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Western banl~ of O.!IC )- IVe r at l-In1ch a to~ n IS o :- ooo~ed to b E loc:ated . wa= 

c :\rned out . '1he study alms at evaluatlno the sUltabll l tv of the area fo r its 

p l anned land llse turt. a nizat l an} aher conSloerlno tne maIn e:~ . st i no ana 

potenti al ha zards O'Jh lC ~ mal." sevel-ely enda,naer 01" pr eclude t he var iOUS types Ot 

CI VIl engi neer ing WGI-ks t ha~ ma\ De a.ssoc l ated wl~h the urba ru zatl or.. ~ 

The stUDY r e vea l ea the prEsence Ot ~az~rds. 5uch ~s. th~ hl qh ~el smlC:l t y 

of tne area, Draoab le floodlno diJe te lhe fluc t uabnI;I lp .... el of the Turkana 

lake i yino 20 km Sou t n . the wide soreaa occu,rence Ot Sl~'" noles and Cl-a.:~: 

formed due to nvdroc omoac tl on and 01P1"9 of sells lr. the study 3.r ea . and;jhE 

med i um t o h l yn comol-esslbtlit J i na lo:'.-l :strerotn r.aiure oi the sOlis unae r lYlno 

tne area WhlCh finali "v oroved t"e unsultabll1t v ot tn2 =.t \.ldv oOI reoOl for its 

oroposed land use (uroa nlzatian). 

The l oc a l qeoloqv 01" the 5t !JO \l a reoOl conSIst:; of c l avs . slltv clays . 

c l aYE'v;:ilt s. s a ndy ~11t5 and si l t".' sands. all of wn l .:h 3'E deDo;: its a.f tnE 

flood o lal n of t t"!e Dino rtve'" and are charac t erl:ed bv thlcknes5 vart a tion bOlon 

ver tIcal ly and iat erall v . 

\ 



- ii i -

According to the laborat.:lr v ana.lvsls results . the coneSlve sOi ls of the 

area (represented bv the clays. slltv cl ays and clayey siltsl are 

charac terized b y content of hlqh organic matter and belonq to OH. MH. OL or ML 

gr oups in the Unified 5;;1i I Cia:sif lca t: on System <useS) . Free swell values 

and clay mineral compcs.tion (bv OTA) for few of the clay samoles shows them 

to na ..... e medIum to ext reme exoanslveness and as containing the clay mi ner a l 

non t ront t e . The non coheSive so~ls (reores'?n ted bv the sanoY siits a/"lo sllt v 

sands i are rr.ainlv comoosed of OU31·tZ. fe iosoars . mlcas . few heavv iTllner~ls ane 

r OCk: fraomenls . Thev be i.;lnc; to ML or SI"I ql· OUOS in the USCS . 

Based on the .fI eld and laooratorv Ihv2stloatloh results . engineerlh9 

geoloqlcai maDDing at tne scalE' of 1 : 10 .(",)0 was carrlea out on the baSIS of 

select:ng tne maPDlng units as recommena~d b y the IAEG. commission for 

enqlneerlng geological maDD I ng \1981). 
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1.2 Lnve s t iaat 1 on-.11Et.hl')Q,§ 

fhe helo I nvestIgau on wC\s ma ln! ... b ;\ sed or, Dose r- van en o~ oraitl es I n 

dug OltS . The o~nS l T V and deeth of roe 01t5 was ~ec lded ny comQromls)no 

bet ween t he limit e d fuM a va l lao le anr: the prac T.lcat de tail whlet1 

snould be rEoresented on tne ~ao correSQOnol'Q to Irs final usaoe . 

Moreover . "i lnCe t"'e stud ... area I S dat i qener!liv ( D. :;locEI and 

cnaracterIzed ov lenSlno and lateral varl ,;. t Ion o~ subsur.face 501\S 

wlthlr, sho.-t hOrizontal dlstar'lce . a rletall Whlcn snows t he exac t e)( tent 

o f such varla t l,:,n cannot t>e att al neod and I S aener al l v ];flo.ac tlc al 

trYing to a t "31n suc h de ta i l un th!:; maOOlnc 5~ale . 

Cons lder ln9 t ne Cle ave conditIons tne numDer Of OCSEi vatlon O I ~S w~ s 

chosen to be 2''; wltn an averar.;e dect. h of lIwestloatlon of 3 meters. 

dist r ibuted , In a more o r less grtd oatterr,. t nrauoh out the st~lOV a \· ea . 

ThIS oa. tte r n IS recOi"'lmend3bLe for such flOit ( \ 1 ~; slopel tyee Ot 

landscaee . 

Each horlzcn touna In ~verv 01t wa: de~cr loeo eruln~erlro qRc lOO lca l l v 

i Ecu llet In :If tne Internat lona l 

~SSOC latlOr. O f Eng I neert l'lO b':oLoo.... 1'381) and Ma th €w;op \ 1981) . 

Samples f rom eacn horl~on weie t a f en ior detai l ed \a.boraton 

cla.sslt lcati on tests as well as some chemlC31 and ph'/S lcal eroDert .... 
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t~:1 s . Tne Cla:;Sl Tlcatlon oi the SOlts J. ~ ma::le I n accoraance to \1"". 

Untfleo SC11 ClaSEaflcH10r. S~shrr to he le assess the ir el"Olneennq 

gE0100 1ca1 orooer tles . 

8a;;eo on t hese . enqlneer1n~ ge01001cal InaD IS crecared fo r an area 

amountI ng t o 25 km- , Aertal ohotouraons of 1:20 .vvu scal e tooet ner with 

l :lV.( .. ')t) scale choto mosaic has been used to deilneate l hp. boundaries at 

each er.?l neerlng oeoloalca l 5011 un:ts and o ther charactenstlCS. 

Toooqraohic base maD s oT the ~tudv area a t the wcrl(l nq scale ( 1 : 10 .vu()) 

are ~o t a~allabte . Hence tne aer Ia l ono topraoh wer e also usej 35 a base 

map . 

I . ~ . Lo;:: atlon 

amora l 1 13 \oCo\eo In th~ lower Omo basin !l tuated tn :;oc th wester n cart 

',.::ata: 

, ~.,. . . ~ .. . 

?<, a.:or : :1'la' . .? 1 _ '" 0:- ,) 

. -- , co .. .. . . 
•• I' • . . ". , , , , 

i·. '_': _ .. -2;' :s 

.: -- , . ~ . . . 

~ ::"l.c~tuce . 

• . .. • J ... .::- 3 • .:. -.>; • 

.,l- - ; 
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2. Reolonal Geomorpno l oa'J , ret: tc r\!~T:.lln'J. tic.olan 'l ana 5e 15...nJJ £l':'!. 

A substan ti al amount Ot tltel-ature has been accumu lated SInce the 

late 19';'0"5 . or. toe Pllc,-F' lel s t ocene ClEOQsitS of the lower Orne 

r Iver b~Sln In EthlOQla ana around the TurKana In Kenva . reLa~ed 

to j-esear-cops on a'"lClent fOSS IL homlnld= oraved t o eXIst around 

tne area tCaocens etal . L ~7';' ; B1ShoQ. 1978 : &utzer , 1'3(1.' , 1971 

a . c : etc}. I·m excelter. t summarv and comol1a tl or. of ore 'n ou; 

Duollcations nas been maae b'. P-Ieln;::el\n . il";8c.) 11" the book 

COl !l ed n",e Orno orouo " wh Ich the +0110W ln9 oeol091ca 1 an~ 

stratlor30hlC oeserlotlor at formation= i n t ne a rEa 1; main ly 

based on. 

2 . 2 ~eCil0naL G~amorpnl11oay and TecJ_o!'".J.£....§.eT. tln~ 

The Qutstandlr,g Geomoron:c ;e!lture~ o f t"l e re~llon are the fault 

block ,1lQunhlns 3no hlQhlands wntch generall y trend N-S to NNE-SSW 

(Brown and Nosh. 197':" 1 . These IncllfCle tne Labur hil i s {South west 

Ot tne lower Omo bas t n l , t ne Lorlentom ana L~~wanamoru ranges arv 

I:acneilangor'- hl ll s (bOreerl"9 the b3=ln 0" tne north wes t i . and 

the Hamar hlqnlamls \Wnlcn boune the cas,n ~n tr,e e,;st) . Thpse 

h 19nland areas surrOUiO iii tooooraoh l c~ l l v iow area in whIch l a ~ e 

Turl-ana lIes and ",nlCn e')(t l?nc:;: north wa r d t , om th~ lake ne.;rtv 1(.11..) 
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Km north of the Nialabong ranae. HI I of the hlQ~ land areas are 

thouQht to ,",ave been uolifteo Ciur inq se/eraL penoo; Ot tectol""!C 

act l Vlt\ The dlstnbutlun of iO.::1 t .... 08; anCl mal:!r st n'ctu r a l 

features 15 shown on Fio .2.1 

2 .3 Reolp na l Ge~loav 

The strat lQraoMv of the lower Q,n., bastn 15 SlOf"!ltic8ntl v 

reorE~ent2d o~ tne thIck sedIments of PlI ocene to Ho locene aoe . 

• Heinze lln \ 1 '~S2) dl v ided tn~se 
fo rma tlons Into two grou05 . 

• The UiY\O OrCl!C !PIIOCenE t o lower qC'lstocenei and U"'E' lal,e Turkana 

group iuo oer PleIst ocene to Holocene! 
The two groups are 

sepa".;. ted tw a dl;con1ormitv and a time oao of ab.:Jut 70v .000 

years . 

1 . The Ome Gr~u~ : - (Pliocene tu lower P lels~c=ene deoosI tS ! 

5 l)C' formations e>-:oosed In tne l ower Orne val "LEV are olaced In 

thlS grouo . Tn r ee Of thes~ drp Ot d.ifer~nt aqes. The 

Tne Usno 
MurSl . 

fo r ma t l on is cor r e lateo ..,} ~ h thp lo""er Dart Ot tt",e SI".unoura 

;ormatlon . Two other~. 
tne Lorut h kaaoo ?~d Navena Eoul 
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Fig .2 .J Simplified geological map of lower Omo basin 
(After ,8utU',1911a) 
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beos are uncor.elateo with th- other tour . ~ll 0; these 

tormations are tIlted (usua li . to tne westl and fault~d 

He l nzelln 1!'1Ei21 . 

tl! . Ml'rSI f .. ),mat Ion -- -----

The NurSI forma t ion IS convenll;nt h dIvIDed Int o t wo 

units ittandson et a1.. tie lower one 

sedlmentarv anD the ueoer one flood basalt. Thq lower 

sedl,'IIentarv UnIt. d I v iDed In to thr ee members (&utzer. 

t'371 b) . lIes unconformab ly en west-tItled rhyolites 

of croDabte MIocene aJe \ ~rown and Nash. )9761 . and IS 

,:Qmeosed of about lSljm at c tav'S. 511 t5 a M .. ar.ds with 

5'J.oordlna~e tuff tiid oebble Deds <UavIo~on et at .. 

t '3831 • These sedImentS are conformaolv ovpr lain ov 

flood b:lsalts . 4.21'1 . ( \Fltch and Mltler. 

197':' 1 composed of a retat lvel ..... few . tnln . column",r 

.f l ows oi oi"rk 9rav baSa 't t locally cail-vlng scat tered 

D laOl~cla5e oher,cc.-vsts and chlonte fil l ed amvgdu les 

:Uiovloson et al . . lSlS~ I . 



I 

Here. 9r3.V to brol..r fluvui .:ta5hc SPf'Jlfl'lent:; he on 

w:eather2d a.,c faultec HLrSI basall and a- e In turn 

ave,' 1,311"] 0 1 aeolian :;ands. wo.Ter lun tuf·s af"\C 

tUtfaCeous sed Iment; \ Uo. .... Io .. on et al.. l':'S3 i . It IS 

ibfJut '1Vffi thick i Helnzel ln . 1382 ) aM an ao'! OJt 3 . 95 

~ . T !s reoorted tor a tuff f r om t he mld~le oar t of 

thiS tormaucn (Fttch and Mllter . (9716) . Both MurSI 

and N~alabon)) form.tIcns are overlair. Wi th mild 

unconicrmltv bv th'" kl::1ISt fal-matlcn \see 28) In thiS 

r egIon . 

lC . Us po forma.t1oh 

Exposed beneath the ouaternary tublSh ':ormation 

(HelnZ!? ll n and Brown, 1 ~691. the succeSSIon co"'ortses 

a mlnlmu.1I H!Jvla t and 

lacustrine s ed1ment5 WIthin tuff horIzons . The 

fo' matIcn IS t111.eo a few del1rea s t o thll west and IS 

overla!n WIth Shallow an'Ju !ar uno::onformltv ['IV the 

Kl blsn f ormation i(\avlClson et al • . ! '183 ,. The mosf 

rellaole 150tO:'I1C aoe determined for the "triole tuH 

bed (u-l0)~ at the Usno tOrffiatlon is 2 . 97 M.V (Brown 

and Nash . 1'376 ) It 15 correlat~d WIth the lower 

oart of the Stu~qura formation \Hp.~nzelln et a\ .. 

1 '976) . 
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to . Shunouril. lor.lllat10n 

It i ncludes ~t !C::iSt "-:'lJm of b"'own. gray and buff 

clav5. ;U lti; , Silnas; . 9ravels , tuHs . marls .;lnd fresh 

\'later llmestunes iUa1lloson et a ~ . 1983) . These 

:;edllfle nts; al'e tilted oent l~ to the west and are 

overlaln with EMllow unconTormll '. b'; t he K10ig,h 

t ormat Ion \['J"ldson I!' t al . !9B3' . ~aultlno bo t" 

oarallel and obl IQue to the nortnerlv a XIs of ti l ting 

nas: off se t beodlf'l9 bv '3e"ero l mete"'s locallv . n,e 

seo l menlatlon racord 15 one oi fluctuat i ng fluvlal and 

lacustnne cycles . re f lectlng al ternating chanoes 1r • 

t he leve l of ancestral ta r e Tur ' an .... (HElnalln et at . , 

19821 . 1t; aCe )5 estImated as ;oannlOQ t he t I me r af"loe 

from about 3 .55 N. "" to ').'15 N. Y or oerhaos u.5 N.Y 

IE , Lorl1th t..aado ana NC' vena EQul bl=CS 

These oeds har~l v deserle format iona l names. Thev 

~ccur In t wo llmltec 3reas o r eyoosure lt i.he> nor th 

ena of t h i? Laour rar,ce west of ~ncerson's Gulf . The 

Lorut'" k.aaco seoime'".t s contain fOSSll WCIJC . moiuscs 

and scarse vert eorates . ThEse oeds naven t been 

corre lateo wi th the o t"er formaT. ions in the lower 01710 

b a Slf, (He;n;:e l1n . 1~82', 
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2 . The Tl.<rkana .,rrJIlO iL'ope r P ! Pl Slocenfi t" Holocene depOS l l 'iJ 

1n1 5 name was supce;ted bv Melnzelln ( 1~B21 ~ or mIddle to 

uppe r Ple i stocene i nQ Ho locene for mations In the lower Omo 

b3s 1n . The fol1 ':' \III1 n9 ar e ior mat l on. I nc l uded In t he o r ouo . 

2A . fu lme f ormat I on 

The BIJme f ormat i on occurs I n on lv two ou t croo '.: . be: ween t ho 

exposures of the Shungura f or ma t Ion ana the cresent cour s e 

of t he Ome r i ver. It \5 mafle uc of l acus t nne deoos i t s 

wh ich c l Her ) n t elc:E'S Clnd shell \' fauna (meluses a, nu 

as t r acodsl f r om the deOos lts of the Shunoura forma tion . I t 

I S brac keted In t ImE' be t ween toe UDoer mos t Shunour a 

for ma t ien and the l owe: t:."b l sn for mati on and IS tnlJ5 mos t 

l i Kel v of mi dol e to UDDer Plelstocene ~OE' (Hei nze Ll n a t al . , 

1932 ) . 

28 . Klb lSn fo :-matlon \uppe r P l e l ~ l. oc ene t o flllddl e Ho loce ne . 

Th lS forma t lon comooEed of lacustr l ne and ~ el t a l c s edime nts 

of uooer Pl el s t oce ne t o ml dd le Hotocene aoe lles 

dlsco r dantl v 0('1 the Orne orC 'JO (He l n.<:e l ln . 1'382) . Near 

1c'1 b l Sh it e'ler l ie~ t h~ NI<alaoonq and l"'ur Sl fo r moi tl on . a nd 
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farther south It occurs as a tnln leneer of 5edJment~ 

overl~inq the Usno and ShunQura formatlons \Butzer and 

Thurber . 1%9). 

At the type section . l ocated at the soutn-west end of thp. 

