basalts. However fresh basalts which compose the bedrock are overlain by overburden materials consisting of dark soils, boulderly rocks and weathered basalts. These contribute to varying overburden thickness at the site. Therefore the excavation depths to the foundation wi 11 vary from point to point. The removal of unreliable overbur en material at th dam site m,y subject the foundation rock rna s to r·ebound. Th prob 1 em of r bound is d p nd n t on the modulus of elastici y of the 1ocl s concrn d, th numb r of rock types involved and hei Plmeabili y. Each rock yp has a characteristic modulus of el s icity. A the Ki i n d m site, · the foundation consists of one 
of differenti 1 rebound herefo e is 
the hea e, the dam should impos 
to or slightly i xc s of h 
This aspect should pu into con i 
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The investigations showed that the foundation bed is fractured 
to ~~rying degrees. The pr.esence of flat lying fractures may 
destroy much of the inherent shear strength of a rock mass. 
This may reduce the resistance o~ the foundatiori ~o horizontal 
forces, to one of sliding friction. In this case the continuity 
and roughness of fracture surfaces is a critical factor. At the 
Kiserian dam site the fractures were not continuous and they 
generally formed rough surfaces. However the keying of the dam 
some distance into the foundation is advisable. This can be 
done by building a key wall or by providing a cut-off at the 
heel of the dam. Another alternative vwuld be a grout curtain 
keyed to the impervious agglomerate bed below the foundation. 
Another method of reducing sliding is o d sign the d m with 
a downward s 1 ope, to th base of h d rn in the upstr m 
direction of the valley. 

Owing to the ex ensive fracturing of the b s lts 1 th qu Lion 
of permeability of the foundation ecomes of p ime import nc . 
Percolation of water through the found tion c n moe fill r 
materials which may be i11ing f ut s w1i c h in tun c"n 1 d 
to different1al s tlement of 
water m y also open f ctu 
the rocl s. 
sc 
our d o 

l 

ound iot P rcol tion o 
in h 

c 



95 ... 
It might therefore be necessa ry to reduce the permeability of 
the fo.undation bed depend·ing o n the water pressure tests, 
(Appendix C) . Seepage rates can be 1 owe red by . reducing the 
hyd rau 1 i c gradient beneath the dam. This ca11 be achieved by 
incorporating a cut-off into the design. An impervious earth 
fill against the lower part of the urstream face of the dam 
can also effectively reduce seepage. 

Another aspect which is a fundamental far-to r~ in dam design is 
the pore water pressure. The pot8 water pressure within 
foundation materials is a var iahle f n 1 ce wltich acts in al 1 
directions and affe, .s thn ~;ng ''' et i 119 pP.r form nee of he 
rod~s. V t iati r) ll" ·i n pot lJtt r U r: lt 1 1 es in the s t 
of s t res ~ i 1' r o c k m s r-> !:> • r o r _ '" 
Of a dRill f OUt d i 011 t 1U C0 S ll _ 

individu berls and bP w n 

l " of r ; c i on 

f o u1 j 1 o n " nd 

cJ t oc l 

n 

m. 
Increase of pore pr p ure '' 1' te 
so decrer se the sho ring s en h 
wi hin the roc l ma SPS. h ref o 
water pressure i an e s 1 i 1 

nd 11 d m 1 

Th1 

11C 0 

hould 

h d m. 

1 f nd 

liding 

h pot e 

don 
elsewher an inr.orpo d ill h 

L f om 1 
Ul 

0 Ut 

1 

1 
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The for~~tion of a reservoir will upset the groundwater regime 
and obstruct the water f 1 ow.i ng downstream. At the dam site, the 
water table is below the foundation bed. Groundwater recharge 
will give rise to a changed hydrogeological envir~nment as the 
water table rises. Some rocks which formerly were not within 
the zone of saturation may then become unstable and fail, as 
saturated material is weaker than unsaturated. This can lead 
to slumping and sliding on the flanks of the reservoir. In such 
instances, the impermeability of the reservoir floor is 
important. Seepage in such cases can be centro 11 ed by c 1 ay 
blankets or layers of silt. 

The right abutment is covered by fr c ured basalts which my 
require treatmen to prev nt seep ge. Flare of th d m t th 
right abutment would also p ovide 1 r e im vious cont c 

Within he reservoir ar a, two faul s were mapped which h d 
general Nt~E-SSW direction. Lea~ age along ults gen r 11 y is 
not a serious problem as f r as t es _ oi s cone n d, sine 
the length of the ·1 0\'1 h i u u l 1 00 long. Th f ul 
mapped on the rn of d 0 h 
emban m nt is l 0 ll . 

udin 1-
axis of th d m. Cor, ; 

m 
c on of h 1 

longi u 1 . , 
c t 

II 
uc u 1 
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The main•tributary flowing from the south is controlled by this fault, and the scarps on th~ valley sides seem to have been cut . . 
down. by the stream. In p 1 aces where the stream has meandered off the fault trend, the scarps· have been eroded down. Hence no present activity of the fault is visible. Occurrence of fault in a river generally implies the material along the fault zone is highly altered. Pressure tests can determine the permeability of the fault zone and the results can be used to recommend on the necessary precaut ions. The hydrostatic pressure resulting from filling of the reservoir basin can cause removal of loose material from permeable fault zones and thereby accentuate leakage. Permeable fault zones can be grouted or if they a.re thin, excav d and filled with rolled 
c lay. 

