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During i*e ccurse o"3e project a tctal cf l i 8  boreholes 
were drilled in the Say Regio: azd Central Eangelands. linety 
f i ve  of tkese vere ir. the Jay Reqicn end. twenty-three in the 
Central Rangelands. Tii:y-three percent  of those in the Bay 
R e g i c i l  and forty-one ?exes% in the Cestrai 2ange %-ere completed 
as productioc veils a,~ippec!. cr uaftizg ta be equipped with 
either a aotor p m p  cr a hand pump- T?;e data accumulated in 
t h i s  efzort a r e  -;le szbject of this vo:ur;e cf the report. Wall 
3at.a nr@ presented i s  Table 3 . 1 . : .  

An W e n s l v e  d:scuss?cr, cf. the  hydrageology idas  rigi in ally 
rr *' * pcesezra0 in t&s CGDP 2hasa , r i n s ~  Report t h a t  sumaariaed 

d ~ * i ~ i r i  I ,,,es idr Chc f:rc;t three years  of zte  project, Additional 
kydroqeolo~ic cIata were presented ir. ?he Interia Report, t h a t  
described activities froa J ~ l y  2 9 S C  through Zuiy 1085. During 
tka past twelve sonrhs, ad&ftior.al data have beer! collected and 
rev lewe8 - 1% i s  the i n r e n t  o f  t h i s  repsrt to present an 
$--depth diecussion end graphic iliustratt~n of hydroqeoluqic 
condirions i z  the two ardas. Icze infornation, Zor example 
Kathoda of InvestigaZicn is soj;ewhrt repetitive for the two 
regicss, hcwever, This was done to provide saparable reports for 
C h  ,-+e respective areas * 

The ast@hlishzenr ~f a hydrcqeol-gfc data ccilection, 
srorase and retrip8.*r.Z rysterr uas 3.1~ 0 6  t3e ~ i a j ~ r  S S ~ C L & ; * ~ S .  '3.1 
tke CG07.  The i n i t i a l  p r c g r s r  of data coiiectioil dealt ipairrly 

the Bay R e g i c n .  EyL.l.lrocjeelogir data from ail available 
scuxces w e r e  collected azd fired f o r  reference in p l a n i n g  
groznbwater exploration a c t i v i t i e s .  These dafa were cseful,  but 
ncr definl+ive as t2e disfsnces between Locaricns of data points 
 ere %OD great f o r  correlazion, and The q ~ - l i t y  o f  s o w  older 
d ~ t a  was fudged %o be not szitabf e .  

Pdlkshed dacizents, c a h l y  ~echnical papers in scLentifie 
.?=ui3e:ins EX? irivestigarive repozts by goverraantal and 
iZ:ernrticnal age-ncles, hzve heer. prize sozrcrs of hydrogeologic 
Bat8 and other  relaxed Infoma=ian, Eost of these sources are 
1is.;ed i2 tke report x e  e l  r SslecreC Aeferences. As the 
exploratory phase of the CGDP progressed, kydrogeologic data 
fro= bareholes I n  :he Ery Regioc aad the  Cen t ra l  ?.angeland were 
acczzulated, rnaiyted an$ aprrroprfately file5 in r h e  storage ar.d 
retrieval systez* 

All hydrogeologic daca vere filed rr. order of a c q ~ i s i t i o n ;  
boreholes were nxz&.ere", cozsecutively v i th  a B-prefix f o r  the 
3ay Region hales and a CR-?refix f o r  holes ir, the Cemral 
Rangeland, These eats were extracted f r o n  t k e  Piles and 
~sse*led -sd 6 -  catu;a+ C C ~  a5 a ?~-ellz:z?try 5Xep ir. prepara:i~n 
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of hydrogaol~gic data fur conputer processing, storage, and 
retrieval, [Table 3 , f - 2 . )  The coapletion dates indicate that tbe 
f6reholes were not finished f n  order of  well number, The 
k-oxebclls locations are tihokm in Plates X ar?d 2. The cantants of 
Table 3,L.l are briefly described below. 

Well Ham: The well naae is generalLy the name of the 
nearast comtlni%y, annll gewraphical area, or grazing locality. 
Where atare khan cns bl~reh~ la  was located near a eo~b.*nunity, the 
sane was ZoXlowed by a nuabar in suPffx in order of 
caastrsrttba. W e l l  nass speklings ~ a y  differ between 
publications, however, a3 attempt has been nade to standardize 
in this dacunent. 

WaEl Caordinates, WePf coordinates were in some cases 
dctenninsd by satr ; l l i t s  savigation ~etkzods, which alth~ugh more 
accurata, ware found ta be time-cons'liaing and subject to 
acys ipnent ~~Xfunction or failure* Well coordinates 
altzsnatfvaly rere detemincd ?ram 12250 COO-scale and 1:l 000 
060-scale bass maps af the Bay Region and Central Rangelands, 
(FITS, 9982) . CaorZi~ates are gfvez by Csgraes, miautes and 
tenth8 of minutes n ~ r t h  1atfZude and east longitude, G r e e n ~ i ~ h  
reference. One ainu'ce af Longitude or one minute of latitude is 
abcut 1 -35  kiLometasa, 

Borehale Elsvarion: Elevatia!?? of borehole aitas are given 
i n  meters above mean sea l e v e l .  In the absence ot physical 
surveys for alav~tians, these were determined from Z:1QO GOO - 
scale aeries topagraphic aaps of Somalia; elevations of borehole 
sites ware estimated ta -he nearesr 5 neters. Co~pletion date 
of L%e barahole is the data when t he  well was ready for p*mp 
testin3 - 

Depths of %ells: Tctal depth of the bored well was given in 
aeZers and was determined by t3e n u a e r  of dril; rods 02 known 
length used t o  reach the toxaS Begth* Total depth is accurate 
to plus ar n i m s  Z m e t s r .  

Screened Icte,rvaS : IntemaPs cal;rpleted with screen, 
perfarated caring o r  left es open hole,  refers to the section of 
borehole ope3 to thaz interval o f  the apf%er determined to be 
~ o s t  pradU~tt;fve . A12 -5epths czd intervzls are given in meters. 

Static 'Water Level: Static water Xevef in the bored we13 
t *as *- determined by measureaenr i ax electrical-contact 
sounder, or virh n steel survey case, a ~ d  is accurate to 5 0 . 0 5  
=&era The measurements recorded were =ade a f t a x  the well had 
been developed, but before L t  had been teszed. 

spec i f i c  Conductiui:y: SceciEfc caxduct iv i ty  is a 
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taken. These data vere usef~l F 3  detarz~ination of 
reek types, pzes~ac~ p ~ t e . ~ t J . a 1  aquffcrs, and 
r.elarivs q9a2 f t y  ~h for;=a:for; uatsr .  



'Z*!k,e Bay %%?$ion Eaca%",e,C ir: tk@ s a~zha rn  p a ~ t  ~f So~i%Zi&, was 
oeLsctsd as one sf %8& p r i o r i t y  areas fo r  t%e  axplora%fsn and 
deveLap110@nt US gxounduatsr s-zygi ies E Figure f - 2  3 ) . ntis 
Besfgnatban uaa base4 prizarklg oz :%a zeada cF an existinq 
p r o i a c ~  in that  zcgiaa. The Bay ReqLon A q r i c u ? V ~ r a l  D%veXoprclent < Prajact (BmDPf,  desrgzsd ps:aarfLy to izctaase the efficiency 
a% anixxa; and zainfs9 crop p r d ~ c z i o s ,  kas bean in operatien 
since A p r i l ,  198C- Saus?apme~t aE the p5ysfcal xesaurca 
poz@nrial oT zhs ares reqdired Z2at  an aseeosze~t ba rrrade OE the 
availabbe water resources drbi2ad ualio: t3e w a t e r  source 
ZsesZ aff@ct&d by &rs-$ghr. T ~ B  B ~ ~ B C I ~ V I  ~f tb@ CGDP in the Bay 
Reqion was 20 exp'S~re and &hueiop gxauadwater by drilled walls. 

; S ~ C ~ S O Z  of  t . 3 ~  rep~3ri.t %as prdpar~d iz a f;s,=at "chat, 
w aflsw z3e knreraa%sd rsaear to ex t rac t  Bydragea3ogic 
I z f ~ r z a t ~ c s ,  psr),ai,,*.,i~~g cnSy ta t k e  S n y  Radgie?*. 

f 
The Bay 2sgfen cezpr5sas 4t3ZC '&T" aZ az area Ss+we%n the - - a .  Zubba zzkd Shabelle Rivers :$iguza J , L . ~ , =  Sifghtly more than 

baIf of %he reglaa, X 2 7 3 G  h*, I s  ucder2nlz by t he  Fgneass and 
cctazcsxphic rock cazp2ax of ",%.,a B u r  area. T3.s Br;r  area f s  

. . '  septtrated  fro^ a rizestan& plaraas ix %&a west a34 north  af  the 
Bay R e q i t m  by an esca-zprsnc Zkn% =ay rise above =he Bur area as 
x ~ e h  as P C 9  a iz a f d~staace.  The Lissstone pbazeau attains 
cz airizude af abozt 643  s a h r a  sea Zauel in rhe nurtheastaxn 
p a r r  c f  t h e  Bay R e q l ~ n  acd rke 3 ~ r  area descends ZQ zbouc 80 m -. - akove sea leva:, ijc %he sfiucheastern ?ere af rlze reglan. 

7:-e drainspg : 1vi2e af %he 2xhk.a a d  Skabelf e Rkvr~rs l i e s  
5azex~l>y nartkuest cf Eke ssci=rgzexr, 5~:  also passes ~hraugk 
%be: westerri-sasr par% af %he 9~ r rez  {ETS Ssse topor zapsr 
:-35?3CO>?;- Ahoat 28 p e r  c e x  3 5  The Bay R e q i ~ s  drains r o  +he A * *  

Zubba 2:vcr z ~ d  a53zt ? 2  per fez% c,= -i-, . .  S5akelle River by d q  
YB$~S: ekere are ~o psre~r :&2  szrexzs 1: z5e Bay Reglon. Small 

T r P - o  in~,emftrerz fi"crea~s te~1;5+,,.,~ f r ~ z  a f e  springs at %he 
Ilmesto~e escarpmerz flew f c r  short diszances. 

3r~inaqe cczxses a re  absenr az zcs? of t%e llnestane 
plateau i~dfsating probnSle kerss 5evelapxect %hat pamizs 
infilrracio~ of ralnfaLl. :n t ke  vssrern asd n - c r t b w ~ m r n  parts 
af %he region, draizaga cc;rsss have 2eve:sped en less gameable 
geelogic fsr-atlms ~ c %  s u s c e ~ ~ i Z l a  to kars: develapmsnt: they 
drairt ta E S ~  5 ~ 5 b a  S ~ r e r .  Xa5ks 2 k e  3 area drcfz 
s ~ ~ ~ ~ e s s ~ ~ a r d   an^ d l s a ~ p c a r  := zear:y a ' ' ? > * @ .  e++*;a: fans a~ the 
c * p . l w +  ,,, ,,ae&sc s 5 j e  sf zke are&.  Average ;raBrezr 0% +hese ucdis i s  





dbm?t 3 afTk3z, D ~ r f n q  raLnEaL1 seaso~s ,  a Eeu randon stoms of 
Big& intensity aay produce Zloods t h a t  reach %he ShakeL3e River; 
nost wadi runoff 5,s cP s k ~ r :  duratioz aa;., ddfstance. 

Ths elinate of saztkerx Ss~aLfa is eescribed as arid w i t h  4 

some y%axs of 30 rafn?2a;PT and r a i n f a l l  insuf f ic iex t  Par regular 
dry-fans crcp gr0&~cti02: t h i s  clinare i s  classified as 
Coctinental-Steppe (Yen T e  Chaw, l90;) .  Clinatic conditfans 
dascrfbed h e h u  t r e  take8 prizariLy Eraa :he Hunting Technical 
Services [I-!$) r epo r t  oE ItiB2, 

Taengexazure: The X ~ B Z  am'*- ....  ha^ - tezgera+xre Bafdoa is d 
2 6 . 3 * ~  with only slight variarion about 2 C ir, xean nonthiy 
taaparaturs . The highest hi;.)+ neaE teaporat~~es occur in 
Hareh, befare tbs  E;rq season of r a i n f a l l ,  and the lowest daily 
naan t~mpasarurss follow the Gz' season in July*  

RwSdZEy: 23 the  Bay Regioa, huIEi+!-Ey is l e a s t  at Bur 
Akaba, fhcreasfng tcwcrrb Bzfdoa and soutkaastwaxb toward the 
coasl* Hwidity  ranges c ~ r i n g  t h e  year fro% about 65 to 7 5  per 
cent: the Lowest is fro= Jarwary through PfarcA a~zd the highest 
is during kba G a g  azd bay= raizirll seasons .  