Nka labong rance , r@stlno with erOSIonal unconformltv on t he 

Nkaiabong rormatlon . it COmorlSf!S four members "11th a 

mea ;.ured thI ckness of 120m ( Elut~er and Thurber. 19t.9 : 

Davidson et a l. 19B3) . The lowest umt (member I I . IS at 

least 31m th Ick . It has gr avel Y sand at the base followed 

bv aiterpat l no clay, Slit and sand . In part laminated and 

nop Ie marked. and containing rewor~ed tuftS c lose to the 

base . Its too IS marked bv a 5011 hor izon . Nembei II . 22m 

thick. 1 5 composed oredomlnointl y of massive silts . depOSIted 

on a basal tuff that b lanketed the dissected surface of 

member I . Member III . 1f6m thICk. r ecords two cycles of 

adva nce and ret rea t Ot 1 ake Turkana . seoarated bv a 

orominent 5ub~Queous tuff bed 3m thick . Its sedIments ar E' 

clays , silts and sands With thIn sneil beds a.so:oclated WIth 

the second cycle . 

11Iember II! and IV. 

Another ero~lonal Interyal ~eoarates 

~arked bv a 5011 horl:on and suoseouent 

dIssect Ion . Member IV 11. d Ivided Into t,ojO Units IVa 

comorlses 13 .5m of sand. SI l ts and clays wlth a grave lY 

base . I Vb , 3m of sand~. slHs Wit h mlnor tuff. 

submembers reoresen~ transoresslons 0; la lre 

The two 

Turkana I 

separated ov a regression to close to oresent lake level 
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·Oa'lldson et at , . 1~831 . Tuff from Alember I has Deen datell 

at 0 . 13 I~. Y. or ml~dle f'le15tocRne . rem er j!J 15 at least 

31i ,v00 years ola or upoer Fleistocene . IVa spans from 9'5vt) 

to 7900 . j Vb from beOO to 325C1 vears befon~ or~sent (But zei. 

1':17 1 a. bl. 

2C . Er rum format ion 

A grouQ of lacus tr l ne sediments. beach features . gravels. 

r eddlsn s e d I men ts and a h.ff lvl'10 dlscordantlv on the 

Shungura . orma tion In the ~elem area are defined as the 

E.rT um formation (He l nzelln . 1982). It may be la!eral 

ext ension of the k l b l S~ format ton atthouuh not vet 

de,mon5trated . The thickness of thiS formatIon 15 t ess than 

10m a nd 1t is orobably at UDoer Pleistocene ace. 

2&. LoDunt bpds or Nar~2 

Th ese bed= l r.clude vounp and mooern features cf the Omo 

delta. contemporar 'l flood olalns of the Or,;o ri ver anc beach 

o f ~anoerson ' s Gulf and lake Turkana <&u t:er and Thurber . 

1963) . Late c:enOZOlC stratlqraohv of the lower Omu basin t;O 

91ven In Tabl e 2 .1 , 
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2 .3 .2 Ma .)or Struc ture~ 

B~ own and Nash ( 1 ~76; . noted that the E~st Afncan Rift (FI~ . 

2. 2 ) p lays a t best a SUb'il d larV role In tile s tr uctural evolu t ion 

of the lower Omo basin. Thev al.o ieasonea that the orlQln of t he 

bas i n mus t l i e in t ime be tween 12 H. Y ( the ",ounoes t dates on t he 

Turkana lavas) and about 4 .5 M.Y (roughly the age of thp basal 

s ediments of the Mursl fo r na l ton) wnlch may be broadl y COinC Ident 

wl t h the Ini t i a l s t aqes a t fo r mation of the Main EthioOlan Rift 

(FIg . E..2 l . 

based on differ ent litholog i cal ano st r uctura I eVidences 

(Hel n:e l ln . 1982) oas tu\a tp.d deOosl tl on in a subsidlna baS i n . 

Al t ogether about l km Ot sedi ments wer9 accumutated In the lower 

Orne oaSln as It s ubSIded. Thi S +1111no contI nued With mInor 

tect onic acti vit y (exceot the subsidence ) near the cent er of the 

Lasin unt I l about 800 .000 vear s 010 0 . 

In the Sout her n part of the lower Orno baSIn . the maJor structures 

oarall el the ma.lor t ooograohic features . and have an or IentatIon 

"'h lCh is more or less Nor t h-South l8rown and NaSh , 1978) . From 

East to Wes t . these ar e tne fault s¥stem formIng the Western 

boundary of the t ake s t ephame <Chew Sardr l graben . the major 

fau lt bound Ing the Labur raniJe on t he East , tne fault svstem wh IC h 

bounds t he Lor ien t om and Kacher lanqorr ranQes on the East, arod the 

~ aul t which bound= t he Lokwa namoru ranee on the East . All J f 
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FI, 2 ·2 T~t E"t M";CQfI Rilt ~ntf~ 
Tilt, TUfM"Q Aif(. ; SW. , South Wuter" Rift 
Tf',l'RP i FQU lt "It. 
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these faults are norma l and dlD steeotv to the East wIth tl"oe 

OOSSlb;E' exceotlon at tne tau l t ooundlno the 

iHeinze lin , 1982) . 

Labur ranoe 

The East er n maro ln oi the basin l ~ formed bv a tilted surface 

devel oped on metamm-ph i c rocks . with ma .!or movements orobablv 

occurr i nq alung t he fault; which bound the L.abur ranae and the 

Lonentom rar'loe (Heinzel1n, 1982) . The;e faults are ar ranged In 

enechelon fashlun . ine western marQln of t~e ba51n is for~ed bv 

the volcan l c mass of Lon entOIl'l . WhICh was probably a rna .lor 

volcanIC center . a qeod oort ion of wn lch 15 now down faulted and 

cQver ec tv younger al lu;l1um . and which 15 oresumed t.: have tl'"oInnRd 

tCi the E.=.=t (!1elnzeli rl and brown . 1969) . The fault: alor.o the 

souther n boundar v of the t~l( a\ abor'lo orobablv had tnelr ma,lor 

o f1 ~eT,;; at aoeut th IS tione . a lso r esultlnq 1n a traoezoldal area 

1n WhI Ch s2dlmEr.ts wen;' de",oslti?d bv the Ome and Usno rjvQr 

Without evi dence of tectomc dI2turoance for a<lout 

{Helr.: e lln . 1'382J . 

4 N.Y 

FLom abou t 4. 5 M.l aoo to about O.S 1'1 . ,,' aoo! the sediments of the 

Murs i . Usno . and Shun9ura fo rma tlo,s were aeoosited In th~ vast 

decressi on for med bv the precedin~ t2ctonic actIVIty . These 

forma tions conSIst of flUVIal ~nd locu~trlne sediments, 

The Mur s i for ma tion 15 caooed bv a la... now (basalt) dated at 

about 4 .2 M. T. 
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i~wer Orne basin the onl.., Volcanic featUrR wh ich oostQat~5 

thE older Plio-P\el:tocene formahan. 15 tne I,orlth ranoR 

In the 

on In. 

di v ide between Sanderson ' s Gulf and the ",odern course of the Orne 

ri ver . The lavas of the KoratM ranqe are oasanltes and tRphrllRs 

of UDoer Ple i stocene aqa . 

Aft e r conslderinq presence oi many taut tl (maln l ... trendlnq N-S) 

and f oldS in the Shungura fO,"f'I,,110n . erawn .t .11 .0 97&) 

po:tul ated theIr re la tion with a malor frac ture supposeD to 

Invo lve baseme~t rocks of orealer comoetence than t he overlav l na 

sediments. This major fracture 1'J aI'Iumed to lIe near the western 

margin of tne fl ood plain of the C:mo flVRr . 
Tne laul I S whiCh 

break uo the ShunQura fo rmation are vieweD as .vnthetlC taulll 

alo ng the eastern ooundlng fault of a. hor !i t jeveloC'e,j Just Wl!!st of 

t he present flood olaln of t he Omo rlver . 
Another f aul t on toe 

easier n margln of the flood p lai n . l!i al so thouoh t to be oresent . 

A dlSolocement of 2~Om 1$ necessarY on thiS supposed faull ( Brown 

and Nash . 1976) . 
EVidence for ;uch a hult IS orovI0ed bv tn!! 

taroe metamoronic bloc k found alono the escarpment at the eastern . . 
and DV the fac t that a laroe area 

margin o f the us no formallo~ . 

of hol springs and qevser pools occurs at thiS boundary as wetl­

(Brow n and Nash. J'376) . 
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As a brief summary, somet imes be t we&n 800.000 and 100 .000 years 

the deposlts of the Mursl. Usno! Shun9ur a a nd Burne 

L~ere detarmeo bit faultlnc; WIth ll"e creatl on of ~ horst 

or titled block alona the aXIs of the ba~ ln IN-5) . Tne strat a <:'I f 

the Shunoura format ion wer e eroded fot lOWIng the event . and later 

deDoslls of the "'l bl Sh formatIon were laid down on the e roded 

tocooraohv of the Shur,Qura format Ion and it Iso fur ther north on t he 

Us no and Mursi formati on. These deooslts too are faulted. Thouoh 

not very extensIvely . 

2.4 SeismIcIty 

Due tG i ts locatlon in the IIlcln1\v of recognIZed selsmIcall v 

acllve tectomc featL~re . name ly tne MaIn EthloPlan foft syst em 

(fig . 2 . 2) . thiS area. holE exoertenced t he effect of severe eirth 

ouakes throughout its hI storv . Fl9 2. 3 attes t s to thiS fact . 

ThiS map classifies the eOlcenter~ bv order of w.~Qnitudes eQual to 

O!~ above tile level of Dotent lal camagln9 force. 

h is report conslde," ed ,naqmt'Joe 5 (on Relchter ' s scale ! as t he 

threshold of Qamage for Ethloo ia . ThIS F19ure also shows which 

reoions of Ethioola have eXDerlenced tre stronqest earthouakes, 

which means it sln91es out tne areas wherE tne seismic razards are 

at the1; hiohest . 
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In his rec;ort Gou i n also Ga ~e seismIC nazaros mao of EthIOPIa, 

~hlCh ~hows the dist r Ibut i on of cr edic te j lntenSIties ba 5 ~d on , 

100 YEars recurrence period i'nd on a 0:. annua l Pfooab l l1tv tna t 

the .'f,a."'l iTIum ·y"::.: lues 101111 DO exce.ded (F 2 , . d b 10. • I . compute v 

co nS ider ina (assumIng) so lid ground condI t ion only . HOlooever . 1 t 

IS iI. common 001 nlon t ha t roc ky and sem i -rocl " unweathered SOi l s 

are the least affected t v earth tr emors while hazar d!: are much 

h i gher 01"1 unconsoll aated ;;o ils and on ma .lor fau lt belts than on 

so lid rock (see Flq .2 .5 l . Based on thiS oClnian . Gou i n ( 1976) 

recommended that the pred ict ed inte nS Ity va lues on hi s map (F19 

2 . 4) be ungraded bv one untt i n the case of avel"'aoe 5011 

cond itions \not too we l l consolioated forma tions) a nd by t ~o units 

In the case oi ~ater =a!ura led. 2andvor loamy SOlIs. Thus 

interpretation of tt-I S mao for the stud ... area vl el ds grade I X or X 

Instead of grade VIII shOwr. on hiS mao . It can be eas l lv looked 

uo on the Mercat 1. t10dlfi o?d !ntenSl t v Scale (MMIS) fTable 2.2) 

wh~ t amount of damaoE is attached to t hiS In tensit y Qrade hence In 

accoroance WIth the T~ole 2.2 which also shows a correlatl on of 

the Modifli~d Herca lt i Intenslt y sca te With thOSE pr:loosed for 

ground acceler ~ t ion by Ca ncani-Sleber g and Ricnter. I t 

tn· 0 sOlsm·.·c deslo.n for c. rade "IX" would be the c ':l'1s1der ed that 

maximum oossib\e for engineer:ng our poses SI nce grade · X· 

conslOElv .. d cata:;troohlc (Zeevaert . 1'3831 . The ~rounc wculdn ' t 

SUDoor t t · I" a satiSfactorY wav. construe lcn ' " 
even 1 f tne 

COfl:;truct ion cou ld be desloned f or an earth oua ke o~ 
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Table 2.2 Mcrcalli Modi tied Inlensity scale 

'--------------------'"'~----------------------~~~wu~w ,n ' " ~;;~~~;~· ~~7:~==~~==~~~E~II~~~~~----------------~~u.~~~~·~~"<L-~ 
1 Not felL ou:epc. by & very f~w w ldur aapeci&Uy tavon bl .. cil:curuUI.ACOIiI. S 1 

n F e lt onlv lJy ... SotW pc!llOOlUI . t IUl, ellpacia1ly on uppar llOOla 01 build- 10 1) 
ina •. DeUc4ltely aU$p8Ildfld objecu may 'wing. 

m F c.t lt qwUI noticeiWly indoou, IUpecially on up~r Oocu. 01 buildiAg., 
but IllOUlY pbOpW 40 not r&<:ognWil it lo a lOll "'Wqu~ • . S~ mo&OI 

ClUe m .. .,. lu..1o. .. lightly. Vibr liWon lak.u P&IOl:itlg of LU~CIL. Dwatloo . ",1· 

mOitad. 
IV Owing tbo d&y (alt indoou by many. ouldool'. by law. At I1Ig bt 5OIJ1e 

ewaktmed . Dishea, window., dooll dilitulboH1; wall .. lnIllLe c liLCk.IUI.! 

liouM. Senaation tiki! 4eavy UUck &l.iilc..i.l\U buUdin,, : Ihu~Hng motor 

v 

VI 

vn 

vm 

IX 

x 

XI 

xu 

caru rocked notic6ably. 
FItIL by nead,;, everyone; many awakonod. Some dlIb .... window., tHe., 
broluUl; ~ Jaw in$tancaa of cUI.C:kod plDitur; UIUit&ble Objuclil OVjilf· 
tumad. Ditotudlance of ua86, polea and olb., IJiIi obj9Cta ~Otlt1n\ .. 
noticed. Pendulwu clocks may atop. 
Folt by aU; many b'ahlsned and ND outdoot • . Soru bMvy tumluu' 
movud; a l.w U\!i(ances oC lallon pluuU' or d&&magsd chull,I.-YIi. Dam­

age ~Iigbl. 
EVilrybOdy ruoa DuldoD,... Dulag. negliglblilln buikLingli 0' good d.· 
liign .and conauucc.ioo; &light 1.0 llIOdu,aht w w.:.U-buih cudillwy Ilruc' 
tures ; considenohlil in poody built 01 badly ddlliignad .UUCUoUOII; .om. 
cl,UD08Y' broken. NoLicod by ptUliOCUI dt ivma pwwr cael. 
Oawoglt stight in a pacia.llv d.liign6d I I.N<:tUI"; conu4e,a b!1 iD ordi· 
n,,,y sul:lsumlal buiktings with pania1 coUupu; gllat in poody buut 
Ii tNCUUU. Paww wlll..lli lhloWIl out ollri-lllO IliU.JCLlU.'. ""U of cbwn' 
nlllVOI , (acuuy staclu. coIlUWllI, lDOoWllGn~, wWlll. H.&II')' IUmitlU. ov,, ' 
turned. Swld and mLid ajl:ictod ill smooU amou.o.UI. Clwoagu I.n w.u "",a' 

twl. D ilItwbs porsoWil dtiving IDQUU catl . 

Dameg!) <:ousid e,ablil in Iptlcially lMuoig'*" .UUC&w"'; ""'IU ~ 
/ramo. ,HruetU'OI lhlown out 0{ plumb; gtaat in 1IL1b.t~Wi1 bt.IildinUi . 
with pllltial ooUupse. DWldinga .. bu~ oU fo~uo(\!j. Q,ound c,ackad 
conapicuoulily . UndOlglound pipal brollen. 
Soma well·bullt wooden liuuctut(ll dalilloytd; mol( muoo.tY and 
fnUIUt atruC1U1N with fou.nda tiona dI:lIl UOY8d; Q'ound bIlaJy Cf..clr..a. 
RaW. bent. Landslide. col\lidlllable from rivllt bankl and IIIt .. p Ilopu. 
Stulted lIanet and mud. WatOf aplalluad (alopped) ovel bIu\k.&. 
Few, if any (maaontyl. IIUUctWIl8 remalo lluuwi!ng. 8ddgell delluov~· 
Broad fbaUlBli in glOUAd. Uo.deJgloWld pip* 1in&1 oompltt, aly out of 

"trvice. Eatth slWllPS ;wd land Ii~ in 110ft ground. RailiI ~IU ocu lly-. 
0 ...... total. Wavea seaA 00 g round lIutt&C4l" UO • • of ligh t and le".1 

. dilitort~: ~~!~ ~~o"!9: . l:If~il!~ ~~o the tW . ..• _ •. " •.• . __ _ .-_.--

25 l' 

5' 1. 

JO' '5' 

100 - 2S0 1" 

500 1" 

SOO-10DO ISOO 

1,000 

2.SO' 6.1 So 

s,ooo 15,000 

\0 .000 12 .. .. 
i· 

• 



- 25-

m~9ni t ude . si nce t ~tt; ~ WIll be subs oil s tna t wIll fa l l because of 

the ~hear for ces lnOuced in thel'l berare re:3 ch ! no t hese hlCh 

accel e)"at l ons . 