Fault breaks occur in association of 1 ge nd inf qu nt earthquakes, sma 11 shoe~ s, and con i nuous s 1 i p g ( f u 1 t creep) . The natur~ of dam structu es is sucl1 th t, unl ss du allowanc e has been made 111 design, n mo emen of the foundation beds may le d to s ious s uctur d m g . Earthqua es impart acce l t i or o h m which u u 11 }' increase t e ff ctiv 1o din on 11 n 11 w nc of a I or i zor 1 o o 
m d for oc ) . i G 1 

cc 1 r on i n 

1 ho 

0 

'oc 
( 
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CHAPTER 8 

CONCLUSIONS AND RECOMMENDATIONS 

8.1 Conclusions 

The seismic refraction and resistivity methods have mapped the 
overburden/bedrock boundary of the dam foundation. Photo­
interpretation, geological reconnaissance and core-logs have 
confirmed the rock formation at the t' iserian dam site. 

The dam site is underlain by ba~ lts 
composition. Black cotton soils cover I' 

of fairly uniform 
s 1 ts t th v 11 y 

bottom, while the abutments a e coer tl by continuou bould rly 
outcrops with sha 1 1 ow dar! so i 1 s. The th i ckn of th 
overburden materials is more or less uniform nd follow th 
surface topography across he d rn- ax 1 s. Th ov rburd n 
materials on the valley bottom e n i nl tr anspor ed whi 1 
those on the abutments are au och O "' OU • 

Although the faun ion b d h 1 ut 1 o m, n compos of on -ion, 
T~ f c tur i n 
cor i nu i y. 

1 

u h 

l 
0 
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During ·core-boring, advi ce on the depth to be drilled is valuable, when a crucial layer or zone is reached which needs I recovery to unveil its extent. 

8.2 Recommendations 

It is apparent from the results that excavation of the dam foundation will take the s hape of the surface topography. The overburden materials, composed of the black cotton soils and weathered boulderly basalts should be stripped. 

The overburden/bedrock interface del ine ed by the cor - logging would be the most appropriate dep hs to be exc v ted c o th dam-axis. This wou ld be to a depth of 2.4 m t th v 11 y bottom, and a depth of 1.2 mat BH5 {left butment). On th right abutment, the excavation depth at BH1 should b 2 m to 4 m in order to scale off the loose masses of rocks betwe n BH1 
and BH2. 

Stripping along the va 11 y ot om ( 10 19 i u in 1- i of th dam) should b b tw n 2.4 0 d nd1n on h hickn of the residu 1 oil l y nd ur our h r d r k 

G out1 t on th ound '10r '1 
0 h 0 n r c ·u 

0 
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APPENDICES A 

SEISMIC REFRACTION 
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APPENDIX A.1 

THE·PLUS MINUS METHOD OF SEISMIC REFRACTION 
DATA INTERPRETATION. 

The plus minus method uses the principles of intercept 
time and delay time to determine the depth z of the 
refractor as dicussed in section 5.1 

Time-distance relations for a two-layer media which dips 
at an angle a, having respective speeds of v and v , 

1 z are illustrated in Fig. A.l .. 

r 



... A. 1.2 

The ray path for the first refracted arrival consists of 

three linear segments: 

QR along the sloping interface at speed v 
z 

SQ and RG in the upper medium making an angle e 
c 

with the normal to this boundary. 

Shoaling downdip. the total time 

detector ic: 

•I 
t f om shot 

+ 
t == t SQ + L1F< • t r..:G ••••••••••••••••••••••••••••• 1 

h 
cose 

c 

M co 

( 

to 
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1 ( zcosoc = C'O'Sa :{- case 
c 

= case 
c 

/ cosoc = 2 case 
c 

Therefore 

= ~ ( 
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bLl 

H nc: • 

)( 

zcosoc 
case 

c 

- l v c 1 
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I 

) 
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) 

A.1.3 

sin ( i +oc) 
c 

/ 
z cosoc ) case sin <e c +oc) 

c 

) + Vl ( Z/ t:OS OC 
case t c 

noc 

, 
0 

(QR} 
v coaoc z 

. . . . . . . . . . . . . . . . 
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The updip velocity (v > and do~ndip z 
+ velocity . (v > . z 

are not true velocities and can be expressed as 

v + 1 v == z sin<e +a) ................................ 4 
c 

v 
1 v = z ain<e ·-a> ................................. 5 

c 

Equations 4 and 5 can be uged o d ermin. h c itic 1 

angle 

Th 

e and the angle of dip a. wh c 

sin <e -+a> = 
c 

in <e - a> 
c 

0 

v 
1 

+ v 
z 

v 
1 

v 
z 

. . . . . . . . . . . . .. 

. . . . 
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. , 

adding equations 6 and 7~ we get 

1 ( 
v v 

) e sin 
--·1 1 

+ sin 
--1 1 

.............. 8 
:::: 

2 c + v v z z 

subtracting equation 7 from 6~ we get 

rh 

1 ( 
v 

sin 
- i_ 

0: -·- -;;-

intercon time t • 
0 

1 

l 
v 

z 

v 

) ~in 
1 1 

... il ••••••• 9 . . . . . . 
v 

z 

can b d termin d hi 11 y 
from Fig.A.l. or numerically f om h cons nt p r of 
equations 2 and 3 

~Jh r e, 

2 
0 v 

t 

v 
I 

c:o a ...... ................ 1 t 

........................ 
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t ~ 
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t SQcb 
= t::: 
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= t = 
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A.l. 7 
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c:ose 
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(N ·- ~·! ) 
1 

v 
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1 

case 
c 
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( h +h ) ••••••• 1 9 b 1 