Rainfall: X08t r ~ i n f a i l  i n  Sona3ia occurs as randomly 
Bfspsxsed advsctive S ~ Q ~ S  of high inte~sfty 2nd short duration 
Zusi~g two w e t  seasons, ?'ha Gu' season, April thrclugh May, 
prcvldes about 58 per ren: of seasonal rainfall fn 3 o f  4 years 
and is lass variable % k n ~  Zhs Dayx season of Cctobar through 
N#ve&er, A small amcuEt GP raixfall, less  than 10 per cent of 
Eean annuaf, m a y  occur between the Gu* a ~ d  Dayz seasons, 3une 
t h rough  Septa&ar. Hean annuel rnizfall is absuk 590 nm at 
Baidoa end 4 4 2  at Bur Aka5a. Xs~hyezs o f  C24' and Uayr 
zafsfaBI seasons are give- in Fiqure 3 . 2 . 2  (KT$, 29821, 
L a c n l l y ,  drouq2ts are  co~ac.=.r Q K ~ Z . , ~  tg t::e rsndoa Cistributi~n of 
stonsa There are  insufflciect data forecast widespread, 
large-scale d r ~ ~ g k t s  t ha t  zay teve a cycfic recurrence. 

Wizb: Wizd speed at 3afdoz ranges f r o 3  s recorded annual 
mean of 2 . 2  zJjsec LE 1254 r s  4 . 4  =/set in L 9 5 4 .  for t h e  periods 
3,954-54 ar,< 1 9 7 8 - 5 3 ,  t k e  zean ~r=r,t;,?.2 vfnd speed was 3.1 m/sec 

k 6 . 5  ~ i / % r ; ,  zazgi~s Erox 2 . 3  mlsec in November to 
4 . 0  m/sec in JuJy (szandard devFar icc C , S 2 ) ,  (Statlstfcal 
Asbstxacts, ~ T n i s k r y  of ~ a t i ~ ~ n ,  ?la-':"-' . . The av"%rage wind 

,,,,,-e~t zc power scze ~ l n ~ i l l - d r i v e n  speeE, 3.; nfsect 2s s ' " ~ * ' = - '  
uater p u p s  for  ~ o r e d  !dells. 





Evapotranspiratian: Potential evapotranspiratian in the Bay 
Region i s  qreazest during the  psriodl January through Has& w i t h  
a ~antbTy peak 0 5  a,&out 230  . A t  Bafdoa, mean annual 
avapotranrpfzation by the corrected 2sman method is about 2300 

a potential. %ater deficiency of about 1700 m annually. 

2-0-3 Land Use 

Land capability in the f3ay Region has been c lass f fhed 
accurc?ing to the USDA system, 9ut with soma modifications to 
m e e t  local range canditions (mS, 1982). The BRADP has divided 
the Bay Region into land s~itable for grazing, land with a 
potential for rainfed cultivatian, and land potentially suitable 
for irzigatbon; pending water avd-lability. USDA-system Class 3: 
land, suited ta a wide range o f  cultivated crops, is not present 
in the Bay Region- Classes 11 through IV, suitable far 
cultivation, limited cultivation, and potentially reclaimable 
land, coves about 54 -7 per cent, 21880 h i L ,  of t h e  Bay Region. 
C l a s s e s  P through VJZZ,  capable a0 same w e r y  l i m i t e d  cultivation 
b ~ t  mostly sui table  onlx tor  rangeland or limited grazing cover 
4 5 . 3  per cent, 18120 km , 02 the Bay Regioz (MTS, 3982 ) .  

Irrigatiort of cropland must coincide with suitable soils 
and availability o f  chemically suitable water in sufficient 
t At the present Z i m e  the cost o f  pumping water fron 
bored wells probably makes t h i s  type of irrigation economically 
unfeasible. Some experimental plots using this type of 
irrigation are recomaended in or3er to determine accurately the 
costs and effects an soils 00 t h e  use of graundwalef for 
irrigated cultivation. There are some bored wells on the 
limestone plateau capable of producing sufficient water for 
experimental i r r i g a t i o n ;  they are: 

:;a, 10, Sarman Dheere No. 71, Wsle 
Ha- 16, T a f l ~ w  No, 74 ,  Migdaloa 
No. 4 2 ,  Buula F ~ u r  No, 91, Hare 
Na- 5 2 ,  Maleel So, 92, Asha P a r t o w  
No, 6 4 ,  Bculo Yussuf 

2.1 Previous Investigations 

There heve been many s tudies  dazling with the hydrogeclogy 
of the Bay Region and adjacent areas. Some of these are liszed 
by author under Select References of t h i s  report. Those studies 
dealing more direr~t ly  with the :?x;dro~eol~qy of t h e  Bay Region 
and adjacent areas are brief ly  described here. Reference is 
mads to others thro~ghout the t e x t .  

S t e f a n i n i ,  G. and Paoli, G,, 1933 .  O n e  a5 the earliest 
studies of hy2rogeology i n  the  central arid southern paltts of 



Somalia, this report gives general observations on the 
occurrence of shallow groundwater, and the potential for deeper 
bored wells in the area. T 3 e  initial exp30ratory work for the 
project  was basad in p a r t  on the findings o f  this report. 

UNDP, 1968, 1970, 1933. The Unitad Nations Develop~ent 
Pr~granzme (UNDP) supported a national inventary of water 
resources from 1968-1973. These fsparts contain an inventory of 
dug wells, bored w d l s  and springs in the Bay Region and 
adjacent areas. Although no longer current ,  these reports 
contain p3ysicaX and chemical data fa:- fiurnerous locations in the 
Bay Region. 

Failface, C- 196U1 1 9 6 2 r  1964, i 9 8 3 *  and 1984. FOX a 
number of yPars and for  nunserous entities, important 
hydxegealogical studies have been made by Mr. C .  Fai l lace  in 
areas withla end adjacent to the Bay Ragfon. Thase publications 
provide valuable physical and chemical data of bored wells, the 
pat~ntial f o r  additional groundwater daveloptaent, and 
rscomnendations for  water resource development. Although mostly 
in areas adjacent to the Bay Region, the hydrogeology is in part 
related %a that  af the Bay Region. 

IDROTECNECD, 1973. A hydzogeoXagica1 study of the Bur area 
in the Bay Region was undertaken by IDROTECHECO. The report 
deals mainly with geophysical methods for detecting groundwater 
and near surface penneabla zone8 in the metamorphic rock 
ccmplex. The report includes data on chemical quality of 
shalluw groandwater in the a s  zrea conplex, 

HunEfng Technical Services, Ltd., 1982. A compr~hensive 
study of s a i l s  and agricultural potential of the Bay Region was 
atde f o r  ths BPADP. This report includes information and data 
about water resources in Bay Region; availability, use, and 
chemical qua3fty. S c ~ e  of t h e  data from t h i s  report served as a 
guide f o r  explorato-ry borehole lacations in the B a y  R e g i o n .  

2 . 2  Methods of Xnvestigalion 

Prior to beginning the production we13 drilling program in 
t h e  Bay Region a IfteraCuxe sezrrch was conducted, and maps and 
aerial phctos were studied. On the basis sf this data an 
e rn lo ra to r y  drilling program a2 2 5  wells was i n i t i a t e d  in the 
linestone plateeu area a ~ d  in the "lixiestone depressionH which 
appeared ro offer  ehe highest possibility for finding 
significant qu~nlitfes 02 wazer. These areas were also 
40cx'~enred ns having the highest populttion and water demand. 

The Bur area o r  area containing ignedus netamorphic rocks 
was not expected to y i e l d  significant quantities of water. 
Wazer in these racks ~ c c u r s  G R ! ~  in j s i n t s  and fissures, and 



data fro= ana borehole camot be extrapolated areally. 

The methods af investigation srsed i n  the B a y  Region are 
briefly described in the sections that folfcw, These inelude 
%?el3 s i t e  se:ectfon process, drilling methods, geophysical 
lagging, developmect and testing, and w a t e r  quality sampling and 
analysis. 

2.2.1 WelZ S i t e  Selection 

The sits ssSsction process zfter tka exploratory drilling 
was cump3eted became more cf a ver i f ica t ion  precess* The B W P  
personnel seXactad wall sites on the basis o f  need and on the 
basis  of potential Ear expanding agr?cuXtural production. The 
BWiDP staff met with cozmissianers fro= the four po;itical 
districts, Baidoa, Quansa Dhere, Dinsoar, and Bur Akaba, to 
develop a list of proposed s i t e s .  Staff of the  CGDP then 
visited the sites: and in conjunct ion with the village elders 
selected a drilling s i t e .  

Beginning in September 1985 the  hydrogeologist of the CGDP 
in collabosatian with the BRAOP technical manager drafted a list 
of wells h e e d  on geographic distribution. The list was then 
prescnkea to the Bay Region Council far its approval, 
Thereafter, villages wars visized to determine their desire for, 
and their ability to manage, a gra~ndwater supply. Generally, 
the vilLagess were found to have a water cornittee in place, A 
f e w  villages had no desire for such a water supply, 3ther 
vlllagss vere adamant about a specific Iccatlon and were 
accomodated when pass iSle . 

The use of aerial photos, becane less important as 
addikionaX hawledge  w a s  gained froa each barehole completed, 
however, the photos assisted in identifying m a j o r  tstrvctusal 
features. Maps prepared by tbe CGD? hydrogeologist w e r e  m o r e  
useful tooLs in verifying the pucential Oor successful wells* 

With feu exceptlions, a l l  Srillizg conducted during the 
pro jec t  in the Bay Region wzs isi?e w i t h  Ingersall Rand TH-60 
rctary drilling rigs. These r L g s  were equipped w i t h  a 600 cfm 
tuo-stage screw-type coapressor, sad with Cardaer-Denver 5 1/2 X 

mud p u p s ,  Early drlirlng tech2fq~es consisted of drilling 
5-inch diameter pilot holes w i t h  a 6-inch air-hammer bit, and 
then xeaning the 3ole to acc~=odate an 8-inch steel o r  E'JC well 
casing. *&3 confidence was developed i n  site selection, and in 
an eff3rt ta conserve tile and fuel,  6 netexs af 12 or 14-inch 
surface casing was set and groznted, followed by drilling to 
tokal depth w i t h  a LO-inck air-hamer bit. Removal of cuttings 
w a s  iz a31 cases assisked t y  circulating drilling ioaa. 



Given the site logistics,  f u e l  constrzfnta, and equipment 
provided, tkis was fo'ilnd to be "S,e best available technitpa, It 
w a s ,  however, not totzlly satisfactory. The effectiveness of 
dokmhsle gecphysical lagging was minimized, the collection of 
drill cuttings was less accurate, loss of circulation occurred 
from t i m e  t 3  t i ~ e ,  snd the drill site w a s  perpetually under s 
sea of f~aa. Scme of these probLens were solvable, but the last 
circulatfsn prablaa w a s  nut, An auxiliary compressor or the 
coslpletian af  smal2er-dizmeter holes nay have solved the 
problem. Unfortunately, additional compressors were not 
availahls ,  and the cazpletion of smaller-diameter wells was 
unzsceptabLs ta W3A, 

A Danda cable-tool rig o f  Sritish manufacture was iritiaZXy 
~ i t i Z i r e d  on a f e w  kales, but net ef fsctively. T h e  early uses 
r a re  in the Bur Ersa t h a t  conslats of igneous and aetantorphic 
racks, %%en utilized on the limes%oze plateau under c s n ~ t ~ n t  
~ u p e ~ i s i t n  by zonsn:tentrs s t a f f ,  the cable  rig performed 
satisfactorily, It is recumended that cable-tool drilling be 
utirizcd in the fi~estane plateau a This r i g  requires less 
fuel ta operate, less water, ar!d no drilling additives. In 
addition, xaintenance costs are generally less on the cable rig 
than on I5.e ~ o t z z y  rig. The t i ze  far  well ca%pletian, assumiq 
knevledgea5ie operators, should not be siqni f icsxk ly  diZterent 
t2an t k a t  r e q ~ i r e d  fcr a rotry r i g .  

'&enever possible geephysical Paga were run p s i c r  to 
setzing casing In the ?.sLs, The p ~ a j e c t  was eq-~ippnd with three 
Minerai Legging Systems geop3ysicai logging m2ts, a"w= of thaaa 
w e  ~ o x ~ t n t e d  ir: four wheel drive s ~ t a ~ 5 a n - - ~ p  ve h i c l s ~ .  
L~gsfng tools prcvided w e r e  L 3Ja-inch diameter except Cur a 
3 nomz1 r e s i s t i v i t y / g e x a  F r ~ b e  whAch 1s 2 inches in 
dianeter . Other tools included a caliper pr~be , 
gama/res i s t iv i ty  prsbe, flow aeter, and a tenperatuae probe, 

operatcrfs mar.2.a; was gregazrjd by consultant7s s taf f  to 
assist cze~nzez-pirts in ozera t ing  tke  eq-dipaent. This manual w a s  
i,-, addictlio~ to t h a t  p r ~ v i d e d  5.; %he nanufacturer. 