• 

• 

• 

" 

• 
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3 . 6p..f&..§.~omorpno laDy , ana Gea lo,Q!L 

3 .1 Loca l GF.QmCrphoi og~ 

The main qeomoron ic features of the stud ', area are the meanoerlna 

cnanne l of Willa river with It! natural levee . DOlnt bars, scarp 

and a flood out let cnanneL (locallv called Kolum) in the west of 

tne stud'", Ar ea . Wi th Its aenera1\v less than 1% s\ooe . the area 

15 crisscrossed bv ma ny dry river channels some Ot them havIOQ 

subdued natural levee while 50me are filled With sllt v materIal to 

be barely dlstlngulshab l e f rom t helr !urrour.dlnos . In addition to 

the nel..,,:),k of channel s . SI nkholes Wi th diallieters of 1 to 3 meter 

and depths reaching 4 me ter (see Plate 1 and 31 and cracks of 1v 

to 100 meters long and 1 t o 2 me~er deeD (see Pla t e 2) abound In 

t he a r ea . 
Characteristic onl y t o the scuthe\·n oart o~ the studv 

area are :iome oatches of :;mall round dunes (naYlnQ 2 meter 

d l ameter and about 
meter helohtl naturally stablltzed bv 



Plate - , An ~xample of a sinkhole in Omorati a~a 

• 

- ---- - -

Plate.2 An example of a cracked ground in Omorali area 



• 

• 
• 

" 
Plale- 3 An example ot a toilet t ilted due to ground collapS<! 

under it in Omorati 
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3.2 Local Geoloqy 

Toe study area totaily lies 10 the suorecent tlood plain of the 

Orno river and the ch .... racterlstll:s of the Salls of the area IS 

tYDIca l Ot th IS deOosl tional e~vl r onment to at least the deeth of 

Investlgation (3m) . Associated WIth flood 01aln enVIronment of 

deoositlon an! found meander belts . natural levee . pOInt bars , 

flood basins (back swamoe; ) WIth qathenno streams and numerous 

ab~ndoned channe ls. Some of these , such as meander bet ~s and 

nallorat l evees can oe dlstingulstJed bv their oeamerph lc feature 

and others such as backswamos (atthouQh thev are COlfloietelv 

drained now ) "'.re in t erred from charactenstlcs of S011S tYpIcal to 

thIS enVIronment . EV Identl v the fluct~ation of the Turkana laKe 

level has had a great Influence on t ... ~ aeoosll.lonal hi;tory . 

~lsoQsition and c~ar 3cterist i cs aT the suosuriace sediments of tne 

studv 
area I n oar t lculal- a nd lower Omo baSin In genera1 . 

Accordlno to Butzer (1~70) the deooslts around the study area are 

described as a yeung (Hoiocene i and modern features of the Orno 

del t a and cont emporarY flood o laIn of the umo river . Thus , 

a 1 thoul;lh not exoosed at tne sur face , presence of the deltaiC 

deeoer level s In the Study Area . 
depos l ts can be interred at 

The followi ng main lithological tyoes have been dlstlnguishej 

the studY area. 
dl'n nQ the i l eld InveStlOatlon based on 

of oro ,--.-l e"- In 20 Olts dug to 3 meter de:th . 
ooservatlon 
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J. Clays Of dark bro"'n to d " .. ar :c. qraYlsn brown with reodlsh 

mottl!nt;! and somet imes oarl, bluish tints . hlOhly cracked, 

colLimnar to Prlsmatic and sometimes subanoular b locky and 

usua lly conta in semi -decomposed rootlet; . These 501t 

tvoes are t volcal of a tormer lv backswamo envi ronment of • 
iloOd oli\1n . 

II . SIlt"! Clays and Clayey Sl Its : at the slJrface thls umt 15 

ma inl Y found alon9 dry channelE as a channel f il l materIal . 

BaseCl or, the field lithotoqlca\ descrlction . 1 t has been 

subdiVided in to the tolloWlno sub types . 

lIa . SI lty clays : yellol<l lsh brown to da rk vellowlsh brown wllh 

r edd Ish ve l low and black mottl1no. usua l ly oranu lar to 

columnar structure but sometimes 5ubanq'J tar b locky , 

contains some vertic 31 roo t holes and sometlmps charcoal 

ltke i nclusl~ns are oresent. 

lib . Ci avev $1 1 t : '1el lolol1 5n brown to cark velloWlsh brown 

usually 01a1v 5tructure but someotlmes m" be subancular 

b loCKY. nUIT.erous vertlcal root holes ar2 oresent. and IS 

hlClh l" oorous . ; t ha5 manv feature: slmjlar to lOESS like 

SO Ils and is consldered to be collaos lno sull . 
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I! I. Sandv Silts and SIlty 5anos : The surface c tstri but Ion of thI S 

Ilt hol og lcat t voe is lImit ed t~ the sou thern and south weslern 

parts of the study area not very far away from tne weslern bank of 

tne Orno ri ver . a so been SUbdlvided in to two ThIS unIt has 1 

'= e sCrl':l i on as follol~s . subtypes baseo on the f,· old d t 

IlIa. Sandy silts.: da.r k yellowi sh bro\<ln, homoaenous . 
loose to 

Sl19ht 1v cementeo . wI th lot of micas . Quartz and feldsoar3. 

!!Ib . Slltv c;and~ : dark yell oWISh brown. Interstratlfleo wIth 

sma l l sca le croSS beds at ~.,me 0\ace5 . loose , 
angular . 

well sort ed (coorLY gn.deo l conta i ni no lot of mIcas . Quart z . 

fe l dspars ond some heavy minerals . 

The above descrIbed litholoqi cal t yoes (see also Tabl e 3 . 11 are found I n 

d lfferent stratiQraphlC order from o1ace to olace and are characteri zed • 

by lensing and thickness vanation both la terally ane' In the vertical 

direc~ion (FIg 3.1 ) . Observat ion of two Qeol ooic borehole 109 data near 

the eastern bank of the Omo river \dnlled b'l Et hlOoian Water Wells 

Co ns t ructlon Authority . EWWCAl revealS that ttle above lithologi cal t ypes 

mav prevo> 1 to at least 20 me ter deoth ,n the stU;V area . The 1.·(oot of 

the 20 obser"at Io n pi t sand 2 borehc \es and orof I 1 es 1 n each are 9
1 
ver 

in Appendix 1. 
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Tne lower Orne ba~ln. l nc lud ing the §tudv area ~as • 
troo ical cilmate <Sut:l:er . 1970) . In the absence of a ~v climat Lc 

data ior Omorat!! an extrao~ l atl0 n oi cl lmatl c obs erva t lons made 

In 19 /e--77 at kelem ar e3. ( an area 7k m fa r to the wes t of t he 

study ar ea. formerl\' polIce DD:t but now 3bandoned1 9i v&~ .a mean 

mont h ly temperature rance of 22""C to 25 .50( . d ao l e 4 . 11 l'1a .' l mulII 

da i l v temperature cou ld r~~c h ue to 3EaC. The coolest month . ar e 

September and October. From the Isohevta\ map of the ar ea (Fig 

Q. 1> , a mean annual oreclpitatlon of less than 300 m.m can Oe 

Inferred. Rainiall comes primarily i n the for m of th~nder showers 

at int erval:. between late March and earl Y June. supolement i.'d bv 

further but unreliable ra ins In Jul\· - Auoust and October- Oecembi.'r 

{Butzer . 1970 } , Incomolete racol'ds of monthlv distributlon of 

Evaoora t ion at Ke lem fer the y=ars 19;5- 1977 (table ~.2 ) a l so 

shows an evaooratiQn ranee of IB~ to 350 m.m. The mean ~onthlv 

run-off C'f ~ he Omo ri'/er f rom thIS ooser ... ah on 1S !8"~OS,27 III ll110n 

rn a. 
Tne o lschar ge of Omo rI ver s t arts oal nlng In June r eaches Its 

The hIgh dl~charoe 
peak: in Auqust ano starts to suos ide aca ln . 

months are COi ncident t o tl',2 r ill ny seasc:>ns of the hlolil;Hld areas 

from WhICh the Orno r Iver or lOlna tes and flows throuon . 
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4.2 Ground Water Occurrence...s.r.d Qua 11 ty 

Very few s tud Ies 3·....-a ilaole, aImed at exololtatlon of ar ound water 

1n Ornorati a,-ea, indIcate the 2"' lstence of stratificatIon of waler 

salinities . where fresh and salI ne waters are sand~lched on top 

of each other (Redo Barna . 1 ~82) . Althcuqh no borehol e data I S 

a,·....-allabl e for t he arei' west of the Orno river . f rom tne few 

boreholes duo bv EthioPIan Waler Wells Constructlon Au thorl t, 

{EWWCA) on the eastern Side I t can oe I nferred that the around 

water l evel in thiS area i s deep Igreater than 15 meter' ano the 

around water IS mos t o f th£> time salt y (non potable) espec ul lv 

from deeper level s . HOI~ever one VES (Vertical Electncat 50unolno l 

d~ta marle bv EWWCA at aoproxl matel v 30 meter east of t h~ eastern 

ba nk oT Orno river gives an indicatlon of f resh water Mulfer at 

5 .5 - 15m death. Mav be r echilroe f r om Omo ri ver cou ld be t he 

r eason f or tl".1 S . 

4 .3 Hlstory of Turkana Lil k~ Lev,el Fl IJc tuahg,' 

At i t s hlohes t leve l . about 80m above tne oresent leve l (DaVIdson 

et 3.1. , 
1983) ancEstra l lake Turkana was ab le to uverflow throuqh 

,;. low di vlde 
south west of ~ lbJsh sett lement to the Nile drainaoe 

~ystem (Fi g 4.2 ), 
Ac~ordinQ to Bu tzer (1970) . over flow leve ~ was 

d of tne time of j eposi tlon of member IV 
last r eached toward the en 

of the Klbi s h FormatIon. 
about 3250 lears aoo . At some staqe 

between t hi = t jmE and t he present. 
the la"e retreated and then 
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rJse aq:il n, pe rhaas bv as muen a5 ~vm enouch to flood north ward 

a1 0n9 t he east side of tne Turkana oeereSSlcn In to the Usno olaln 

(Fig. Q.2 ! . Lacustr ine sed iments of thl~ st aoe . named the Murle 

lake staDe by But:er (197 1a) . are now exoosed In the banks of 

the Orno rivE'r south of the Usno rt 'ler confluence . 

uif f erenl source (Tamr e Hawando . 1988) ind Icated that Tu r kana lale 

level i n 1833 was .~ or 10m ;'Itcher than t he lay!? Ielet In 1970 . In 

20 vears ti me (st artl rtp 1888 uo to 19(8) I the lare leve l went down 

and .-las onl y 2.5m hloher than 'it s te~e l I n l ~~v . Atthouch fro'll 

1917- 1918 \two years) th&! la ke! 16!vel TOIO&! .. 1111'1i11ld h&floht o ut UD 

to 1%1 it decreased and was ".5m below Its l evel In the 1970 

from 1961-1970 . It rose uo agaIn and r eached tne l ake level o f 

1970 . 

From 1898 up to 1~55 (57 vear~ 1 due to the ret rea t of Turka~a la~e 

Shore all i n all 81.)Ok m- land Torl'lerh uncler tl1g lake emeroed. 

However from thiS 800 km- land t he 3S0~m· wa5 aoain submerqed In 

tne vears }.;t.1 ue; to 1'16~ (Redo &arna . 1982 l . 

Accardin!! to an interView wIth local peoole . I t was no t ed that 

olaces h ioh up f r om Omoratl aown t o the pre5E'nt Turkana lalt'e was 

c o vered 
. around 1960'5 ana rema lneQ covered for bv a sra ItoH wa t er 

about .8 mont hs an.:! co;nmunica t Ion to t"e area was l n t errlloted . 

Hence suool1es to the po li ce ouards ousted at Kel em area (now left 

out in 1972 i wer e distributed bv heli copters. 
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After d l ~t. inqui snlnq . UDoer . mldcle .3o ,1d l ower delta 01a1n5 on 

the basIs of r ecent swcmer oence (FIg. 4. 3) . butzer ( 1~70 ) not eo 

that . UDPer and midd l e o lains of th 0 d l e '1':0 e ta 015 belno 

reDEat ed 1 v :;ubmerQed dut 1 no t ne "1 neteenth centur \' , after Wh I Ch 

they WE r E reouced to a ma rsh and final l; dral r.ed after .3oo out 1'3,)8 . 

Wh i Ie tne lower delt a al,Hn em2;~ej onl y as late as 1~2 1 . (Note 

that the studY area lIES near the boroer llr.e bet ween 1'I1ddle ano 

low!:. delta p t aln'; ) . 

Ba,5E!a on different observa t Ions at shl ftlno of Omo riVEr course 

th:ouoh out Its hi s tory tDa' .. idson et .30 1 • • 1983) believE th t 

va riati o n i n rate and alae.: of tect onic acti vIty throuoh tla:e. In 

addition to c1imatlC: .factors has olaveo a defl rd le part In tne 

chanoing posItion of lake Turkana shOre l i ne wl tn In th iS rift 

baSIn. 

Today t li e studv are; is at 380m aOCive sea level . which is onty 

a.bout 5m above l a Ke TLlrI"ana= ' ever chanl;J1no shor~ {375m aoove sea 

l e .. e li lvino onl y 2t)v m far to the south a t tne stuav 3.rea . With 

t hIS grad ient 25 cm/ k'1l lniclct '1erv Idtle florth ward ttlt 15 

enoueh to br lno about inundatlon of tt".is ar~a 0'1 
lake Turkana . 

7
' eotl.'ted tha t an increase of IO~ In the la~e 

Coopens etal , t1 9 t;.) - " 

leve l wllt extend the or esent Tur kana as much as 40 km further 
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FI~ . "" «feInt 1II''''titiollCl! e ftvir-on mtf"u of 
-HI! DflO ft, ta (Alttr, •• u er. II") 
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north . Hence tne st udY area bei ng on ly 20 km far from the la~e 

<; horo:?, it IS h lQh l ~ or obable that It may be i nundated durinQ 6Uch 

events of i151 ' 9 lake levels . 
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5. SeU l ement and SUDsloence Praollim In Thp Stuev Area 

5.1 The Occur!:ED~Qt SinkhOles and Cracks 

I n the lower Dmo basin I n general and the study area I n 

oartlcular, a wide soread Qccurranc& oi Qround crack. of (10- 100 

metli!r long and I-2m deep; and sinkho l es and sags WI th dJ~ters of -- -
1-3 meter§ . nd death reach lnq 4 matar n.. been observed durina the 

f ield i nves~ igat lor, In the area tPlate 1 &! 2 ) . "fne presence o f 

t hese crack~ ana sinkhole~ is a lso e Viden t on t he aen a l 

Cemoarl.on of t wO aerIal phot ooraohs 

flown in dlfferent v~ar;. that IS one ~n 1'380 and the o l h9r )n 

1988 . shows that some of the crac ks are of very recent or io l n In 

that they haven ' t been observeo in the 1980 aeri a i photoa r aph 

... hi 1e their oresence i s Indica t ed on the la t er one . Occur r e nce of 

these qeodvnamlc phenomena in the s t udv area ~eems a ver Y' common 

one . l nfact , the orobabilit Y' of a ground In tne area to cr ack or 

C.:lt lapSE rna ',. be qr eater than not t o crac k . as c an be observed 

from theIr densi t y and thei r occurrence Invari abl y i n .. 11 t ypes of 

SOlIs found in the area. 
The densi tv of occur r ence Of these 

craCKS SInkholes IS estlmated t o be 6 to 10 oer sQuar e ~ ilometer . 

