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Enginsering oecliogical study o+ an area amounting to 25:m® iving on the
Western ban¢ of Omoc river at wnich a town is oroposed to be located. was
carried out. The studv aims at evaluating the suitabilitv of the area for its
planned land use (urbanization) after considering the main existing and

potential hazards which mav saverely endanger or preclude the various tvpes of

civil engineering works that mav pe associated with the urbanization. ™8

The studv revealed the oresence of hazards, such as. th=s hiagh seismicity
of the area. propable floodina due tc the fluctuating level of the Turkana
lake lving 20 km 5South, the wide soread occurirence of sink holas and Cracks

..u—-—'__'_.' .
jormed due to hvdrocompaction and piping of scils 1n the study area. andJ;he
medium to hign comoressibility and low strerath rature of the sciis ungerlying

the area which finallv proved the unsuitability of thne study area for its

praposed land use (urbanization).

The 1local geologv of the studv area consists of clavs., siltv clays,
clayev silts. sandv silts and siltyv sands. a1l of which are deposits of the
flood plain of the Omo river and are characterized bv thickness variation both

vertically and liaterallv.
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Accordina to the laboratorv analysis results. the cohesive so1ls of the
area (represented by tne clays. silty clavs and clavey silts; are
characterized by content of high organic matter and belona to OH. MH. OL or ML
aroups in the Unified Soil Classification Svetem (USCS). Free swell values
and clav mineral compcsition ibv DTA) for few of the clav samples shows them
to have medium to extreme expansiveness and as containing the clav mineral
nontronite. The non cohesive soils (reoressnted bv the sandv siiis ana s1lty
sands) are mainlv composed of auartz. felospars. micas, few heavy minerals and

rock fraoments. They belono to ML or SM aroups in ths USCE.

Gased on the +ield and laporatorv investigation results, enaineering
geologicai maoping at the scale of 1:10,000 was carried out on the basis o+
select:ng tne mapping uniis as recommenged by the IAEG. commission for

engineering geological maoping (1981) .
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Investigation Methoos

The field 1nvestigation was mainlv based on aosearvartion of orofiles 1n
dug oits. The aensitv and depth of the plts was oecided ny COMDTOMISINO
between the Llimited fund availaole and the practical detail which
enould be repressnted on the map cCOrresoonding to 1ts +inal usaoe,
Moreaver, since the studv area 1s flat { generaliv ( 1% slope! and
characterized ov lensing and iareral variation of subsurtace soils
within short horizontsl distance. a detail which shows the exact erteﬁt
of such wvariation cannot rce attained and 135 generallv impractical

trying to at*ain such detail on this mapoino scale.

Considering tne above conditlons the numper o+ observation DI1S  WES
chosen to be 2uv with an average deoth of investigation of 2 meters.
distributed, i1n a more or less @rig pattern, tnrouah out the stuov area.

Thic pattern 1s recommendable for such flat (¢« 1% slopar tvoe of

landscape.

Each horizon found 1n everv pit was described spoineeriro geclogically
following the ouide line .04 iuE=. i1Bulletin of the lnternational
Association of Engineering Gecioov. 1931) and Mathewson (1351).
camples from each horizon were  taken fjor detailed laborators

clazeification tests as well az some chemical and phveical property



[

tests, Tre Ciassification of the soils 1§ made in accoraance to the
Unifiea Scil Classification Svster 1o help assess thelr enagineering
ageclogical properties.

Basea an these, engineering geological mao 1s precared for an area
amounting to 25 km®. Aerial ochotograons of 1:20.000 scale tooether with
L:10.000 scale photo mosaic has been used ts delineate the boundaries of
each enroineering oeoloaical s011 un:ts and other characteristics.
Topographic base maps of the stuadv area at +he working scale (1:10.000)

are not availabie. Hence tne aerial photograoh were also used as a3 base

map .

Lacation

Jmorati 1= locatec in the [ower Omn basin situated in Scuth western part

c¢ ZIipisgia zetween! d4° 3u-tg &® 3TN 1s34it.de anc 39° 1274 3£ 45°E
oot tuce (Figooad “hE ce~*er ©f *ng EStuovy ared i sartizularis
‘==3tec at acorcouinataly Lo TN latitule arnd 38 S0 £ lzncituce.
cevEming 8- é-€& amsuriing ‘o 23.m® or tre =ight sank of Jmc TIver ans

tang Turtana f=rrerl, zailec 1svE S.acif)  aftEm tTaVETILTg 3 “tatas
Figeancg o¢ acsJot 00D e, Teg zoETase wizcm ¢ ao —iveT near (T@
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c. Regionai Geomorpnoloav, Tectcnmic Settina. Geoloav and Seismicity

3 | FPrevious Geglooical Works

A substantial amount of lLiterature has been accumulated since the
late 1960°s. orn the FPlic-Fleistocene deposits of the lower Ome
river basin in Ethiccia ang around the Turkana in kenva, related
to researches on ancient fossil hominmids oroved tc exist around
the area (Coopens etal. 1975: Bishaoo. 1978: Butzer, 1370, 1971
| a.b: etc). ~An excellent summary and compilation of orevious
publications nas been made bv Heinzetin. (138c) in the baok
called " The Omo aroup " which the following oeological and
stratigraphic description ot formations in tne area 1is mainlv

basad on.

ru
o

Regioral Geamorproloay and Tectoric Serfing

The outstanding Geomorphic features of tne region are the fault

block mountaine and highlands which generally trend N-S to NNE-SSW
(Brown and Nash. 1976). These include the Labur hills (South west
of tne lower Omo basin/, tne Lorientom and Lokwanamoru ranges ana
kacheriangor~ hills (borgering the baszin on tne norih westi. and
the Hamar highlands wwnich bound the basin on the esst). These
hichland areas surroundg a topoaraphically low area in which lake

Turkans lies and which exiends north ward from the lake nearly 100



mn
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2.3.1

km north of the nNikalabong rance. A1l of the hioh land areas are
thought to have been uolifted during several periocs of tectoric
activitv. The distribution of rock tvpes and malor structural

features is shown on Fig.2.1

Reqicnal Gesloay

Stratigranny

The stratigraphv of the lower Omo basin is siomificantly
represented ov tne thick cediments of Pliocene 10 Holocene aoe.
Heinzelin 1i982) divided these formations 1into itwo Qroups.
The Omo aroun (Pliocene to lower Fleistocene? and tne lake Turkana
group Luoper Fleistocene to Holocene). The two gQroups are

spparated by a disconformity and a time 9ao of about 700,000

years.

1. The Omo Group:- (Pliocene to lower Fleistozene decosits!

S1¥ formations exposed 1n the iower Omo valiev are oclaced 1n
this gQrouo. Tnree of these are of different ages. The
Mursi. Nkalabong &nd Shunoura formaiiocns. Tne Usno
formation is correiated with the lower part of the Shunaura

+ormation. Two others. tne Loruth kasdo and Navena Eoul
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Fig.2.! Simplified geological map of lower Omo basin
(After ,Butzer,19710)



beds are uncorrelates with the other four. Aall of these
jormations are tilted (usualliy 10 tne west) and faulted

Heinzelin (1362).

tA,  Mursi formarion

The Mursi formation is convemently diviged 1nto two
umts (Davidson et al.. 1983 tne lower one
sedimentary and the upoer ane flood basalt. The lawer
sedimentary unit. diviced in to three members (Butzer.
1971 b), lies unconformably cn west-titled rhvaolites
of orobable Miocene aze (Brown and Nash. 15761, and 1s
composed of about 150m of clavs. silts and sands with
subordinate tuff and opebbie oeds (Davioson 2t al..
1933) . These sediments are conformanly overlain bov
flood basalts, gated 4.2 M.Y (Fitch and Miller,
19767 composed of a relatively few, tnin. columnar
flows of derk grav basait locallv carrving scatteraed
plagisclase phenccivsts and chiorite filled amvgdules

‘Daviason et al.. 1983) .
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lE. Nkalabonc formation

Here, arav to brown fluvial claztic sediments lie on
weatherad and faulted Mursi basalt and arve 1n  turn

aver lain o/ 3ealian sands., water lain tufés ana

tufiaceous sedimenis tiavioson et al.. 1983). it 1s
about  9um thick (Heinzelin. 1382) and an ace of 2.95
M.Y 1s reported for a tuff from tne mddie part of
this formation (Fitch and Miller, [137s). Both Mursa
and Nkalabona +ormaticns are overlain with m1ld
unconformity bv tha kibisk formatian i(see 2B) in this

region.

1€+ Usno formation

Exposed beneath the aquaternary kibish rormation
(Heinzelin and Brown, 1969), the succession COMDrises
a  minimun Of goum o+ alternatinn  fluvial and
lacustrine sedimente within tuff horizons. The Usno
formaticn i tilted a few denrees to the west and is
ovarlain with shallow anautar unconformity bv  the
Kibish formation (Daviascn et al.. 1%83). The most
reilabie 1sotooic age determined for the "triple tu+i
bed (u-10)" of the Usno formation is 2,37 M.Y (Brown
and Nash. 1376&) . It is correlated with the lower
part of the Stungura formation {(Heinzelin et al..

1976) .
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Shungura tormation

[t includes at least 7¢0m of brown. gray and buff
clavs, =1lts, sands, gravels, tuf+s. marls and fresh
water limestones (Daviason et al, 1983). These
sediments are tilted ogentiv to tne west and are
ovarlain with enallow unconformity bv the Kioish
tormation (Davidson =t al, I9B3). Faultino beth
parallel and oblioue to the northerlv axas of tilting
has offset beading by severa! meters locallv. The
sedimentation record is one of fluctuating fluvial and
lacustrine cvcles. reflecting slternating chanoses 1n
the level of ancestral lake Turkana (Heinzelin et al.,
1988) .1t5 age is estimated as spanning the time ranae

from about 3.55 M.Y to 0.95 M.Y or perhaps U.5 M.Y

These bede hardiv deser.e formational names. Thev
accur in two limited areas of erposure at the north
and of the Labur ranoe west of Sangerson’s Gulf. The
Loruth kaado sediments contain fossil wood. moluscs
and sparse vertebrates. These beds naven't been
correilated with the otner formaticns in the lawer Omo

basin (Heinzelin, 198&r.



m

cA.

cB.

-11=

The Turkana aroup f‘uoper Pleistocene tn Holocene deposits)

Tnis name was supaested by Heinzelin (1952) for middle to
upper Pleistocene and Holocene formations in the lower Omo

basin. The following are formations included i1n the aroup.

Bume formation

The Bume formation occurs in aniy two outcroos. between the
exposures of the Shungura tormation and the present course
of the Omo river, [t 15 made uc of lacustrine deposits
which differ in {ac:ss and shellv {fauna (moluscs and
astracodss from the deposits of the Shunoura formation. It
ie bracketed in time between tne upper most Shungura
formaticn and the lower kibish formation and is thus most

likely of midale to upper Fleistocene 2oe (Heinzelin et aley

1932) .

Kibish formation ‘upper Pleiztocene to middle Holocene!)

This formation composed of lacustrine and deltaic sediments
of upper Pleistocene to middie Holocane aage lies
discordantly on the 0Omo oroup (Heinzelin, 1982). Near

kibish it cverlies the Nkalapong and Pursi formation. and
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tarther south 1t occurs as a thin veneer of sediments
overlving the Usno and Shungura formations (Butzer and

Thurber. 1969).