The geaphysical l a ~ s  were used to deternine Lithologies and 
water-bearing zgnes. Na we:%-deficed Earker bed was noted sn 
eke icqs f o r  areawide g e a l s ~ i c  carreletion of stratigraphic 
units. Some correla'ions ;ere possible in lsca2lzed areas. 

~ e s i s t i v i t y  and spantaneses-pctenti21 logs were the most 
useful  in identifying potentia: acpifer zones. The natural 
ganma-ray logs wera most useful In dete,:lining the clay horizons 
of cha f o , ~ a t i o n s .  in :izeslcme fo r~zk t ions  the caliper log was 
the ~ o s c  useful  i n  delineating zozes cf secondary permeability 



an4 Fracturing* 

As sore wells are drilled and l q c p d  in L'ze Bay Ragion the 
usefulness of the geaphysical 103s f o r  strakfgraphfc correlaticn 
shwdld improve. 

2 . 2 . 4  Develapacnt an8 Testing 

We31 develapraent, regardless cf drilling technique was 
nfnSmaL- 'When using -the sotaxy rig, development consistad of 
Slowing the hole k i t h  air until the water being discharged was 
free from sediment. This nathod was satisfactory far wells 
driiled in limestone. 

Davalopment methods with the cable tool r i g  consisted of 
Sailing the hale until no c~ttings cauld be recovered. Because 
a bailer tends to a liririted degree to surge the  hole, this 
procedure was ademate in the types of Earnations drilled. 

A f t e r  a well was drilled, cased, and developed, it was 
pu~ped using air l i f t  techniques to obtain a rough approximation 
sf its potential y i e l d .  In sgme instances a well was ksS1e to be 
S1ow-i "dryw and recovery naasuremsnta mads. Based on these 
preliminary data, the pzmp installation and t e s t  crew would 
install a subaersible p ~ n p  in praparaticn for further test ing.  

Pri those wells selected f o r  long-tern, 24-hour t e s t i n g  a 
1-inch bianeter W C  pipe was installed in the well with the 
lowering of the submersible pump. This pipe,  referred to as a 
water-:eve1 tremfs pipe, allowed drawdown and recavexy aE water 
level readings to be taken without interference froa cascading 
water o r  entanglement with the pump electrical cable. 

A 2-Pzch dia~eter conti~uous-roil TJc pipe was used to 
carry the discharge waeer away from the imediate area of the 
well, In mose cgaes +-,his was 2 Q O  meters, Xn limestone areas 
where the surface c o n t a i ~ e d  guaerous open j o i n t s ,  the discharge 
distance from the  wall was mace qreatex than  200 meters. 

A gate valve and an acc5;usulating Elowmetar were installed 
in the  discharge l i n e  for  cantralling and measuri~g the f1o;r. 
Discharge was a l s o  neascred with a 59-gallon dxum and a stop 
watch to insure chat the f1otx331eter was operating properly. 

When conditions warranted, a step-drawdown t e s t  was 
conducted to determine the o p ~ i m u s  rate at which to conduct the 
constazt-rote 24-hour test. Tke we31 was allowed to fully 
recover from the step-draudokm tests before beginning t h e  
constant-rate discharge t e s t s .  Drawdow~ 2nd recover2+ data were 
recorded znd plot ted  on seaf-log and/or log-log paper f o r  
analysis. Section 2 . 4 . 4  descrf5es well hyiraulics. 



2.2.5 Water Quality Sx>p1ing and Analysis 

Electrical conductivity meters were provided to the 
hydrogeologist far monitoring water quality during the drilling 
of uails- Becausa water quality was found to be high7y variable 
f r o m  one are- to another, periodic aeaeurement of conductivity 
was important. This measuremen? provided a rapid means of 
dete,mining whether or not a well should be completed. 

During the "cesting of  a well, c~nductfvity measurements 
were also taken. The objective was to determine if water 
qilality s igl t i f icant3y deteriorated or improved w i b k  punping. In 
eddition, trxo water samples were collected during a pumping 
test; one about nidway through the test and another at the end 
of the test. 

Water samples were taken to the ?OWt laboratory and 
analyzed for the zajor i o z s .  ~Zcrobiologic testing was 
conducted for  a shor': periad on a selected nusber of wells to 
xonitor any changes in c p a l i t y  due to use- Results of all 
analyses are discussed i n  sectidn 2 . 5 -  

Sazalia rests an a shelf of the Precambrian basement 
complex underlying ?:ha Horn of Africa. Jurassic and younger 
s t r a ta  cover t he  shcslf t 3  thic'messes of about 5000 m fn the 
5obbio besfn, but I-ave basement conplex exposed fn the Bur 
Akaba a ~ d  Nogal uplirts ~ n d  along the coast of the  Gulf of Aden. 
Northwest of the Bur Waba uplift is another ~t ruc twal  
depression, the Lugh-Mandera basin,  (Figure 3.2.3). These 
regional s t r u c t u r a l  fertures affect the general regional 
occurrence am3 flow oi gr=urtdual,ez; flow dfrec -c ions  are away 
from uplifts and toward basins. Locally, groundwater 
occurrence, qaality, and moverant may be subject to restricted 
geologic conditions, sucn as f ~ c i e s  ckanges or karst 
develap~ent, Geology of the Bay Region is shown in Plate 3 .  

The largest p a r t  of the Bay Region is the Bur area 
underlain by the Precazbrian metamorphic and intrusive complex. 
The B c s  area bas ?robably been at cr near land surface since at 
l e a s t  Jurassic % m e  axd it l ies  exposed or obscured by only a 
t3 in cover of alluvial or aeolian sediment of Recant origin. 
~eumorphologicaLly, the dur area is a t  a mature stags of 
development; It is a. peneplain w i t h  isol~ted inselbergs of 
resistan2 intrzsive graz i t i c  ruck t h a t  3dy rise m o r e  than 3 0 0  m 
above the p la in .  There are no perennial streams in the Bur 
area, however, soutkeastv~rd-coursing wadis w i t h  dendrltic to 
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pinnate tributaries crcss the Bur area. Joints and fractures in 
the l3ur conplcx re2are to the p i n n a t e  tsflxdtarias, {Plate 43 - 

The finastone plateau nerthwast of the Bur area, is a t  a 
su3~ature stage of devaLapne~t, shrrwfng little or no drainage 
develapnent over "karstM areas, but co~tafning soBe wadis on the 
nartbwsst slope coursing to the  Jabs River+ DraZnag~ on the 
zcrt?west sfope is f a i r l y  rapid owing to gradients o f  6 n[km or 
nore taward =he fubba Riwar. 

Widespread topographic features cornonly associaesd uith 
t n e  karst deve2opmnt are nut fcund azydhare in the Bay Region. 
The lack of perennial slreaas and Limit63 r a i n f a l l  prevent rap$& 
Xarst  developaent. Saaif  sink holes as6 al.rlarged -jcl.int pattekns 
are fairXy cramon- In a recent fnves%igatian by Dr. George 
Brooks, Cnivexsd%y s: Georgia, 30 caves or s i n k s  were fount3 kRat 
exceeded 2 zsters in depth, farooks,G,, 1985, Personal 
Cornnunf cat Lon) . SfgzFI icant  karst development, discovered 
duriag dri33f~tg apsrations, generaLly occurred at depths of less 
than 50 meters, ReLativa3y f e w  hales drilled actually 
enccuntered cavities large enbugk for the drill string to &rop. 
The term karst development must Rszc~Porth be used with caution 
wken reiersfng to tSe Uzesta2es o f  the  Bay 3egion. 

Geologic u n i t s  of the 3ay Regiozi and nearby areas and their 
water-bearing c5aracteristics are given i~ Table 3.2.1* The 
areal distribu%ian of the geolugic u n i t s  with their 
stratigraphic and str~czural relat icxships are shown in the 
generalized gzolagic p of tke Erea, Plate  3 .  Inferred 
stratigraphic ccntacts and st,ructuraI features from Landsat 
inagery of t h e  BEY Region are shov2 in P l a t e  4 ,  

The xost ixportant stratigraphic = n i t  containing 
qroundwater ari t h e  Bay Region i a  the Iscia Bnidoa Suite of 
Jurassic age; it has a well-developed secondary permeabizity and 
l imited karst devsfopae~t  t9at fu rn i shes  water to bored wells an 
t h e  Ziaestone plateax and to springs at the escarpment that 
faces the Sxr area. T h e  I S C ~ E  Baidoa Suits reflects several 
depositional eavfronaenks. It 5egac w i t h  a continental and 
deltaic e n v i r c n x e ~ t ,  and c o n t i x e d  i n t o  a reducing, closed- 
basin, and lagounal ewisozasc% zka t  was followed by a littoral 
ar,d f i n a l l y  a s3aflaw ( ~ 2 0 3  zj facies phase. This su i t e  
cansists mainly of crystaliize { ~ i c r i t f c j  linestone with oolitic 
inte-vals and coqcl3as. The 33xem.ost p e r t  is canglomerate and 
sandstoze followed by linesto~es, marLs, shales and santhtone 

C2" 4 with lateral - - ~ e s  changes over skork dfstzncss, Trace 
hydrocarbons are present F z  Eke ciased-basin facias. 
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The Iscia Baidoa S u i t e  is underlain by metamorphic and 
intrusive rocks of t h e  Bur massif of Precambrian age; p a r t  of 
the crystalline basement beneath the Horn of A f r i c a .  The Bur 
metamorphic complex consists of gneiss, schist, quartzite, 
marble, amphibolite schist, pegmatites and intrusive plugs of 
granite. The intrusive gran i t e  is resistant to erosion and 
forms inselbergs above a p l a i n  t h a t  represents the metamorphic 
complex. 

The Z e ~ i a  Pzi.'oa SzFte  is cqrsr l? in  by the Anole Suite,  
(Plate 3 ) ,  (Table 3.2.1). The Anole Sulte of Jurassic age 
extends through the northwestern part of the Bay Region with a 
generally northeast strike and northwest d ip  of 2 to 4 degrees, 
in comon with t he  underlying Iscia Baidoa Sui te .  The Anole 
S u i t e  consists of black marl and shale with interlayers of 
compact blue Ximestone representing a n e r i t i c  environment of 
deposition. Evaporites are present in the marl and shale facies 
and lateral facies changes cccur over shor t  distances. Where 
groundwater is found in the Anole, as in boreholes No. 1 4  and 
No. 105, it is tco saline to be of use. Borehole No. 105 
found unuseable water i n  the Anole Suite,  but penetrated to the 
underlying Iscia Baidoa S u i t e  where groundwater of useable 
chemical quality was found. 

The  Anole S u i t e  is overlain by the Jurassic U e g i t  S u i t e  in 
t he  northwestern corner of the Bay Region. The Uegit Suite 
consists mainly of biogenic limestone with m a r l ,  shale, and 
calcareous conglomerate. There are same evaporites with the 
shale beds.  The depositional environment was neritic to 
littoral and restricted littoral. Much of the Pimestone has 
been recrystallized and altered to dolomite. The U e g i t  Sui te  
was penetrated by borehole No. 15, which produced sa l ine  w a t e r  
of unuseable guzlity. 

The Uegit S u i t e  is overlain by the Gabbra Earre Suite of 
Jtirassic and Cretaceous age which consists o r  the Busul. ai;d Mao 
Subsuites, part of a regressive marine depositional environment. 
The  Busul Subsu i t e  consists mainly of micritic limestone, 
dolomite and sandstone, and the overlying Mao Subsuite consists 
of gyps~n and anhydrite alternating w i t h  dolomite, limestone and 
sandstone. Crossbedding is common, indicating a littoral 
environment with restricted circulation for deposition and 
accumulation of evaporites. The evaporites cantribute to the 
salinity of groundwater. 

All of these stratigraphic units d i p  gently, 2 to 4 
degrees, away from the Bur complex as indicated in the 
generalized geologic map of the Bay Region and its surrounding 
area ( P l a t e  3 j . 

No detailed lithologic correlation has been attempted 



between boreholes. Gross lithologic data from well cuttings in 
boreholes only short distances apart w e r e  not adequate f o r  
definitive correlation. ~ithologic data correlation with 
borehole geophysical logs was equally unsupportive of more 
detailed strstigraphic correlation. Drill cuttings fron wells 
in t he  Bay Region were sent to the Somalia University f o r  more 
detailed lithologic work. (This work will be carried out over 
an extended period of time). Detailed studies of stratigraphic 
correlation should be undertake3 to provide for stratigraphic 
and structural synthesis of the Bay Region limestone plateau. 
Analysis of drill core for coefficients of permeability, 
presence of microfosslls, and microlithic units or 
unconfonnities, may establish c r i t e r i a  f o r  correlation. 