Interview with local peoote Indica tes th ~t . esoecia ltv a ft er 

neavv rain . 
cracks and SInKho l es are for med and someti mes It even 

caused a damage~ cattle due 
to sudden qr ounc co l l aose under 

theIr feet, 
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Close ocservatton of s i nkholes ana crac ks in the ar ea shows that, 

at tne Dottom of the sInkholes and cracks. a loose , flnl! sand 

layer is present and usuall y Si nkholes have ho llo ... s on t he ir SIde 

wall, wtl! eh sometimes e)(t enos up to other si nKholes nearbY, 

(CQul d be the ef fec t Ot ol o inQ l such ctear observa tion was made ~t 

one loca lltv where SInkho les of one 4 meter deeD and t he other 3 

meter deeo anCl aooroximate tv 3 meter aCart fr om Each ot her . ,are 

connected bv underaround ho t l ow ooen1 09 · 
Anotner ooservatlon 1 ~ 

tha l a\onq :;ome InCIOlent cracks on the surface . 
ther e 15 an 

a li gnment of shal low 51nkno1e occurrences. He nce 1t can cenera11v 

be ;ald that . 
pr lor to occurrence of huqe crac~s . SInkholes are 

fo r m2d at different SI t eS \due to col laos l bl e natur e of tne sl lt v 

sci \:; bv hvdrocompac tlOn ) then uncerQround CIOlne th rouQh l oose 

f l ne sand l avers connects si nkho l es at different olaces le~dlng 

to co l lapse of gr ound In bet .... een . 
wr'llch forms the crac ks 

!:It tl"'«" 51 te at Eth i o-Korean lrnQat jon pr o iect. on the left bar.k 

when water is al lowed to D a ~s throu9h tne 
of tne Omo r i ver. 