At the type section, located at the south-west end of the

Nkalabong ranae, resting with erosional unconformity on the

Nkalabong formation, 1t comorises four members with a
measured thickness of 120m (Butzer and Thurber, 1969:
Dasvidson et al, 1283). The lowest umit {(member I), 1s at
least 2im thick, it has gravelv sand at the base +followed
bv alternatinag clay, gilt and sand. 1in part laminated and
riople marked, and containing reworked tuffs close to the

base. Its too @5 marked by a soil horizon. Member II, &2m
thick. 15 composed oredominantly of massive silts. deposited
on a basal tuff that blanketed the dissected surface of
member 1. Member III, 4&&m thick, records two cvcles of
advance and retreat of lake Turkana. seoarated bv a
prominent subaqueous tuff bed 3m thick. its sediments are
clavs, silts and sands with thin sneil beds associated with
the second cvcle. Another erosional interval separates
member III and IV, marked bv a so1l horizon and suoseguent
dissection. Member IV 1s divided into two units IVa
comgrises 13.5m of sand, silts and clays with a gravely
base. IVb, 9m of sands, silts with minor tuff. Tne two
submembers regresent transaoressions  of lake  Turkana,

separated by a regression 10 close to present lake level
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‘Davidson et al., 19683). Tuff from member [ has been dated
at 0.13 M. ¥, or micdie FPieistocene. HMember J1! 1s at least
30,000 years old or upper Fleistocene. IVa spans from 3500
to 7900, IVb from £600 to 3250 vears before present (Butzer,

1971 a, h).

Ecrum formation

A agroup of lacustrine sediments. beach features. qravels.
reddish sediments and a tuff Ilving discordantlv on the
Shungura Formation in the kelem area are defined as the
Errum tormation (Heinzelin, 1952). It may be lateral
extension of the kibish formation althouah not vet
demonstrated. The thickness of this formation 1s less than

1Om and it is probablyv a+ uoper Plzistocene age.

Lobuny beds or Narok beds

These beds include voung and mooern features cf the Omo
delta. centemporarv flood plains of the Omo river anc beach
of sangerson’s Bulf and lake Turkana (Butzer and Thurber.

1963) . Late cenozoic stratigraphy of the lower Omo basin 1s

given in Table E.1.



Table- 21 Late Cainozoic Stratigraphy of Lower Omo Basin

(After Butzer

197 with some modification

Probatle Lsotopic Rock Depositional
Geolugical Age Dates Uniia Envitenments
Contemporary deltaie, alluvial and limoral beds
Holocene "
CH 3100-6200 yr Mb, (Vb Daltale, littacal
C" 7500-9500 yr Mb. [Va Deltale, littoral
K/Ar "o KJ:\L‘S u (Nakwa tutls and bagslt extrusions)
Uppas u L15m
Plelswcens |C 37,000 yr { ) Mb. *(lL Deltate, litworal
Mu, Deitale
Th/U 130,000 yr L | nitate
Middle
Pleistocena (Une or more eplscdes of laulting of Shungura Fm,)
(Henewed sodlmeniation weast of modurn de )
l:owtl' (Faultlng of Shungura Fn.)
Pleistocene
K/Ar 1.81-3,15 SHUNCURA FM. |Allvial, deltale, littoral,
milk. yr {"Omo Beds™) Levatrine
p-— "~
" L) VS0 T . 1
K/Ar 3,95 miil. 8 NKA LA BONG FM. |Alluvial, lutoral-Lcustrine
yr = (34m) ealian
3
b 3 (Faulting. local or geaeral)
Q
K/Ar 4.05-4.4 MURSI Mb. 1V Basalt
mill. yr FMl, | Mbs. <[00 |Deltate, littoral alluvial
{148in) i
Uppuc \Duwawarping snd downdaulting of Omo Basin aod |
Pliacane Hudoll RUL, one or nore majur eplssles) |
Lowar tlh.pl'lud volednig eplavdes with massive basali and
Pliocane rhyolite extiuilgns vver pre-axiating erosional sur- l
to Lower laces devaloped dn the Basement Complex; followed oy |
Miocene cuting of one or more planation surfaces) |
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Major Structures

Brown and Nash (197€), noted that the East African Rift (Fig.
2.2) plavs at best a subsidiarv role in the structural evolution
of the lower Omo basin. They also reasonea that the origin of the
basin must lie in time between 12 M.Y ( the vounoest dates on the
Turkana lavas) and about 4.5 M.Y (roughly the age of the basal
sediments cf the Mursi tormation) wnich mav be broadlv coincident
with the 1nitial stages of formation of the Main Ethiopian Rift

(Fig.c.2).

Based on ditfferent litholocical ano  structural evidences
{(Heinzelin. 19%2) postulated deposition in & subsiding basin.
Altogether about lkm of sediments were accumulated 1n the lower
Omc basin as 1t subsided. This filling continued with minor
tectonic activity (except the subsidence) near the center of the

basin until about 800,000 vears aco.

In the Southern part of the lower Omo basin. the major structures
parallel the major topographic features, and have an orientation
which is more or less North-South (Brown and Nash, 1978). From
East to West. these are ine fault svstem forming the Western

boundary of the lake stephame {Chew Bahir) graben, the maior

fault bounding the Labur ranae on the East, tne fault system which

bounds the Lorientom and kacheriangorr ranges on the East, and the

fault which bounds the Lokwanamoru range on the East. All  of



Fig.2.2 The E@%t African Rift System

TR, Turkana Rift i SWR, South western Rift
TFB,Teri fauli Beit
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these faultz are normal and dic steesly to the East with the
possibie exception of tne fault opounding the Labur ranae

(Heinzelin, 1982).

The Eastern marqin of the basin is formed bv a tilted surface
developed on metamorphic rocks, with major movements probably
occurring =long the faults which bound the Labur rance and the
Lorientom range (Heinzelin, 1982). These faults are arranaged 1n
enechelon fashion. The western margin of the basin is formed by
the volcanic mass of Lorientom, which was probably a malor
volcanic center., a qood portion of which is now down fauvited and
covered tv vounger alluvium, and which 1s presumed i3 have thinned
tc the Ezst (Heinzelin and brown. 13%3). The faults alono the
southern boundary of the HNxalabona orobably had tneir maior
offsets at apout this time, also resulting in a trapezoidal area
in which sadiments were dswvosited bv  the Omo and Usno river

without evidence of tectonic disturoance for about 4 MY

(Heirzelin. 1982).

From about 4.5 M.Y ago to about 0.8 M.Y aoo, the sediments of the

Mursi. Usno. and Shungura formations were deposited in the vast

decression formed bv the preceding tectonic activity. These

iormations consist of fluvial and lacusirine sediments.

The Mursi formation 18 capped bv a lava flow (basait) dated at

about 4.2 M.Y.
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In the lower Omo basin the only Volcanic feature which postcates
the older Flio-Fleistocene formaticns 1s the xorath rance oOn the
divide between Sanderson’s Gulf and the modern course of the Omo
river. The lavas of the korath range are Dasanites and tephrites

of upper FPleistocene ace.

After considering presence Of many saults (mainlv trending N-S)
and folds in the Shungura formation. Brown et al.(1976)
postulated their relation with a major fracture supposed to
involve basement rocks of areater competence than the overlaving
sediments. This major fracture is assumed to lie near the western
marain of tne flood plain of the Umo river. The faults which
break up the Shungura formation are viewed as svnthetic faults
along the eastern nounding fault of a nors! develooed just west of
the present floaod plain of the Oma river. Another fault on tnhe
castern margin of the flood plain, 1s also thouaht to be present.
4 displscement of 230m 1% necessary on this supposed fault ( Brown

and MNash. 1976) . Evidence for such a fault 1s provided bv the

large metamorphic block found along the escarpment at the eastern

margin of the usno jormation, and ov the fact that a2 laroge ares

of hot springs and gevser pools occurs at +his boundary as well-

(Brown and Nash. 1576) .




mn

As a brief summary, sometimes between 200,000 and 100,000 years
ago, the deposits of the Murzi, Usno, Shungura and Bume
formations were deformed by faulting with tre creation of a horst
or titled block alono the axis of the basin (N-S5). The strata of
the Shuncura formation were eroded following the event, and later
deposits of the kibish formation were laid down on the eroded
tocooraohv of the Shunoura formation and also further north on the
Usno and Mursi formation. These deposits too are faulted. Thouoh

not very extensively.

Seismicity

Due to its location in the vicinity of recognized seirsmicallv
active tectonic feature, namelv the Main Ethiopian Ri1ft svstem
(fig. 2.2), this area haz experienced the effect of severe earth
quakes throughout its history. Fig 2.3 attests to this fact.
This map clazsifies the epicenters by order of maonitudes equal to

or above tne level of ootential camaging force. bouln (1976}, in

his report considered magnitude 5 (on Reichter‘s scale; as the

threshocld of damace for Ethiooia. This Figure also shows which

reaions of Ethioco:a have experienced the strongest earthauakes,

which means it singles out the areas where the seismic hazards are

at their hignest.
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Fig- 2.3 Epicentral locations of earthquakes with magnitudes » 5
in Ethiopia and surrounding areas. All sites of reported
felt-intensities are eliminated. [After Gouin,1976 )
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In his recort Gouin alsc gave seismic hazards mao of Ethiopia.
~hich shows the distribution of credicted intensities based on &
100 vears recurrence period 2nd on a 1% annual probability that
the maximum values will be exceeded (Fig. 2.4). computed bv
considerina {assuming) solid ground condition only. However, it
1s a common opin:on that rockv and semi-rockv unweathered so1ls
are the least affected bty earth tremors while hazards are much
higher on unconsolidated soiils and on masor fault belts than on
solid rock (see Fi1g.2.5). Based on this coinion. Gouin ([37%)
recommended that the predicted intensity values on his map (Fig
2.4) be upagraded bv one unit in the case of average so1l
conditions (not too well consolidated formations) and by two units
in the case of water sawurated. sandv or loamy soils. Thus
interpretation of this mac for the study area vields grace IX or X
\nstead of grade VYIII shown on his map. It can be easily looked
uo on the Mercalli Modified Intensitv Scale (MMIS) (Table 2.2)
what amount of damace is attached to this intsnsity grade hence 1n
accordance with the Teble 2.2 which &lso shows a correlation of
the Modified Mercalli Intensity scale with those prooosed for
around acceleration bv Cancani-Sieberg and Richter. 1t 15
the seismic design for grade “IX " would be the

cansidered that

Yy n
maximum possible for engineering DUrpOses since grade "X" 1s

. " Jx
ronsidered catastroohic (Zeevaert, 1983). The ground wouldn’t

support construction 1ip & satistactorv WwWav. even if the

f - y
ranstruction could be designed for an earth aquake 0O suct
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Fig- &-§ Generzlized relationship between near surface earth material and
amplification of shaking during a seismic event.
(Atter, Keller, 1985)

Alluvium Silt, mud



Table 22 Mercalli Modified Intensity scale

Elfecis

Not felt except by & very few under especially favocable ciucumstances.
Felt ouly by a few persons at rast, especially on upper floors of build-
ings. Delicately suspended objects may swing.

Felt quite noticeably indoors, especially on upper floors of buildings,
but many people do not recognize it as an sarthquake. Standing motor
cars may toch slightly. Vibration like passing of truck. Duiation esti-
matad.

During the day felt indoors by many, outdoors by few. At night some
awakened. Dishes, windows, doors disturbed; walls make cracking
sound. Sensation like heavy tuck suiking building; standing motor
cars rocked noticeably.

Felt by nearly everyone; many awakened. Some dishes, windows, elc.,
broken; a few instances of cracked plaster; unstable objects over-
turned. Disturbance of trees, poles and other tall objects sometimes
noticed. Pendulum clocks may stop.