2.3.3 Structural Geology 

A major fault strikes about north 60-degrees east, crosses 
the southeast corner of the Bay Region, and separates the  
metamorphic complex of the Bur area from the sedimentary strata 
underlying the Shabelle R i v e r  valley, (Plate 3 ) .  This fau l t  is 
not  exposed at land surface, but is covered by Recent alluvium; 
it has been located and defined by seismic geophysical 
exploration. Displacement; of the fault is not knom accurately, 
but is on the order of hundreds of meters (UNDP, 1973). 

The Bur area has the aspect of a structural uplift between 
t h e  Lugh-Mandera basin on the  northwest and the Hobbio basin on 
the northeast (Figure 3.2.3). Stra ta  of Jurassic age cverlie 
the Bur area complex in the west, northwest, north and northeast 
parts of the Bay Region and dip gently, 2 to 4 degrees, away 
from t h e  exposed  Bur complcx. Lineaments that may be seen and 
traced from Landsat imagery in the sedimentary strata are 
interpreted as faults (Plate 4 1 ,  Determination o f t h e  width or 
displacement of these probable f a i ~ l t s  is beyond the scope of 
this investigation, but they most likely represent a parallel 
series of faults or f a u l t  zones. Becazse their displacement is 
not known, they are n o t  shown in khe cross-sections (Plate 5 ) .  
Within the exposed Bur-area complex, j o i n t  sets and fractures 
may be traced from lineation on Sandsat imagery; these are 
prominent west and northwest-trending joint sets and subordinate 
sets trending nearly north .  possible f a u l t s  in the Bur complex 
also trend nor the r ly .  Faults rL  the southwest end of the Bay 
Region in the Iscia Baidoa S u i t e  probably prevent 
southwest-flowing groundwater f r o =  reaching the area east of 
Bardera; borehole No. 27 at Buulo Gaduud about 4 5  km southeast 
cf Bardera was dry at 189 m total depth, a11 in limestone of the 
I sc ia  ~ a i d o a  S u i t e  (Plate I), 



2.4 Hydrogeology of the  Bay Region 

The hydrogeology of the B a y  Region was first addressed in 
the Exploratory Repert for the Bcy Region (LBII, 1983). Data in 
that repor t  w e r e  based in part on literature survey and to a 
greater degree upon the completion of 25 boreholes. 
Recornendations were made as to the aost promising areas for 
groundwater development. These recommendations took i n t o  
account lithology and s t ruc tu r e .  

There evolved basically one water-producing area in t h e  Bay 
Region; the limestone plateau. Within the limestone plateau, 
the Iscia Eaidoa Su i t e  was found to contain the major aqiiifer. 
Contours on top of the main aquifer are shown in P l a t e  6. It 
extends southwestward and is approximately coincident with 
topography. Average depth of wells drilled on the firnestone 
plateau is 123 m. The main aquifer of the iscia Baidoa Suite is 
developed from karstic limestone and is irregular in thickness 
and transnissivity, but y i e l d s  water of useable chemical 
quality. Diagrammatic cross-sectf~ns projected through selected 
boreholes of the Bay Region indicate  the probzble generalized 
configuration of the aquifer (Plate 5 ) .  Borehole geophysical 
records of resistivity and garria logs show no basis  for 
correlation between boreholes, probably owing to rapid facies 
changes over shark dist~nres. Locations of the cross-sections 
in Plate 5 are shown on the bored-well location map (Plate 1). 

Occurrence of graundwater in the Bur area metamorphic 
comgslex is within j o i n t s  or fractures, or in overlying alluvium. 
There  is little circulation of grounawater in the B u r  complex 
and dissolved solids in qroundwater are concentrated by 
evapostion LOSS through capillary rise into overlying allaviun- 
Bored wells in the Bur conplex have small yields of generally 
saline water, but a few wells produce usezble w a t e r .  
Groundwater near t he  base 3E the Iscia Baldoa Suite inmediately 
abcve the Bur complex may also  be s a l i n e ,  as i n  well No. 50 at 
Bonkay, owing to restricted groundwater circulation, 

The so-called qillimestone depression8$ of earlier reports 
(Zohnson, 1978, and HTS, 1982) was evidently inferred from a 
conceptual analysis of the nor thern  part of the Bur area. This 
part of the 9ur area, however, is not a topographic or 
structural basin; wadis course southeastward aver it withcut 
interruption. The area is not  everywhere underlain by 
limestone. A t h i n  cover of coilaviilirt and z X 1 ~ ~ i - m  with aeolian 
sand as shown from borehole Nos. 4 , 5 , 9 , 4 0  and 104, overlie the 
metamorphic complex east of the  escarpment. The  potential for 
development of groundwater from bored wells in this area is 
poor, as the  geologic materials ccnsisk of nixed silts, sands, 
clay and weathered Limestone. 



The i?neous and metamorphic rocks of the Bur area were not 
expected to yield large quantities sf water, however, it w a s  
hoped that small quantities of good water would be available. 
Unfortunately, most exploratory wells had small yields of highly 
saline water. Potential f o r  water development in this area is 
discussed in Section 2 . 7 .  

The discussion t h a t  follows considers the three main 
elements of groundwater systems; recharge, movement, and 
discharge. Most information ,rovided relates l o  the Iscia 
Baidaa acpif er . 
2.4.1 Recharge 

The main aquifer in the  limestone of tae fscia Baidoa Suite 
receives recharge from direct infiltratim of r a i n f a l l  during 
.the Gus and Days seasons, Rechzrge to the Limesrone takes place 
nostly by direct runoff into enlarged j o i n t  and fracture systems 
that are passageways to the aquifer. The absence of surface 
drainage courses on the limestone pXatahu indicates t h a t  there 
are abundant openings and sinkholes that readily  accept 
rainfall. The aquifer response, as observed in well water 
levels, was observed t o  be from r a p i d ,  (within hours) to as much 
as one month. Observation of water levels in well No. 21 
showed a rapid response to in t ense  precipitation events and a 
delayed response to those of lower magnitude (Figure 3 . 2 . 4 ) .  

Minimal recharge to the  main aqt;ifer takes place from 
infiltration through s o i l s  or alluvium. These materials are 
clay, or contain relat ively  large percentages of clay. Two soil 
infiltration tests were performed in the Baidoa area by E ~ n t i n g  
Technical Services, Ltd. at 1.5 k?iz southeast of Baidoa in 
Asharow Valley and at 7 3on east  of ~a i d o a  adjacent to the 
limestone escarprrrent. Infiltration rates w e r e  18.2 c m / k r  (far 
6 : 3 0  hrs) at Asharaw Valley in "sandy clay l o a m g g ,  aad 7 . 5  cm/hr 
(for 7:OU hrs) an the limestone escarpment i n  '#light clay l o a m s ' .  
These rates are greater than average infiltration rates for  
sinilar materials given by USDA Technical Bulletin 729, but 
negligible in comparison to the r a t e  of direct rainfall runoff 
i n to  sinkholes. 

Infiltration studies conducted by the BRADP on so i l s  
overlying the aquifer in the vicinity of Bonkay wells No- 2 and 
3 ,  yielded rates from 13.56 cm/hr to 0.2 clrt/hs wi th  a mezn of 
4 . 6  c m / h r ,  (BRADP, 1985) soil in the area ranges in thickness 
from 3 to 20 meters. At the mean infiltration rate, water would 
transit the s o i l  profile in 3 to 18 days mder saturated 
conditions. 
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transmfssivity values of the Iscia Baidoa S u i t e  may range widely 
over very short distances. Plate 8 shows isapleths of the 
natural logs sf transmissivity values. The lack of uniformity 
indicates -typically uneven karsts developme~t. Transnzissivity is 
discussed in more detail in Sect ion 2 . 4 . 4 .  

2 . 4 . 3  Discharge 

Groundwater discharge may be observed at springs along the 
escarpment of the limestone plateau and inferred as underflow in 
alluviun: of the 23ur area wadis that rise at tke  escarpment. 
Nearly a l l  groundwater discharge to the springs and wadies is 
ul t imate ly  dissipated as evapotranspfratfs~. Groundwater tha t  
flows toward the Jubba and Shabelle Rivers is discharged as base 
flaw to these streams; t h i s  is indicated by the hydrau2fc 
gradient and direction of groundwater flow shown in Plate 7, 
The volumes of groundwater dischasgad to the springs, wadi 
alluviun, and to the rivers cannot be quantiFied separately, but 
in total, should approximate the estimated recharge to the main 
aquifer. This is t rue  only because there are no significant 
manmade withdrawals from the system. Groundwater pumped from 
bored wells was estimated to be about 1 percent of the estimated 
valurne of recharge. 

2 . 4 . 4  Well Hydraulics 

A well is simply a ". . .hydraulic s t r u c t u r e  which, when 
properly designed and constructed, permits the economic 
withdrawal of water from a watar-bearing f ~ m a t i o n . ~  (Johnson, 
1975). The hydraulic characteristics that are essential to the 
understanding and so lu t i on  of aquifer problems and to the groper 
evaluation and utilization of groundwzter resources are 
transmissivity, s t o r a t i v i t y ,  and boundary conditions. Analyses 
of these characteristics are dependent upon many factors 
including an appreciation 0% the hydrologic and geologic sett ing 
of the aquifer. Although mzny UP the csndftions precedent that 
inf luence  an aquifer test are mown, deviations from the ideal 
on which analyses are based and the Ifnitations af testing 
procedures generally prohibi t  precise results. This  paradox may 
be stated ansther way. Although numerous assumptions are made 
to enable a mathematical solution to an understanding of Elow 
conditions, some of the assumptions are never m e t ,  while others 
are only rarely observed. Nonetheless, Somula r  can be applied 
with success and the resultant calculated hydraulic 
characteristics can be useful for most purposes. 

The information pravidsd is presented In a fomzt that w i l l  
hopefully be understandable to the casual reader, and yet 
maintain enough de t a i l  to be of use tc t he  professional. A, 
glossary of terns has been provided, and only a brief, if any, 
description is provided in 8% t e x t  far terminology used. 



Because of t h e  emphasis on exploration and exploitation, 
less emphasis wzs placed on the collection of data f o r  the  
determination of detailed a p i f e r  characteristfcs. Wells were 
located sufficiently f a r  apart and surface-water bodies w e r e  so 
f e w ,  that concerns f o r  interference between wells or f r o m  
surface-water bodies was nonexis ten t .  Time and cost constraints 
w e r e  such that no obserrratioa wells were drilled to enable 
detailed aquifer t e s t s  to be attempted. Thirty-seven well tes ts  
were conducted, however, throughout the Bay and Central Range 
Regions. Twenty-two of these w e r e  t e s t s  of 24 hours duration. 
Starativity data were assumed or detexntined on the basis of 
water level data taken in completed wells not y e t  equipped vith 
P U P S  * 

Boundary effects were localized and appeared to be related 
to structure ox changes in s t ra t igraphy.  Although not apparent 
from the aquifer-test data,  water quality data indicate some 
regional boundary effects (Section 2.5). 

Aquifer charzcteristics are described in the following 
sections in general terns. This approach is in deference to 
describing the results of each and every well tesr conducted. 

Transmissivfty (T) is a measure of the volume rate of flow 
through an aquifer. It provides a means to evaluate the 
potent ia l  contribution of the aquifer to a well. If one 
envisions a rectangular sponge sandwiched between t w o  glass  
plates, the amount of water aSle to move thraugh a u n i t  width of 
that sponge would be a measure of its transmissivity. 
Transmfssivity is cbtained by graphical means utilizing semi-log 
ar hog-log graph pager. A l l  test data were therefore plotted on 
semi-hog and/or on log-lag paper. Semi-log plots w e r e  analyzed 
using Jacob straight-line methods, and loq-log p l o t s  w e r e  
analyzed using matching-curve methods. {Detailed descriptions 
of thes9 methods can be found in a number of texts on 
groundwater hydrology). Log-log plots yield curves t h a t  are 
characteristic of aquifer con0itians. Three types of log-log 
curves w e r e  found; those t k a t  approximated a true confined 
aquifer canditfon, those tkat reflected leaky ar tes ian  
conditions, and those t h a t  indicated delayed yield conditions. 

Aquifer conditions, or types, can also be described on the 
basis of the permeability of the averlying materials, ii it is 
ass-med that the bottom of the  a q ~ i f e r  is impermeable. No 
dis t i .nc t ion  between horizontal and vertical permeability w i l l  be 
made, but in general horizontal permeability w i l l  be two to ten 
times greater than vertical. On the basis of these criteria an 
aquifer that has overlying materials w i t h  relatively the same 



permeability can be referred to as unconfined. If the overlying 
materials are less pervious than the  main aquifer, but 
horizontal flow cannot be neglected, the aquifer is semi- 
unconfined. Often overlying materials have some permeability, 
but horizontal flow can be neglected, In this case the main 
aquifer is considered semi-confined. Where the overlying 
materials can be considered impermeable, the aquifer is referred 
to as confined. In reality no material is totally impervious, 
but for all practical purposes the amount passing through is 
negligible. 