of Si nkholes . 
on SIte observation of forma t ion 

canal s . 
under9 r ound oloinos and craCKS Within frac tIon of a minute has 

been reeorted (Tamre Hawal"ldO. 1933) " 
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Fir'st stage - Formation of sinkholes due to hydro compact ion of the 
collapsslng sOils and piping of the loose f ine silty sand 
layer by down ward and laterally mov ing water. 

~~~ 

- -.~::.- ~~~// . ", -,'., ----~'-~y - - - - - - ~ .. : - -- - - :~. - -

huge crack 

_ -.--1 

Second stage: _ Collapse of t he ground between the sinkholes due to' 
formation of holLaw (pipes) under it crea'.s huge cracks . 

r-:1 
L-:-J 

r=-:=l 
i=-=J 

clayey sil t, and silty clays (coliapsing soils) 

loose, fine . sandy si l t And Si lty sands 

highly 1radured clayS · 

Fig .5.f Siock diagram il lust rating t e .. mechanism of for mation Of sink "les 

and cri1cKs in Omorati arrta· 
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At ~ome places In the area smi l \ dunes (ci rcu l ar . 

and haVlna a diame'.· of 2-' t _ ' , ... me ers l , wh ich 

1 me t er hl on 

are stab l l ized 

naturally bV vege tation are a lso oresent . 1heli oresence i s 

l imited to areas covereo bv hne :sand y silt a ml sill y sand SO lt 

tvoes mapped 

'5 .2 F'l-ooab t e Causes Ot Dc_currens!;! Of Sinkholes ana Cracks 

In oeneral. lowerlng of the ground surface can be accomo lished DV 

sett lement or subSidence ~ t-Ioward et aL . . 1 ~79 ) . Settlement 

i esul tS from comoact I on of tne ar ound by loads natura ll y or 

artifi cIa ll y imcosed upon them : subsidence I S collaose of the 

ground due to develooment of subsurface VOids or r eduction I n 

-,o lume Ot suosuriac:e materuds Eitner natunl t v or artificul tv . 

:: .2.1 Settlement. NatJ,lLE . Causes 

Comoresslbl e SOl t S of low streno th are ~o~ t s usceo t ib ie to 

settlement dunno and after the olaclM Ot loads uoon them. 

such soils incluae oeat ana other oroanlc materia l s , cl aYs , 

:; 11 t s and some other coarser 
sea iment s and 

" 1 f "11 mat.rIals that we~e Insu;flClent lv comoacted 
a.tl t lC ~ a i • 

wn en erno laced. 
Thus settlement has been mos t common in 
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deoositional environments that lnel ude aeltas. fl ood 

o la ins. tidal Hats. o ld lake bott oms , and othe r areas of 

loo~e sedlments. 

, r om comoact Ion S~tt l ement also may -.sult f . 01 water 

saturated sedl mems as addItional sedIments accumu lat e above 

tnem and it ma', cont inue lono after such deposition 

ceases . The i ncluded water 15 fo rced el~e wher e. and t he 

sedime nt becemes more tightl y packed. such changes c an be 

imtia ted or hastened if -fi ll or hea ....... 5t r uctur es are placed 

on the surface . 

5 . 2 . ~ Subsiderce . Nature Causes 

Ground subsidence resu l ts from v.J lume chanoes 
WI thou t 

benefi t o f 3. 5uoer oo5eo load . Its surface exores.-; i on mav be 

silti l ar to that of sett l eme nt. 
SUDSldencE! can occur over 

penods of seconds or cent uries ana can r anqe from 

m il l im~terS t o tens of me ters . 
Some of the causes of 

sLlbsldence Wh lCh lIlav have relevance to our stfJdy area are :-

a. Withdrawal of ground wat er : 
The mos t WIde spread 

cause of extenSI ve subsidence 1$ the pump i ng of ground 

water . Such f luid wi thdrawa l from clay bearlnq 

sediment: . and otner loose f lr'le or a ined matena ls 

leads to vol ume reductions. 
Subs idence also results 
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when wa t er l ~ ext ract @d from an aouife r a ..,a t er 

beannq fo rmab on) that i s con fined by imoermeab le 

formation= I f the conhned wat er 15 withdr awn . The 

lowered water pres3ul't! results in compression of the 

aou ifer and the confining of c lay lave r . 

b. Wettir,g and d.!:Yl!lo of 50 11s: In arid reOl ons whe r e 

t he waler table 15 at oeeoe r l e vel CIi1d o ve r l y i ng 

c. 

SOlls are orevalllnql y dr y . t ne mO Isture def ic ient 

materIals llIa'l oe actuallY compacted when wa t er 15 

i ntroduced bv l rr ioatton . storm r un off or leakaqe 

f r om wens and c3.na i s. Such hvdrocampactlon . or 

hydroconso l ida i ion occurs in loose . aoe n t ext ured 

50115 whos~ par t Ic l es are weakl Y he ld t 0ge ther bv 

fi lms of clav or wat e r ( FlO. 5. 2 ) , In the mos t 

susceptIb l e materia l s, such as al l UV Ial and windblown 

si Us. the wa t e r loosens the bOl"lds between the 

particles . so t hat t he wei ght of t he over burden 

compacts the 5: 0 11 lavers at the exoense a t former 

por e soace. 

Surface SUbSI dence can be caused bv t he r emova l of 

eIther selecti ve lv or in whol esa le 
sediment a t deoth. 

fashion . 
Downward or later al Iv moving water I 

f or 
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Fig. 5.2 Mechanism of collapse in a soil. The motastable fabr ic is maintai led 
by water bonds or clay bonds that are broken when the soil is .. t·" ated · 

(After Mathewson, 1961) 
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examo Ie . can r e~ove f lne oartlc \ es from loose 

" may e en\aroed to widths of subsuri ace oassaaes w~l ch b 

meter,; • The roofs of such cavitIes sometimes collaose 

vleld steeD slDed deoresslon \Slnkho les l or cracks to 

at the surface. 

d . Tecto!"'!, S!JbSl dence 

Ea.r tn ouakes d brat 10'" caused bv 

mach iner les .bv Jos t tlOC s ediments t ha t vary 1a. tera ll y 

i n ooroslt y . rnav cause uneven Qround subs idence . 

Thev also Imoart flUid li ke QUalitIes (ll ouifactlon) 

t o wat er satura ted sl its or sands . 

5 .2 . ::; Treatment 

Wh e r e qrouno ma tenals sub Ject t o vo lume are 

.:h,;,nge\collo?OSlnQ 50 11; ) throuon hvdroconsolldatlon or 

r emoval of flne seO l ments 0'1 under Qraund water PI0 1ng care 

must be tak'?n t o aVO Id e>:CESS wettl nQ by uncontrol l ed 

r un-off or bv teakace ffom we l ts . 
canals or f aul ty p loes 

e tc . {.,l ter natlvel v . the oround can De t~oroughtY wetted 

and then comoac t 2d be for e st ructures are Diac&O uo on 1t , 

or other e labor~te methodS of soi 1 t r eatmen t used for 

loesses can be emoloved for the col ta051nQ SOlIs of the 

studY ar ea (Table 5 . 1) . 
Tne Ques tion here IS whetner i t is 



, 
I Tobie. 5.1 Loess 1 mProv~m.nt M.thods (Aft"r Evstatl'\f,1988) 

No. Method& 
Kin '" o f cun. lruc hu n O ... rel of "Iabon .tw." 

1. Co,"pgctlo" by: 
1.1. Itollen, Hlht tampen, vibrulOll pial ... aU kind. h iCh, ;rulNet tO"I 1.2. He • .,y t&tnpitrt 

CIVa , wne r l tr h:~"Qn )"lIh, ,,,,,lruction.; 1.3. S hort pyramidal pil« ciy,l h ll/h, ,I\lU UCUON 1,4. Riubfld foundaLion, c,¥,t m . d!1,jm, pubhc loUC)J\& 1.6.' Soil piln c ••• 1 III~ h. lrulruc tion • . 
1. G. Gu III:plo, lon, <:", 11, ... lu I"i~~t iun m.dium, pubtieatiunJ 
1.1 . Coillpacti(m injeclioM civil tt l:~r imtnU, ti"n 
1.8 . Injol'Ction o r day 'Iupenaion c",,1 IOoti, publicallunl 
1.9. Mou~ninl wlter trrilla lion, c,.i l tlllh, iR6lnu: lioru 
1.10. Moi.t~ninl: and deep vibution civ" rood, publlullonl 
1. 11. MOia; t.eninl: end aurfac e uplo.;iona civil, we"', irril/. lion lI i ~ h, pllbtkalio nl 
1. 12. Mo~uuunll lOnd deep eX'J)\u.;io l\.li Civil, W~ IU , rr i~lot,on hi.:h, u\&ln .. :uo", 
1. t.3, I njc:ctioll ur Vlpour c 'v ,] upcrimrnUIH)n 
1.14.. Waler . lthm ciVil .lt~r imenulion 
:!. Jmprouem~/1 1 0/ ,h'lra"u/om.tric ro.d , WIIUl' irr it:lo l ,un ¥ood. U .... ntu /e 

compo.i, iOIl 
J. S to/)ij~olion 

:t.l. Su rbu ' .... bilintion by ; 
J.1 .1. Cc::ment, Jllne .nd _ute malerillla , oild . Willltf i"'\:II,on h iKh. lnnl"uctioNi 
:1.l .2. Bitl.lmOn an d bi ~l.Inl i nous emuli,io lUl ,md , WIHt, Ilrii/uiOn l ood. lile, uure 
:1 .1.3. M~romoh:c IolJ", com~ound. rOM d , III . "" ir .. ):~uoll Inl:d,um, litertlloln 
:1.1..1 . Sal u . Ilcids ~ ntl alk1i.l i ro~d. 1II ~le r irr1 t:;oI;O Il l!ltptrimllll la lion 
~1. 2. Subili:l.ItMln in depth by : 
:L :!.1. InjKlio n o r ,jJiU lo! ,'ouu; ElecLro- dvil h illh. TfKul. l ioM , and CU ,ilical iulion 

dvil medium,liUtlune 3.2.2.. Injection ot C»e' 
3.2..3. Injection o( ctment.lim. and ci, iI m.dium, liteHlIII" 

oll'tU ,roull 
3.2.4 . JnjeO:: l ion or In,. moltculu compound.. civil upuimetl ,u ion 

3.2.6. MecAlin ical mixin~ wilh Po rl l.nu civil cood. literatu r. 
e.ment and lime 

3.2.6. Main, wllh UlNnt by ju .. srO\ltin, dvU ,ood, 1it.l'wlI 

3 .2..7 .. Burninc or liquid lind ,U rUcli d,jl hick. rt, u laliOnt 

•• R.pl«.",.nt II, : 
(hll and w.ter inir.t ion rood, lnauuc(ioru 4.1 . Soil c~bloQ 
d,U rood. li terature 4.2. Sand cU5blon 
dvil hlCh. j"s uuc lioru 4,3. Soil-eemcnt cl.llbion 

lIood, Ii"-fl.lllr~ • . 4. C"ment·\;H!ntonit.e ~(out int.rodlle.d .:i,1! 

by jlll·llrou!.lnv 
d,1] and load l ood, litn.tule 6. Rtin! of'C. m,nl 
· ... . tet l.ri"lion atld ci.il l 0od. lile r. ture G. e.ome m bron,. 

7. . Deliccol/o" b,: 
ci, iI hick. "'I'\II.LloIUI 1.1. Bllrfl&c. drain Inc 
ci.iI hii:h, iru.uuc lioN 7.2. Ora.ln". bouhuS.l wd w.Upolnu 
ci,a ,GOd. lil . "un, 7.3. HorllOntal bor.ho lu 
toad and civil lood, ]i t.a • • tt.lt. 

7.4. l:!IflC l.co-oamo.ia 
civil m.d ium,lileuW,. 

Vi. HYl:folcoplc lublt.nee, 
ILII kind. hll h, lit.r.wn 

B.· Con..etlon, torT.dnl. IIr""ln, and • 1 .tror .. tatlon o r d op'" 
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economIcal t o ooolV SUCh treatments for ever v house . roaa 

a lllgnment . ditch or ot her structures that ar e units of 

ci tt e s or l owns . I t I S also known tha t run -oif i ncreases 

with urbanlzal lon ma l ~lv Que to coverIng of ground s urface 

b'I bUl l dinQs and concen trated flaws f r om rooh nqs Wh I Ch 

CQul d a99ravale t he subSIdence or ob lem. Hence run-off from 

house roots shou ld by no means be left to enler the 

foundatI on area. 

SUbside nce due t o wt thd rawa I of subsurface fluids can be 

J"educed or arrested bv r educ t Ion of pumol ng or rechaqpno 

the Qround wi th ImOQ,t eo water . 
E : er"l thouqn thtS Iii not il 

orobl em at or esent In umaratl area . 
It can De mar ked as a 

oot e nti a l hazara SInce in the future a trend maY come tha t 

IN l i 1 I nduce oeoo l e t o U.=2 o.ound water :;I.S can oe eV loenced 

by the e Hor t2 peine made . even a t su.ch ver-'r smal I le'/e\ of 

ul"oa ni zat Ion In the area . 
to s earch 1Qr orounCl water . 

t houah it seems suf f Icient suoolv could be met from Omo 

river alone ior everv t loe cf Wil to?r cons umot ion at oresent, 

5uosidence due to tectonIC movement IS usual l v beyond hum an 

cont r ol . 
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6 . Enoln2ennq..§goloo lcal .9l.aractenstics of {!"Ie SCil l s of the StudY Area 

6 . 1 5e l ectl~n of Test Sampl£§. 

Samoles we,· e co itect ed 1n the h eld f rom 26 oits duq to a ma:dmum 

3 meter oeeth WhICh are more or 1e5; distrIbuted 1n a grId ma nner 

at approx imatel y l km apart . The tavout or the 20 pi t ii is (pven in 

Aooe ndl X 1 . Sufflcie nt 50 11 samole:. (dl:.turbedl were collected 

trom every horIzon encountered in the 20-01t5 . 
and after \istlnq 

down all the samoles in to djf; erent IJtho l or;uC31 tyees based en 

a numoer at samples from each t ype were 
t ne field des crIptIon. 

such as Atterbero 
se l ect ed and sub.\ec.t !:!d to laooratorv te:ts. 

li mIt:;;. qral
n 

SHe analvsis. orqamc ma tter content. soeclf1c 

f l' ee- 5we \1 • 
and de t ermI natIon of (1311 miner3t t yee OV 

OTA wa,s a l so C3rried out on -;ome clav ;a.moles. 

The t~sts are made accorolnq to ~ta.noaro oroceoures Of the as 
some 

i Bn t ish standa1-d) referred 
from 

mOOl f ications so as to make th em comoa l l ~l e with oroceau
res 

Cl aSSli ication svstem wn lch lS malnl v ba eo on t he ASTM st.nd~rd -

T d
. ffere nce bet ween these two ~t~ ,daros as concerned wi t h 

. he mc;. .10r 1 
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the class lfiC 3.tlon tests lies In that the ~lZe ranee glven f or the 

thrEe 5:;11 size grade le la.., . slIt . sanj) bv P5 dIffers from tha t 

given bv ~STI'1. Thus. tne standar~ oroceoures available to the 

wd t .?y be i ng o r'l l v those of BS . whIle 1Me avaIlab l e s teve Size In 

the laboratory are only thOse comoatlble to the ASTM standard . it 

was neceS3arv to make t ~Q fol lowlno modificat i ons on the 85 

or oc::edLires so as to be ,;Ible t o oerform the claSS lflc a tlon tests as 

given ir. b2 Un if ied Soil Classifu:a tl on Sys t em . 

1. To ca lcul3.le the oereent oi hnes the 5011 soeClmen 15 

oassed through tne 0 . (;75 111m INo 2001 519· ... e Instead of the BS 

of O. Ot3 .nrro . Th is l ~ because t ne Unified So 11 

Cl assihc .. tl0 r, Sys tem 15 based on ca l cul a tion of cereen t of 

fines as the f r ac t ton oasslno t he V.v75 mm sleve . 

2. For the sed imentation ana ivsu. H'l '.-Cl rometer 1 too the 

~ateria l s that oassed throu9h the 0 . 075m~ s i eve was used 

instead o-f t he 0 .00.3 rr,;n rer:ommenoed bv the BS . 1377 : 1975 . 

Test nD) . 

We t Sl eVl r,o Of soi t:i contal nlno nl!~n amount 0; fract 10n of 

fines IS IT!adE' accordlno to BS 1377 : 1'?75 . TEst 7 fA j . ~utn 

the above modlflcatl0ns . 
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Determl na tlon of tne o lashc lImIt 15 3ccor,:hng to as 

1377: 197'5 . Test (3) . Li C!Jld l !mlt b 't cone penetromet er 

method (£IS 1377 :1 975 Teo:.t 2(A) and ov one oOln l cone 

oenetrometer rr.ethod as suoges ted bv Clayton and Juke!: <19: 8. 

floe . Head. 198'1 >. ;ee Aooendlx 2. Organic matter content 

is by t he ignition loss rr.ethod as g Iven In Carver . (197 1l 

based en measuring t he He loMt los s of o.en drled soi 1 aft er 

he~tlno It In a turnace to about 5')0"'. exoressed as 

02rcentaoe of t ne or1 91 nal weloht . 
Free swell test IS done 

accorolng to oroPosltion bv Gibbs and Holtz (1'1%) hde . 

Head 1984 (see AooendIx ~I. 
and fln~ll v the oartl cular 

ins t rument useo for the DIfferentI a l Ther~al Ana l YS IS IOTA ) 

W3S NETZaCH. JTA-Hooaratus 41)4 EPI1 / 4 16/ 1l made ) n We&t 

Ger manv . 
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~abora t orv Analvsis ana Pesul ta 

6 .3 .1 Ml nera\oo lcat and Chemical C~mCO$ l t l on 

S .3.1 . 1 tnnera I ag..!f2J....£.OI!!OOS 1 t Ion 

a. . Non Cl ay Mine ral s 

Det er mination of non c iay :'!': .... !epl tvoes wa s done onlY on 

si lt and s and frachons 0; few simo ies uSing a binocu lar 

mlcrOSCQoe with ":'3 t i me; maOnlflcal:on and t he analvsIS 

snoweCl t hat t he SOIls of the s t ud .. ' area mal n lv consist of 

Quart z. feld soCir 1 
mIcas . roc~ f,aaments and some hea vY 

mIneral s such as garnet . 
Toe d \ iOram In FIQ 6 . 1 show: the 

r e lat ion bet ween ~ranuiat lon .r.d ml~eral comoos1tlo
n 

of 

loes ses \Rvbic~a ana R~t alc zak . 1'178. floe . Grabowslra-

Ol szew5l>. a . 
Fror.l \roiS ola9ram I t can be vI sualIzed 

that the share of ouartz l ncreases WI to Increas Ing g.-un 

SIzes ar"ld the snar e of feldso",r5 15 oot ullum In tne rage of 

Comoan 50n of \1'115 tLOUre for 
'F al n ~ize 0 .01)2 - O.Obmm. 

"LoeSS so ils with the Sal \ 5 of tne :;tL·o, area may De 

.1ustif led Slnce :f.)1 1s whIch have orooer\ l e:. ;lmllar to loess 

PartIcu larlv tne :;01\5 

are Wldesoread In i na studv area. 

a T the lit hu loqica t t ",;>e II (see eMoter 3 . section 3 .2) 
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b . Clay M lnerat~ 

Oe t erm lnation Ot t he t yoes of dol l mlnerals has been 

att emp ted bv the me thoj of ~ifferentla\ Tnermal Ana!\SlS 

(DTH) af ter obt aln ino DTA curves for three selected c lay 

samoles . AltnoLioh 1 t can not be exoected i.0 accurately 

deter mine t he d ay mlner~. t oresent by tnls method alone. 

never the less. the i nteroreta t lon of t ne curves for the 

thr ae samol es a fter c:omoar l nq them w1th s tandard cunes 