Felt by all; many frightened and run outdoors. Some heavy furniture
moved; a few instances of fallen plaster or damaged chimneys. Dam-~
age shght. .
Everybody runs outdoors. Damage negligible in buildings of good de-
sign and construction; slight to moderate in well-built ordinary struc-
tures; considerable in poorly built or badly designed structures; some
chiunneys broken. Noticed by persons diiving motor cars.

Damage slight in specially designed structures; considerable in ordi-
nary substantial buildings with parial collapse; great in pootly built
structures. Panel walls thrown out of frame strictuies. Fall of chun-
neys, factory stacks, columns, monumaents, walls. Heavy fumiture over-
turned. Sand and mud ejectad in small amounts. Changes in well wa-
ter. Disturbs persoans driving motor cars.

Damage considerable in specially designed structures; well designed
frame structures thrown out of plumb; great in substantial buildings,
with partial collupse. Buildings shifted off foundutions. Giound cracked
conspicuously. Underground pipes broken.

Some well-built wooden structures destroyed; most masonry and
{zame structures with foundations destroyed; ground badly cracked.
Rails bent. Landslides considerable {rom river banks and steep slopes.
Shifted sand and mud. Water splashad (slopped) over banks.

Few, If any (masonry), structures remain standing. Bridges destroyed.
Broad fissures in ground. Underground pipe lines completaly out of
sarvice. Earth slumps and land slips in soft ground. Rails bent greatly.
Damage total. Waves seen on ground surfaces, Lines of sight and leve!

distorted. Objects twown upward into the eie. . -~

__Acceleration in _mm/sec’
_Cancani- Sigherg | Richter
5 7
10 3
25 30
50 70

100 150
100 - 250 300
500 700
500-1000 1500
1000 3200
2500 6750
5000 15,000
0,000 32,000




magnitude., since there will be subsoils that will fail because of

the shear forces induced in them befare resching these hiah

accelerations.



Local Geomorpholagy, anc Geoloav

.1 Local Geomorphoiogy

The main geomorpnic features of the studv area are the meanoering
channel of Omo river with 1tz natural levee, point bars. sScarp
and a flood out let channel (locally called Kolum) in the west of
tne studv Area. With 1ts generally less than 1% slooe. the area
ic crisscrossed bv many drv river channels some o+ them having
subdued natural levee while some are filled with siltv material to
be barely distinguishable from their surroundinas. In addition to
the network of channels. sinkhoies with diameters of 1 to 3 meter
and depths reaching 4 meter (see Flate | and 3: and cracks of 10
to 100 meters long and ! to 2 meter deep (see Plate 2) sbound 1N
the area. Characteristic only to the scuthern part or the study

area are some patches of small round dunes (paving & Meler

diameter and about { meter hewht) naturally stabilized bv

vegetation.
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Plate-¥ An example of asinkhole in Omorati area

R LN
n;._, '\f;fd'b
L

Plate-2 Ar example ofa cracked ground in Omorati area




Plate- 3 An example ot a toilet tilted due to ground coliapse
under it in Omorati
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Local Geoloay

The studv area totaily lies 1in the subrscent flood plain of the
Omo river and the characteristics of the soils of the area 1s

typical of this denositional environment to at least the deoth of

investigation (3m/. fissociated with flood olain environment of
decosition are found meander belts. natural levee. point bars,
flood basins (back swampz) with gatherina streams and numerous

abandonad channels. 3ome of these, such as meander belts and
natural levees can be distinguished by their ageomorphic feature
and others such as backswamos (although thev are compietely
drained now) ere inferred from characteristics of soils tvpical to
this environment. Evadently the fluctuation of the Turkana lake
level has had a great influence on tne depositional history.
gisposition and characteristics ot the subsur face sediments of the
studv area 1n particutar and lower Omo basin in ogenerai.

According to Butzer (1370) the deposits around the studv area are

described as a vound (Hoiocene) and modern features of the Omo

delta and contemporary flood plain of the Omo  river. Thus ,

although not exposed at tne surface, presence of the deltaic

deposits can be inferred at deeper levels in the Study Area.

The 4cllowing main 1ithological tyoes have been distinguished 1n

the studv area during the jield investigation hased on

noservation of profiles 1n 20 pits dug to 3 meter desth.
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IIa.

Iio.

Clays of dark brawn to dark agrayisn brown with recdish
mottling and sometimes dark bluish tints, hiohly cracked,
columnar to prismatic and sometimes subanaular blocky and
usually contain semi-decomposed rootlets. These soil
types are tvpical of a formerlv backswamp environment of a

flood plain.

Siity Clave and Clayey Silts: at the surface this unit is
mainly found alona drv channels as a channel 111 material.
Pased on the field lithological description, 1t has been

subdivided in to the f1ollowina sub tvpes.

Silty clays: yellowish brown to dark vellowish brown with
reddish vellow and black mottlipa. wusuallv granular to
columnar structure  But cometimes subancular  blocky,

contains some vertical root holes and sometimes charcoal

tike inclusians are oresent .

Ciayev  Silt: yellowish brown to ogark vellowish brown

usually platy structure but cometimes may be subanagular

blockv. numerous vertical root haies ars present, and 1is

highly porous. it has many featurez similar to loess like

so1ls and 18 considered to be collapsing so1l.
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1I1. Sandv Silts and Si1lty Sancs: The surface distribution of this

litholooical tvoe is limited to the southern and south western
i :

parts of the study area not very far away from ine western bank of

tne Omo river. This unit has also been cubdivided into two

subtypes basea on the field descriction as follows.

IIla. Sandy silts: dark yellowish brown, homogenaus. locse to

siightly cemented. with lot of micas. quartz and feldspars.

T1Ib. Siltv sands: dark vellowish brawn. interstratifiea with
=mall scale Cross pede at some places. loose, angular.
well sorted (poorly graded) containing lot of micas, quartz,

feldspars and some heavy minerals.

The above described litholooical types (see also Table 3.1) are found in

different stratigraphic order $rom place to olace and are characterized

by lensing 2and thickness variation both laterally and 1n the vertical

direction (Fid 3.i). 0Observation of two oeolooic borehole log data near

the eastern bank of the Omo river (drilled b¥ E+hiopian Water Wells

Construction Authority. EWWCA) reveals that the above lithological types

in the studv area. The layout of

may prevail ta at least 20 meter decth

the 20 observation pits and & porehcles and profiles 1n each are aiver

in Appendix 1.
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Teple 8.1 Lithological Descristion of tne Iee
Lithological types ntified
‘General lithological TLitnolo

'description of tne
'1itnological types
L]

igical
itypa

Decripticn of the htnolagical
Lub-types

L]

1CLAYS:

'park bBrown to dark greyich
'prown witn readisn
‘mottling and sometimes Jark
‘bluish tints,

‘highly cracked, columnar to
{prismatic and sometimes
‘subangular blocky structure.
|Semidacomposed rcotlets are
jcommon. These are typical
'of formerly pack swamp geposits, |

(]
L}
I
(]
L}
I
L
'

]
'SILTY CLAYS and CLAYEY
‘vellowisn brown

\to dark yellowisn brown

SILTS:

‘:SILW CLAYS: X
Yellowish Eroen to dark
(valiowicn brown, with yellowish

yangular znd well sorted
i9rains of quartz, feldspars,
imicas and scme reckrragments
1and neavy minerais

L

'SILTV SANDZ
‘Dark yallowisn orown, lnupﬂ,r.-w
itified witn smail scaia trq‘-~
‘peds at some places. loose, .’
contains anqular weil sorted;
‘grains of lot of quartz,
‘felaspars,micas and some
'heavy minerals.

L]

L]

L]
\sometimes with readisn yellow | ired Bnd biack mottling, usually. | §
‘afd black mottling, with ! igranular to columnar structure @ 3% p
‘columnar, subanguiar O = but sometimes supanjular -
'blocky, granular or platy ! thiocky, some vertical :
'structure, vertlcai raot ! trotholes are present, they )
iholes are presert ana : 1also contain some times S F R
(cometimes they contatn : yenargeal lik2 1aclusions RSy
‘cnarcoal lite nciugions. It ! ! iy F
ihas muny featwrzs simiar to H ICLAYLY i TS AR
iJoess like scile and ¢ I ‘vallowist brosn to dark 58y
iconsidéred to be collapsing ’ iyallowisn brewn,  wsually - "
1so1l, T ! iplaty structure chowing 30
' . 1fissility but cometimes S
' ; |supsnquiar piocky, numerous .. ;
; . ' iverticel root hoies are present
! ) rand 1s higniy porous.
[} ] [)
1SANDY SILTS ana SILTY SANDS: i 1 8ANDY SILTS
\Dark yellowish brown ! {Dark yellowish prown, nNomogengs
| homoganeous to \ jous, loose tu slightly cmntdn
Iinterstratifiea sometimes ! icontaining lot of quartz, !
\With smalll scale cross ' 'faldtﬂ-’lfi ana micas
ibeds, mainly composed of R % 7 & -

L]

i

L]

1

[}

L

i

]

:

L T T
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4.

Climate, Hvaroloavy and Hvdrogeoioay

Temperatura, Precipitation, Evaporatisn and Run-O+ff

The lower Omo baszin, including the studv area has a semi-arid
tropical climate (Butzer. 1970). In the absence of anv climatic
dats for Dmorati, an extrapclation of climatic observations made
in 1975-77 at kKelem area ( an area 7km far to the west of the
study area. formerly palice post but now abandoned) ogives a mean
monthly temperature rance of 22°C to 235.5°C, (Tanle 4.1} Maimum
dailv temperature could reach up to 38°C. The coolest months are
September and October. From the Isohevtal map of the area (Fig
4.1y, a mean annual precipitation of less than 300 m.m can be
inferred. Rainfall comes primarily in the form of thunder showers
at intervals between late March and parly June, supolemented by

i{urther but unreliable rawns 1n July- August and October- December

{Butzer, 1970}. Incomplete records of monthly distribution of

evaparation at KkKelem for the vears 1975-1977 (table 4.2 ) alse

=hows an evaporation ranoe of 189 to 350 m.m. The mean monthly

run—-off of the Omo river from this observation 1S 18308.27 million

une reaches its

m®. Tne gischarge of Omo river starts oaining 1nJ

peak in August ana starts to subside again. The high discharae

1 ty y S ' nd re
months are coincident to the rainy seasons of the hiahla areas

from which the Omo river oriainates and flows throuagh.



Tadble 4 Montnly Distribution of Temperatura .t Kelem. o4 38" Lat. and 35 03'Len
(Source - Water Resources Davelopent Authority, WRDA)

-
; : 1975 : 1376 : 1977 " Average 1975 - 17
5 E Temperature (oC) E Temperaturs E Temperature E Temperature
EHonth éﬂax. Min. Mean iHax. Min. Mean EHax. Min. Mean éHax. Min. Mean
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iNov ; z z Z 533.3 23.5 E i = e Z %35.9 23.3 29.5
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4.3

Ground Water Occurrence ard Quality

Verv few studies availaple, aimed at exploitation of oround water
in Omorati arsa, indicats the evistence of stratification of water
salinities. where tresh and saline watere are sandwiched on top
of each other (Redoc Barna, 1932). Although no borehole data 1s
available for the area west of the Omo river, from the few
borehoies dug by Ethiopian Water Wells Construction Authority
(EWWCA) on the eastern side it can be inferred that the oround
water level in this area is deep (greater than IS meter) ana the
ground water 1s most of the time salty (non potable) especially
from deeper levels. However one VES (Vertical Electrical Souncina)
data made by EWWCA at approximately 30 meter east of the eastern
bank of Omo river gives an indication of fresh water aguifer at

5.5 - 15m deoth. Mav be recharoe from Omo river could be the

reason for this.