Difference caused by the ray traveling from 

in!:itead of going S~traight on (cd)~ can be written as 

t == ( l·t: ) - t. •••.•..•••.•.•.•...•••.••..•• '">I) b 1 2 X 

case 
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APPENDIX A.2 .. 
SEISMIC REFRACTION DATA Site: Kiserian Dam 

Pr. S/W Sp. · A-8 Pr. BH5 Sp. Z1-Z2 Pr. S/W Sp. v-w Date 23/11/87 Date 24/11/87 Date 20/11/87 ' x(m) t 1 ( ms) t 2 ( ms) x(m) t 1 (ms) t 2 { ms) x(m) t 1 (ins) t 2 ( ms) 0.0 0.0 38.0 0.0 0.0 40.'3 0.0 0.0 47.0 1 . 5 4.5 1 . 5 19.3 3C! .• 1 1 . 5 18.0 3.0 8.9 35. 1 3.0 21 . 6 14.7 3.0 23.9 44.8 4.5 13.3 4.1) 23 .0 2 t\ .• 1 4.5 26. 1 6.0 17.8 30.9 6.0 24.4 32. ,t 6.0 32.3 42.8 7.5 25.3 30.0 7.5 2 8. 1 20 .4 7.5 35.5 9.0 26.7 29.6 9.0 28.7 28.9 9.0 27.5 40.0 10.5 28.8 10.5 36. 1 26.3 10.5 12.0 29 .7 25.5 12.0 33.4 23 . 0 12.0 30.6 38.0 13.5 33.2 24.9 13. 5 34.2 22. 13.5 31 . 4 15.0 32.0 21 . 9 1 5 . 0 34 .4 18.6 15.0 33.0 33.6 16.5 19.0 16.5 37 . 12 . . 16. 5 18.0 36.0 13.8 1R.O 1 3 27.5 19.5 4.9 1<J.5 38.8 4. 1 21.0 38.5 0.0 21.0 41 .o o. 2 1. 39.6 25.0 22.5 2?. r ?2 . 3 7. r: 
24.0 2 .0 24 . 0 38.3 4. 25.5 2c:. 2 . 14.2 27.0 27.0 27.0 44.0 8.2 28.5 28.5 2 . 30.0 30.0 0.0 7.0 0.0 

SEIS-1IC REFRACT IO l l Site: Kiser1 11 Dam 
p BH1 Sp. -J s 

/87 
2 ( m ) ) ) 
9. 



HORZ 

SCALE 
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APPENDIX A. •3 
. ' INTERPRETED SEISMIC REFRACTION 

DEPTH SECTION ALONG BH 1 PROFILE 

10 1.0 
I 

u u u St ismtc rtfroctor 

fnftrrtd Stismic fractor 

1020 Loy r V•loc1ty (m • 

FE Spr ad po 1t1on 

Ninor fault 

... 
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APPENDIX B.l 
GEOMETRICAL CONSTANTS (K) FOR SCHLUMBERGER ARRAY 

AB/2 MN/2 (m) 

(m) o .• s 5 10 25 50 100 .. 
1.6 7.26 

2 11.8 
GEOMETRICAL CONSTANTS K 

2.5 18.8 (Schlumberger array) 

3.2 31.4 K 
(AB/2) 2 

-
=lT MN 

(MN/2) 1 

4 49.5 
p t;,v 

= K-
I 5 77.8 

6.3 124 

8 200 
~ 

10 313 
5m 

13 530 

16 803 72.6 

20 1260 118 
10 

25 1960 188 

32 3220 314 145 

40 5030 495 236 

so 7850 788 377 
m 

63 12500 12 0 08 

eo 20100 2000 0 

100 31 00 1 0 

1 0 1 0 0 

0 l , ' 



APPENDiX ~.2 

HORIZONTAL PROFILING_ DATA 

LOCATION: /{I~ e /2....1 rf A./ -9A-A...1 s' re DATE ':Lt/1/~'i? 
OPERATOR A- e. tA (..-{ e. u . Resistivity Profiling 

SEPARATION a..='$-', 10 2s- cfio,._, AB 
array 

AZIMUTH 
R !::MARKS p ..-of"L ~.r c o "'e:C u d ,..& ~ ~ t:Ld e..f!.. ...f--.o 

-H......e. .S-h·eo..h't. ~~.<.rse_. f.ec..awd..~~-<J ..s.fati?..; t. ~ 
U/&.YIJE/0 

~ d~ . co-r,J' . . -
GEOMETRICAL CONSTANTS K 

( Wenner array ) 

K = 2lTa 
. f'a= 2lT a tN . 

T 
., 

-
GEOMETRICAL CONSTANTS FOR SEPARATIONS : 
~ == (,t.fYl ~ =- '2..'5"• 1] c:t==2.{ ..... J(=:.. tS+. o~ 

) I 

a ::: to tv\.. ~-=- GJ.. ·8J t:t. = L/-0 IVV,. IL =- ll"l lJ .I 

. -
a 4- n? /0 lVI :LS""~'- ({.CJ 

D.V ~v ¥ v- -----
Station T I Pw I I Pw I Pw !Pw 

fft 2 ·rL IGJ·n I· S" 2.1.. I qs-.(.} O·tt-J 1 I ~.co " 27 ~ I ro?·sc.. 
H-2- I·C?62.ICUf.J/ I·O'U; ~~(L.. fC-6 0·2.tt) lll6.o2 o ·' G I <~-t. o 
/f_j b-c;("6 lt(-·<v, ()·0 .-'tJ{ I? I. tL ~ v· 21..}Ll :?s- '7 c:J.f(oS£-1.21./f 
{./.. ~ 0 . ) :.ryJ ' . fi.Z.. O·l.t7y..l.zc; ·~'1 o.au I J:r. . ...,, l • Ill I e·u+ 
f!~" ....... 