Ql ven In ll terature (Grim 19t.B . Mltcnell . 1976) and In the 

Ma nua t of t he :looar atus used fer the OTA analvsi'i . 

l ~d l ca ted t he oresence of Nonlronite 
1n all the tested 

"amoles . 
In Fie b.2 tne curves are Qlven aeiacent to each 

other for compar i son . and 130l e 6 . 1 91ve. the oeak r eac tion 

temperat ures , for eacn samole . ob t aIned b'/ the orA . 

6 .3.1 .2 

Tne oresen~e or ao=en=e 01 ca lc1 um c~rbona tes on a l\ ~ampl es 

was testeO bv droocll"~q lO '/. Hel an them . It a 5011 cantun§; 

It normsl\ v shows 30 n ehervescence to a drop of 
carbonat e. 

He l due t o a reaction l at-lno p lace between the tie l. and 

car bonate . :ne st r enoth of tne ef f ervescence can usuall v be 

an indlcatio
n 

to tne abundance 0" the c3.rconate In the SOlt 

I
s a~saclated WIth hlgh amount of 

(s t rong effervescence 

carbonates ) . Th US . 
exceot for the ctav samo l e No P-20-7 
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Tah~ d , •• ' ?i'! .. \~ . Tt':,.IOL;tUI'CS o f Ex' othemic n',J Endot!',;.!rmi': 
r:: e.~ct lor,s , if ['i f fe: n:ntia l Thermal An.,ly::.1s of the T<:stcd Samples 

: $I".:"j) i -: 
:NO 
:anJ 
:lo :c. t~'::';l 

r.<:':.' ~i, 
of 

~ :;,, ;I' ) ~ ; !"J 
t ( ::m ~ Li!..holc.qicd l dascript i"i 

?t: .,k 
: t: . .(.)tli.-!rm'.: 

.:ffc:c t 
., t ('d 

___ ._-- - :-;-:-:-c-------. 
: ~Ij, ·;: bro .. n. : 17 ~ 

,: : "1 : 5~. S 
: i~;) 

: 7:(.(.-;~.i; , 
: f(c .... h, intact, hard, 
' .u.::.d,: ( ,;,tc effervdcence 
: I., He; 

, , Peak 
: endothermic 

effect 

: ~ns 
:87 5 

at (.c.) 

,---_._---_ ._-- - - _._-- ~---
~ t.,.u'" greyish bro .... n, : 17~ : ?7!; 

,-­, 
: P- I ~ -

~! " ~ '1:1 1 ~ .... cat hered, grall .• · ., '·. : ;C~, 
~! .,:c cla.y . ',nth niany 9r.~~.~, 

' ,' N t s 

'[.;;,.1. bru',oln, mvde rate l y 
: v , ~. 1 ;; !,,~(ed gri\no lar to 
: ":v ~u;.tn tt( , hard, c lay wH i, 
: l\1.-.d .ind dar k bluish 
'; ... ,,:: : 1111'1 

: i7: 
, ' r r ...... 

- -- --_ .. . _---------

" 

• 
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collected f r om Nor th Wes t ern cart of the study area . at tI .. ,~ 

dep t h of 2()O- 3M c mi , ee locatIon of on 20 i n Aooendl ,( 11 

w:'l1.:h show:; a sl1C;lht eff ervescence to Hel, a t \ the rest 

samoles do not do SQ . 
lnO l catlng absence o. carbonates in 

th em . 

0 .3. 1. 3 Orsante Matter Content 

Tne oroanle matt er cont~nt bv the lonIt lon l oss method was 

de termlneo for a numoer at se lectee samole<i . 
The resu 1 t!i 

are shown In Table 6 .2 . Tne h lohest 19n1t ion l os ! val ue w.;s 

ooti.lned for the l1tho lOOlcal tvoe I 5011s and i t I S from 

5.S to 8.01.. 
the ma~ l mum va lue beI ng 8 . 0.~ For 

litho l oq lcal t vpe It s Ol i s the ranoe 15 f r om 3.4 to 6 .6% 

matter 2" ,. are 

conS idered as CI"came 501 1s . 
Thereiore the SOi l s in the 

s t udy area can be conSIdered as oroan l C 50115 . 

b . 3.~ Pnvslcal Procart:es 

For the a15t 'Jroed SCI I samo les collec t Ed froon the held. 

determinatIon of tne fo \l ow l nc on .... s lc al orooer tli'S was; 

carric~ out on 5e iect ed reoresenta t lve sa~o\es. 



---... ---------------------------

Tabl.6.2 Organ ic Matte r Conten~ of the 
Soil s of Omoral; Area 

Sample Depth 
, 

• , 
No of :Org&Mic : L1tholog-:L1tholog- : 
and : sampling mat ter · 1eal 1eal 

locatton (em) 1n • type sub-type 

P-6-4 240-250 1.6 

. P-7-2 100-130 uN. D , , 
:P-8- 1 0-50 8. 0 I 

: P- 12- 1 0- 40 N. D 

:P-14- 1 :0-65 7. 7 , , , 
;P-15- 1 :0- 108 5 .8 

: P- 4- 1 :0- 25 5.3 

: P- 4-2 ' 25- 11 0 N.D 
, 
! P- 7- 4 205-220 4.8 
, , II • :P-9- 1 0- 18 6. 0 

, 
:P- 11- 2 30-80 6.6 

, 
:P-13- 1 :0- 60 6.' 

: P- 3-5 :89- 139 3 . ' II 
• , , 

:P-3-1 : 169- 191 N.D 
, , , 
: P- S- 2 :42- 107 4 : 1 

: P-8- 4 128-300 6 . 3 II b 

:P-1 2-2 40-62 4. 6 
, 

, , 
:P- 12-1 300-305 

\ , , 
, 180-230 , : P-16-2 , 

--,< .,..i 



Contd. 

Sample 
, 

DePth 
, 

, , 
No , of • I Organ,,;,.; c : Utholog- L1tholog-: , 
and :samp11 ng matter .1ca 1 1cal 

location (em) In , t ype s ub-type 

P-19-1 :0-8 5.1 
• , 

P-20-1 :0- 20 6.6 -_. 
: P-S- 1 :0- 42 N.D 

: P- 6- 1 :0- 45 N.D III • 

:P- 18-3 :67-76 N.D 

: P-3-8 : 191 1206 N.D 
;. • , , 

: P-1l-1 :0-30 ILD 
• , 

:P-12-5 : I !;2-202 2.8 III III b 

Exampl e 

• P-6-4: Fourth layer down from the surface of tho ground 

Pit NlMIbe r 6 
u N.D , Not determined 

. " 

• 
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0 . 3 . 2.1 Soecdg: Gr jV lty 

SoeClllC DI*a,Vlt V .... aluE': fo r reor eSE>"Itat l ve samoles fr om 

li tholoQlca l t vpes 1£ ana III are oresented In Tap i a &.3. 

T~e r a n~e of va lues IS 2 .42 t o 2.71 40 r a l l t he samo le. and 

samole fr om lltho loOlcal tyoe III shows the nighesl, v~tue 

wni la the lowest va 'tue I S tor samo les f r om Iltholocpcal tvoe 

II . The lower va lue of spec ifi c gr a / l t " for these samoles 

2 . ,+2-2 .52) could ar abao\ \' De accounted to the l i hl oh or gan i c 

,na t te; content (5ee Tab Ie b . 2) . 

G,aln s i =e anal YsIS r esul:s for all the Semoles tested IS 

Shown in Tab ie 6 .4 and Flq 6 ,3 . 
The r anqe at percentaoes 

of tne th r ee ; 1:e frac t ions ( clav . Slit and sand i fo r t he 

SOl ts of the stUD Y ilrea are as fot tOI~S : 

LilhO \oc;ucal Tvoe 1 tC'L av ; ' 

Based on 
f le l d a~d laoora t ory iaentlSica t ion 

orocedur es such as dr y stre noth and t oughness . Tne SOl l 5 

of the lithologlca l tyoe I has been esltmated to contaln : 



Tabl e 6 .3 Speci f ic Gra vit y of Soils of Omor~t1 Area 

Depth 
of 

0 0 

0 0 

Sampl e samp ling Specf ic : litho1ogical: 

No . 
0 ( em) gravity : type 
0 0 
0 0 -
0 

p-.\- , :0- 25 2.52 0 I 0 

: P-8- 4 : 12 8-300 2.42 II 

: P- 15- 2 :108- 130 2. 44 II 

:P-12-5 : 152-202 2 . 11 III 
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"l'" 1b l e 6 . 4 Gn nulomet ric Compo'S i tion of the So 11 s of llmof <l t1 Area 

. 
~ $al!1:) 1 e 
;:;0 
: and 

- - ,------' - ---------- ·-:C"1-.-ss H 1ca",t"'i-on- c-------:-­

: Ocprn 
:of 

, , 
:Sl1 t :Sand 
' 0.002-0.06 ;0 . 06-2 . 0 

:ac .::nrdlnq t o 
'T r i "n9u1ar 
: C\'ass Hicat1on 
:Chnrt 
:(by PRA) 

, ' 
: L1tho log tcal :Lt ­
:Type :SUi 

: lo·:ation : s,:\Ir,o 1 i nq 

Clay 
<. 0.02 
m. m :m.m ;m .m 
._----,--_._- ,----- ,_ ._---- -- ----,----1 

,.--- --' ---- _ .. 
:1- 1 -2 : IOC- 300 
, ,----_ .. _--- , - ----- . _. 
:;>- 8- 1 :0-· ':'0 
, ,- -_.-_._ .• , -- -_.--_._ , 
: P. ' I ~- 1 :0 - .. 0 I 

'.-- .- -' ---------_ . 
:," 1 .. _' :O- G5 : 80- 901 10- 20% I 

_.' --- --_ . ' 
:P " '~ - 1 :O- 10a 
,_ - I __ .,-,--__ 

:; _1, _1 : 0 - : &0 

:~- ;1 - 6 ~2 1 C-?60 

:;:- - .:;)- 7 ::: ::> ::>- ':100 
, ,-----..,,, .• : - -_.-_., - ---- -' --------_.-I • __________ _ _ , _ _ .. _ 54 '. C l -~ .J I 

:?- 4-' :G - ~-:' ' 40 ' ... . 
- :Si'-t-C;-;Y---: ---~-- ,-- ' - -- -- _ .. - .. _--_._--

64 ' ·)6 
-______ ' ._. 

49 ' 

• , , 
-" ._-_.- ' _ .. - --_._--- , 

: Cl.i Y : 

;'.:;- 11 0 

---_. __ .,----
51 

-----' 
, ' _. _ __ • _ __ t __ •• ___ , _ · __ ~- --: 

04 : Silt Clay' , 36 
. __ . __ .. _' 

10> 300 iO -4 

-----, - - -- " -----_ ... • -' .-
I r~ 1 \ -:;,+ j ~ -' 80 I 401 

-----_. -----' - ----_. 
'0 . ~.J 

----_ .• , , , 
---- -' ---- ---",,,2 ~ 4~,- 17 0 

, 

- '-- -, 

--, -- -----

5~ 

B 

. 0 

.. ' , 
.t _. , 61 

00 

eo 

. , , 

, 
_ _______ _ • ___ _ _ 0 •• _----_· 

: Cl .L I : 

--,---- ---
:Ch f 

< - --' 
: Sl ltV Clay 

':s11-iv Cl ay Loam : 

II 

> 100 20 -------- .'----'-. ' . , --' . • 

II 



I 

I 

J 
• 

p 

----:---~----. ---;---:;;=,-;:-:=::-;-----;---ill 
: Classif l Ca t ion 

S.;.mple 
No ;Silt ; Sand 

: 0.002-0. 06 : O. 06-2 . 0 

: aC COrdlng t o 
:Triangular 
:Cla~sifl cation 
:Chart : l i tholo9ical : L thol ;ind 

' location 

:Oepth 
:of 
: sampli n~ 

: C'lay 
~< O.02 

:m.m ;RI.m ;m.m : ( I. , PItA ) ' Type ;s:o--t',o. 
._-,,--- --- '---_ ._-_._----_. 
' ?- 7- t:. :220- 280 64 : 36 : ; C'ii\ ¥ . , , 
:N-C-: 128- 300- -"'---4"1' -; ----sg;-----: Si lty C-'ay 
, -----,----_._ ,------_ ... _----- -----,---------, 
:?-8- 4 : 40- {' :: ' 45 : ~5 : :51 1: .. Clay 

II ----,-- -'------- , .... _--_._. '---_._-- .. •.. _-----,---- -----, 
't'- l:;: -~ : 5 r,-1 .. 5 41 : 59 ; :Sl l t y Ch! 

, . ,----'------_. __ . -_ .. _-------, --- -----, 
: 10£- ; 30 , 40 : 00 : :S I 1Ly Ci ... y I 

-- - - - _. ----- --, - ---- _. ' ----_.---,--
3<::; "" : : 511u Clay 

,~--
' ~-1 ~-2 : l JO- 140 

, . ._---- - . _----- -_ ... __ ._-_. -----------, 
',-,,::',, 3 ;HW-~ :;O ~ 7 OJ : :S llty Cl dY • 
-----_ ... _-_ .. __ .-. - _ ... - ._----,--- --

: o- ~ II 

._-_._-_._---- - --- ---_.---_. -----
. i ~- 1 , o-~o 4t: ; :CidY' 

,----- ----- .. -- ~-

:~-~O- l '4~- l D 7 ' 53 ~C1av , 
-- -- -- -.---- --- --,-~,- -_ .. _----- -, 

12 69 
, 

'-----_ . ---- - ----_. _. 
,0 1 : no. ~ Z \ 3 69 , 

· -.---- • ___ •• 1 _____ -

15 ,. 37 : LO..lJ1I 
---' -~-

..---- ... _-------, 
. ' It 44 

, II or III 40 : LO~1I11 
__ • _ .... : ._-- ___ • __ 1 _ _____ -

, H l- ;~ 06 " ~ G · 37 : I.o.lln 

: 0-30 
-, 11 · -

--' -- -------- -----, III 
III a 

1- 1 • (: - 3C 11 20 69 : SaQ ~ v loCtin , 
..... -'--'---'--' III b 

9 " 78 :~and 1 loom : 

-- ----,----
PRJ.. Pub li.: Rrdd Admi ns trati on. US 

• 



---.---------------------------
0_ 1..- 1 ... , 

100 
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60 
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~ • 1,0 
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10 
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~1.-Q.Ot2 .... 002 ell 0·1 D1 1 I 10 21 

A.HH- (LAY SILT SAND 

8·S - CL AY SILT SAND 

Fig. b .3 Grain Size Analysis CUIYOS 01 lhe Soils 01 Omaral i Alia . 
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" . . - , 

• 
, , • Sltt 1v to 2\)% 

" Sand 

llthotoOl.Cat fvoe I I ( Silt" Clays and Clavev silt§; ) 

Il a) Sl l t vClaV 5 llb ) Clavey 511 t 5 

Cta .... '36Y. to 5q% Cta ... 13 to 64% 

SIlt •• to .1 " 
SIlt 36 t o 80 Yo 

Sand neallQlble Sand U to 18 ~ .. 

Uthol09ica \ Tvoe lli (Sandv Silts and Siltv 5011no .. ) 

i Ira ) Sand .. Sdt;. 
II lbl 511 t v SOli nds 

Cl ay 14 to 1 SY. e ta" 5 to 117. 

. , .... 
5.lt •• to 49 y. 5 i \t 11 to 20 ., 

Sand 37 t o li l 'Y, 
Sand 37 to 83 1. 

Tne 5h.iOo? of cur'/es 1 n Fn;l t. .3 ;;how that the soi \5 of the 

tl t holOQlcal tvce 1[1 are oooilv graded . 
From thlS d.la it 

15 a lso evident t hat un l il'e the i i tho \ ol;ncal t voe 111 soils . 

the (ust)nc t lon Whlcr has been made on the lilho i OQlC tvoe 

II 1n to the "uolvoes Iia ( 51H v claY) and llb (clavev 

silt) baseo on the helo de';Crlo tl c.n a l one . 
15 not 

confirmed bv the laboratOry goaln Si ze ana lYSIS . WhICh In 

thls ca:e show~ tt'lat a so11 IdenU fieo as SI ttv day in the 
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f i eld may become a el a .... Silt and v ice -I&r sa . 

laaor 3lor v Qraln Size anal ysts . Thl ~ IS t o be exoRe ted 

oecawse of tne dif f erent ~&v&l~ of accura~ I~vo\ved bet wee n 

these two methods . 

The ol ot on US . Pub l ic Road Adminis t ratlon~ s Trl.a nl}lJlar 

C \ ~_=ific .. Uon cn..,d. fQ.t l.hQ tK~~ .a.~ t es I S s hown I n FIQ . 

':' , <1- . In this chart • • mo le .. from l i tholoO l cal t 'lO& II fatl 

m3inlv In the reQlon iDr sil \ v e l.v • • nd 50me In ~ reg ion 

tur clays ano sa~te~ fr om litholaOlca l t voe I II malnl v i n 

the re01 0"lS c; \o.am. san:J.,' l oam or sand . Sll t v l oam 

varl etl es ~e 4 L5O fGUoO ~\C~ coulo baloQa Qltner to the 

l itho l ogica l t voe II or II I. 

6 ,3.2 . 1 

6 .5 . 
The va lues can be classified In 3 orOUDS . 

Tha flr5t 

one with the hlghegt .... a l ue;, of I I QU Jd 1uIIlt f r om 60 to 781. 

and o las t lclt v i n1e~ 18 to 35 i~ for ll tho loglca l tvae I 

soils . 
Tne second arOUD wl th llOUld l i mit from ~5 to 58% 

J.no o last iclt v inde1l 7 to ea. IS for htr,olOOlc a l tVDe II , 

lnc thi r d arOUD fr om 11t ho\oOlcat t voe I II SOi l s 15 wlth 

cut anv o l C'.stiCl t .... . 
hence non c l asti C. Att values 

determi ned tor a U samo "L es of tne t hree InnolOQlcal t yoes 
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• 
. .-

- \ . , 

PER CENT ~ILT 

Fig - 6 -4 
-Plot on Triangular Clasitication Chart ot tho Soilsot 

Omorat i area. 
• 

( US~ Public Road Administration, Triangular Clas if ic.at ion Ch.rt, 
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1 ,,0 ' 0= 6 .5 .Att ·····:.""!,. ~ Limit '!- r) i :ha Solls of Omoral 1 Are" 
Soil::. of (Source - w.R.O . ... l 

- - --- --.-
S~ r.::.l a ' :'", ') tt. : Plastic l t~ : , 

'l -) ~}4' 

u ,j : :: t l.: lillQ 

:Uauio 
: li mit 

rlLl 

:Plastl c 
: , lmi t 

rPLl 
(In :() 

i ndex :Clas3 if f- :L1 thological :L t hol 

: iV': .I :ion t .:',! ", , : (i n t 1 
(P I ) :icCl ion : rype : !.. U:l-type 

(1n t l : . lIJ.3.C .S : 
1. ___ . _____ . ' _ _ _ . __ . _ , . • 

: P'c- 4 ::?.J )-F,O 
-' 

75 41 
- , --:'- ---:-----11 

.- .- ---
:?-7-2 : 100- 110 76 45 -' 

33 On 
---- --, 

: ;--8- 1 40) 
' --",--

OH 

:-r---~~---'-- : o·jn" --- ----,--
19 01"1 

:P-1 4-1 ---- ': - -----,,:::-
42 18 vH I 

- --:7'"' -.--
70 44 26 0" 

--- - - " - ------,---,----
P-l~-l ;O- l~O ' 68 44 24 OH 

P-11- 6 17 46 31 OH 

P- 20- 7 :::!OO-3110 71 36 35 OH 

I P-4-' ' 0-2 5 56 36 20 

P- ·1-2 25- 110 52 34 18 

P-7- 4 205- 220 56 36 20 OH 

P- 10- 4 155- 300 u N,D 34 1[. 

P-11-2 30-80 53 36 OH 

" 
, P-13-1 0-60 54 NO 21 OH 

: -=----=--' ---
:P-3-1 :169-191 49 37 

, 
15 ' Ol(Ml) 

P-6-2 :45-1 80 58 33 2 1 OH 

0---=-- -'---~-~ 
P-7-1 :0-100 N.D 34 I[ 

• 
P-7-5 :220- 280 57 37 22 OH (MH ) 

--- ---- ,- - -
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Conto. 

Samp le De pth :L l qul d ;P l astl c 
Ho o f ' 11mll : 11m i t 

:Plas t i cl t'l : I , 

:l noex ' Cl assi ff- :Ll tho logical: l1 t ho ogl cal 
<Hid : ~ampl in9 ( ll) (Pl) 

: l oca t IOn l <..ru) ( i n ~) ( 111 , ) 
( PI ) ica t ion :Type :Sub t ':Ie 

(1 n X) « U. S.C. S: 

P-7 -6 280-:JIJO --- ---cc- '------:- - - ,- --
18 OH( HH) 50 3:i: 

: P-b- 4 1~ 8 -300 53 J5 OH 

'-:P- 12-? ; 40-62 41 n 13 Ol 
, ,-- -- , :'p- 14-2 :55- 14 5 50 5~ 17 OH (HH) 

1 _ _ •• ---' 
: p- 15-::: :1 80-00 

, 
.9 34 15 Ol (Hl) 

, 
'---' - ' 
:r~-15-3 : 1JO- ~ 4 0 N.D 33 

: P-- lt.. -~ : 180- 2:$0 . 9 3' 16 Ol 

:P- 11J- l :0- 8 '1 N. D 11 Ol 
,-

:r-?O- 1 : u-20 50 33 ,. OH 

- ' 
46 32 14 Ol (Ml) :P-~- 2 : 4 2-0 "/ 

II or Itt 
: P- 1Q- l : 0- 15 35 ~. 7 Ol( "l) 

;P-S- l :O-4 ::! :.nrLP N. P Ol( Ml) 

: P--o-l :0-45 N.P N. P Dl( HL) 

;P- HI-3 : 6'l - 7c N.P N.P Ol( Ml ) 

: P-3- f.j : 191- 20t:. SH 

- ' - - ' 
: 1'-11- 1 , D- 30 , SH 

---- - - , 
:P-12-5 : 1 SO-~O ~ 

;" 

, . 

U.S. C.S = Unlf l ed Soil Clasff icat HJfI System ( see tab l e 8 .8) 

"r tl. D :;: not df:: l er,n i oi: d 
6 ~ ~ N.r = non pl ~stic 

II I 

lib 

: llb c '" 1[1 .: 

II: 3 

II I b 

• 
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~oul d c l ot belQ~ A- t i ne on t he Cassaor ande ' & p l a s h e ll V' 

Char t • One c l ear obser vation t hat can be made from t h is 

da ta. i s t ha t in the lit r,o loQlca l t yoe J I I the At t erber o 

li mi t values for lne s amo l es con~al n lnQ h19her sI l t 

fracti ons . are as h ll~n a5 fOI" th os e c:o nt alninq hlqner c l av 

frectlon . Two or obabi e r easons can O ~ s t lt ed t o expl aI n 

t h 15 ohEnomenon . 

One reason mav be tnat the s l it trac t ion of t he 51 1t 

domi na t ed 501 \S could be oredoml nant l v r eor es en t ed bv t he 

'lei" f i nE s ilt fr achon near l oe bou nea!""" to the d a" SHe 

fr act I on;:: to . ,)(;2 mm) . Toe second r eason coul d be that t ne 

c l eW fr action of the c l ay SHe dominat e o SOIl s may be 

predominantl Y reoresented by ; rac tlon:i near t hIS arbIt r a ry 

boundary be t ween c taYs and 21t t S . 

6 . 3 .2. 4 

Fr ee ~101= I I t est . 
a 51mo le test wh ich wa ~ orooosed bv Gl obs 