History of Turkana Lake Level Fluctuaticn

At its highest level. about SOm above tne oresent level (Davidson

et al., 1983) ancestral lake Turkana was able to overflow through

s low divide south west of kibish settlemant to the Nile drainace

system (Fig 4.2). According to Butzer (1970) , over flow leve! was

last reached toward the end of the time of deposition of member IV

of the Kibish Formation. about 3250 sears ago. At some stage

i th
hetween thiz time and the present . the lake retreated and then
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rose again, perhaos bv as much as 40m encuah to flood north ward
along the east side of tne Turkana depression in to the Usno olain
(Fig. 4.2'., Lacustrine sediments of this stage, named the Murle
lake stace by Butzer (1971a)., are now exoosed in the banks of

the Omo river south aof the Usno river confluence.

Ditferent source (Tamre Hawando, 1988) indicated that Turkana lake
level in 1838 was 9 or 10m hicher than the lake level in 197¢. In
20 vears time (starting 1888 up to 19028), the lake level went down
and was only 2.5m higher than its level in 1%70. Althouah from
1917-1912 (iwo vears) the lake level rose a limited heioht bput uo
to 1361 it decreased and was 4.5m below its level in the 1970

from 1961-1570. 1t rose up again and reached the lake level of

ig70.

From 1895 up to 1355 (57 vears) due to the retreat af Turkana lake

Shore all in all S00km® land formeriv under the lake emeroed .

However from this 800 km® land the 3Z0km® was again submerged 1n

the vears 1961 uc to 195 (Redo Barna, 1982).

According to an interview with local peocle. it was noted that

places high up from Omoratl down 0O the present Turkana lake was

covered by a shallow water around 1960‘s and remained covered for

about 3 months and communication to the ar2a was interrunted.

Hence supplies to the police quards posted at Kelem area (now lett

out in 1972) were distributed bv helicopters.
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After distinguisning, wuwoper, middle and lower delta plains on
the basis of recent submercence (Fig, 4.3), Butzer (1970) noted
that, upper and middle plains of the Omo delta as beina
repeatedlv submerged durina the nineteenth centurvy, after which
thev were reouced to a marsh and finally draired after acout 1908,
While the lower delta olain emeroed only as late as 1921. (Note
that the studv area lies near the border line between middle and

lowsr delta plains).

Bazed on different observations of shiftino of Omo river course
throuoh out 1ts historv (Davidson et al.. 1983) believe that
variation in rate and placz of tectonic activaty throuah time. 1in
sddition to climatic factors has olaved a definite part in the

changing position of lake Turkana shore line with in this rift

Dasln.

Taday tne studv ares is at 2gom abcve sea levei. which is only

about Sm above lake Turlkanas® ever changing shorz (375m above sea

isvetl; lvina only 20km far to the south ot the studv area. With

this gradient 25 cm/km infact verv little north ward t11t 1s

23 by lake Turkana.

enouah to brinag about inundation of this ar

Coppens etal. (1978) estimated that an increase of 10m 1n the lake

level will extend the present Turkana as much as 40 km further
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north. Hence tne studv area being onlv 20 km far from the lake

shore. it is highly probable that 1t mav be inundated during such

events of rising lake levels,
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Settlement and Subsidence Proolem In The Studv Area

Tne Occurrance aof Sinkholes and Cracks

In the lower Omo basin :n general and the study area 1n
particular, a wide soread occurrence of ground cracks of (10-100
meter long and 1-2m deep) and sinkhales and sags with diameters of
i-32 meters and deoth reaching 4 aeter has been observed during the
field investioation in the area (Plate 1 & 2). The presence of
these cracks and sinkholes iz also evident oan the aerial
photographs of the area. Comparison of 1wo aerial ophoteoarashs
ilown in different vears, that 1s one in L1930 and the other 1n
1985. shows that some of the cracks are of verv recent orioin 1n
that thevy haven’t been observes in the 1930 aeriat photoaraph
while their presence is indicated on the later one. Occurrence of
these geodvnamic phenomena 1n the studv area sesms a Very common
ore. Infact, the probability of a ground in the area to crack or
be greater than not to crack, as can be observed

collapse may

$rom their density and their occurrence 1nvariably in all types of

=oils found in the area. The density of occurrence of these

cracks sinknoles 18 estimated to be & to 10 per sgquare kilometer.

Interview with local peonle indicates that. especiallv after

heavy rain. cracks and sinkholes are $ormed and sometimes 1t even

caused a damage™ter cattle due tc sudden grouna collapse under

their feet.
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Close observation of sinkholes and cracks in the area shows that,
at the pottom of the sinknoles and cracks, & loose, fine sand
layer is present and usually sinkhaoles have hollows on their side
wall. which sometimes extenos wp to other sinkholes nearby,
(could be the effect of piping) such clear observation was made at
one locality where sinkholes of one 4 meter deeo and the other 3
neter desp and approximatelv 3 meter apart from each other. are
connected bv underaround hollow opening. Another observation 18
that along some incipient cracks on the surface. there 15 an
alignment of shallow si1nkhocle OCCurrences. Hence 1t can generally
be =aid that. @rior to occurrence of huge cracks. si1nkholes are
iormed at difterent si1tes (due to collapsibie nature of the silty
scils bv hvdracompaction’ then underground D101ng through loose
fine sand layers connects sinkholes at ditferent oplaces leading

to coilapse of ground 1N between. which forms the cracks

(Fig. S-1%.

at the site of Ethig-kKorean irrigation project. on the left _ bank

of the Omo river. when water 1S allowed to pass throuch the

canals. on site chservation of formation of sinkholes.
—

underground 2101038 and Cracks within fraction of a minute has

been reported ({Tamre Hawando . 1983) .
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4t some places in the area small dunes (circular, 1 meter hian
and having a diameter of @-3 meters) which are stabilized
naturaily by vegetation are also present . Their oresence is
limited to areas coversd bv fine sandv silt anag silty sand soil

tvpes maoped .

Probable Causes of Occurrence ot Sinkholes ang _Cracks

in general. lowering of the ground surtace can pe accomplished by
zettiement or subsidence ‘Howard et al., 1978). Settlement
resulis from compaction of tne ground by loads naturally or
artificially imposed upon them: subsidence 1s collaose of the
ground due to develooment of subsurface voids or reduction 1n

solume of subsurface materials eitner naturallv or artificiallv.

e —

=.2.1 Settlement, Nature, Causes

Comoressible soils of low strenath are most susceotible to

s=ttlement durind and after the placing of loads uoon them.

such solils include peat and other organic materials, clavs,

s11ts ana same other coarser grainsd sediments  and

artificial #ill materiais that were insuéficiently comoacted

when emplaced. Thus settiement haz been most common in
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depozitional environments that include deltas., flood

olains, tidal flats. old lake bottoms. and other areas of

loose s=diments.

Sottlement also may result from compaction of  water
saturated sediments as additional sediments accumulate above
them and it mavy continue lanao after such deposition
cpases. The included water is forced else where. and the
sadiment becomes more tightly packed. such changes can be
initiated or hastened if fill or heavy structures are placed

on the surface.

Subsiderce, Nature Cauges

Ground subsidence results from volume changes without
benefit of a superposed load. Its surface expression may be
similar to that of settlement. Supsidence can occur Over

periads of seconds Or centuries and can ranaoe from

millimeters to tens of meters. Some of the causes of

subsidence which mav have relevance to our study area arei-

wide spread

a. Nithd;awal of ground water: The most

cause of extensive subsidence 1s the pumping of oround

water. Such fluid withdrawai from clay bearing

sediments. and other 1oos2 fine orained materials

leads to volume reductions. gubsidence also results
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when water 1s extracted from an aguifer ( a water
bearing formation) that is confined by imoermeable
tormations 1f the confined water 1s withdrawn. The
lowered water opressure results in compression of the

aguifer and the confining of clay laver.

Wetting and dryina of soils: In arid regions where

the water table 1s at deeper level and overlying
so1ls are prevailingly drv, the moisture deficient
materials mav be actually compacted when water 1s
introduced bv irrication, storm run oft or leakage
$rom wells and canals. Such hvdrocompaction, oOr
hydroconsolidaiion occurs in  loose. open textured
=oils whose pariicles are weaklv neld together by
fiims of clav or water (Fig. 5.2). In the most
susceptibie materials, such as alluvial and windblown
silts, the water loosens the bonds between the
particles, so that the weigpht of the over burden

compacts the =cil lavers at the expense of farmer

pore space.

Removal of Supsurface solid_(pipinad)

Surface subs:dence can be caused Dby the removal of

sediment at depth. either selectively or in wholesale

fashion. Downward or laterally moving water, for



#%u&h%utz&lv

&aturat
Dry

sany grals

metastable fabric is maintal ed

Fig. 5.2 Mechanism of collapsc' in a soil. The
broken when the soil is sat rated:

by water bonds or clay bonds that are
(After Mathewson, 1381)



example, can remove fine particles from loose
subsurface passases which mav be enlaroed to widths of
meters. The roofs of such cavities scmetimes collaose
to vield steep sided depression tsinkholes) or cracks

at the surface.

d. Tectoric Subsigence

Earth ouakes or high vibration caused by
machineries.by Jostling sediments that varv laterally
in porosity. mavy cause uneven around subsidence.
Thev alsc impart fluid like gualities (1i1ouifaction)

to water saturated silts or sands.

5.2.% Treatment

Where around materials are subiect to volume
chanoelcolliacsing so1ls) throuah hvdroconsolidation or

removal of fine cegiments bv unaer ground water piping care

must be taken 10 avoid excess wetting Dy uncontrolled

run-off or bv leakage fram wells. canals or faulty pipes

etc flternativelv., the ground can be thoroughly wetted

(S ]

and then compacted before structures are piacesa uc on 1t,

or other elaborste methods of spoil treatment used for

loesses can oe emoloved for the collapsina soils of the

study area (Table s.1). The auestion here is whether it is
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Table.5.4 Loess Improvement Me.thods(After Evstatey, 1988 )