,) I· 6:(-o I (JI·~? O·C.t7 lu..l·.!"y.. ,~, I lt<i· 1 o·~se l22.. ·ll.. 
fiG o·l6 'f lr5'"·~ O·~ . .U.j !2.1 · ~l . 0 ·I~ () I :.G. ·~ o./J o I ;7. :;.. 
~~ ::r . 

J. ·:t·7 II C.t;·€b ,.,~, I "' 7 lo·2.2.$' 1 3~24 l•ll"7;>l ~ ·~' 
Ht> O•b l'f It~·~?. lo·"~ l27.rJ o 1:ro .I <t. ~~ ~·II() !2.1 ~1--
119 12 .. ~, I r:-1 (;o I() ·~'t 1 l.u.~ o ''u II r.fJ.I IC"J·' : fi! I .JI· :;' ~~ 

I I I I 
I I I . I 
I I I I 
I I I II 
I I I I 
I I I ·. • ,f 

I I I I 
Ill, 



APPENDIX B.3 
FIELD DATA AND CURVE FOR ·VES 57 - -

lOCATION: •. K1SEJ1.1AN l>A Nf S 11E DATE '. 19/t"/U I 
I ; -

I 

OPERATOR: A bu,~rv- V.E .s · I SPREAD N~ I I 

I W....\IMUM .. AB/Z ti!>o m. AS AZIMUTH Sw-A/E 
REMARKS : S? I 

. }111·'12 · C..h d. "'-J e. c) {v o ...,· 0 · S 1'\o' ~ I 0 IV) tt..t._ Af! = L.I.Otl-o I ~ - . .. ·-· ··- ·-MN/2 AB/2 K &V I I p MN/2 AB/2 K AV I I p MN/2 AB/2 K ... vI I p 
0•'> I· C, 7-.l~ f.S. · i;:f 31·00 O•f" n .. ~ l '2..0 o .oz..n,. ~l·t,t. -

,, ~ II·~ :l_ .qq 3S·2.8 , f./.0 )bso O•Of~] 1(,•4(; 
( I l. ·S" r 'b-y l. •I, 'l 'lo ·'lo , 

S"U 78~0 O • C}a~( {,q ·lb 
II 3 .'2., Jl• ~ r ·~ t+r·q to '1- 0 7..3~ ~ · 2.$0 t,&,.of, 

II tJ,t> t~-'? · ~ I• f cf .3 !b ·S'a " so ~77 0 . ( 9-:l.k. !l,t. .IJ 

" s 0 71·~ 0 · 'X;!..{ 6"'-tLl ,, 63 bO'l o •Otr"68 )1·7.1 . 
II 6·3 1'2..'1-- 0·5~7 ?~o'l II ~0 910 o · ~lf.C(.f:. 1..11 ·1 ,, e'·O ']..D O 0• (,t~ 2.. ~ -'f- t (00 t \b o lo·o2..6b t.l-1·~ , (0 .3t] o · ~ <t '& 19&· 'f I 
II 13 S' .3 () o ~l't · ~ t e. 2..· & 
,, 16 soJ 0· ,_3 s- f~· St- I ':' 

II '1.0 t Z..60 O•Of.'ti/ tlf·O I . I 
'( 'l.S" If/~ 0 o · O(,t?; '1'1-~ I 

Station N9 
2 3 4 5 15 7 8 g 10 11 12 13 14 1!1 1 17 1 19 20 2 1 22 23 2 25 215 '17 2 " 2 

I I I I I I I I I I I I I I I 1- ' j I 1- -~· I -~ -
I 

~ 
I I I I I I 

i I I I I I 
I i I i i ! I i i I I I I I I ·I I u 

2 

I I I ! 
10 I I I 

9 IC: 
g 8 
8 7 I ' 

I . 
I .. 7 8 ' I I . I I 

I I I T ' I ' I I I I I ! . 8 I I I -, I !I I I I I I I I I I I 
!I 

4 

i i I I I i I i i i I I I I I I I 
I 

i i I i i I I I I I I : 3 .. 

2 

1-
0 

•11,; . -
1 ~ 

v· 

/ oor,r: . -::-. .:::._ ·:- ·-_i::__-_.=:,:~~~ ~=- =:-:::. 
~ 

~ - .. 
. ·~~~ . .;. .. T ¥" 

~- ~- _;. i: . ~,_ .':. ~- ~.J. ~--::;,.. 
~ f ; ~ -- != ~ .: ;.. _;~ •=:::~-:~ --= ... 

R • ·--
~-.: 
:: -,~ :.., ,-1: l 6.1 J ,., U I ~ _,._ ~ J~ ,l.J ~ ~ -~~· ... ~ ~~-~)0 't .0 le:,.;) 



APPENDIX Be4 

COMPUTER MODEL ANO CURVE FOR V E S S7 , 

File•number 14: S7 

l"leasur·ed appar·12n t resisti'1ities . 