a!'ld H::I U ;: (1956; .fldeo .Heac (1 984) 15 oefl ned as t ne 1ncrease 

of t he se l l; vo lume t r am a loose dr v powder form when i t 15 

ooured 1 nto wa l er e ).pr e s sed as 
the oercentaoe o f the 

ol· lq l nal .... o lume. 
T30le 6 .6 ; hows fr ee swe ll valves fo r 

se l e~ted c l av samo le5 . 
Accordln9 t ne a bove C1 t ed autr.ors 

so l1s wlth free swe ll val ues less than SOY. ar e nOt llke lv t o 
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Table 6.6 
Soil s of 

~'~ '-'- ~---

: Sample 

Free Swell 
Omorat i Area 

Value of Clay 

, , 
:No. Depth : Free swell : 
: and of ' value 
: l ocat ion samp 1 1n9 • 
: P-6-4 :240-250 60 
: P-1-2 : H/0-130 40 
: P-8-1 :0-,50 60 
: P-16-1 : 0-180 50 
:P-20-7 :200-300 t 10 

Tabl e 6.7 Table of Estimati oh of 
Expansiveness Based on Free Swe l l 
value (After .... ath~wson. 1981) 

, 
:Free s'wcll1 
'value (%) 

less thiln 50 
50-7 5 
75-100 
Greater than 
100 

, 
: Expansiveness 

:Law 
:i-Iedium 
:High 
: Extreme 

' " 

In :Uthological 
: type 

I 
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s now eXOan~l ve or ooe r- t IE'S val ul?s of t Cn.:m or more ar e 

assGc a .ted wI tt, clays Wh i ch cO'Jl d swett conslder aol v wnen 

w~t t ed . esceclal \v under lIon t l oad l t'lO. 11ak l nQ use of Tao l R 

6 . 7 WhICh ctas s ~f les SOl ts to thel r degr ee of exva nS lveness 

o~sed on t heIr fr ee swell va lue ; the clav 5 ~mpl es P-8- 1 . 

P-lb- l and P-2';-7 have med I um to ex t r eme exoamuve ness . 

Th ! ~ 1'11 91'1 exoa nS l veneS5 cou ld De due to tne oresence 0; 

non t ronlt e de t ected i n t hem bv t ne OTA iSee . sec ti on 

E.. .3 . 1 , 1) ! wtu eh oe l on05 to the cl ay mi ne ra l s of the 

Smectit e Qr ouo known for t he i r h1001v exoanSJve latti ce . 
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Suil .:lass ificat l or,s IS the PlacI ng of a 50.1 i nto a Qrouo of soils, 

all aT which e xtHoi t si mi lar bena'lior ( Lamae and Wh itman , 1'1b9) , The 

con -e l atlon of oehav lo,s IIOltn a :J:"OUO in.s sOIl classification system IS 

l.J,sually an emolrlcal one de'lelo:lEO t hrou';h considerable exoerlence, 

Most soil clas: l llcatlo'"ls eomo i av ver y :illT,oie IMex- tvae tests to ob taIn 

t he charact e ristics oi the sOl I needeo to olace It in a given gr oup . 

Tns most .:ommonl v used characterlstlcs a~ e oarll el e s nE a na 

o iastlcit y . Iii 1~52 the Bure ;;;u of Reclamation and the Coros of 

EngIneers l r. US develooeo a UnifIed SOIl Cla=sl f lcatlon System \U5(5 ) 

~nten':led f or use in a!l Enqlneen nQ oroblems Invol vl nq sOlIs . Th i S 

.:l a~s!hcatlon IS oresented In Tab le 6,8 . and t o WhICh c l aise . t oe 

salls of the stud'l are il. mav be lonq I ::; I nd l ca tec be taw : 

1="19 . 6 . : . snow: p lot on Cas;aorancli! ' s Plast lcitv Chart of a ll the 5011 

samcles tested In the laooratorv . Accordlnqlv atl t~e values fa l l De low 

A- hne .::In the F' l a~ tl ci t v Chart. Mence most of the soi1= of the area 

bal ont;! to OH (orqamc c lays aT medium to nl ~ h ola=ticltv l .or MH 

\ i no·,· gan l c si 1 ts . mIcaceous 
flne sar.dv or =l l t v 5011:1 . Ol toroanlC 

I cl . ,.s of io~ oiastiot v) or ML IInorcamc SIltS 
silts aroc organ.e 51 t t 

.. .,d ver')r fine sands . 
5I it .... or clavev. fl ne s ands wJth s11 9ht 

o lastlcltV ) . 
The coarser crained f r ~c~ i ons ar e malnl v classI f Ied as SM 

( si l ty sanas . ooor1 ,. oraoed slIt, s and rnl xt ures) 
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Table- ' .8 Unified Soil Classification System (After Wagner 1957) 

Major dMsIoos. ~~. TypUll'IM'IH. ~c-....ioIIion"'" _. 
--

~~ ....... .gI8IW gtlI ...... f~;-r 
~, 

!~ "" ora_MIld miIIlLM"es. 4 so.. ... I ,Cu2. 

~-~~ .11 
. ~ !if ! . ~ i i -! I.- GP PIIOfIy grad ~ -- .11 

f ! ,Q gra't1ll·Nnd ~". ;;;:~l NoI ........ ........,,.........to.lW. 
if ~~ .. ~ 

• ~ i ~ ~I[ ~J --
! I ~ GM Silly grawls, R jli ~ "'*'*91oM1W-

E gra_Mnd·.~ ... 

~I~ii 
' A,'lneorIpU. .--.,., ......... 

~ d: j. • • , Ip , 7 _ bor\Iwww 

H 
.!. g' ~ _""",, 14' crt 

-if a.,eygr ..... , ~i Ii "....,.. .. ~ --.. Ge 
gra~'f~ ",A.'ln .. tId H (p. ". 

H 
If h sw W~MIIdI. I t f 

.CO" ... lsec'1 

H . ~ ... "".- t l} 
~ .~ ii ~graded"'. 1 Ii 8 h~ SP '1'- ....... NoI ............... ~bSW. 

• if .. ! :i g 
•• ~ [ I " ! . SiI!y-u, ~ ... ---'- ... f . - tMd-Air 1ftiJ:M ... ' A'iinoo or Ip H • __ 'A' . WId 

~. ! T 4 '.t:1.,.~ 
.!. g" 3' $ . ;: _,.....mg lMd 

•• '-I i """' ...... ... -sc 
~ricI~ 'A' line WId H !p. g . , 
~"'*YIiM"'" 

~:-

i~ 
"'- rodIllour. dty 01 ~ I ..... n 

~y. willi ~ pIMIidly. P'-tidly .. ·('JI.I· i f ~ ~ ;; ~ ~ t 3 8 ~l 1ncwp1ic clip 01 low 10 "*"- 0 
0 ~ t 

l !' CL pINIiciIy. gr ...... ~ 

J - ~ "'r~"'M1~r-· ;; • 
~ !~ , 
~ !l ~Jib, Ofp!ie .. veta,. ~ •• ~ 

l ~ 
OL dlcloot~. \ P I 

~ 
~ -.. ~ p • ~"~Of~ ~ \ H i .. .... ~1"--'r0l"""" 

tlnt i c: . /". [g 
\ _ r 

P' l: ~ t! . ~ 
~dlpol"'~icI'f. H \ . 

if CH ... -. I- 2 -
~ ~ 

~ •• 
8 • \; • 

l ~ ! l- i l-
i ~ daysoll'\'ltldiurfllO high 

!l OH pIUIidIy. OfpWe.olll. 8 .. I\, " '- ii 

~ i~ " PuI. ~Of9ri:""· 

. -
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Slit 15 Inherently unstab le . oar-tleul.,- ! ... ","en IIIOlltur. II ItlCr ••• .ct . 

with a tendency to become OUlel wnen saturatec . 

Imper V1 0U5. dIff l CUt+. to como .. .:t. USI!'" erodlOle ano SUOJKt to OIOlnQ 

and bOilIng . HS a resul t of t ne ol.tv morohol~o¥ of micas: land and 

:;i 1 ts conlairuno on l ... a few ~1!"CRnt IIIlca m.... e" hlb l t both Mlon 

COmOl' E'SSlb l iltv and tarce shei llno durl"9 unloaoinoJ 

Fi g 6 .S 

O;-ganlc mat t e r cresent even in mocerate amounls 

comoressitllil t" and reouces 

•• lIIay o •••• " In 

IncrIP .. '.' tho 

com"onents . It rna ... dec! 'I caus t na vOids or bv chemiC" ! aU.ratlon chanqe 

t he prooertle:; of a soil . Hence oroan lc sOi ls are no t o •• lr.bl. for 

Eng I neel"l no u!:es. Si nce mos t o f t ne s Olis In the . t udv ''-U are 

cons i sted of hlOh ;ilt i r actlon contaInIng mIcas and aooreclabie .moun t 

of orga nic ma t ter nab (e b .2> • 

I n Tab le 6 . '~ a oeneral indIcation of the permeatnl l tv . strenoth ano 

comores:;ibit l t-..I of the varIOUS soil orouos a lo1"19 wlth.!n Ind lCjltlon of 

the r e tati ve de=l,ab!lit v of eat" orouo l~ eartn dams . ca~al 5ec t lo~, . 

ToundatIO.,:; and runwaYs IS 01.en. Fro~ thIS table It can oe seen that 

the sOlI s of the s t ud\ ar ea wfw:n most t I ce lona to 00. MH . 

Slot oro'...lOS I n the Umf.ed 5011 Cla~slfl'.tlon 5vste'fl 

unsult.ibl e for most ciVIl enQlneerlnq works . 

ML . 01. or 

(lJ5CS, 
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O·Soo s....ellirq iR1I!X, t ) = :...dt 
• d log P 

'Rh.!rl! t is the ch.iInge in 
vo,d ratio for" 9tnn dl'cr. 

'" 
0.400 ease m pres.sure 

" • v • (HOO 
~ 

.< 
• > 
~ '200 

OJOO 

• 
/ 

( -----1_._.1_. , 
2' " 60 I' 100 

Mica ( onten1 \ -/. of tot~1 weig,t I 

Fig· 6.6 Swelling index as a function of mica c.ontent for coarse 
grained mixtures (After Terzaghi, 1931i l ide, Mltche" . 1976) 
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7. EnOlne E'.nno bl?Oioclca!....11.apPl ng Or tn. StUQ\, Arvi 

7 .1 Sel ec t ion oj MaOOln.o IJnt!s 

maool no IS not on tho 

l it nostratiqraph lc units In convRn ll on~1 oealaDlcat maoQ l nQ . but 

on the reco9n i tlon of homooeneous l1tholo01C.at unIts that In an\' 

one area mol \' hav~ a ra nqe Ot geotoolc~1 aoes 16ul le tln of [AEG . 

No . 24 . P .251 . J981) . Tne oegree of hOmDgeneltv 1$ related t o tne 

scale of the map ana an Internatlonal ho acrnowiedqac set of 

t.3xonOmic units (uNESCOII ~EG . J-;76 : floe &ulletIn of lAEG , No . 24. 

The lltholoOlcal 

enC;llneenn? geolool ca l uni ts and theIr "efJnit1on as Diven i n U", IS 

Bulletin IS as follows . 

The engineering 96'0\00Ical t voe has tne h l ohest oegree o f 

ohvs l l:ai homagene! t·,. It should be uniform I n lIthological 

character and Oh{~lCai ~tate . These unl ts can o. 

charactellzed by ~tatl~tlcall ..... der I 'led valu@5 from 

Inal{iduai determinations of olWSlcal and taechanlcal 

orooertl E'S ~nd are Qeneratlv shown onlY on l~rQe scale .aos 

(t aroer than 1 :SI)OOJ 

-
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Id.thoi ootcat type (U. 

A lltholoqical t ype is r,omogerlOUs throuohout In COIIOOSltion . 

tex t ure anc! structure . but usually 15 not unl"for'" In 

ohY:lcal ;tale. Reliable values Ot averaqR mechanical 

proper t ies cannot be 91 ... en fo r tne enti re unIt; usu. t lv onh 

a genera l idea of enqlneerlnq Droaer ll es . wdh a r.nqe of 

values can De ores ent . d . 

targe-scate. ana ",nere possible . on 

maos(1:5000- 1: 1~ . VOO) . 

3 . Li t hologI cal ccmpt~~ 

A l1 tho lo~J1 ca l compl ex comorlses a 'iCPt of Qenehc",1l\, 

re lated lIthologI cal develooea under 

oa leogeograohica l and geot eclor.lc conoitions. 

SORC I fi c 

WIthin a 

i i tnoioQl ca i como lex the scatial arranqement of IltholoQlcal 

t voe~ IS uniform and dis t lnctl ve for that cemelev , but a 

lithological comole)' i~ no necltsunly umforl!l In elther 

litho logical character or phYSical s t ate . In conseauence. 

it i s not oossicte t o de 'i1ne tne phYSical and lIIeci1.mcal 

orooertles of tne who l e IJtholoolca l comolex . bu t only to 

gi ve data on l~e I ndiV idual li thological tyoes comoris l ng 

tne como lex and to In.hcate tne oenera1 behavio-s of tne 
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who le lltholoQlcal cOlro le. 

maos i l :1 ~ . OVO - 200 .000) 

4 . LI tholoo.lq i SUI te ll S) 

that deve iooed unoer oen.rallv s imi lar ~al~ooeoor.ohlcal and 

tectonic condit ions. It has ~ert. l n common lltholoolcal 

the SUIte ana serve to dl l tinouish It lrom other sUi t es . 

lithological ~~Ite can be defineD . ThIs units are u5ed only 

on smal I scale mao •. 

Del i neation and EnglneenQfl Gec.lool!;:al Cnarfc terlstl cs .... 2:. - . ---
the Mapglne Un i ts 

Based on the aoc.ve de ; lnl tlon 0; the t. ~onomlc units . t~e surface 

engineeri ng geo log ical maPDlng of Omoratl area at it SC~ I . of 

1: 10 .000 has been ca r rieD OUt on t~e oasIs 0' loentlfvlnq the main 

"11tno loglcC'.1 comole"'es" as mc1l0Dl no Ur'Ilts . char Ctc tenzed bltf 

In fo r mation aCQui r ed by field observation ano samol l no fo l lowed bv 

svstematlc l aooratorv tests such 3S IndeA oropertl es and ora ln 

si ze ~na lysis . Althouqn . tne a ra l~ 'ls of laborat or y te. t resu lt5 
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co~flr~ed tne three lIthologIcal distInction of ch~oter 3 . •• ctlon 

3 .2 . in englneerIOQ Qeoloolca l terms . bu It dId not provide anv 

resu l t t hat ma y enable to rnaI'll!' i-urtner clear sub-divISions WhlcF'l 

may be used t o characteriZE the Nll tnolo01cill t 'o'oes in to 

sub-tvaes . Hccordlncl v , It was found cQsSlale to laentlfv tnree 

" llthologlcai unit s " for the maoDl nQ ouroose allot tt'lem whic h 

cOInC I de wi th tns three lithol ogI cal tyoes of Chaater 5 . These 

11 tMo log lc:al um ts and e rq 1 neer 1 nq QeolOOlcal 

charaCter Is tIcs are as follows : 

Llthologlcal Unit A 

dar k brown to d ar~ graV Ish brown. WIth redd ish mottl lno 

and some times carll" oiulsh tints . /'I19h!v cracked . columnar . to 

pr i smat i c or sometimes suoanoular blockv structure . Usual Iv 

Th~v ar a hard . mooerat.1\, contaIn semi -deco~oosed roo t lets . 

weatnered to hlghlv weathereo . n,e Iiou l d limit for thlS tyO! 

r anges from 60- 751. . ol ast l c l Imit ~O-44Y, a~d elastlclt v Inoex I S 

generall v from 18 -35~ . wh i le the orqanlc matter ranges i rom 

5.8- 8 .0" . All the laboratory te;ted samoles •• 11 ~elow A-line on 

Cassagrande ' s Plastlclt v Chart ano are claSSified as OH (high 

olas tlcitv orQan l c cla ..... si accord lha 

Classificat ion System (USeS ) . 

to 
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Lithological U~lt B 

sometimes with ieddl~h,el\ow and oark mottl1no . It mI.\' usuallv 

have granular to columnar . luoanqula,.. btocl<v sometimes claty 

s t ruct ure . Some varieties are very oorous With numerous vertical 

35-56:-• • plastic t imlt 28-37'1. and elnticlty Ind~x 7-211. . oroanll:: 

matter is 3 .8-6 .6Y. • All samoles i.ll below A-line on th. 

comoosed of lot at anoular qralns of. Ql.ut:: fe ldsDars ana mica 

e lates . 

Sar,oy 511,5 and Slit ... Sands :- malnlv dark vellowl sh brown color, 

may be homo~enous or Interstratlf led With small scale cross oeds 

3t sCilla olaces . toose . fine grained aneula; san~s . all OU!ung 

(NO . 60 sIeve . i .e. 0.30 rnm) . Doorly Qraaed . thev contain lot of 

micas \maln\v muscovite). They are classifieD as ML (Inaja_nle 

SlIts and very fI ne sand; . slltv or ct.avev fl/"le sands WIth ;11C/"lt 

plasticitv) to 5M (Sllt 'l 5an05. oooriv Qraaeo sand . ;l! t 

ml xtures) . uetermln.atlon of the sand . Slit. cia ... ~ "or t a 

l i thologIcal unIt QIV~S ,.nd~ z 37-83 

• • 
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5-1f.Y. . 

angular grai ns 0; Quartz. fald.oars . mica plates . some heavy 

mlnerais and rock f ra9mentl . 

De l inea tion of the aporoxlma t e bOUndaries be tween the thr.e 

maoD ing units was done f rom an aen a l Ohotooraohlc mosai c of the 

'. 
area wi th the same sca le as the milODlnq scat. (1 : 10 .(001, mun! ... 

based on their r e lative t onal differences . 

. \ above ma Jor maDDing uni ts . two other sUDordlnate lrIaODlno units of 

an undif~erentl atEd 11thol091,al units A and B: and l1tholoolcal 

Untts Band C. 

the boundar i es oetween tnem a t thiS maOPIOQ scale . 

Cross ana lona orO t"lles alono selecteo l 104ls With their location 

are gi ven In AoaenDI X-G, to snow a ge~eraliled cl cture of the 

distr i bution of and re latlonshlO between the various lithological 

uni ts identIfied 1n the s t Udy area. These orofi les make It cl.ar 

t ha t the various iltr.oioQlcai unIts are charactenzed bv iensinq 

and tnic kness van atton bo th I n thli! VertI cill and horizontal 

d~rection . 
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S . Conclusions and Recommenda tIOn$ 

8 . 1 Cone tU510ns 

The towe l" Omo baSi l n wnose formatIon 15 belIeved t o be .5 one c;~ t h. 

b;-anchln9 nit sV3tem (Tur kana RIft) of the East A f rl~.n J\Hl IS 

uncerlain by a .... erv th Ick (abou t I km l of de ltaIc , lacustrtne and 

fluv l al s edi me nts. wlth some horIzons of tu ff ,nd basa l tI c fl ows . w~l ch 

were deoos i ted in a suosldlnQ baSin st.r t inQ aocroxlmately 4 .5 ~ . Y aco . 

Tt'le oeOoslts of tne l ower DIIIQ bUI" are , II faulted and .fractur ed 

ex tenSl velv and .. orne In minor e )l' tent. rl'le fluct uation of the I . .... lev81 

of t he ancestral la ke Tur kana . wh ose fluct u. tlon IS known to ext.t stilI 

to the oresent time, has had a qreat lnflu."C!! on the ch ol racter ar,d 

di5trlbut ion of the 5ubsurface sedlment. 01 tne whole oa£ln . The studv 

area totall y llE's in the subrecent ftood ot.ln of the Omo ri ver. t he 

Oeees its oi ~JhlCh are comoosed of c I alii. Silt, Clavli . clave\' 5 11 tIL 

sandy 5 i 1 t 5 and S'1 { t y sands . Atl are ch3ractertzed bv I&nliino. 

t hickness vanation beth hon::ontal ly and ver ti callv . ."d are found J n 

different stratiQraonlc order trom ol ace to ol • .:e . There iti a Wide 

soreac occurrence of SIJl!:h01aS and cracls In th iS area whu::::h lfi 

bel ieved to be due to hydrocamoac:t1on Ot ,01 1",05 1no SCI 15 ana O lO lrlq 

th rough fine SJ lt~ lavr-~ . 
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Due t o lh location In the '.' l Clnttv of recoaruzea ~el!SlIIlc .. t 1v .. cttve 

teClOnlC fea t ure e,he Ma In Ethloal~n RifO Mn Rxoerllmced tne effect of 

severe eait'" Quakes t hroughout Its hl ltor '.' (Gc)o.un. 1-;701 . Tne SeamlC 