No. Methods . B
Kind of construction Degree of claboration
1-1 Compaction by:
il Rollers, light tampers, vibrati .
1.2, Hoavy tainpians s ation plates all kinds " high, instructions
P O R Short pyramidal piles cvil, water irrigatian high, instructions
L4, Ribbed foundations o high, instructions
1.5, Soil piles cuvil medium, publications
1.6, Gas explosions el , high, instructions.
L2, Compaction injections "f"':- walter irrigation medium, publications
1.8. Injection of clay suspensi povl sxperimentation
i : pension awil i
1.9, Maistenin .. 5 e ; good, publications
1.10. Motsinnlig aid di itbeation R T A R, instiuciens
1AL . Moistening and surface explosi s e good, publications
112, Moistening sad-d exp flﬂnnl civil, waler irrigation high, publications
Pistoning and deep explosions civil, water irrigation high, instructions
1.13, Injection of vapour ’
114, Watar sliesca cinl experimentation
2, Improvement of the granulometric cm; S aon
i road, waler irrigation good, literature
composition :
3. Stabilization
i.1. Surface stabilization by: -
3.1.1, Cement, lime and waste materials ad irrigati i i
119 Bitw pibe 4 _ road, waler irrigation high, instructions
ity itumen and bituminous emulsions roud, waler irrigation good, literature
E i"" l‘\"“'“’"?“-’“'” compounds roud, Wiler irfgation medium, literature
-'1- A, Salts, ucids and alkali rouad, wiler irrigation experimentation
:1.2. Sl._abili_ntm in depth by:
3.2.1, Im:ctmn_lqr silicate grouts; Electro- civil high, regulations
and gas silicatization
.HE?.. !njiecli_on of gases eivil medium, literature
i.1.....3. Injection of cement, lime and civil medium, hiterature
i other grouts
3.2.4, lnjectio!i of large molecular compounds civil experimentation
3.2.6, Mechunical mixing with Portland civil good, literature
cement and lime
3.2.6. Mixir'u' with cement by jet-grouting wivil goad, literature
13.2.7. Burning of liguid und gas fucls eivil high, regulations
4. Replocemeni by:
4.1, Boil cushion civil and water irrigation good, instructions
4.2, Sand cushion civil good, literature
4.3, Soil-cement cushion civil high, instructions
4.4, Cement-bentonite grout introduced eivil kood, literuture
by jet-groubing
5. Reinforcement civil and road good, literature
6. Ceomembranes -waler irrigation and civil good, literature
1. " Desiccation by:
7.1, Burface draining civil high, regulations
7.2. Drainage boreholes and wellpoints civil high, instructions
7.8. Horlzontal boreholes civil good, literature
7.4, Blectro-osmosis road and civil good, literature
7.5. Hygroscopic substances eivil modium, literature
8. Correctlon, torracing, grassingsnd - all kinds high, literature
sffarestation of slopes o




economical to apoly such treatments for every house. road
allignment. ditch or other structures tnat are units of
cities or towns. [t is also known that run-off increases
with urbanization mainiy due te covering of ground surface
by buildinos and concentirated flows from roofings which
could aggravate the subsidence problem. Hence run-off from
house roofs should by no means bDe left to enter the

foundation area.

Subsidence due to withdrawal of subsurface fluids can be
reducad or arrested by reduction of pumping ©F recharging
the oround with \moortec water. Even though this 15 not a
problem at presant 1n pmorati area., 1t canoe marked as @
potential hazarc since in the future & trend mav come that
will induce peocle to use oround water as can pe evidenced

by the afforts pe1nd made. even at =uch very small level of

urbanization in the area. tp search dor around water,

thouah it seems sufficient syoply could be met from Omo
river alone for every tvDeE cf water consumption at present .

Subsidence due to tectonic movement 1S uysuallv bevond human

control.
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Enginsering seclogical Characterist

ics of the Scils of the Studv Area

Selection of Test Samples

Samples were collected 1n th
% meter ceoth which are more
at approximately i{km apart.
sufficient so1l

fppendlx 1.

firom svery horizon encountere

down all the samples in to different lithotlogical types

the field description. a
zelected and subiected to 1ab

limits., grain size analysi

gravity. free swell,

0Ta was also carried out on z

The tests are made accord

iBritish standard) referred

modifications cg az t2

descriped for classifving s01

Claas1Ficatian System which

The maior difference petween

and determination of

make

e e — —

e field from 20 pits dua to & maz. 1lmum

or less distributed 1n a grid manner
The lavout ot the pu pits 1s given in

sampies {disturbed) were collected

d in the 20-pits. and after listing

pbased o©nN

numper of samples from each type were

pratorv tests. such 23s Atterbera

s, organic matter content, soecific

ciav mineral tvope DV

ome clav samples.

-tandard procegures of the BS

ing to
from He=" (1954 with some
them comopaticle with proceguras

1e accordind to tn= Unified Seoil

is mainlyv ba:2d on the ASTM standgrd.

+hese WG =tadards as concerned with




the classification tests lies in that the size range given for the

three soil size grade ‘clay, silt. sand) by ES differs from that

given by ASTM. Thus. the standard oroceaures available to the

writer being only those of BS. while {he available sieve size 1n

the laboratory are only those compatible to the ASTM standard. it

was necessarv to make tne folliowina modifications on the BS

procedures so as to be able to perform the classification tests as

given in ths Unified Soil Classification Svstem.

To calculate the opercent of fines inhe soil specimen 1s
passed through the 0.075 mm (No 200) sieve instead of the BS
of ©.0e2 mm. This iz because tne unified Soil
Classification ©Svstem 1S pased on calculation o4 percent of

fings as the fraction passina the 0.07% mm sieve.

For the sedimentation analvsis ihydrometer) too the

paterials that passed through the 0.075mm sieve was used

instead of the Q.03 mm recommended by the BS. 1377: 1975,

Test (7D).

Wet sievind or soils containina high amount of fraction of

finss 15 made according to BS 1377: 1975, Test 7 (A ). with

the above modificatians.



Determination of the plastic limt 1= sccording to BS
1277:197%, Test (3). Licuid lim:t bv cone penetrometer
method (BS 1377:1975 Test @2(A} and Dv 0ONE point cone
cenetrometer meihod as suagested bv Clayton and Jukes (1978,
f1de, Head., 1984), see Aopendix 2. Organic matter content
is py the igmtion loss method as given 1in Carver, (1371)
based ©cn measuring the weiaht loss of oven dried scil after
heatino 1t in a furnace {0 about 550°. expressed as
percentaage of tne original weichi. Free swell test 1s done
accorging to propeosition oV Gibbs and Holtz (195¢) fide.
Head 1384 (see fppendix 3. and $inzlly the oarticular
instrument usea for the Differential Thermal Analysis (DTA)

was NETZ5CH. OTA-hpparatus 4ud EP/1/416/1L made 2N west

Germany.



(3]

Laboratory Analvsis anag Fssults

6.3.1 Mineralooizal and Chemical Composition

6.3.1:1 Mineralogical Comgosition
a. Non Clay Minerals

e e e o

Determination of non clay minera! types was done only on
silt and sand fractions of few samples using @ binocular
microscope with ©2 times masomification and the analvsis
snowed that the soils of the studv area mainly consist of
guartz. feldspar, MICas. rock fraoments and some heavy
mninerals such as qarnet. The diaaram in F1Q £.l shows the

relation between granuiation and mineral comoosition of

loesses (Rvbicka and Rataiczak, 1973, +1de. Grabowska-

OlszewWska. 1988)., From s diagram 1t can be visualized

that the share of gquartz 1ncreases wWith 1ncreasing gQrain

cizes and the shave of feldspars 18 potimum 1n the rage of

graln size 0,008 = 0.05mm. Comparisaon of this figure for

ipess soils with the =pils of 1tnE stua. area may be

justified since zo1ls which have properties similar to loess

are widesoread 1n {he studv area. particulariv tne soils

of the lithological tvoe 11 (see Chapter 3. section 3.2)
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Clav Minerals

Determination of the tvpes of clav minerals has Geen
attempted by the method of Differential Tnermal Analvsis
{DTA) after obtaining DiA curves for three selected clav
samples. Altnough it can not DE expected 10 accurately
determine the clav mineral opresent by tnis method alone.
never the less, the interpretation of the curves for the
three samoles after comparing them with standard curves
given in literature (Brim 1968, Mitchell. 1976) and 1n the
Manual of the apparatus used for the DTA analvsis,
indicated the oOresence of Nontronite 10 all the tested

amoles. In Fig 6.2 the curves are given agjacent to each

m

other for comparison. and Table &.1 Cives the peak reaction

temperatures, for eacn samole. gbtained bv the pia.

The presence OF apzence of calcium carbonates on &ll samples
was testad bv dropcina 1O % HCi on them. If a soil contains

carconate. it normally shows an et+ervescence to a drop of

HCl due to & reaction takinc place hetween the HCi. and

carbonate. The strenoth of tne effervescence can usually be

an indication to {ne abundance of the csrbonate in the soil

(strong effervescence 15 sesociated with high amount of

carbonates). Thus. except for the clav samole No P-20-7
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collected from North Western oart of the study area, at the
depth of 200-300cm( see location of pit 20 in Apoendix 1!
which shows a slioht effervescence 1o HC1, all the rest
samples do not do so., indicating absence o+ carbonates 1in

them.

£.3.1.3 Oroanic Matter ntent

Tne organic matter content bv the ionition loss method was
determined for a numoer of selected samoles. The results
are shown in Taple 5.2. The highest 1gnition l0ss value was
obtained for the lithelogical tvoe I coils ana it 1is from
5.8 to ©.0%. the maximum value being 8.0.% For
tithological tvpe {! socils the range 15 éirom 3.4 to ©.6%
Usuallv, soils containing oraoanic matter 1 &W are

concidered as organic so1ls. Therefore the sagils in the

=tudy area can be consigered as organic s01ls5.

enyvsical Fro arties

For the disturbed er1l samples caliected from the field.

determination of tne foliowing onvsical oroperties was

carried¢ out on selectead reoresentative saroles.




Table 6.2 Organic Matter Content of the
Soi1ls of Omorati Area
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BeFBel Specific Gravity

Specific aravitv values for representative samoles from
lithalogical tvpes II ana III are oresented in Taole 6.3.
The range of values 18 E.42 to 2.71 igr all the sample, and
samole from litholoaical type 111 shows the highest vaiue
whila the ilowest vaiue 1s for samples from litholooical tyoe
I1. The lower value of specific gravaty for these samp les
2,42-2.52) could probabiv oe accountad to their high orgamic

matter content (ses Table &.2) .

6£.3.8.2 Brain Size A 1S

Grain size analysis results jor all tne samples tested 18

shown in Tabie &.4 and Fi1g o.3. The range of percentaces
of tne three 3118 $ractions ( clav. <iit and sand ! fOr the

so0ils of the stuav area are as follows:

Lithological Tvoe 1 (Cilavs!

Based on Simoie ¢ield and laboratory identification

procedures such as drv strenoth and ioughness. Tne soils

of the litholegical tvoe 1 has been estimated to contain:




Table 6.3 Specific Gravity of Soils of Omorati Area

Depth

‘ ‘ " "

: i of : :

'sample ' sampling iSpecfic ‘Lithological
'No. ' - (cm) ‘gravity itype

L] i ] L]

(p-A-1 10-25 : 2.52 | 1
\p-8-4 !128-300 . .42 ') 11
1p-15-2 '108-130 : 2.44 | 11
'p-12-5 1152-202 : 357 by 111

L L} L] ]