It will be noted that while referring to conditions within 
the overlying materials, the aquifer is actually being defined. 
Although the overlying materials are used for descriptive 
purposes, underlying beds may exhibi t  aimilar characteristics. 
These references are given other descriptions, such as leaky 
artesian fox semi-confined, and unconfined with delayed yield 
f o r  semi-unconfined. Delayed yield may also result from storage 
w i t h i n  an unconfined aquifer. 

In the Bay Region, a qualitative appreciation for 
transmissivfty can be obtained by relating the aquifer's 
potential to supply water for  domestic use. A transmissivity 
ranpe fo r  a 5O-mftez thick limestone aquiier can be from 4 x 
10- to 4 . 0  x 10 m /d. If the aquifer potential is described 
according to the following divisions; 

4 .0  x 10-I to 410 Poor 
4 .0  to QID x 10 Fair 
4 . 0 ~ 1 0  t o 4 . 0 x 1 0 2  Good 

near ly  50 percent of t h e  wells reflect poor aquifer conditions, 
and only  17 percent good aquifer conditions. Only four wells, 
Nos. 10, 11, 5 2 ,  and 71 had T g s  greater than 1.0 x 10 (Table 
3.2.2.). These wells could be considered fo r  small-scale 
irrigation use, 

Because of the many variables involved, determination of 
the transmissivity using only the producing well, must be viewed 
w i t h  caution. The water producing zone is not always completely 
open to a well, and the formation is definitely not homogeneous, 
~ollectively, t h e  transmisaivity values indicate a highly 
heterogeneous and complex aquifer system of low-yielding wells. 

The natural logs of transmissivity values were plotted and 
contoured, Plate 8. These contours, although somewhat tenuous, 
show increasing transmissivity away from +he groundwater divide,  
This is especially true in the northwestern part of the area, 
Toward the ~0uthWeSt no interpretable trend exists. The reason 
f o r  the increase fn the northwest area is not known with 
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certainty, but may be due to the greater number of faults in 
t h a t  area. Faults have one of two effects on groundwater 
movement in an area; barriers to flow or conduits of flow. In 
the fscia Baidoa formation both conditions occur at different 
locations. In the northwest the faults and related fractures 
appear to have increased transmissivfty. I n  the southwest, 
faulting has inhibited groundwater movement. This is reflected 
in the water quality as well as in the transmissivity, (Section 
2-51. 

Although karst conditions, sinkholes and solution cavities, 
were noted in some areas at the surface, well-developed 
sllbsurface karst conditions w e r e  not everywhere defined. Less 
than 4 0  percent of the wells drilled contained sections 
described as karst, and some o f  these are suspect. Where karst 
conditions were described it was, with f e w  exceptions, within 
the first 100 m and in many instances within the first 50 m of 
hole. Water movement in the limestone is predominately 
horizontal along bedding planes and vertically through fractures 
and j o i n t  s e t s ,  The three types of aquifer cunes  previously 
mentioned are a reflection of the areal heterogeneity of these 
conditions. Figure 3.2.5 after Davis and De Wiest (1966) 
clearly demonstrates the potential f o r  the resultant Theis-type 
curve, and delayed-yield type curve. The leaky artesian curves 
are ref lect ing conditions sfmilas to well C in Fiqura 3.2.5, but 
with a semi-confined or leaky unit averlying the screened zones. 
Shale layers or dense limestones were found overlying the water 

producing zones in those wells where a leaky artesian type curve 
occurred; wells No. 4 6 ,  5 4 ,  70, and 97 .  

Most shales, based on drill cuttings, were br i t t le ,  
suggesting thin horizontal bedding and the potential for 
vertical fracturing that could permit movement of water between 
beds. It is likely that any contribution f r o m  these layers is 
strongly diminished in the areas adjacerit to the w e l l  where 
dewatering will cause com~resefort sf the beds. 

specific capacity values, calculated using Waltonls 
equation, ;Walton, 1970 p .  3L5j, were plotted versus 
transmissivity, Figure 3.2.6. Twelve transmissivity values, 
covering the range of those measured in the f i e l d ,  and two 
storage values, one for confined conditions, 0.003, and one for 
unconfined conditions, 0.015, were use6 in the equation. 
Specific capacity and transmissivity values derived from field 
measurements w e r e  then plotted on the graph for comparison. The 
number of wells that reflected confined aquifer conditions were 
only slightly more than those that reflected water-table aquifer 
conditions. The vertical scatter of data points above the 
confined aquifer plot f o r  the sane specific capacity reflects 
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Figure 3.2.5 GENERALIZED DIAGRAM OF GRUUNDWATEPI OCCURRENCE 
IN KARSTlC LIME S T W E .  



Filym 3.2.6 TRANWtSSOVtTY VERSUS SPEC! FiC CAPACITY 



w i d e  variation in t~~nsmissivity with depth. This is typical of 
areas where secondary permeability is dominant. Secondary 
permeability invariably declines with depth. 

An excellent example of varying transnissivity w i t h  depth 
are the wells within the  BRADP compound, and those relatively 
close to the escarpment. These wells had a fairly well- 
developed karst zone to depths of 20 to 30 m, but simply bedded 
and fractured limestone below this depth. If pumped during or 
shortly after the rainy season, these w e l l s  will appear to have 
a very high T and a very high specific capacity. This is 
because of the shallow karst development. Other times of the 
year, when the karst zone has drained, T's are very much lower. 
This factor should be noted when reviewing transmissivity data. 
The time of year during which the t e s t  was conducted should be 
noted as carefully as the geologic log of t he  well. 

Because observation wells were not drilled in conjunction 
w i t h  the  exploration/production well program, values of 
stoxativity could not be calculated using pump t e s t  data. 

Estimates of storage were made based on changes in water 
level. Water Level measurements were made in a number of wells, 
Table 3.2-3, 2nd showed an average fluctuation of t w o  meters. 
If the 590 mm average annual precipitation aver the Iscia Baidoa 
fornation is assumed to be uniform andg5 percent of this is 
recharged to groundwater, then 2 . 8  x 10 m3 of water would be 
recharged. Recharge from direct infiltration of prec ip i t a t i on  
is affected by upon many factors, however, not the l e a s t  of 
which is the fzct that it is irregularly distributed in time and 
dace. The character and thickness of soils, the depth to the 
k t e r  taSle ,  topography, vegetal cover, land use, intensity and 
duration of rainfall, a i r  temperature, and other meteralogical 
factors all affect recharge. 

Another approach to estimating s t o r z t i v i t y  is assuming an 
average value f o r  the :f aquifer! that is 0.2 f o r  an 
unconfined aquifer or 10 ,or a confined aquifer, (Lohman, 
1972). C'sing $he3 confined aquifer  storage coefficient would 
y i e l d  1.9 x 1g q of storage and using the unconfined would 
yield 3.7 x 10 m' of storage. Compared with the average annual 
prec ip i t a t i on ,  the required recharge is t o o  low or t o o  high to 
effect this volume of storage. Coincidentally, by using the  
average porosity of limestone, 0.015, as the storage 
coefficient, the volume cf storage is approximately equal to 5 
~ e r c e n t  of the average annual precipitation. Coincidentlly must 
be emphasized, however, it f a l l s  w i t h i n  the realm of reality. 
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In some areas the water level response to rainfall is 
almost immediate, Figure 3 . 2 . 4 .  This would suggest a higher 
storativity than 0.015, however, it also i n d i c a t e s  the rapidity 
with which water nroves out of the aquifer, and thus the limiting 
storage characteristics of the aquifer. 

2 .4 .4 .3  Boundary E f f e c t s  

Boundary effects are commonly noted on semi-log plots of 
pump test data by a significant change in slope of t h e  straight- 
line port ion cf the cuwe. Impermeable boundaries are marked by 
an increase in slope and recharge boundaries are marked by a 
decrease in slope. Wells No. 61, 66, and 98 indicate the 
presence of an impermeable boundary and well. No. 76 suggests 
the presence of a recharge boundary, (Vo1.V Appendix 3). Wells 
No. 61 and 66 are potentially affected by the proximity to 
faults .  The cause of a boundary at well No. 98 is unknown. 
Neither structural nor lithologic differences are readily 
apparent from available data. As the number of wells increases, 
the  presence of significant areal boundaries will become known, 

In all likelihood, t he  indication of an impermeable 
boundary is simply the r e s u l t  of drawdown passing f r o m  a zone 
containing larger solution cavities to one where the limestone 
is fairly competent. The recharge boundary effect may be 
attributable to t he  opposite circumstance described above, or to 
contribution from a zone with storage. 

2 . 5  ~uality of Water 

The predominant water types from bored wells in the Bay 
Region are calcium-bicarbonate and sodium-chloride. These are 
shown in Stiff diagrams in Plate 9. Other water types,  calcium- 
sulfate,  calcium-chloride, sodium-sulfate, sodium-biocarbonate, 
and magnesium-chloride are present, but uncommon. Water quality 
data far all boreholes is provided in Volume V, Appendix 4 ,  

The major sources of t o t a l  dissolved so l ids  in groundwater 
of the l imestone plateau are t he  soluble mineral  constituents of 
the limestone aquifer in the Iscia Baidoa Su i te .  Rainfall, 
because of carbon-dioxide in the a i r ,  is slightly acidic, 
containing small amounts of carbonic acid, H COj. This dilute 
weak acid is sufficient, however, to react wfth limestone and 
produce dissolved material. The total dissolved solids content 
of water from bored wells in the limestone plateau ranges from 
640  ng/l (milligrams per liter) in well No. 90 at the BRADP 
Compound, to 6640 m g / l  fn well No. 8 3  at Misra. isopleths of 
t o t a l  dissolved solids concentrations are sham in elate 10, 

concentrations of total dissolved solids in groundwater 
from bored wells in the limestone plateau are l eas t  in the area 



af recharge no,rth of Baidaa at boreholes Nos. 51, 5 2 ,  5 4 ,  4 4 ,  
61, 78,74,75,  92 ,  and 94 (Plate 10). Groundwater has been in 
contact with the aquifer fox the shortest l eng th  of t i m e  in this 
zxea . Groundwater fro= boreholes in the Anole Suite, where 
permeabilities are low and evaporites present ,  has high 
concentratfane of total dissolved solids as in boreholes N o s .  
13, 14 ,  and 35. Where groundwater ~iucuXation is probably 
restricted by f a u l t  barriers as in boreholes Nos. 10 and 47,  
total dissolved solids concentrations in groundwater are 
moderately high. 

There are slight variations in total dissolved s o l i d s  
concentrations throughout the other  parts of the limestone 
plateau owing ta mineral variations in facies of the Iscia 
Baidoa Sui te ,  to restricted circulation by fau l t s  or other 
structural or stratigraphic barriers (boreholes Nos. 8 3  and 
881, and to increasing distances of boreholes from the recharge 
areas north of Baidoa and along the topographic divide of the 
Juhba and ShabeXLe drainages. The high concentration o f  
dissolved solids in groundwater from borehole No, 59 comes from 
a deeper aquifer w i t h  restricted groundwater circulation. One 
well, No, 104, drilled in the Bur area ct Ceel Jaalle, had 
total dissolved so l ids  of 14080 m g / l  i n  a sodium-chloride type 
water- The probable source of the more saline water in bared 
wells o f  the  Bur area is concentration of dissolved so l ids  by 
evaporation through capillary rise from groundwater that is in 
restricted storage with no circulation. 

Psapietha of chloride-ion concentrations, sulfate-icn 
coacentrations and specific conductivity are shown in Plates 21, 
12, and 13, respectively. Specific conductivity of groundwater 
is a measure of the dissolved nineral content. The relation of 
total dissolved solids to specific conductjvity in the Bay 
Region is shown by a finear-regression analysis plot in Figure 
3.2.7, The relatian of chloride-ion concentra2i~2 to specific 
conductfvity is showr, by a Ifnear-regression plot in (Figure 
3 . 2 . 8 ) .  The difference in the slope of the linear plots  
indicates the greater influence of the chloride ion on specific 
conductivity. The concentrations of chloride and sulfate ions 
generally follow the same pattern as t h a t  of total dissolved 
solids and specific conductivity; having the least values in 
recharge areas and greatest values in areas distant from 
recharge areas, o r  where groundwater circulation is restricted 
o r  in contact  with evaporites. 

Criteria 

Water quality criteria for domestic and animal consumption, 
as established by WHO, have no validity in Somalia, The 
availability of water tends to outweigh any concerns f o r  
particular levels o f  specific constituents. The standards fo r  



Figrrre 3.2.7 TOTAL D l ~ t V E E )  SOLIDS vs!WEClF1G CONDUCTfViTY, 
BAY REGION. 