Intenslh Jrade of the ar ea corresool"'d .. 0 '!.( " or ·X" on t he 11,'115 . 

The r esults the laboratory anal vlts periorm~d on .~Iecteo 

reoresentatlve daturbed samo ies show t" .1 the day .ell11 of the are. 

contaIn nontronlte . 

to 110 whlcn corres Donds to medium to hlOh e~D.nSl\ena.s . 

non claY minerals in the c:o.J.n;er grained 10111 ( SandY IIUS a nd sil t y 

sand~ ) are ouartz, feldsoars. micas . SCr.1e h IUI \\' miner,l •• nd roc I<' 

f ragments. All the tested sa mo les contai n aoorec1aol •• mount of orQanlC 

matter 12 .6-8%, and carbonate~ are abspnt exceot In one B.mole . 

Spec ifiC Qravltv ranges from 2 .42-2 . 71. thl hl0he'5t J' . luif bell"lQ for 

~amo le from tne £ilt v sand;. 

t he coarser gra i ned ;olls as belno poorly Qi .. oed .. nd .11 .re P&&s 

throuoh the O.3mm sIeve . 

Chad (US . Public FoaQ Aom tnlSlratlon) o· the te . lec samales show them 

as fa l lIng In the re9ions of c i :!v . sIlt y cla~· . Illh la .. m. sand\ loam 

ana sana . Ana the olot on the Cnsaqrande ;;; p l .sticltv Chai t based on 

tne At terberg llml t s show= t~em al l to faJi below the A-ilne . and t /'l ev 

are class\fled malnlv a ~ Ot-I . MH. OL. I'll or SM Ii the Um fted Soli 

Cl aSS I fi cation System. 
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EnOlneennq OE'oloQlcai m.OOlnq at the Ic.ale or 1 : 10 . 00\) wal cl.rnlto out . 

Tne ~a51C taxonomIc unit chosen ior the maoDlng ourpose IS tn. 

"LItho logical Tvae l Ln M, 

Jdentlfled . whIch are : 

Accordlnoly thrRe illno ioOlC .. 1 unit. ar. 

LithologIcal unlt A: 

L!tho\ogical unit B: 

lltnclop !C31 unit c: 

Cla Vi 

5 1 ttv eta . s lnd Cla l liv Sl l h 

Sand .. Sl lt $ and Sl l t v Sand i 

The Englneenng oeolo~llcal sh'd" earn ltd out In OnKIrati Irea wh o l . ltIa ln 

purpose is t o evaluate ana mao t he area {or {he ouroole of urbanIza tIon 

,"las revea 1 ed tne fa 1 JOW l nQ ha:ardous CCl'ld I t I anI . WI tn out whoa. 

ccnS loer3tlons may not be Posilble anv undert. ~ l no of CI v il @nqln&er lnq 

w~rk In tne area . 

1 . Altnough not ..ret well estlilbl i.hlld some oeOIOOlC.,1 Itli idences 

I ndic3 te t ne oresence of rna ,Ior fault on tne wester n fYI. r Oln 04 the 

f lood ala in of the Omo rl Jer whIch t ies some Ki lometer ilWilV f rom 

the we:;tern boundary of the studv .. r ea.. Therefore . t~. 

OOSilbl I it .... of a future dliolilcRment aloflQ tha fau lt whic" could 

De accomoanled w!th earth ouayes of aoor E!Clable ~.onituoe m.~ b. 

dlia~t rous . as It I S known t"at :;everli de;tructlon of Cl I&S I n 

the world had been assoClat9d wlth malor fau lt dlso l ilCRrnents .lo~ 

near bv faul ts . 
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2. The atea lIES in one of th~ 'It ~elsmlcal1 v actIve zone Of 

Etnl oplol . Stud\' of Flaur~ 2 . Q (I1ao of Si'lIiffllC InhnsJtv' lind 

aooly i nq the recommenDation b , GouIn \1'176) . to up~rade th. 

corresponding IntenSlt v grade on tha mOlD . In thE' c.aie of no t too 

WE' I t .:onsolldated and saturateo !iOll conoi t Ions . 9 1 '18'1 an 

in t ensity orade of ' a ' and ' X' for tne studv area. It IS 

'. consider ed that t hi' seIsmiC design fo- 9~ade ' I) would be the 
• 

ma' :tmUITl DOaSlble for e"~lneerlno Ol!iOOSi'S Sln:e crade 'X 

conSI dered catastroonic (Zeevolart . 1'183). Therefore. the grounD 

would not 5uooor l cons tructIon In a '1.tat.etor .... Who Ii ','.n If tn. 

J II 
I 

l 

cons t ruction could be des tonea for an earth Quake Ot such 

mat;Hlltude, since there Will be subsoils that Wi ll i.al! bltcOllus. of 

the shear forces Induced I n them , 

3 , Study of the hI story Ot fud.illna l al(l' II'el fluctuation indlcill ' _. 

t ha: t thIS area 15 orone 10 fi OOd lno by lhe Turkana lake whose ever 

c~anqlng shere ties only 20 km south of the study area. It htlS 

oeen estimated that an Increase of 10 m In the 1urkana lake lev.t 

can ex tend this lale as much as <4') km turthar north (Coooens. 

1976) . Wjth the ari!loumt of aODroxlmatl'l v 25 elll , k. oetween t,"'I(I 

rur ~ana lake shore line (3i5 m a.5 . 1.' and the study area (390 m 

a . s . l. ) . the p'Iundatl on of tnls area bv tne :ale . I" tne future. 

15 hlQnlv probaole . 
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4. Presence of active Qeod .. namlC phenomen,a. such .. s . wlde,oread 

occurrence of slnknoles ano crac~s. whose occurrenc. 11 matnlv 

a. ttrlbuted to 0101no and oresenee 01 cotlaoSH'1O 501\,·1 is bv it 

self a rea sIgn. warn;ng aaalntit anv cl v ll enQlneerlna use of tne 

area . Wit h out caretul consIderation of thts ohenomena. 

5. In gener.t . the study area 19 characten::&d bv dlfflcull suasall 

conditions . ~ , Wltn the eXl$ tence of the ,above hazardous 

, I 
501tS that are susceotible to largB decreases 1n bulk volume when thev 

become saturated are termed col1a051no 50ili (Hltchel l. 1<;7& ) . Co11aose 

may be triggereD bv water alone or DV saturaltnQ and \ oadlnq actlnq 

tooether . 

, 2 Accordlnq to Zeevaert 0'133) , dlfficult subsoll condition mav be de1inec 

as tho,,1? encount ered In 5011 si"dtments of medium to very hlOh 

comoressIbllltv and medium to verv low strenoth e te~ lno 
a Qreat 

deeth . and In the;;," where tl'l l:! hvcra.J l 1c. condItIons Ol av an Imeortant 

ro Ie . as we 11 a5 when the 501 \ deeos t t s ,are .found 1 n areas sue Jec.ted to 

strong ground mot tens Induced 0" earth oua ke~. 
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condIt ions In the Study area , In addit ion to the h lohtv c~Dr.SSlble and 

low stren~th salls cha~acterlStlc to the area It can be deflnlt.l~ 

concluDed tha t t he study area IS characterized by di fficult subsoIl 

condition . ThUS, oresence of dIfficult subsoil condItion In an area may 

Incur extra cos t s for r emedi al maiors on every kind of CIVIl enQlneerlnq 

In tne ar ea wh Ich may be uneconomical In manv case. . or It mav 

even precluoe construc ti on of others . such as heavy bUlldlngs . 

Hence. conSider ing t ne presence of the aforementioned hazares: tn. ar •• 

l S totally unsu itable for urban l :atlon. Thus It shoulo either be 

",voloed or t he tvoe of land use \;ucn as aoncultural . tour um or 

r eSidential ) should be reou lated which keeos the number of occuoancv Der 

acre to a minImum In keeolng wltr. the jeQree of hazard. However, which 

ever 15 t he land use t yoe . the followl no precautlonarv measures should 

be observed . 

8 . 2 Rec ommendat ions 

1. The susceotibllit v of some of the SOlIs of the are. to coltaon 

settleme"t should be 21ucldated by SCientifIc .:rltena aval table . 

One such crlte,la of Glbb2 ~no Bara (19b21 IS a orobablllt v of 

coll aose graoh throuoh which the collaose ootentlal of Salis can 

be assessed plottl no theIR based on tr,elr naturat drv den'51tv 

verses 110Uld llllll\; . Ac:coroln;Jlv orooer 5ta:))112atlon lIethods 

such as comoactlon after we~tlnq to the oot l=U~ mOisture content 
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or othe;- elaborate methods of SO l \S stabl\l:atlon u •• o tor loesses 

Ilsted In Tabl e 5.1 can be e~otoved beTore OI.Clno any structure 

on them . 

2 . Concentrated run-of ' fr om buildI ng roofs or other lourees .hould 

not bv any means be al lowed t o er,ter t tle founda t Ion are. on the 

co llaosible soi l s . 

~ . Even with t he orOV151 0n Of enouon s tructul"al safetv for the 

" selsmlC haza r d . bu i idlnos wi th IIOre tnan l-storev are not 

recommended conS loer l ng the hloh decree of seism iC ha:ard (~ r~M or 

"X" on the M.M . I.sl 1nyah'ed In tne area. 

4 . DeSigns of bU l lo1nc~$ and ctner construct ions lihaute tave In t o 

account the excessI ve comoresslblllt v of the soils !which maln lv 

belonq to OH . MH . OL , ML, or SM grou05 In the useS) underlYing the 

area . 

• 
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- Th e lay cut of t!'-.e 20 ob5er '/a t lon oIls \Pl ind 2 oorenoles (BH ) 

- DescrIotion of the orcfi\25 1n each 01t and bor eho l e 
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(,rQ nIL IIV , lAI:t+o ,....w:lh Q."d dA.t~ /II.tH· ... ' . 

5 I LTV C L4 Y , J)j'.. YeJ" br. , ..,.., . we.a.th. I Soft -F.' r.., , CoJlLlomIlr­
(, r Q.:l\ 11.1 o..r 
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CLIIY I ~j( · 9re~;s. 'r. I ~:~n l~ ~iJ, ' 1 "<iflj, Gra."u..la.,-, Gnu S h. tI Q~ fi-e Se ."t . 

CL~ Y E '( ~II-T, "t. Yeu. Ir. , S I:~ • . WeJlt • .• c,oft, PlOd) , Por.~r .... t;, y. r"i'ol f4 ,(so,., Sa..,. :~1< r"",1-..... ) 
CLAy, IJ~ · 9 '-e~ ,'s. k . , H,'?h/y "'ea.H. , Ha.r-d , GHI~.'~,­
t;JLTY SANIJ, j)~ . ~r ' l FreSh ,Lo. Se 

CLAY , j)~. k . I Mod. Wf.QtI>t.NJ , HItrd , c..lu",,,~,...._ 
Gra.nUIII.'- , W,'" rud:" 1l7oJl dQ.rx mot-tl' ~9 ' 

(L"y~y S,LT, j)~·Ytll . br. , SIo, • . l<It4t .. , "-,',. ,., , 
W,'+10 "'lItU'Cll.IQ.~O>I\ ef ~"" S:'/<t ~ 0... lOOk II.., .... . 

,. 
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51 LTV C.LltV, J>~ · yW · br. , !/lod .II)e.tH ., St;fI . .... rd . ~~r_ 
bloGloy - (,.rQ.1\~I"' , W,'th I.t If (,.ru.\.S r-ttH a.."d V. t'ttt"'leS, 
poc.ui; of S;I+V SQ.'>Id .".-....'re .. tn" ~ Wl .. ;".e Of ~ CAy . 

elM E I' S I1.I ,.D~ . yell. ,r. / ",,/. Wellu,., J'i,.."" Po"~1 w,'H 
'l'lu'J'ler-o us ~th.1t1 Q.\l.d ~nuS""1:I, 
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CLftY~YSILT, DClrKyeliowishbroWh, Slij' .-M,J . W<4!1I( ed, 
St ,fI- Ha.rd., Co il! 'l'Ia.r- Su.bCl>l9u,lar blDCky , ,orru.l .. h' t J, 
hLl.me.roV$ V . ro.t hOleS, I 

S ILTY SAN]), !la.rKyeJIoWi~hbl'o""" rr~5h-SI;jJ, . lIItAth~ I <J , 
looSe. , Some. w~<U; f;S~;I. ;.." t»t.m;cldl~ ()4,.,-\ ,' ltj. 

( - CLPty, DUk browh, fta.rd , Lolu'l11'hltr -GrCl'hIlI(l/' 
, .. \,J-,.-,-,i 

.... ,.: SILT~ SAND,---
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CLAy, DQrl( brOWh, ~Hrernely Wc. .. ther<d . Gr<lhu llr 

C l AYE Y <;1 L T , Ye II OW i SM brow" • Sli~h .we .. theru . Ho.rd • PIC t.y • 
With redd:sl, moHlin~ • porou \ W,H nu.me r .... \ r oo h.l<r . v.F;S5llrl!. ~ "V ~Ln'I . Q.Pa..ri; 

CLAYEY SILT. YeiloW,'lh bro,"" . SI'j'" We.Qihfr<J , Mo.rd, Ah ~J I cu". 
bJoc~y, RecJd ;sJ, Qnd ~o.(( m'ttl/" , porO"! We . v.r .. t "o. ' S ' 
S,'m:'o..r +« o.boVe eX'C<Pt tl,o.t f ,' HlLre.s are ~ ..... 10"'" p<lrt 

(LAYEy SILT , __ . 

CLA Y , DllrQrOUi1!, mod'-~:~hly weD-thereJ , Hard ,SUbOf'<ju Irlloo:y, 
w,th blLl/lh i;.,.,t 0.-( pl/ues . 

CLAYt.Y S, LT, YeIlOW;\hbrowh, S/l~h~lT)od · we<t!:he reJ, f4 ( r d , 
[nto. c.t · 
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('LA Y, DQ.rk yellowiSh brown, hi~hlJ wto.the.red ,lIitrl, SIL~a.h ~uJlIr­
b/oC.l"y- Cs-ra.1!t.lIa.r, 

S, L ry SA N~ , .DltrK yellowiSh IoroWh, Fre S", Loo St , Fih e , Ho 111?< ?lt~ Vi . 

CLAY, __ . 

SILTYSANb, __ _ 

(LAYEY SILT, ~ar~yeI1D",;ShbroUll1, f1I.d . -H i ~h l y weathere" 
St;ff - Il-<trd, Ah91LIo.ri,/ot~y, Porous w'';'" v . no.tho/. S 
re,Jd:$h <t1\d dClJ"~ m.ttl i h~ . 

CLAY£Y SilT, ])on y."o",ilhbr,wh ,'~' Sh,Soft, FOISure.1 l " (m df'Q.N 

CLAY, ~Q.n: brOWh w;th hILl.'S" 1l71d. r<.4d '\h ·V"u, Ha.rd, Col ",, ~o..r ­
G.r<ll1Ltlo.r. 

CLAY£,{ SllT, ___ . 
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c.rCl n u Io..r 

SILTY SAND, ~Ilr~ yellowish brown, FreSh, ~lIje , ~ I "e , ~ JO 9/1./o.r, 
~llo.lt2, FCJdSPa.r QJld m'Co.l pr .. se"t ° 

CLfHfy S ILT , Da.rK yellOWiSh bro"", , S"?htly 
;:iSC;ile 

o '0 

Ui(o.thUt" , r: rm , 
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'31 LTV C LA V, Ye 110",,1 h b,OIP"" , SI ; ~h .- lI\od IO!QthtreJ , Uard , 
w:t'o redd ;Sh mott I;""~ . 

_ ' C LAy . Da.r~ broWh. Ha.rd, Pr;smQt;' - G r QlllLlQr · 
I:-:--:~ 

u {LAVEV SILT, j)a.r ~yeil,w;Sh bro",," , ."d . Weo.t htreJ , F, rm -St (f. 
~ :Ln-t<tc-t, rUd :! . a.nd da.r. rYI .ttl:"~, ponti l ", :~h v. r o.1 h.'.; · 
u 

u 
u 

CLAY , Da.n browl1 , r;lod .weo.ihered, Hard, Gra>ou 1ar. 

..... CLAYEV SILT , __ _ 
U 

u 
Uu 

CLAY , DCl r~ brown, p-eSh, Ha r d. Showl ~derQ!t- tf{ava->(, " HCI 
{."d l(Q.; .... ~ Pre~e'h'e of c .. rbo71Qt~ · 
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Append i x - 2 

Free swet t is defined as tt.e Inc r ease of the 501 II '-'olume from, 100 •• dry 

Dowel- iI-om wnen 1 t 15 ooured in to wa ter . e:(ores!;ed as a olfr ClPnho. o~ tht 

orIgl nai voiume. Its puroose 15 to Indicate tne poss lb l. '~O'n91V' 

characterIstic s of oS clav . whetner In ltS na tura l state. In Situ or IS. flit 

after being c:omoacte(]. 

Soi l s Wit h free swell .... alues tess t han SOX are not lI 1<'.l v to .now 'YO"nII VI 

prooertlES . ValuE'S ~ f 100~; or more are associahod "'ltl"l Ci,'/5 whlC!'! coutd 

sHel i conslaerabt v wne n wet led esoeCiall ..,. under light load lnq . 

F'reoaratlon of Sampl e 

About 50 gram oi samole IS oven dned. and oassed tr rouoh a O. ~ am 

SleVE' • 

Place 

mark. 

looselv 
'
·0 drv 2S mI . cv!lnder ua to the 10.1 the dri ed 50 1 t 

The POwer shouldn't be comoC/cteCl 0 r shaken down. "I 
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Pl ace 50 mI . of d lSb lied water i n a 50 lilt q tass lIenur I nq 

cvl lnoer. 

2. PO!..lr the dr y soil powde, s lowl v anc st eadIl v In to the wat ar . 

3. Allow the main Dar t of the soli d oan ieles to come to rPSt: thll 

wi 11 take from a iew minute:;. t o half an nour. 

oarticies ma.Y remaIn in su:oenSlon for .... lch tonqer but th ••• can 

be Ignor ed. 

4. Read uti ana record the vol ume of setUed sclids s ly) In I'll. 

"Free S~e l l" is defined as the chanQE' In vo l ume at UUt dry '01 t 

It I S calculatltd fr~ 
t 01 ,· ts orlo. lnal voiume. e~(oressed a s a oereen age 

the EQuation. 

Free swell 5 = V_- 10 x 100% • 
if the onglna l dry loon 

10 
volume was 10 OIl . 

The r esult is reoorted to the ~ea rest ~ote nu o~r . " 
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!ippend i ;: - ..§ 

Liouid Liml t, One - POInt Cone PenetrQ.meter He thod 

(Cl ay tor. and Jukes! 1978) , fide. Hea.d (J9811 1 

Th is method was suqgested bv davton and jUkes ~ 1~7e , as a Dosstbl. I ... 

elaboratE 1-QutInE mathod of aSSeSSl '1Q the liauld lImit of a soil than the foor 

OOlnt c':Jne penetrometer test descrit:ed in the standard £IS 1317 : 1975 re, t 2 

(AI . it 15 based on a statistical anal ysis of theIr exoenmental dau ana on 

simllar work earned out bv soil lIlechanics Iimded . The OftnclOl • • II 

analogous to t he OilE' OOlnt Cassa9rande test. The aooara lU5 ana ,II the 

Ofocedures al-e identical as in the star,dHO . exceo t that a smaller au.ntll y 

(about 100g) of SOlI", :5 r eouired ar:d oenetratlon and mOisture ccntllnl 

measurements arE' made onl y once. Instead of four tHles . The mOl s tur@ con t .nt 

of tt')e sci t should be ad Justed 50 that the cone oenetration of between 15m,.. 

and 25 mm is oDtalned. 

The moisture content obtained at the resoec tive core oenetr.tion. 

'nd lOS t' ~en multlolied bv a factor obtilllWd fr Oll t o the neares~ 0 . 11. a 'I 

Tab le-l to obtain the liouid ii ,llit of the SOIL The factor to be und for • 

gIven oenet r atlor. deoeMs uo on whetli2r tne soi 1 IS of 10"', 

OlastiCit v . 

"I 
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The measured mOl sturE content indicates to WhICh 9r ooo t ne so i 1 belol"IQ l 

as l ndicated at the bGttom of Tcl.b l e-l. Tne factor to be used 15 read off frOoi 

the aoorop rl at e co lum n OOOosl t e the measured penet r al1on . 

il L) ca lcu la ted i n th is wa.v is reoerted to tne nearest whole number. and th, 

met hod i s r eoe rted as t he suggested one-ooint Cone oenet rometer tes t . 
Th. 

P "-ssil1o. the 0. 425 mm sieve! a nd whe ther natural or air-dr ied lo ll oercenl a ';le '" 

was used l are also reoorted . 

'" Ir • 



- Tne l ocat l on of long ilnd c:-oss orOfiles 

- Long and cross orofi l es alono 
A-A , B - B,C_C 
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