---.——-—_-------



+.bie 6.4 Granulometric Composition of the Soils of Omorati Area

j%
38
- > e
m_r_- —
1
-3 i
4 0 _ — —
-
[}
Q
-
g -
1.m' — -
S8
-
- -
e e e L £ o o e e o 7 - - - ..l..._..nlng..(l:....:‘..--..._n..ow ........
§ 5 | BEEE
- O - t * ﬂ ' | =
B R | i 1 : _ :
g Lo " | ! i i > | i
S - -t , > > o 9 L]
Y=~ 3 = m e - | S IS B
Srﬂsnp " i p ! H | = - -
GO swv - o las bey las igbs - 42 2 4
g Qe B 8 2 3 a te= fg L= I (r="de -
- QO L= LC 0O - - *..I el 1= =l Lo f— - 2 i
L S L& o L7 B len 1l 1©0 0 wn L7
. un..cn-'__l..,.....i||u||.|||."u|:a.|t-..ulo..n'.
! i { _ i | : i
% f 5 F F _
' i 1 .
.m-.u — _- m_ _._ _.. __ ,"— ' 1
o t ' 1 - -
[+ ] nmi . i | 1 1 n ’
noE w \ | i
w0 i h - i ..ni_l.. ..I- |_n.| v i TR = T
o s - § - =T (B ) o =] o
. v (o o O W - =] D W
o $ i i { !
1 29 | i i :
o~ o ' i H i i
> 0 <~ | ! |
- O E ! |
- . s o i i { i
YO E | - . \ : i
T i e e SAGUR e VAR 8y 1 ||‘_|||_|-:u...|....ulx_--.._ ;
| | PN 7 B R B R ™ o i
i ' o ‘) = M P« WO (3] L= I}
_ o 5 T A A T A .
_ >0 L] ! 1 i 1 ! s
™ - E ! | i # i ) 1 |
| —_—0 [w] _ # ' i I ! I
* [& m @€ ﬁ * ! ! | i
_. e 1 10 | il T T
= o lo | | = o | | o |19 _ i | = i i
- @ ig | i 2 & | |2 i I8 , o o )
= — €1 4N * i) =] C1 & — =1 e B e | le= = |
{ I o P (D < T - T o= 2 ! ! w e -_ pot _,..0 ) __ |~ @
H Q = Lo 1) >y | = | = L (] L] «J S | Y (] 4 ﬁ » LG B | -
W Y%= @ T Q *._ L ! _ 1 - =] | __r.. TJ iy le3 1 | s _.... |
€ QN ~j D= r i ) () [ ] o ™~ = -y -1 1 — _ a] _ ot | - N
-= ||..;....uu....nllrxu_unln_....na.l......:....-.- s S i o R 1r_-_-.,.. = ‘.._nA-.._n
c ! # ! | : { ﬂ M i __ | _ ! m
a L oo e | L le la | ;
1) — | ! jom | i w0 - # i for led e | I
P . o feg v 10 | B | ] i | e ey (v -t 1 ' - ley lw=
2 ag ¥ By [y 18y R U R (S - T I I 1 S 0. ) o P '
& g N | e~ jo | 7T - - v YR R B £ ol D (s — j e les
g 3 <0 [ L B _.._ 11 I [ i) DR i |
w2 @ o la o 1o a n e A% - lre, de O 1= _— Tis




Contc

: i I ' :
Sample ‘ : :
NO i bepth
'and ‘of
‘location !sampling

'Silt 'Sand
10.002-0.06'0.06-2. 0
‘m.m ‘m.m

iClassification
yaccording to
\Triangular
yClassification
‘Chart

i (by PRA)

‘Lithological
'Type

]
i
L
[
L]
[
(]
(]
]

L tholo
'S -ty

P75 1220-280 | 64 | 3 R T Ty : ir i
EP*?—G :128“300 : 4 : 56 :-_—"_:. 'Silty Clay ' ‘
I D-g-4 ' 40-62 : 45 ! 55 s "1ty Clay ; .
', : Ay § x4 I WP L ) & : ; 11 :
p=12-2  (5H-14D 41 | 59 | - 1S1lty Clay ' '
T T T R T PO :
'By5-2 1130-140 | 3% ' ey i = iSilty clay ! :
Z-15-3  :180-2%0 ! a7 ' g3 ! = | ASiity Clay | :
ere-2 0= 43C T BT ' .= | &ilty Clay ' : 11 nﬂ
i-3G-1  '0-20 T$z T - 4B ' =  ‘Clay :
‘o-t0-1 '4n-107 ' 63 T MY %= | ‘Clav ’
ieegen . 0=18 ' {3t 69" | 18 'Siity Loam |
0-1 042 ¢t 13 T8 ' 18 'Silty Loam |
eBe1 i0-48 iTTTTTIE Y T Ta a7 \Loam I 38
- - o e e O » 1T Hho
o=1  toiete 1% 44 ! 40 !Lown 11 or III III a
16-3 h181-206 ' 14 ' 49 ! 37 ' Loan : :
i . Sy —— S e e ) 111
3-8 ‘0-30 - 41 B 1 &3 'Sand v 111 a
TEYTEm T a6 sy o
i : S o A AL 11T b
[5*§"‘.;@5:§5§' o g 14 76 'Sandv Loam :

+ PRA Public Rcad Adminstration, US




100 l l
90 1 o—o—o 1la.
a—as—a IIb
% o—e—o Ubewllid
o—o0—0 [lla
] o—o—=o [lIb
60
50
g
5 w
&
e ¥
2
10
’ 2 10 2
AST.M = [
B.S =
Fig- 6.3 Grain Size Analysis Curves of the Soils of Omorati Area-




-

Clav 80 to 20 Y%
Silt 10 ta 20%

Sand -

Lithaloowcal Tvoe II ( Silty Clavs and Clavey silts)

11a) Silty Clavs 1in) Clavey 6Eilts
Clav 6% to 54% Clay 13 to ed4%
Silt 44 to &1 % Gilt 36 to 80 %
Sand neoligible Sand U to 1€ %

Litholoaical Tvoe 111 (Sandv Silts and Silty Sanas!)

[ifa) Sandv Silts [1Ib) Silty Sands
Clay 14 to 1&% Clav 5 to 1%
11t 44 to 49 ¥ Silt 11 to 20 %
Sand 27 to 40% Sand 37 to 828 %

The shace ©of Ccurves 1n Fig ©.3 show that the soils of the

litholooical tvoe 111 are poorly graded. From this data it

15 also evident that unlike the litholooical tvoe 111 soils.

the distinction which has been made 07 the litholoaic tvee

11 1n to the suptvyoes 11a { =iltv clav) and 1Ib (clavey

=ilt) basea oOn the field descriction alone. is not

confirmed bv the labaratory grain s1Ie analvsis, which 1n

this case ShoWs that a soil ident1fieg as silty clav in the




+1eld may become a clav silt and vice versa, based on tne
laboratory grain size analysis. This i= to be expected
because of the different levels af accuracy savolvad between

these two methads.

The plot on US, Public Road Administratign‘s Triangular
Classification Chesrdi for ihe tested samples 15 shown in Fig.
£, In this chart samples from lithalpaical tvee II fall
mainly in the region for silty etave and some 1n & Tregion
for clavs and samples from litholoaical tvee 111 mainlv in
the recions pf loam, sanay loam or sand. Siltv loam
varieties sre also fouad which could belona either to the

litholoeaical tvoe IT or I1l.

B.3.2a1 Atterbera Limils

The results of tne Atterbera limit tgstis are showpn 1n Table

-

6.5, The values can be claszified 1n 3 OTQUDS. The first

one with the highest values of liouid 1imit from &0 to 78

and plasticaty index (&8 to 35 18 for lithoicgical tvoe I

soils. The second aroup with liguid limit from 35 to S8%

ang plasticity index 7 to 22u is for litholoaical tvpe i1,

The third oroug from 1itholooical tvoe 111 soils :s with

out anv plasticity. hence non pilastic. Atll values

datermined tor all sampies of tne three lithological types




PERCENT SILT

Plot on Triangular Clasitication Chart of the Soilsof
Omorati area.

Fig- 6.4

{ US, Public Road Administration, Triangular Clasification Chart)



the Soils of Omorati Area
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would plot below A-line on the Cassaarande’s plasticity

e : . '
Chart. One clear observation that can be made from this
data is that in the lithological tvoe [I, the Atterbera
limit values 4or tne samples contaiming higher silt

fractions, are as high as for those containing higner clav

fraction. Two orobabie reasons can be stated to explain

this ohenomenon.

One reason mavy be that tne si1lt fraction Of the Silt
dominated soils could be predominantlv represented by the
very fine silt fraction near the boundary to ihe clav size
fractions (0,002 mmi. The second reason could be that the
clav fraction of the clav size dominated soils may be

predominant ly represented bv fractions near this arbitrary

boundary between clavs and si1lts.

6.3.2.4 Free Swell
Free sw=il test. 2 zi1mpole test which was oroposed bv 51bbs

and Holtz {195¢) ,f1de .Head (1934) is defined as tne 1ncrease

cf the scils volume firom a loose dirv powder form when it 15

poured into water gnxpressed @as the percentace of the

U]
n
=
]
<
[ 1]
C
m
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+
Q
|

original volume. Table ©.5 3Shows tre

m
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=
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]
m
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celected clav samples. ficcording th

so1ls with free swell vaiues less than




Table 6.6 Free Swell Value of Clay
Soils of Omorati Area

'Sample 3 . '

\No. ' Depth \Free swell,

tand - of \value in |Lithological
E1ocation E samgling | % 'type

. i ; :
'P-6-4 1240-250 . 60 '
P-7-2 1 100-130 M
'p-8-1 10-50 : 60 ' I
'P=16-1 1 0-180 ! 50 )
\P-20-7 ) 200-300 ; 110 ;

] ] i I

Table 6.7 Table of Estimation of
Expansiveness Based on Free Swell

value (After, Mathewson, 1981)

i
'Free swell
‘value (%)

Expansiveness

'Less than 50 jLow

1 50-75 | Medium
1 75-100 1High
'Greater tnan |Extreme
'100 :

[ i

-




7T~

show expansive oproperties values of 10U% or more are
associated with clays which could swell consideraclv wnen
wetted, especially under liont loadina. Makino use of Table
.7 which classifies soils to their degree of expansiveness
pased on their free swell values the clay samples P-8-1,
F-1&=1 and F-20~-7 have medium to extreme expansiveness.
This high expansiveness couid be due to tne opresence ot
nontronite detected in them by the DTA (See, section
5.3.1:1) 4 which bpelonos to the clay minerals of the

Smectite group known for their hiohlv expansive lattice.




(]

Engineerinc Geclooica!l Classification of the Scils of the Study Area

o

oil classifications 15 the oplacing of a scil into a group of soils,
a1l of which exhipit similar benavior ( Lamoe and Whitman. 1969). The
correlation of oehaviors with 2 group in & soil classification system 15
usually an empirical one developed throuch considerable experience.
Mozt soil classifications empioy verv simple 1ndex- tvoe tests to obtain
the charactieristics of the soil neaded to place 1t in a given Qroup.

= most commonly used characteristics are particle size and
piasticity. In 1952 the Buresu of FReclamation and the Coros of
Engineers 1in US develooea a Unitied Sp1l Claszsification Svstem (USCS)

ntendsed for use in all engineering problems involving soils. This

claz=ification 1s oresented in Table 6.8, and to which classes the

so1l= of the studv area may belong 13 indicated below:

Fig. &.5 shows plot on Cassaarance’s Flasticitv Chart of all the so1l

amoles tested in the laboratory. Accordingly all the values fall below

A- 1line on the Plasticity Chart. Hence moet of the soils of the ar=a

seiong to OF  (organic clavs of medium to hich plasticity) .,or MH

X . 5 ils:, OL (organic
tingrganic silts, micaceous fine sandv or s1lty soil o

. = i -1tv) or ML t(Inorgamic s1lts
silts and organic silty clavs ot (OW piasticitv) o

snd very fine sands, siitv., or clavev. fine’' sands with sliaht

clasticitv) The coarser grained fractions are mainiv classified as SM

( siltv sanas. opoorly graged silt. sand R




Table-g.8 Unitied Soil Classification System (Atter Wagner 1957)