Nr. L /2 F'a 
1. 1.6 :::::1 . 0 
2. 2. <) 35. :, 
~ 2. ::, 41.0 ~· . 
4. -:" . ., . .;, .. ..::. 49.9 
5. 4.0 :'·6. 6 
6. 5.0 64.4 
7 . 6 . 3 74 . 0 
8 . 8.0 86 . 4 
9 . 10 . 0 96 . 4 

10. 13.0 102.8 
11. 16.0 108.4 

Resistivity model(s). 

Nr. Depth(m) R s.(ohmm) 
1. 1.7 . 27.0 . 
2. 3.5 710.0 
3. 9999.0 43.0 

Nr. 
1 '7 -. 
13. 
14. 
15 . 
16. 
17. 
18. 
19. 
20 . 
21. 

H.odelnr. 
be in 1 

end of 1 

~DO.. 1 Fre~:; <r. TER> 
1868 

1. 

p 
-m 

L/2 
20.0 
25.0 
32.0 
40.0 
40.0 
50.0 
50.0 
63.0 
80 . 0 

100.0 

F'a 
111.0 
94.1 
82.4 
76.9 
66.0 
69.2 
:'·4. 1 
52.8 
49 .1 
41.5 

S7 

.,. ... .... · 



APPENDIX B. 5 
COMPUTER MODEL AND CURVE FOR V E S 5 .15 

File number 22: S15 

p 

1666 

108 

Measured apparent resistivities. 

Nr. L/2 Pa Nr. L/2 Pa -1. 1.6 5.99 11. 16.0 20.1 2. 2.0 6.81 12. 20.0 22.6 ..,. 
2.5 7.86 ... , . 

13 . 2~i. () 23.6 4. "":! ...., ·-· ....... 8.98 '14. 32. () 25.8 5. 4.0 10.5 
1 =·· 40.0 27.8 6. 5.0 11.2 16. 40.0 27.0 7. 6.3 12.6 17. 50.0 30.5 B. 8.0 14.2 18. 63.0 57.2 ' 9. l.O.O 16.2 19. 80.0 '40 .6 to. 13.0 18.8 20. tOO.O 93.6 

Resistivity 

Nr. Depth(m) 
1. 1.5 
2. 4.4 
3. 8.0 
4. 22.0 
5. 9999.0 

noon 1 

model ( s). 

Res. ( ohmm) 
5.20 

20.0 
80.0 
10.0 

1500.b 

Modelnr. 
begin 1 

end of 1 

':' 

S1S 
:::" ..... ;· .... -· .. -· ;·. 'T"" - ... rl· ..--·-........ -. ---............ , ... -.. r .. t .. . • • f I II I :" .. 

. ·i ... 

... · _.,· 

~ 

-m 

1 

., 
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PACKER (PUMPING-IN) TESTS -
Par::ker pressure 5.0 Bars Diameter o1' hole Bb --Depth ct section -'·s-o to 7·CII m Date 13 · 1- w ';r 
Bottom c"f r::asin~ +-5 m Borehole No.z. 
lnit. ~round wa er lev.t.-·B!!> m. Packer type S•N(;L.E Gauoe t above around m Tvoe o1 rock BAS 1\ L T 
~auge l~me (m~nl u :J ~u ~::;, l l-lve~aqe , 1 0"" Pressure 

0 • / "'~ " 

1·0 ~!~:;e~::ed~~~tick ( 1 ) Y.JC b•lj '73 04· 'I.!!_H ..,~ · ~ .....!!:..!L. 
II • lu e . c.lo 

I· .S 
flowmeter dipstir::k ( 1 ) ~3•1· 7 H•f·9 ~1<>7·9 53', . ., -~ 
Water take (ll e. :1 t . ... ' . '..J 

2·0 
flowmeter dipstick ( 1) .,l•8 ' ';IJ•~ · 'j~· l "j)"'' I • .2.:.£S'l 
Wate-r take C 1 l .. . !> r . t' u 

I·S ..flowmeter dipstick ( 1 ) '9)••3 · ") ~H•'i ·1 ~l05 I. 'l•1 ·~ ~2 Water take ( 1 ) c. '2. e. 1 
Flown.ater dipstick ( 1 ) ':13~5 ~3'• bl".:!." ~n., .._ ~oc;J ~-0 Water take ( 1) 

c. I C· v C . C 

Deoth of section 7.oo to 9.co m.loate •-s· 1 - "S'l3 Bottom of casing ~ · S m1Borehole No. ~ lnit. ground water lev • .5·2 m.
1
Packer type s•.,<-L£ 

~e nt above around C-IC m. Tvoe of rock a · ASI)I..I 
ge l~me (mJ.n) 0 5 1 ~ u l :J I ><ve r a~e 1lo .. Pressure o ( / mJ.n) 

• u I · 5 
[f lowme~er d~pst~ck ( l) ':!Ail 5 ';1!:1_l 5~ tlll·4 .....IC..£ 7 ~ Water take (1l ... It;$ ... L~ c. -Flowmeter dipstick ( 1 ) 'H93 · 'I'm; ,.n r 1 ,.o 'J"2·~ · 4 ~z. 
Water take ( 1 ) e. ; '· c e . c 

3·0 
Flowmeter dipstick ( 1 ) <}':2_"'·1 .,~'jft · t.!ll'S'];:l.'5·J ~3 . 
Water take ( 1 ) C· s- c. 3 (), 

2·0 
wlowmeter dipstick ( 1 ) 'l~'l7· 1 ~ ... E 119"1S7., '~!H I c.c'2.7 Water take (ll c. b co. o c- l ~ Flowmeter dipst~ck ( 1 ) ~:Z.'j'j.f> 