Figun 3.2.8 CHLORIDE + ION CONCENTRATION vs SPECIFIC CONDUCTlVlTV 
IN GROUNDWATER FROM BORE0 WELLS, BAY REGION. 



the chemical quality of water in the Bay Region are related to 
the tolerance levels of people and animals. An approximation of 
upper l i m i t s  of salinity in terms of specific conductance of 
w a t e r ,  were established during this prcject to be as follows: 

0 People c 3500 micrud~oa/cm at 25 C . 
Catthe, goats, and sheep < 7500 
Camels, < 20000 

People and animals have been known to accept water of greater 
salinity thaa these arbi t rary l i m i t s .  It is recommended tha t  
the concentrations of chloride ion not exceed 800 wg/l and 
sulfate ioa n o t  exceed 500 sg / l  i n  d r i ~ a i n g  water-  f o r  people, 
but even these limits are known to be exceeded. P a  specific 
conductivity, chloride and sulfate- ion content of water from 
bored wells in the Bay  RegFam are ahawn in Plate 1Q. 

2 . 5 . 2  Spec ia l  Prablens 

The occurrence of groundwater u n s u i t a b l e  f o r  use or of 
l imited use in boreholes Na.14 and No.15 is due to their 
location in the Anole Suite ,  a geologic unit containing large 
amounts o f  evaporites. The poor-quality w a t e r  from borehole 
Nus.10, 47 ,  and 97 i s  attributed to restricted groundwater 
circulakion caused by northwest-trenzing faults that serve as 
barriers (Plate 4 ) .  The s a l i n e  wster from boreholas No.50 and 
No.59 originates ir. a deeper aquifer than the main limestone 
aquifer of the I sc ia  Baidoa Suire .  Groundwater of poor quality 
in borehole No6.76, 80, 83 and 8 8  may also be due to restricted 
groundwater circulation by fault or stratigraphic barriers 
(Plate 4 )  . 

A t  U f u r a w ,  h.o.75-2 an6 at Dhuboi, No.76. trace hyitrogen- 
sulfide was reported i n  water from the boreholes. The trace 
hydroqen-sulfide results from the  reaction a2 methane w i t ?  the 
sulfate fan in groundwater: CH + SO + 2H = EgS + CO + 2H 0. 
Sources of the methane are hy2$acarb8ns in tra e amounts in $he 
Iscfa Baidoa Suite. Tbese boreholas were backfilled to 
eliminate the hydrocarbon-bearing strata from the wells. Trace 
amounts of hydrogen-sulfide may be. eliminated from water by 
aeration if this water is to be used for h u a n  consimption. 

Corrosion if steel well casing has not been observed to 
have been a problem in the  Bay Region. The potential for 
groundwater to cause corrosion or incrustation of wall screen or 
perforated casing may be calculated by a formula f o r  the Ryznar 
Stability Index (Schafer and Moog, 19661. Data needed for the 
calculatfcn are analyses of groundwater for t o t a l  dissolved 
solids, calcium ion, bicarbo~ato ion,  and pHSH. Groundwater having 
indices of less than 7 may cause incrustation, and indices of 
greater thar? 9 may cause corrosion. Ryznar indices of 



groundwater from nosi af the bored %ells in the B a y  Region 
khestone plateau range fxon 7 to 8 .  A f e w  wslbs f n  t h e  
northam and northwestern part of the ragion have groundwater 
w i t h  Ryznar indices of less than 7 (Plate 15). Groundwater in 
these areas has a potential far incmustaticn o f  well screen ar 
perforated casing. Tbe higheat Ryznar index is at well No.46, 
8.23. Gxoundwaker having a potential f o r  corrosion, Rynnar 
ilzelex greater than 9, has not been found in the Bay Region. 

2,6 C i v i l  Works 

C i v i l  works consist sf a storage t~nk, anina1 watering 
troughs, and donestic water diatrPbutian taps. These works were 
cunpleted only at those sites tithers d i e s e l  powered p a p s  were 
installed, C i v i l  waxks have been constmcted at the foP3awfng 
s i t e s  in the Bay Region: 

Na. 10 Saman Dhsere 
Nu. 16 Taflow 
No. 42  3uulo Fuuraw 
No. 52 MaPeef 

NG. 12 Mareera Yfifo 
MQ. 18 Gadauda Dhunte 
No, 67 ~wshiini 

I n i t i a l l y  the c i v i l  works ware to be canstrvcled by the 
projects, hwwever, they did not have adequate s t a t 2  or the means 
to carry on this task.  The CGBP look an the task until July, 
1984 when the project was axtended. A t  t h i s  t i m e  civil works 
were z g a h  assigned to the  respective projects fox comgbetion, 
An improved deafgl-, far the storage and distribution systaa was 
completed In October 1985 after an inspection of existing 
facilities. The @ansuftant9s engineer in canjunction with the 
WDA engineer, revisad all the structures to more closely meet 
the needs 0% the people. Revised drawings and specifications 
were prepared and given to the El-DP and CRDF managers, The 
features of these strdstures are described in sections that 
foLlow, 

2.6.1 Storage Tank 

In order to m e e t  the requirements fo r  a two-day reserve o 
w a t e r  withoat purplng, the starage tank was designed For 45 m 3 
capacity; this will supply about 3000 people at 20  liters per 
person per day, Tho tank was designed for gravity flow to the 
distribution system fo r  people and for3animals. With normal use 
tge system may distribute about 7 0  m / d ,  and is capable of 8 4  
XI /d for peak periods. The improved slurage taak design 
provides for an elevated s t r u c t u r e  of masonry, using locally 
available stone fo r  the elevated foundation and tank, Cement 
and sand must still be t ranspor ted  to the site. The original 
design provided for r s c t a n p f a r  tanks w i t h  no covers, kut this 
allowed algae to grow in the tank and restrict drainage through 
the distribution systene. A circular tank w a s  arecamended in 



the revised design to reduce the cost of materials, and a cover 
was added to prevent the growth of algae. 

2.6.2 Watering Troughs 

The watering troughs oxfgfnaLfy designed were the same fo r  
a l l  animals. The revised design changed the const~uction to 
preve~t sheep and goats from entering the trough. The troughs 
were positioned sufficiently fax from the domestic system and 
from the well head to redvcz chances for contamination. 

2.6.3 noxnestic Standpipes and Washing Facilities 

 his part of the distribution system provides water for 
domestic containers and provides facilities for hand laundry, 
~umeetkc containers may average about 2 0  liters par peraon. At 
peak demand, it fa assumed that ten of twelve taps will be on 
delivery at the same time, drawing 7 liters/minuts each, or a 
t o t a l  of 7 0  liters/minute while pumped w a t e r  is available. 
Laundry washing facilities consist of large ba~ins w i t h  an 
adjacent scrub board. These have been redesigned to be separate 
from the water distribution taps. 

2 - 7  Pumping Systems 

Under normal circumstances the selection of a pump for a 
well is based on the anticipated y ie ld  of the well and on the 
purpose for which the  well was constructed. Nomal 
circumstances are those where the items desired are readily 
available in a s h o r t  period of t i m e .  Because project  operations 
required advance purchases, decfsiofis had to be made well in 
advance of intended use, and without benefit of firm data. The 
pumps ordered for installation fn wells completed during this 
project were ordered on t h i s  basis. Four types of pumps were 
obtained; hand pumps, direct-drive d i e s e l  pumps, submersible 
pumps, and wind pumps. The discussion of pumps t h a t  fallows has 
been divided i n t o  three main categories: hand pumps, motorized 
p u g s  snd wind pmps.  

2.7.1 Hand Pumps 

Hand pumps, as the name implies, move water by manual 
operation, Hand pumps were sometimes referred to as 
reciprocating p'clmpe becanae they involved an up-down motion. 
The hand pumps obtained f o r  this project are, however, 
non-reciprocating. The pr inc ip l e  cf operation for these pumps, 
the Xonu by Robbins and Hyers, is the helical screw ox rotor. 
T h i s  rotor turns ins ide  a molded s t a t o r  and causes water to move 
upward- The main advantage 05 this type of hand pump is t h a t  it 
requires virtually no maintenaxe.  



The models ordered for the project were the lv12, designed 
for single person operation for L i f t s  up to 45 m, and the 2v12 
f o r  two person operatiort for l i f t s  up to 9Q m. Unfortunately, a 
factory defect in the shaft construction caused most:  of these 
pumps to fail shortly after installation.  The company, after 
considerable delay, provided repair k i t s  for these pumps. 

Additional requirements of hand pumps led to the purchase 
of Hona pumps. Mono was the inventor of the helical rotor pump; 
however, until recently they were made only in England and were 
not eligible under USAID regulations. These pumps have the same 
l i f t  capability characteristics as the Robbins and Myers pumps. 
At the time of report preparation these pumps were not yet 
delivered, 

One other type of hand pump was installed during the 
project; the India Mark 11. Two of these pumps were ~ravided as 
demonstrators by E x p o r t  Trading Co. of Nairobi. These pumps are 
the basic reciprocating t y ~ e  hand p u p  that has been 
successfully used in many other ~ f x i c a n  countries. Tha main 
feature of these pumps is law cost, and potential for being 
locally manufactured. The disadvantages are a lower lift 
capacity, 60  m, and more frequent maintenance requirements. The 
maintenance reportedly can be conducted locally- 

Hand p u p s  generally have not been well received in the  
project areas where users prefer motorized pumps. Reports from 
other water development projects, mostly refugee relief, 
indicate that hand pumpa are baing accepted. 331% early 
breakdowns an those installed by the project may account fox the 
lack of user confidence. Wand pumps, and especially the helical  
rotor type, are recommended. Although more expensive In i t ia l ly ,  
when properly received and installed these  pumps should outlast 
a l l  others. The main feaCure of these pusps, no maintenance, is 
a major reason f o r  the recommendation. During the  five years of 
the pr~jec t ,  the generai lack of maintenance on a31 equipment 
was found to be a critical problem. 

2 . 7 . 2  Motorized Pumps 

Two types of motorized pumps were purchased for the 
project, direct-drive ?Iesel pumps and submersible pzzzpps. The 
direct-drive diesel p u ~ p s  are those manufactured by Mono pump 
and osarated by Lister diesel engines. These pumps were 
purchased for permanent !mstaZlatkon at selected well sites. 

Stainless-steel Grundfos submersible pumps were purchased 
for use as test pumps on newly completed wells. These pumps 
could also be used as gemanent pmps during an emergency 
situation, 



2.7.2.3 Mano Diesel P u p s  

Mona diesal-driven pumps wexe selected for installation at 
high-yield well sites with huan and animal populations large 
enough to require one. These pumps have the same helical 
rotor/stator design as the Mono hand pumps, but axe capable of 
producing more water at greater depths. Depending upon motor 
size, these pumps are capable of water lifts fram 150 m. 

The direct-drive diesel engine was selected fox its ease of 
operation, low maintenance, and comparatively low cost. In many 
cases submersible punps wocld have bean preferable, however, 
power supplisa are not available at mast sites and diesel 
generators would be required. These are nore expensive and 
require more aaintenance to keep operating properly. Another 
advantage of the Mono pump Fa tha t  it is interchangeable with 
the hand pump. By standardizing the motor p u p a  and hand pumps, 
parts  requirements can be kept at a m i n i m u .  

2 . 7 . 2 . 2  Submersible Pumps 

Two Grundfos stainless-steel pmps, a 40 hp and a 20 hp, 
wexe pcrchased for use primarily as t e s t  pumps. Subnsrsible 
pumps were chosen over direct-drive deep-wsll turbine pumps 
because of the ease of installation. Deep-wall turbine pumps 
require m o r e  care and handling in both transport and 
installation. The road condieions and the technical ability of 
the crews warrant installation of submersible pumpa. Jt a 
addition, deep-well turbine pumps require that the wells in 
which they are installed be plumb throughout the length of 
installation. StAmerafble pumps are m o r e  fqrgiving in this 
regard. 

The Gmndfos stainless steel pumps are three-phase having 
from 7 to 20 stages. The number of stages reflect the heads 
against which the pumps are capable of operating. This includes 
depkh below water level to the highest point of discharge. 
Generators w e r e  mounted on each of the  two pump installation 
rigs in conjunction w i t h  cable reels to enable these pumps to 
operate from one vehicle. 

2.7.3 Wind Pumps 

Wind pumps, or more cornonly windnills, gained increasing 
interest as the project matured- This was due primarily to the 
realization that fuel to operate the diesel pumps w a s  going to 
be a continuah problem in Somalia* Windmills are not new to 
Somalia, but habe suff x e d  the same fa te  as most mechanical 
equipment; lack of spare parts to keep them maintained. Other 
deterrents to the widespread use of winsmills have been the high 
cost to i m p o r t ,  the difficulty fn transporting and erecting at 



remote sites. and the inability to operate under low wind 
conditions, 

Two windmills were obtained Par installation and monitoring 
during the project. These were US-manufactured Wind Baron 
pumps. This particular windmill was selected an the basis of 
its ability to functiua at vindspaeZs as low as B kilometers per 
hour. Because of the high cost and advanced technology of these 
pumps, interest turned to the less expensive Kenya-manufactured 
K i j i t o  pumps. These trro pumps w i l l  be briefly discuesed and 
conparei?!. 