[ Major divisions. Grow | Typical names. Liioy sieiiatd
7 o —_— 4l 2 e
3 E_g Sl o o v fiig; 45Cuand15Cesa m].:
T4E = HiH
- £z E% | O | qaveaamd misuwes WR¥g§ | Notmesting al gradaion requisments for GW.
@ .619—2 — 2 2
g g%& g o &.*vvll-lﬂnd-'ﬂm 8 'e = .All.u::uhhhdu A®
E T L " f gAE | Wieabst | Mom ok losns
2 gg- i 1 8! %Ii e s :mﬁquw
ig ® §§ e m;vm g gi “Atlneand7 £ 1p.
2 5
3 ...., g‘
gi ? Bp | o | E_ 65Cuand15Cesd.
gi £ gg g ;,
F | g
. 39-2 g
e :
' £g i trekions
R gg L [/ g ‘A’imu:{ Shn S a2
E'E_ S % 451957 are borcerdine
...g‘ égi A :ml.ud
) gi R [ s O A ineand 75 .
£ ML | o e sy e dayey v st
g,ﬂ; clayey sits with skight plasticity. Plasticity index (%). {
i ga o 5 B 8 8 8 8
| b [« e - ;
g EE silty clays, loan clays. s i L }
E & -
2 " § ig pilts, crganic sily clays 8 2
2 O | Glowpasicy. . a _’J
E-’g Inorganic silts, micaceous or dato- E&"g \
3 : MH | maceousline sandy or silty sois, S \
;3- —gg elastic sires ) 8
8 =L 2
gEF ig oo | oogaric clay o igh plasicy £e ] 2
& % fat clays. 3 2 7. g
g %% Organic clays of medium lo high 8 : Q‘\
s 8 OH | plasticty, organic sils. 8
) w2z §
QQE [ Poal, highly organc sods
RE =

Borderiine ci dications, { for solls agin mdmm“wmmdmﬂ
For instance: GW-GC means well-graded gravel-sand mixture with clay binder
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511t i3 inherently unstable, Darticularly when moisture is increased.
with a tendency to become Ouick when saturated. It 18 relatavely
Impervious, difficult to comosct., easilv erodible ang subiject to pioing
and boiling. As a result of the platv moroholoay of micas: sand and
silts contaimno onlv & few percent mica mav @<nibit both high
compressibility  and large swelling during unioadina  as mav be seen in

Fig 5.5

Organic matter present even in moderate amounts  increases the
comoressibility  and reduces the stabilitv of the fine grained
comgonents. It mav decay causina voids or bv chemical alteration change
the procerties of 3 =oil. Hence organic soils are not desirable 4or
EnNQlneeiring uses, Since most of the soils in the studv area are
consisted of high =ilt 4raction containing micas and appreciable amount
of organic matter (Table £.2). they may not be desirable for

ENgineering Uses,

In Table £.7 a general indication of the permeabiiity, strenath and

compressibility of the various soil groups along with an i1ndication of

the relative desirabilitvy of each arous i1n 2arth dams. canal sections.

toundations and runways is given. From this table 1t car pe seen that

the soi1ls of the studv area which mostl, belong to OH. MH, ML, OL or

S groups in the Unified Soil Classification 5Svstem (USCS) are

unsuitablie for most civil enaineering works.
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Fig- 66  Swelling index as a function of mica content for coarse
grained mixtures (After Terzaghi, 1931; fide, Mitchew 1976)




Table- 69 Engineering Use Chart (After Wagner 1957)

-
Important Properiies Relarve Devradility for Vanous Uses
Rolled Eanr Damy Canul Sections _ Foundations | Raadways
Shearing | Compreisi- Worka- X
Typica! Names Grew Streags biliry el ! | | 1 Fuils
owiw,.&, Groups mua_...on__. 15”..:“1._;« when wnen by 3 yomo. £ Com- |  Soan _
" Compazed | Compacted 2 Coe- penecus ' | Soon: sacted g P38 Froum Sur-
Compacied . « structica Core  Shell  Resmt- o lme | not Ime . From o
and and Maeerial Empani- (| ames | Eanh porant | poreant | Heave Heave 130§
Saturated | Saturated | | ment A Lining { { net Possibh:
i [ : | H _ Possitle ' 7O
Well-graded grasels, pravei-sand . ! | : ! | !
mintures, litle or no fines Gw pervious excelleat | neghptie " exgellems — | — 1 1 | = | - T ) | 1 |
| Poorly graded gracels, gravel- I ! ! i __ ‘ ! _
sand muatures, littie or no fnes (74 very pervious good negligibie | good — - 2 = | - - 1 3  E | 3 -
Silty gravels. pooriy graded eI perYIOUs A % i _ \ H _ |
grasel-sand-s’t mistures G 10 impervious good neghgdle | goed | 2 4 = F e AT 1 - 4 ? 3
Clavey grasels. poorly graded | | | t :
grasel-sand-iay miniures GC impervious | goodto | verylow : good | Y by ¥ . 2 6 b _ ] 1
faur i i . ' i
Weil-graded sands, grasells sands, ! g t Y 3% ) |
hutle or no Enes L pervious excellent | meglgibie  excollenmt - Lol I e (R A L ﬂ - 2 2 — 2 -
! i 4 7 |
Poorly graded sards, gravelly . “ | b ﬂ ir | |
sands, little or a0 fines L7 o pervious good very low fair | — | = |grawly ; gravelly “ - - 5 L] # B -
i ! 8 3
Silty sands, pocrly graded -a=d- semipenious [ S __ erosion H
silt miatures M to impenious good Iaw fair & B S0 grarvelly  critical ! 3, 7 H 10 [ 1
Clavey sands, poorls graded sacd. good to { ! |
clay matures 5C | impenious fair low good 3 | 2! < s 5 2 ‘ s 7 5 2
Inorganic silts and very fine rands, - i ; 2 6
rock four, sdiv or clayey fne semipervious ' H Verosion |
sands with siight plasticity ML 10 impervious fair medicm | farr & 0 & — § = Pentxal n L] 9 0 1 _—
Inorgamic clays of low to medium ! i : i |
plasucity, graselly clavs, »andy good 10 1 ! | !
. clays, silty clays, iean clays cL impervious fair medium fair s _ 3 H - m s 3 5 10 5 7 7
i 7
Organic silts and organic silt-clays semipenious i i erotion
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Engineering beological Mapping Qr _the Stugv Arza

selection_of Mag ina Units

Enq1neer1ng oeolopical mappino 18 based, not on the
lztncstratiqrannic units in conventional 9ealogical maooing. but
on the recognition of nomooeneous lithological units that 1n anvy
oné area mav have a range of geological ages (Bulletin of IAEG.
No. 24, P.251, 1981). Tne oegree of homogeneity 1= related to the
scale of the map and an tnternationally acknowledoed set of
taxonomic units (UNESCO/IMEG, 1976: fide Bulletin of IAEG, Nc. 24,
1961) based on lithology has been establishea. The litholooical
engineering geolooical units and their sefinition as given in this
Bulletin is as follows.

8 Enganeerina oeolooical_tvoe (ET)

The engineering geological tvoe has tne highest degree of
ohvsical homogeneity. It should be umiform in lithological
character and ophvsical state. These units can be
characterized by statistically derived values from
individual determinations of ohvsical and mechanical

properties and are generally shown onlv an large scale maos

(larger than 1:3000)




Litholooical type iLT)

A lithological tvpe is homogenous throughout in comoosition,
texture and structure, but wusually 1s not umiform 1in
phveical state, Reliable values of average mechanical
procerties cannot be given tor tne entire unit; usually only
a general idea of engineering proverties. with a range of
values can pe opresented. These units are shown on
large-scale. and where possible, on medium scale

maos (1:5000-1:106,000) .

Lithological compiex (LC)

A lithological complex comorises a set of genetically
related lithological tvpes developed under specific
paleogeographical and geotector:c conditions. within a
lithological complex the spatial arrangement of lithological
tvpes 1s uniform and distinctive for that comoiev, but a
lithological comoler is not necessarilyv uniform 1n either
lithological character or physical state. In conseouence.
it is not opossiole to define the phvsical and mechanical
oroperties of tne whole litholooical comolex. but only to
give data on the individual lithclogical tvpes comorising

the compolex and to indicate ine peneral behaviers of the



whole litholagical complex, The lithological complex is

used as a Maoping unit on medium scale and some small-scale

mapns(1:10,000 - 200 ,000)

4. Lithological suite(lS)

The lithological suite comorises manv lithoiogical comolexes
trat develooed under oenerally similar paleooeoaraohical and
tectonic conditions, It has certain common lithological
characteristics througnout which impart a senerai unity to
the suite and serve to distinguish it 4rom other suites.
Oniy verv general engineering oecloaical properties of a
litholooical suite can be defined. This units are used only

on small scale maps.

Delineation and Engineerina Geglooical Characteristics o+

the Mapping Units

Based on the aocve detinition of the taxonomic units. tne surface

enoineering geological mapoing of Omorati area at 3 sceie of
1:10.000 has been carried out on the basis o+ 1gdentifving the main

"lithological complexes" &5 mMmapping units. characterized by

information acguired by field chservation ano samoling followed bv

svstematic laboratory tests such as index oroperties and agrain

s1ze analveis. Althougn. the aralysis of laboratory test results
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confirmed tne three lithological distinction of chapter 3, section
2.2, in €naineering geolocical terms, but it did not pravide any
result that may enable to make rurther clear sub-divisions which
may be used to characterize the "lithological tvoes in to
sub-tvoes, Accordinglv, it was found possible to identifv three
“l11thological units" for the maoping purpose all of them which
coincide with the three lithological tyoes of Chapter S. These

lithological units  and their engineering geclooical

characteristics are as follows:

Lithologicai Unit A

Clays:~ dark brown to dark grayish brown, with reddish mottling
and some times cark pluish tints, highlv cracked, columnar, to
prismatic or sometimes subanaular blocky structure. Usually
contain semi-decomposed rootlets. They are hard, moderately
weatnered to highly weathered. The liouid limit for this type
ranges from &0-784, oplastic limit 40-44% and plasticity index 1is
generally from 1E8-354, while the organic matter ranges from
5.8-8.0%. all the liaboratory tested samoles +all below A-line on
Cassagrande‘s Plasticity Chart and are classified as OH (high

plasticity orgamic clavs) according to the Unmi<ied Soil

Classification System (USCS).




Lithological bnit B

Si1lty Clays anc__Clayey S11ts5:- of mainly dark vellowish brown.

sometimes with reddish veliow and gark mottling, it mav wusually
have granular to columnar. subanqular blocky sometimes platy
structure. Some varieties are verv porous with numerous vertical
rootholes which in most cases are similar to loess like so1ls 1n
their oroperty including collaosing. The liguid limit rances from
35-5e%, plastic limit 28-37% and plasticity index 7-21%. organic
matter is 3.8-6.6%. All samples +fall below A-line on the
Cassaorande’s Plasticity Chart and are classified as OH. MM or OL
(low plasticity organic siits or clays). Mineraloaically tney are
composed of lot of angular grains of. quartz feldspars and mica

plates,

Lithological Unmit C

Sandv Silits and Silty Sands:- mainly dark veliowish brown color,

may be homooenous or interstratified with small scale cross beds
at some places.loose, fine grained angular sands. all passing
(No. €0 sieve, i.e. 0.30 mm), poorly graced, they contain lot of
micas (mainlv muscevite). Thev are classified as ML (inorganic
silts and very fine sands, silty or clavev fine sands with sliont
plasticity) to SM (Siltv sands. opoorlv graded sand. silt

mixtures) . Determination of the sand. silt. clav % <or this

lithological unit gives sand% = 37-82 silt % = 11-50 and clav %
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S-164%, Examination under binocular Mmicroscooe shows presence of

angular grains of Quartz, feldspars, mica plates. some heavy

minerais and rock fragments,

Delineation of the aooroximate boundaries between the three
Ta0Ding units was done from an aerial ohotoarachic mosaic of the
area with the same scale as the maoping scale (1:10.000), mainly
based on their relative tonal differences. In addition to the
above major mapping units, two other subordinate maooing unite of
an undifferentiated lithoiogical units A and B: and litholooical
units B and C, are includes because of the difficulty o+ putting

the boundaries between them at this maoping scale.