9H9· 1 ·n~'~t'~' · ~ . r..o lt-1 1·5 Water take ( 1 ) 
, ~- ~ b t· c I "· 

Depth of section S·"" tc\I · IICm. Date 15 · t-'3g 
Bottom of cas in~ ~ · 5 m. Borehole No.-z !nit. ~round wa er lev.~.~ m. Packer type S.l ... t:.LE Gauqe t above around "· io m. Tvoe of rock s·A.SAt.T 
~auge 1 ~me (ml.n) 0 5 I 10 1 5 Averaoe !low Presc;Lre c 1 1 / mJ.n l 

I· .5 
~.lowmeEer dJ.pst~ck ( l ) .,.J'.!_2 · t '9!2_1 !Jill !lW5 ~~ Water take (1) 0• 

, 
~ . " c. u 

3·0 
Flgwmeter dipc;t~c:k ( 1 ) 9)-H-•1 9!._!C • '~~ ;)~ ~ , l.:..!.Q 
Wa~er take ( 1 ) $• {, 7 ~ e. 

~.o 
Flowmeter dipstick ( 1 ) 't}_!.l·& 9JM3 ., .. )7. !>!_'l · '51 B)} ~. . Water take (1) '.i" ..s~ ~.it. Flowmeter -~ ~ 

J. 0 d~pstick ( l ) 91oiS·I .,~§1 '9£!1 · 'llY-· _li'2. Water take ( 1 ) I Z• l+-ll ., ;r. s; 

1-5 
Flo..,m~ter dipstir::k ( l } 9.S2:T·"'1 ,s11s l ~i!1 '352~~ ~73 Water take ( 1) t1. I c. t. .-. CJ 



PACKER (PUMPING-IN) · TESTS 

Packer pressure ~-0 Bars Diam~twr o~ hole 86 ... 

I·G" ( 1 ) 

Flowmeter dipstick ( 1 ) 
-~ A_·O Water takl! (1) 

;J..s 
Flowmeter dipstick ( 1) .Q..!..{21 ~ Water take 1 
Flowmeter dipstick (1) ()•0 Water takl! ( 1 ) 
Flowmeter dipstick ( 1 ) 

O•C (-~ Watl!r take ( 1 ) 

~~~~~~~~~~~7-~~~~~~~~~ 

u~~~~~~~~~~~~"~4---~--~--+---~~~~~~~ owmeter dl.PStl.C 
Water take (1 ) ~ r-~-=~--r.F~l~o=w~m~e~t~e~r~_~d~i~p~s~t~l.~- c~k~(~1~)~-+--~~~~~~~~--+----~--Q--------

~ r-~~=---~~a~t~e~r~~t~a~k~e~~C~l~>------------~--~~--~~~~~--+---------------~ ~ (1) ~ 
~~~~~~~~~~~~~~~~~~1~~~~~--1------------1 ~ (1 ) ~ 
<r.-~~-n~~~~~~~~ .. ~--~~~~~--r----------1 

Flowmeter dipstick (1) 
~ Water take· ( 1) 

!,-f) 
Flowmetl!r dipstick ( 1) CJO Water take ( 1 ) 

J-0 Flowmeter dl.pStl.C 
Watl!!'r takl! ( 1 ) 
Flowmeter dipstl.ck ( 1 ) 

~ · D Water takl! ·c 1 l (-.. ~ ~ • I {'~ 

, 
' 

Pack~r 



- PACKER (PUMPING-IN) · TESTS 

Packer pressure ~-0 Bar5 Diameter o~ hole 86 em. 
Deeth o~ section -=1;~D to tc·t·C•m Date •s--.:2.-9"3 Bottom of casin9 ~~ m.Borehole No.~ lni t. ground wa~er 1 ev ./•bS m. Packer type s• .. (:, ......:= f Gauoe ht above around ~1<- m Tvne of rock t.UE:t:\~R£il ~L-7l, ~~~L 
Pressure a 1 ~/ml.n ) 

! 

l~auge f.1.me (ml-n) I 0 ~ J.:5 IAYerao'; lo .. 

\ ·s; £;1owmeter dipstick ( 1) _ _ Q.:_Q_ 
Water take ( 1 J o. · O ~--,,..---~ £1owmeter dipstick ( 1) _ I ~ 
Water take ( 1 J -e>· o-clo-o e..-

flowmeter dipstick 
r-•'*a...'_O_--J.=Water take ( 1 J 

~lowmeter diostick 
!Water take ( 1) 

( 1) 

( l ) 

Deeth of section tO· c::. to ll.·com .loa te r s--:l- -1'!."6 
Bottom of casing~-c • mJBorenole No.b lnit. ground water lev.(·t,$· m.!Packer type s•~&L.Ji<-Gauoe nt aoove around O· tS mdTvpe of roc~ A66-1-~n7e4~1TG l§auge 1 1.1.me (m.l.n 1 I 0 1 ::J I ~0 I .!.5 ... verao

1e : lo~ P-ossure o • J m.Ln J 
!Flowmet~r C.l.DSt:l-CK ( l) I _ 1 _ j _ I _ 0 Q ;;1.. • 0 • rwater take ( 1 J o-le viC _o lo ~~~~~~~~~~~--~~+-~~~~~~----~~-----· !Flowmeter diost:ick ( 1 l I 1 I ~ rwater take (1) -o-:::.-C"l"~-0·0-