2 -7.3 1 Wind Baron Rmp 

The Wind Baron hlmp (WBP) was selected fo r  operation in 
Somalia because of its ability to produce water at low 
windspeeds, and to serve as an experimental system. The ability 
of this windmill to function at velocities as low ao 8 
kilometers per L m r  was believed to be important for research 
purposes. Conventional windmills generally require wind speeds 
of 24 kilometers per hoax. Figure 3.2.9 shows the theoretical 
discharge of the Wind Baron Pump and the observed discharge as 
measured at the Bay Region installatian, The erection of the 
windmill fo r  the Bay 2egion uas completed in February, 1985. 
Unfortunately, periodic aperational problems w i t h  the system 
prevented the gathering o f  data as initially planned. Some data 
w e r e  able to be collected, however, and an evaluation made of 
the w i n ~ f l l s  performance. 

An anemometer w a s  installed an the w i n d m i l l .  tower at nine 
meters above ground surface to measure wind velocity at the 
operating height. Data fro= t h i s  instrument were cumparad to 
data from an anemometer at the standard 2 meter height abwe 
ground surface. This anemometer was located at the Bonkay Seed 
Farm approximately 150 meters from the windmill tower. In an 
effort to insure t h a t  the two recording i n s t m e n t s  were 
camparable, the anenometer/campilator used on the t o w e r  was 
positioned adjacent to the Seed Farm instrument and at the same 
height. A small correction factor of 0-92 was found to be 
necessary, that is 0 . 9 2  times anemometer (Seed Farm) readings 
would y ie ld  the same as the cornpilator (Figure 3,2.PO). 

The anemometer/compilator was then reinstalled on the tower 
at nine meters above ground level and readings taken were 
compared w i t h  the Seed Fam aneaometer at two meters above 
ground level (Figure 3.2.11). 

Daka collected frorn both instrunrents were then plotted 
resulting in a linear correlation f o r  the coapariaon period 
(Figure 3.2.10). Collectfcn of comparative data will continua 
with the objective of being able to assesa the potential for  
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windmill operations by collecting wind data f r o m  standard height 
meterological stations. 

The data collected at the Bonkay Seed Farm for  1984, 
and 1985 was compzsed w i t h  the  24  years o f  record fo r  Baidoa 
provided by the Ministry of National Planning (Table 3 . 2 . 4  and 
Figure 3.2.12). V e r y  little difference e x i s t s  between the 
24-year average and tha t  of the past 2 years. It is important 
to note t h a t  the months of ninimum wind speed are during the wet 
season. L o s s  of yie ld  because of law wind speeds would 
therefore not be a serious problem. 

Flow data were also collected and compared to the 
theoretical data to evaluate the pumping performance of the 
system. The Wind Baron pump installed has a gear r a t i o  of 
3.25:1, that will allow pumpage 02 water at depths ranging from 
3 0 0  to 400 hundred meters. A t  a wind speed of ei~hteen h / h r  it 
should be capable of prgducing approximately 4 0  .. /day, however, 
it only produced 34  m /d. This suggests that the s y s t e m  is 
operating at 8 5  percent efficiency; this is not unreasonable. 

2.7.3.2 R i j i t o  Pumps 

~ i j i t o  windmills are manufactured in Nairobi, Kenya and 
have therefore gained considerable interest in East Africa. 
Additionally, these pumps have the potential to be manufactured 
in Somalia. Figure 3.2.13 shows the performance graph for the 
K i j i t o  pump. If a rotor or wheel assembly of 7.3 m diameter is 
erected in the Bay Region it could potentially produce between 
15 and 21 cubic meters per day during medium winds of 18-8 to 14 
h / h .  Below 10.8 km/h this potential y ie ld  drops off 
draskically. With the exception of the w e t  season months, the 
meax wind speeds are at or above these rates. This performance 
is cnly about 2 5  to 3 0  percent  less than what the Wind Baron 
punp could produce at s i x  times the cost. 

There are numerous other wind pump manufacturers f r o m  whom 
comparative data could have been obtained, however, it is 
reasonably safe to say on the basis of data collected to date, 
that wiad pumps are a viable means of producing dome3tic/stock 
watering needs in the Bay Region. Manufacturer's performance 
should be compared with area wind data prior to selection of 
specific p u p s .  

2.8 Recommendations f o r  Future Water Development 

During the course  of this investigation, it became clear 
that w a t e r  requirements in the  Bay ~egion could not be totally 
sat i s f ied  by the addi t ion  of drilled wells. The area of the 
limestone plateau recelnmended f o r  additional borehola drilling 
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is shown i n  Plate 16, based on c i r i l l i ng  results and geology. 
There are large areas in the sou the rn  two-thirds of t h e  Bay 
Region thar w i l l  by necessity have to be satisfied by other 
means. 

In addition, much was learned about the drilling techniques 
used. Recommendations far future water development are made 
regarding drilling methods, other structures such as galleries, 
catchments, and wars and in terns of Eonitoring programs and 
reports, 

2.8.1 Drilling Methods 

The drilling technicpe utilized almost exclusively in the 
Bay Region involved a ro ta ry  rig drilling with an air-hamer 
Sit. While this method can cont inue  to be utilized, same 
modifications to imprave its efficiency should be made, One of 
the rilajor problems was the loss of circulation tha t  resulted in 
the inability to r e t u r n  drill cuttings to t h e  surface. 
Utilization of commercially manufactured drilling foam helped to 
a large degree, however, the karstic nature of the main aquifer 
made t h i s  soluticn inadequate. One of the factors contributing 
to the problem was the necessity of having to drill 10 112-inch 
diameter holes to set 8-inch diameter casing. The drilling rigs 
used are not equipped w i t h  adequate compressor volumes to 
efficiently rerncve cuttings from this large--diameter borehole. 

TWO solutions are available; provide an addit ional  
compressor to operate in tanden with the rig compressor, and/or 
drill smaller diameter holes .  An attempt. was made during t he  
project  to change f r o m  wells completed w i t h  8-inch casing, to 
wells completed w i t h  6-inch casing. This recommendation was 
negated by the WDA administrators Eor fear that future punp 
installations would be a problem. Apparently the WDA 
experienced such difficulties in the past .  Based an me 
pctentiab yields of wells in the Bay Region and the types of 
pmps utilized during t h i s  investigation, 6-inch diameter holes 
would be more t h a n  adequate. 

Another solution to the loss circulation problem would be 
to use cable-tool rigs instead sf rotary  rigs. One cable-tool 
rig was utilized in the Bay Region fo r  a short period, however, 
not satisfactorily. The only problem with the operation of the 
cabhe-toal rig was the t i n e  required to drill a well. This 
problem would have Seen easily solved by changing the driller. 
The driller assigned to this r ig  was an older, experienced 
operator who was unwilling to change drilling habits. When 
under constant supervision by t h e  consultant3s drillers, veLk 
could be completed in the same t i m e  frame as a rotary-drilled 
well. Cable-tool rigs require less water, less fuel, no 
additives, and generally require less maintenance than a rotary  



rig. 

Tbe main limitations to t h e  cable-tool r ig ,  at l e a s t  f o r  
the r i g  made available to the project ,  w e r e  the depth it could 
drill and the r e q i r e m e n t  of a separate vehicle ta move it from 
site ta site,  For most well completions in the Bay Region the 
depth limitation will not be critical. Increased mobility could 
be obtained by mounting the rig on a four-wheel drive truck; it 
is currently trailer mounted. 

2 . 8 . 2  Infiltration Galleries 

As previously mentioned, many areas of the Bay Region are 
not suitable for the construetion sf conventional water wells. 
Urge ?arts o f  the Bur area, for example, provide little 
opportunity far  drilled wells. Horizontal wells or in f i l t ra t io rz  
galleries may, however, be feas ib le .  Infiltration galleries are 
subsurface drains tha t  intercept underflaw in permeable 
materials* They axe used most effectively to collect underflaw 
in t h e  afluviuzm sf ephemeral wadis (Figure 3.2.14). 

Infiltration galleries are most commonly constructed with 
the use of perforated ceramic or concrete drain pipe, but 
perforated PVC pipe or other perforated pipe mzy be used, 
Perforated PTJC pipe is recommended f o r  the Bay Region because of 
cost, ease sf handling and local availability. Although 45 cm 
diameter pipe  is generally recommended to reduce entrance 
velocities, smaller diameters can be used. The Length of the 
pipe must depend on the depth of the alluvium that is to be 
trenched, and t he  width of the wadi that is to be intercepted. 
The pipe is usually buried in a t rench well below the level of 
-derflow. The pips should be be backfilled with sized gravel 
or coarse sand if the material in the wadi is t o o  fine c r  ill 
sorzcd . 

Because deep scouring usually occurs during heavy rainfall 
events, a gallery not adequately buried or protected may be 
displaced o r  destroyed. A gabion construrted across a wadi a 
few m e t e r s  downstream f r o m  the installation will rest r ic t  the 
depth of flood scour and protect a gallery system, A gabion 
will also cause alluviun to accumulate ta the top of the 
s t r u c t u r e ,  and r e s u l t  in retention sf underflow, making more 
water available to the gallery. 

Wadis heading at the 
across the Bur area can be 
an s i z e  and location, a 
investigated during the d r y  
alluvial material. I n f i l  

escarpment and coursing southeast 
identified an aerial photos. Based 
select number of these should be 

* season f o r  depth and character of 
tration galleries could t h e n  be 
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designed to f i t  the respective conditions, This recommendation 
hclds even if wadis inspected are found to be dry over the 
e n t i r e  depth investigated. The use of subsurface dams or 
gabions at the surface could make these useful watering paints. 

2.8.3 Surface Catchments 

Surface catchments cre  small n a t u r a l  or man-made drainage 
basins modified far the collection of surface runoff and 
rainfall. Water captured is channeled for  storage in berkeds, 
wars, or other reservoirs. Surface catchments are camonfy 
developed where no other source of water is available. 

Generally, a minimum of development work is done to effect 
a catchment. This results in relatively large losses of 
rainfall to infiltration in sandy areas, and rapid accumulation 
of sediment in storage. By use of a small amount of 
labor-intensive development, surface catchments can be made to 
deliver mare runoff with less sediment. A catchment paved w i t h  

laid or rolled stone, concrete clay or plastic sheets, can be 
used to increase ranoff and reduce sediment loads (Figure 
3.2.15). 

A catchment in raugilly circular shape, of about 320 m 
diameter, capturing 5 XUJ of runoff w i l l  f i l l  a beuked of 20 x 20 
rn to 1 m; this is 400 m of available water. 

W i t h  SOL-, d s i c  data on precipitation and runoff, 
catchments c o ~ L d  be properly pLanned and designed. E x i s t i n g  
catchments should be provided w i t h  a standard r a i n  gage and some 
means of measuring the volume of runoff from each storm; a staff 
gage in the storage reservoir would be adequate. Recards of 
rainfal l  and runoff kept on a regular basis by the  catchment and 
reservoir supervisor would allow fo r  improved surface 
catchments. Any catchzent, improved ar unimproved, must be 
fenced w i t h  thorn brush to prevent access and poss ible  pollution 
by animals or people. 

War Modification 

Wars are storage reservoirs constructed by creating raised 
einbankments or dikes of compacted earth. Wars are located such 
t h a t  a l l  available runoff is collected from surface catchments 
or wadi diversions. The main problems w i t h  most wars, aside 
from erosion and siltation of entrance channels, are loss of 
water by evaporation and seepage, and des t ruc t fan  and 
contamination by people and animals. 
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Evaporatbn losses are reduced somewhat by the raised 
embanbent and by windbreaks of trees or brush, Seepage losses 
have men reduced by lining the war w i t h  packed clay or packed 
clay over a plastic l i n e r ,  The p l a s t i c  liner must be buried 
deeply enough so that it cannot be removed fo r  other uses. 

Destruction and contamination are concurrent problems 
caused by the movement of people and animals in and out of the 
w a r s .  One solution to this combined problem is to modify the 
w a r  such t ha t  water can be obtained outside the war, Figure 
3.2.16 shows a recamended modification to existing or proposed 
wars t h a t  would help solve the problem. 