Cross and long profiles along selected lines with their location
are given in Aopendix-4, to show a generalized picture of the
distribution of and relationshio between the various lithological
units identified i1n the study area. Thnese orofiles make it clear
that the various lithological units are characterized by lensing

and tnickness variation both in the vertical and horizontal

direction.
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Conclusions and Recommendat 1ons

B.1 Conclusiaons

The lower Omo basin whose formation is believed to be as one cf the
branching rift system (Turkana Rift) of the East Afritan Rift 1s
underlain by a very thick (about 1 km) of deltaic, lacustrine and
fluvial sediments, with some horizons of tuff and basaltic flows, which
were deposited in a subsiding basin starting apcroximately 4.5 M.Y aco.
The oepocsits of the lower Omo basin are all tauited and ¥ractured
extensively and some in minor extent. The fluctuation of the lake level
ot the ancestral lake Turkana, whose fluctuation is known to exist still
to the present time, has had a great influence on the character and
distribution of the subsurface sediments of tne whole pasin. The study
area totally lies 1in the subrecent flood plain of the Omo river, the
geposits of which are composed of clavs., =11ty clavs, clavey Silts,
sandy silts and ei1lty scands. All are characterized bv lensina,
thickness variation both horizontally and vertically, and are found in
different stratigraphic order from place to olace. There 1= a wide
sbread occurrence of sipkfoies and cracks in this area which 1s
believed to be due to hydrocompaction of collaosino scils and pioing

through f1re s1ltyv layers.



Due to 1tz location in the vicinitv of recoonized seismically active
tectonic feature (the Main Ethiooian Rift) has expcerienced the eftect of
severe earth auakes throughout its history (Gouin, 197w). The Seismic

intensity Jrade of the area correspords to "1X" or "X" on the MMIS.

The results ot the laboratorv analysis performad on selected
representative disturbed samples show that the clav so1ls ot the area
contain nontronite, The Free swell values for these clav samples 1s &0
to 110 which corresponds to medium to high expansiveness. The dominant
non clay minerals in the coarser grained soils ( Sandv silts and silty
sands) are guartz, feldspars., micas, scme heavy minerals and rock
fragments. All the tested samples contain aporeciavle amount of organic
matter (2.6-3%) and carbonates are absent exceot 1n one sample.
Specific gravity ranges from 2.42-2.71. the kighest value being for
sample irom tne siltv sands. Thne orain size analysis results show that
the coarser grained soils as beinc poorlv graced and all are pass
throuah the 0.3mm s:ieve. The plot on the Trianogular Classification
Chart (US. Public Roaa Admimistration) of the testec eamoles show them
as falling in the regions of ciav, silty clav. z11tv toam. sandy loam
ang  sand. And the plot on the Cassagrande’s plasticity Chart based on
the Atterberg limits shows them all to fall below the A-line. and theyv

are ClaESIfIEG ma‘nly as O+, MH, oL. ML or €M ir the Unified Soil

Classification Svstem.



2%

Engineering geological maooing at the scale of 1:10,000 was carrieq out.
The basic taxonomic wunjt chosen for the Maooi1ng purpose 1s the
"Lithological Type (LFar. Accordinaly three t1thological units are

1dentified, which are:

Lithological unit A: Clavs
Lithological unit B; Silty Clavs and Clavey Biits
Litholegical unit C: Sandy Silts and Siltv Sands

The Engineering ceological study carried out in Omorati area whose main
purpose 1is to evaluate anc mas the area for the ourpose of urbanization
has revealed the following hazardous conditions, Wwith out whose
Considerations may not be possible anv undertaking of Civil engineering

work 1n tne area.

i. Aithough not vet well established some aeolocical evidences
indicate the oresence of major fault on tne western maroin of the
tlood plain of the Omo river which lies some kilometer awav from
the western boundary of the studv area. Therefore, the
possib1lity of a future disclacement along this fault which could

accompanied with earth ouakes of aporeciable maonitude may be

oe

disastrous, as it is known that several destructicn of cities in

the world had been associated with majtor fault displacements alona

near by faults.

‘J‘...........IIllIIlllllllllllllllllllllllIIlIIIIll..I.lI.lllIlIIIIIIII---__——————————J
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The area lies in one of the most seismically active zone of
Ethiopia.  Study of Figure 2.4 (Map of seismic Intensitv) and
aoplying the recommendation bv Gouin (1976), to uporade the
corresponding intensitv grade on this mab. 1n the case of not too
weil consolidated and saturated sci1l cconoitions, gives an
intensity grade of ‘1%’ and ‘X for the study area. It 1s
considered that the seismic des;qn for grade ‘I[x’ would be the
maximum oossible tor engineerina ourposes since oarade ‘Y 18
considered catastrophic (Zeevaert, 1923). Therefcre. the ground
would not suoport construction in a satisfactory wav, even 1f the
construction could be designec for an earth ouake of such
magnitude. since there will be subsoils that will 4a1l because of

the shear farces induced in them.

Study of the history of Turkana lake level fluctuation indicates
that this area 1= prone to flooding bv the Turkana lake whose ever
thanging share lies only 20 km south of the studv area. [t has
been estimated that an increase of 10 m 1n the Turkana lake level
can extend this lake as much as 40 km +turther north (Coooens.
1378) ., With the ogradient of approximatelv 25 cm/ km petwesn the
Turkana lake shore line (375 m a.s.l.) and the studv area (390 m

a.s.l.), the inundation of tnis area bv the lake, in the future.

15 hianlv probable.




——

4, Presence of active oeodvmamic phenomena. such as. widesoread
occurrence of sinkholes and cracks, whose occurrence is mainly
attributed to piping and presence of collapsing soils*t is by it
self a red sign, warning aocainst anv civil engineering use of tne

area. with out careful consideration of this phenomena.

A

In general, the study area 1s characterized bv difficult subsoill

conditions#2, Witn the existence of the above hazardous

*]

3pils that are susceptible to large decreases 1in bulk volume when they
become saturated are termed collapsing soils (Mitchell. 1476) . Collapse
may be trigoered by water alone or by saturating and locading acting

tooether.

According tc Zeevaert (1983) , difficult subscil condition may be defined
as thoze encounterad 1n soil sediments of medium to very hiah
compressibility and medium te very low strenath extengina 10 great
depth, and in those where tne hvoraulic conditions clay an important

role, as well as when the soil deposits are found in areas supjected to

stronog ground motions induced by earth ouakes.



conditions in the study area, in addition to the highly compressible and
low strength spils characteristic to the area 1t can be definitely
concluded that the studv area is characterized bv difficult subsoil
condition. Thus, oresence of difficult eubsoil condition in an area mav
incur extra costs for remedial majors on every kind of civil engineering
works in the area which may be uneconomical in many cases, or 1t may
even preclude construction of others, such as heavy buildings. |

Hence. considering the presence of the aforementioned hazards: the area
iz tetally wunsuitable for wurbanization. Thus 1t should either be
avoided cor the tyvoe of land use t1such as aoricultural. tourism or
residential) should be regulated which keeps the number of occupancy per
acre to a mimimum 1n keeping with the degree of hazard. However, which

ever 1s the land use type, the following precautianary measures should

be observed.

8.2 Fecommendations

1. The susceotibility of some of the scils of the area to collacse
settlement should be elucidated by scientific criteria available.
One such criteria of CGibbs ano Bara (19e2) is a probability of
collapse graoh through which the collapcse potential of soiis can
be assessed plotting them based on their natural drv density
verses liguid limits. Accordinaly oroper stabilization methods

compaction after wetting to the ootimum moisture content

such as




L

or other elaborate methods of soils stabilization used for loesses
listed 1in Table 5.1 can be emnloved before placing any structure

on them.

Concentrated run-ofé from building roofs or other sources should
not by anv means be allowed to erter the toundation area on the

collapsible sails.

Even with the provision of enouan structural safetv for the
seismic hazard, buildinas with more tnan 1-storev are not
recommendad considering the high deoree of seismic hazard ("IX" or

"X" on the M.M.1.5) 1involved in the area.

Designs of buildings and other constructions should tave 1in to
account the excessive comoressibility of the soils ‘which mainly
belong to OH, MH, OL, ML, or SM groups in the USCS) underlying the

area.



Appendix -~ 1

- The lav out of the 20 observation pits (P) and 2 borencles (BH)

- Description of the prcfiles i1n each oit and borehole
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Appendix - 2

Free Swell Test (Gibhe and Holtz, 1956), Fige. Head (1484)

Free swell 15 defined as the increase of the so1ls vaiume from a loose drv
power from whnen 1t 1s poured in to water, expressed as 3 oercentage of the
original vaoiums. Its purpose 15 to indicate the possible expansive
characteristics of a clav. whether in its natural state, in situ or as a i1l

after being compacted.
Soils with free cswell values less than S0% are not likely to show evoansive

properties. Values of 100% or more are associated with cliave which could

swell considerably wnen wetted especially under light loading.

Freparation of Sample

= About 50 gram of sample is oven dried, and passed throuch a 0.425 mm

Sleve.

i he 10 al
N Place the dried soil loosely in drv 25 ml. cvlinder up to the

mark.

i The power shouldn®t be compacted oOr ghaken down.
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i.: Flace 30 mi. of distilled water in a 50 ml glass measuring
cvlinager,

2. Four the dry soil powder slowly ang steadilv in to the water,

7 8 Allow the main part of the solid particles to come to rest: this
will take from a +ew minutez to half an nour. Tne +{inest
particles mav remain in suspension for much longer but these can
be ignored.

4. Read off and reccrd the volume of settled sclids sfvi in ml,

Calcuiation and Report

"Frez Swell" is defined as the change 1n volume of the drv soil

[ 1 ulated from
expressed as a oercentage of its original volume. It 1s calc

the eguation.

Frees swell 5. = y-10 x 100% if the original dry loose

10 volume was 10 ml.

gle number .
& The result is reported to the nearest who
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Appendis; - 5

Liguid Limit, Qne - Foint Cone Fenetrometer Method

(Clavton and Jukes, 1978}, fide. Head (1924)

This method was suggested by clavtan and jukes 1978) as a possible less

elaborate routine m=thod of assessing the liguio limit of a soil than the four
ooint cone penctrometer test described in the standard BS 1377:1975 Test e
(A). it 1s based on a statistical analvsis of their exoerimental data and on
similar work carried out by soil mechanics limited., The principles 1is
analooous to the aons point Cassagrande test. The apparatus ana all the
procedures are identical as in the standard, exceot that a smaller quant ity
(about 100c) of soils is required and openetration and moisture content
f8asuremenis are made only once, 1nstead of four times. The moisture content

of the scil should be adjusted so that the cone penetration of between 15am,

and 25 mm is obtained.

- ‘ y 1
The moisture content obtained at the respective core penetration s

¢ \ : ned from
&pressed to the nearest 0.1% and is then multipiied bv a factor obtal

be used for a
Table-1 to obtain the liguid limit of the soil. The factor to

; w, medium or high
91ven penetration depends up on whethar the soil 1s of low,

olasticity,

e RS—
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The measured moisture content indicates tg which aroup the soil belongs

as indicated at the bctiom of Table-1, Tne factor to be used is read off from

the appropriate column oboosite the measured Penetration. The ligquid limit
(LL) calculatad in this wav is reported to the nearest whole number. and the
method is reoorted as the suggested one-point cone oenetrometer test, The

percentage passing the 0.425 mm sieve, and whether natural ar air-dried soil

was used. are also reported.

Il
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- The location of long and cross orofiles

- Long and craoss profiles along ; A -4, - B.C-¢
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