~ .() 
[flowmeter diost:ick ( l) I 1 I 
!water take c 1 J "(:.. o -C"LOo o-
[flowmeter diostick ( l J I 1 j 1 I J.. ·'"S lwater take C 1 l -0-b - (> o- d-o-

f lowme~er dl.pS<:l.Ck ( 1) l b j 
1 

n, 0 Water take ( 1 ) - - I -_r!'-- CJ· C'JO 0 
Death of section tl<-CJ to l(f-ccm.IDate C&-~-BS 
Bottom of cas.1.ng +-c.O m.IBorenole No.c;;,. In.1.t. ground wat:er lev.!·"=S m.jPacker type ~r~c=.-Le:. Gauae nt aaove nround e -tc::- m.ITvne af r0_ck tt&&Lc.rnE..&L~TG' 
:~auge u.me (m.l.n) 1 0 5 1 10 1 15 l ~veraoe ~ l ow 1 Prossuro I o ' l m~n l 

~-lowmecer dl.OSt:l.ck (1. l _ _ 1 _ _ I O · CJ ?.•$'" Water take (1) o.o 0 1c c.-0 

3.-D 

.6-o-

Flowmeter dipstick 
Water take (1) 
~lowmeter dipstick 
Water takl! (1) 
F1owme~er dipst.l.ck 
Water take (1) 
Flowmeter diost.1.ck 
Water t.ake (1) 

( 1) 0·0// 

( l ) 

<TI oo 
( 1 J 

- 6·l<.>_-<-· 



P~C!JCER (PUMPING-IN) TESTS 
Packer pressure 5.0 Bars Diameter o-f hole 

8b --Deeth o-t section.2j·O toU·cm Date tS-2-:!1!? Bottom of casing ":+-0 m Borehole No.t. !nit. ground wacer 1ev.f·os-m Packer type _!;.cl-lQ-LE 
~l't.S~T 

Gauoe ht above around O·IS" m Tvoe o"f rock U><EA\tf.t i!C:.b !§auge T.1.me TmJ.n) 0 ::J 10 .l:J 1o:.ve ,..a~e !ow Pressure 
o 1/run l 

3-G 
;1owmecer dip5tick ( 1) o ·c 

-(f'j. - - ---Water take (1) ,..._ 00 ~ " 
4·0 

£lowmeter diostick ( 1 ) - f~o.b-,.. . a-c-os-Water take ( 1 ) (1• lo-

b'D 
~lowmeter dicstick ' (1) - til:" ol-o - -~3 Water take ( 1) 0· c 

4•0 ,flowmeter dipstick ( 1) - h-l"ljf'-0 I 0·(' --Water take ( 1 ) ,, 10 lflowme_ter dicstick ( 1) -oJ -(l.b -£1 r-- I t'·O I 3·-s- Water take (1) . 

Deeth of section26·o to.<8ran.loate 19-;:a.-88' Bottom of casing ~<::> • mJBorenole No • ..b _ lnJ.t. ground wat:er lev. 1·£:"5" m.!Packer type 5-cJ-><:>-L...L=-~r nt above ground Q·c,S: mJTvge of rock UJ.t::f'l<t-le~D R~AL T • e 1 1.1.me lmJ.n) I 0 1 :'5' 1 10 .~.;:, I ,..ver-aoe ;Jo"" P-essuro 
o l/mJ.nl z . .s- ~lowmet:er-. dl.OSC.l.CI< (I) _ I _ l _ [ _ I r-.o .Water take ( 1) o. o r:> c:- o c. 

~lowmet:er- Oicst:ick ( 1) I - b-~t~. oL~ I o -c..:J.s-..q..c Water take C1l 0· • 
(;·O 

~1owmet:er- dicstick ( 1 ) I - ~-oL1 cJ1:- I 0 ·<-.],·;-Water take (ll 0· 
w1cwmet:er dics~ick ( 1 ) 

I C> ~.,_-o~.(;-clo- I O · CU~ 4·C Water take (ll 
(')• 

flowmeter- dicst:l.Ck ( l ) 

I --;. k -olv-cIa- I ~0 I 3-s-- Water take (1) 

; Deeth of section 5· c to -:ro m ./Date 1 4-12..-~1 I 8ottom of casing 4·0 m.laorehole No.7 lni t. or-ound water lev.2-~ m .,Packer type 51,._,<: l..E Gauoe fit aoove ar-ound m.Tvce of roclc '(£&>.:s-+L...7 I .:~auoe IJ.n>e 
Pr-"!ssuro 

(mJ.n) 
I 0 5 I 10 I 15 Averaoe -low 1 

a 'l / mJ.n l 
(·0 

~lowmet:er OJ.csc~ck ( l J• I -1). 0 -o lo-r - Q..:..O Water take· ( 1) 
0 

,,c;-, w1owmeter dipstick (1) 
b -jO-r.J C)•() Water take (1) - --0• l., 

.;>.. 0 
~lowmeter dicstick ( 1) 

o -OJ£'-(' O·C.. - -Water take (1) 
{). •r> 

I'S" · 
Flowmeter dips"t:.ick ( 1 ) 

<2.:.S! Water take ( 1 ) 
o). 

- o r,-o -0 0 
(•0 

Flowmeter dipstick ( 1 ) 
-o.lo-oL~~ I Q.:Q0.3 Water take ( 1) - i ·0 



PACKER (PUMPING-IN) · TESTS 

Packer press uri! :5.0 Bars Diameter of holl! 
Bb -· 

Depth of section llf-0 to fb· 411 Dati! l'il-l'L-S":f 
Bottom of casin~ 4-t> m Boreholl! No.7 
I nit. ground wa er lev.3 -2C> m. Packl!r type ~~~6Lt" ,j, 
Gauoe ht above nround e>·2-0 m Tvoe o1' rock ,-.,6Q-£.,rn€R.R7U. ££\, k t L 
1~auge TJ.me (mJ.n) 0 :::, 10 -r5 !Avera?e tow 
Pressure o 1/•J.n) 

3-D ~lowmeter dipstick ( 1) 9C:>22-t 'ibP(~ '1~-t:. l'1c£i.e C>·C 
Water take f1 l b 0 0 0 0 0 

3·5"" 
.flowmeter dlpstick (ll 9D~-7 ?~fl ~,, 7m- ·, a.....c.u.3 
Water take ( 1 ) 

4·0 
flowmeter diostick ( 1) ~-~ ~ 7~ ~Q!&!/1 Q -~e.·7 

Water take (I) c. , .... 0 ~ 

3-5 ~lowmeter dipstick ( 1 ) - - I 0 ·0 
Water take ( 1 ) ~- ~-(1.- ,.. lu-
Flowmeter dipstick ( 1 ) 

I O·C. 
3-0 Water take ( 1) - - - -

~b c- , ('. I (I 

Deeth o-f sectioni(,-o tof~·cm.IDate.:2..f-t2.. -'6 ?-
V) 

• u 

Bottom o-f casin~ 4-·r• m-jBorehole No.7 
Init. ~round wa er ev.4f ~cm.Packer type S'"-'G~ 
Gauoe t above r:~round c·.O:.Q m.IT::tQe o-f rock 12.o=~tl.ui\L cc~• L~· 

[Gauge lJ.me ( mJ.n) 0 j 5 1 10 1::. I Hveraoe "TJO 

Pressure 0 (}/m1n) 

4·0 
~lowme~er dJ.pstJ.CK (l) ~~.$ ("~~~, , 'fci.! I Q.:.l2.C 
Water take Cll -,. ,a. 0 ,. . b- . 
Flowmeter dipstick ( 1) '/of:±.:; 9cfr~~lli1 '741. ~ -

G-o --Water take ( 1 ) :a. ~ (,. C> ~-

--flowmeter dipstick ( 1 ) flo'6·7 <fr{t..st~ ~f·$ 1 . 
to-o --

Water take ( 1 ) I· II •-'· "· 

G·O Flowmeter diostick ( 1 ) 'f7Cl,lf. f '(r~~1~~~ <7F'ffi ·il 0·0 
Water take ( 1 ) (I D (). " · ~ 
~lowmeter dJ.pstJ.ck ( l) ~06~· 2. rcazl'i~·'-~kB 2l <?·0 

4·0 Water take. ( 1 ) 
("!(' ~-0 0" 

Deeth o-f section l'il·t.l to:Lc_1 m:lpate 21-12.- '->1 
Bottom o-f casinf+o m.Borehole No.7 
!nit. ~round wa er lev . .t.ISS"m.,Packer type suvf:-l.--G 
Gauoe t above r:~round c.. -2.0 m. Tvoe o-f rClck ~ec:; 1l:>U~L-SNL~ 
.:.auge IJ.me (m1n) 0 5 10 15 !Averaoe •low 
Pressure ~ o (1/m~nl 

4-o 
[.!:_.Jowmeter dJ.pstJ.ck. ( 1) ':JcU, .(, l<ft'~· t r>c-!:4--c 
Water take (1) ,j 0 

C)c'U.-( ..£:..Y 
0• - l"'l· 0 

~-o 
Flowmeter dipstick ( 1 ) ~-<J 'l~·'} l'lc&!." 'id.J-•• ...J:!;S' 
Water take ( 1) () , ,.. ('. ' (' i: 

.tC·O 
!.lowmeter dipstick ( 1 ) fk·41·7 ~t~-( 'it:f!\ ~ ~JJ -1 ~) 
Water take (1) (). l" · C' (I (I 

"·0 . Flowmeter dipstick ( l ) ~~d f(cU·l ~;:u~ ~ Water take ( 1) "' b-o 

4--C Flowmeter dipstJ.ck ( 1 ) 'jC.~·+- !fc~~yrr_y~r~ -~ ~) 
Water take ( 1) (' .. "' t'· . 4-0 
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APPENDIX 0 

WEATHERING GRADES 



• J . 

APPENDIX D 

WEATHERING ~RADES 

FRESH - (F): No v i s i b 1 e s i g n s of 1·1 eat her i n g . 

SLIGHTLY WEATHERED - (SF): Discol ouration indicating 
weathering of rock material and discontinuity 
surfaces. The reel', s u t· f aces are disco 1 ou red 
by weath~t~ i ng and '" e some what weal~er th n 
in its fresh conditi on. 

MODERATELY W-ATHERED - (H.W.): L ~ l1an lid 1 f of r- ck 
m( terial 1"' dec:omr o~ soi 1- 1 h o 
disco loured r ee l i~ 1 r s n i h 'I 
con i nuo IS fr a le\IOI I 0 1 as co 1·es tones. 

HIGHLY WEATHERED - (H.W : I o e h n 1 1 o t ocl m 

C0 -1 L n 

I U I 

is d com d or· 
F s l o 

-c rl nuou 

() -
I I I 

d 0 so i 1 . 

n 

1 

l 