Groundwater Program 

An observation-well network fo r  the main aquifer of the 
Iscia Baidoa Suite was designed and im~iemented in February, 
1985 far the collection af basic data, Measurements w e r e  to be 
made and water samples taken fox chemical. analysis from bored 
wells to determine what seasonal changes took place before ahd 
after the Gun and Dayr seasons. Counterpart hydrogeologists 
were trained and have demonstrated their capability to measure 
and record the data, Obsenratian well Iocations were selected 
in the aquifer area an the basis of accessibility and probable 
sensitivity to hydralogic and chemical change, 

In order to determine hydrologic trends of any 
significance, at l e a s t  5 years of records are needed. Table 
3 . 2 . 3  lists the wells and water-level data collected to date, 
Locations of the wells are shown in ?late 2. The period of 
measurements during t h i s  extension phase of the CGDP was too 
short to i n d i c a t e  any significant hydrologic changes. 
Measurements af water levels at the end of the dry sezson, and 
again at the end of the rainfall season w i l l  indicate the amount 
of recharge that has occurred fo r  t h a t  season. Correlation ef 
recharge between o b s e ~ ~ z t i s n  wells will allow a better estimate 
of seasonal and annual recharge to the aquifer. Estimates based 
on records fa r  longer periods, more than 5 years, w i l l  m o r e  
accurately indiczte the availak,il ity of groundwater during 
seasons of rainfall and during dry periods. These data are 
essential for  t he  effective planning and development of water 
resources. 
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2 . 8 - 6  Publication o f  Basic Data 

The hydrogeologic work begux during this project f o r  the 
B?y Region and the three regions in the Central Rangelands 
should be continued for a l l  of Somalia. Numeroxis donors are 
conducting various water projects throughout the country,  
however, most o f  the results of this work become buried in the 
files of that donor agency. The IOIN!? and perhaps more 
specifically the WDA, should plan a series of water-resource 
s tud ie s  by region for  the country. This work should begin in 
the most water short regions and continue until the entire 
country has been surveyed. Reports entitled, "Water Resources 
of Region", should be completed and made available to 
those ministries, municipalities, and those in the private 
sectar, involved in water-resource development. 

The outline used fo r  the hydrogeology sect ion of this 
repor t  could be used as a guide. In those areas where surface 
water can play a significant role, a section would be included 
to show drainage basin boundaries, gaging stations, current 
d i v e r s i o n s  and related parameters. 



The Central Rangelands consists of the Kudugh, Galgadud, 
and Hiraa Ragions in central Somalia and covers an area of 
approximately 150,000 square kilometers (Figure 3.3.1). With 
the exception of a small area in the floodplain of the Shabel3e 
R i v e r ,  the Central Rangelands is entirely arid to semi-arid, In 
many areas of the Central Rangelands the lack of an adequate 
water supply has been a serious constraint to bringing 
potentially productive rangelands into use fo r  Somalia's 
livestock resources. Figure 3.3.2 shows accessibility to water 
sources and thus regions of water scazcity w i t h i n  the Central 
Rangelands. 

According to the best available estimates there were 
approximately 3 5  boreholes operating in the Central Rangelands 
prior to 1979 (Resource Management and Research, 1979). The 
exact number and location of all boreholes operating in the 
C e n t r a l  Rangelands is unknown. Since 1979 additional boreholes 
have been drilled by t h i s  project ,  by the Water Development 
Agency, and by other development projects.  Nonetheless, most 
watering points in the Central Rangelands consist of hand-dug 
wells constructed in shallow unconfined aquifers where the water 
table i s  subjected to significant seasanal variations and has a 
high potential for contamination. The major i ty  of the hand-dug 
wells in the Central Rangelands are less than f i v e  meters in 
total depth and are constructed to a depth averaging 0 . 5  meters 
below the s t a t i c  water level  (UMDP, 1973). It is clear t h a t  
even in areas where adequate water is available the supply is 
highly vulnerable to drought. 

The comprehensive Groundwater Development Project has been 
working in close association with the Central Rangelands 
Development Pro jec t  to improve the water supply for the pastoral 
population of the Cent ra l  Rangefands. Development of 
groundwater resources is, and will continue to be an important 
aspect of the overall developnent of the Central Rangelands. 
~ o c a t i a n s  of all bareholes completed in the Central Rangelands 
during the Comprehensive Groundwater Development Project are 
presented on Plate 2 .  

3-0.1 Physiography 

The Central  Rangelands consists of a broad central plateau, 
a narrow coastal p l a i n ,  and a p o r t i o n  of t h e  drainage area of 
the Shtbelle River. with the  exception of the Shabelle R i v e r ,  
which occuxs in the extreme swath of the Central Rangelands, 
there are no perennial streams or important watercourses in the 
area. 





figure 3.3.2 ACCESSIBlLlTY Of THE RANGELANDS TO PERMANENT & TEMPORARY 
WAf ER SOURCES. 



The central plateau ranges in elevatian from 5 0  to 700 
meters above mean sea level and i s  covered by sand, caliche and 
evaporites. Xt is characterized by gentle slopes with 
micro-relief associated with caliche bands and sand drifting. 

Between the central  2;ateau and the coastal p l a i n  is an area of 
humocks and stabilized dune fields grading into a transition 
zone of small gulieys and steep escarpments. 

The coastal plain ranges in elevation from sea level to 50 
meters and is covered by recent aeolian deposits with act ive  
barchan and seif sand dunes. Adjacent to the coast it is 
characterized by gentle slopes and Tow limestone cliffs, 

The Shabelle floodplain, in the southern  por t ion  of the 
Central Rangelands, ranges in elevation from 100 to 200 meters 
above mean sea level. The ShaSeTle floodplain is covered by 
recent alluvial sediments with essentially flat terrain. 

Tha Central Rangelands has an ar id  to semi-arid climate 
with a range in mean annual precipitation from approximately 100 
mm in the  north to 3,30 m in the south (Resource Management and 
Research, Z379) .  Th,e extremely irregular r a i n f a l l  patterns in 
the Central  rangeland!^ are typical of arid regions . Trfirnendaus 
variations in precipitation occur both spatially and temporally. 

map of mean-annual precipitation fox the Cent ra l  Rangelands is 
presented in Figure 3; 3.3 .- 

Precipitation is generally concentrated into a minor r a i n y  
season, the Dayrr which occurs f r o m  October to December, and the 
main rainy season, t h e  m, which lasts from April to June. 
Stoms tend to be concentrated in small geographic areas and it 
is not uncorrmon fo r  an area to receive no r a i n  Soring one or 
more rainy seasons. The rainy seasons are separated by the dry 
monsoons. Tine southern monsoon, the Haaai, occurs from July 
through August and is generally dry except for slight rains on 
the southern coast, The northern monsoon, the ilaal, occurs 
from December through February. 

Thg teirpera ure t h r o ~ g h o u t  the Central Rangelands varies 8 from 20 C to 35 .C throughout the year. Maximum tempereture 
occur in April 40 C and rninim~m temperature in July 15 @ as 
measured at B e l e t  Weyne. 

The potential evapotraxspiration in the Central Rangelands 
has been estimated at 2 2 2 5  mxi/year (McGowan, et al, 1979). This 
relat ively high potential evapotranspiration rate is the result 
of t h e  high winds, high temperatures, dense thornbush cover, and 
of the  phreatophytes which ~ c c u x  i n  t he  wadis. A potential 
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annual water deficit of over 2000 mm/year exists throughout the 
Central Rangelands, 

Winds are generally c o n s t a n t  an the  coastal plains, 
decreasing somewhat inland. Although wind speed information is 
scant and of questionable quality the average coastal winds are 
estimated at over 10 n/s. Inland wind velocities are estimated 

to range from 7 to 10 m / s  in t h e  Mudugh and Galgaduud regions 
(PaZLabazrer, 1983). Winds are generafly lower during t he  rainy 
seasons and higher during the d r y  monsoon seasons. 

3 . 0 . 3  Land U s e  

Land use i n  the Central Rangelands generally consists of 
opportunistic cropping by settled people in the towns and 
villages, and of year-round heavy grazing by livestock, (RMR, 
19791, 

The western portion of the CR is characterized by low 
densities of opportunistic cropping and by heavy livestock use 
(Figure 3 . 3 , 4 ) .  The central plateau is characterized by low 
densi ty  opportunistic cropping by nomadic families and by year 
round livestock grazing that is concentrated in the wet seasons. 
The t r a n s i t - i o n  zone betweer, the central plateau and the coasta l  
plain in the northern por t ion  of the CR 4s characterized by high 
densities 02' opportunistic cropping by nomadic and settled 
families, and by year round livestock use that is concentrated 
during the wet seasons. The nor thern  port ion of thls zone 
receives no cropping and light livestock use; chiefly in the w e t  
season. The so~thern coastal plain is generally used by 
livestock year round and is only occasionally used for 
opportunistic cropping . The shabelle floodplain 
characterized by high density requfar cropping, and by 
round livestock atilization that is concentrated in the 

is 
year 
dry 

season. 

3.1 Previous Investigations 

Several investigations cf the water resources in the 
Centra l  Rangelands have been conducted, however, only those 
investigations found useful to this study are sumarized below. 

'UNDP, 1973. This report offers  a comprehensive review of 
the groundwater resources throughout Somalia. The conclusions 
reached are generally reliable and do not s~bstantially differ 
from the conclusions of this repor t .  The inventory of 
boreholes, hand dug wells, and springs, though ou t  of date, is 
relatively accurate and was extremely u s e f u l .  A fist of well 
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lithologies and chelnfcal analyses is included and was found to 
be helpful.  A serious drawback to the chemical data presented 
in the report  is that sodium and chloride w e r e  apparently 
derives by ion differences rather than by analyses. Therefore, 
any evaluatian of the accuracy of the data was impossible. Many 
af the sampled wells were resampled during the CGDP, and the 
correlation between results was found to be very poor. This may 
be due, in part, to the difficulties in positive well 
identification, but it does suggest same doubt concerning the 
quality of these data, For reconnaissance level investigations, 
however, these data are useful.  

The geologic data presented in this report are extremely 
general. Although the strat igraphy appears e s s e n t i a l l y  correct, 
the 1:1,000,000 geological map is not of sufficient quality to 
be useful in field work. 

Resource Management and Research, 1979. T h i s  report is 
comprehensive and is useful in any work undertaken in the 
Central Rangelands. Data concerning t h e  climate, land use, 
geomorphology, and water sources throughout the Central 
Rangelands are presented. 

German Agency for Technical Development, 1981. This is a 
comprehensive hydrological report  covering the well installation 
at the town of Dhusa Mareeb. Complete data are reported 
covering the hydrology, fithofagy, production tests, and water 
quality of the wells. 

GKWj 1983. These reports detail t he  well installations a t  
Bula B e r t i ,  Ceel Bur, and Beled Weyn. They contain data on well 
installations, lithology, production tests, and water quality. 
The report on Beled Weyne, Val. 7, a l so  contains an analysis.of 
the hydrologic connection between the Shabelle R i v e r  and the 
alluvial aquifer. 

Pozzi, et a3, 1983. PozziFs report contains valuable 
in fomat ion  on t5e stratigraphy and water qua l i ty  of the central 
por t ion  of the Central Rzngelands. The presentation, 
organization, and English translation, however, are confusing. 
Place names are difficult to locate due to unusual spellings. 
The 1:1,000,000 geologic map presented in this report is 
particularly useful and is the most detailed geologic mzp 
available for t h e  Central Rangelands. 

Pozzi, et al,. 1984. This report contains valuable 
information on the water resources and stratigraphy of t he  
northern port ion of the Central  Rangelands. Potassium-argon age 
determinations from the Trap Series basalts are particularly 
useful for interpreting the  Central Rangelands stratigraphy. 



The specific canductance rnap of t h e  shallow groundwater should 
be useful in future planning of shallow wells. Tbs organizatisn 
and English translation are, however, confusing, 

Louis Berges International, Inc,, 1981-1986. The 
Comprehensive Groundwater Development Project has been operating 
since July, 1981. Several reparts including a final report an 
the first phase of t h e  project have been completed. Because the 
main thrust of the CGDP for tho first three years of the project 
was in the Bay Region, little data; re1evar.t to the Central 
Rangelands were generated. All relevant data, conclusions, and 
recommendations from these previous reports have been summarized 
in this report- 

3.2 Methods sf Investigation 

Previous groundwater development in the Central Rangelands 
has consisted of "... an inefficient pragram of poking hales 
throughout Somalia in the hope o f  finding sufficient potable 
water to sustain the population.'' ( A I D ,  Project  Paper, 1979). 
The CGDP has attempted to injec: some degree of r a t iona le  in 
plaxining f o r  water resources daveiopment and to establish a 
reliable data base. 

Because of t h e  limited amount af borehole data in the 
Central Rangelands, t he  efforts ~f the CGDP were mostly 
exploratory. Me:hods of investigation consisted of well-site 
selection, drilling, geophysical logging, development and 
testing, and water-quality sampling and analysis. 

3.2.1 Well Site Selectfan 

Barehole sites were selected by the CRDP personnel based on 
extensive sociological surveys, w a t e r  requirements,  and on a 
careful consideratian of the ecofogical implications of the 
s i te .  T h e  praposed sites w e r e  t h e n  invest icjated by t h e  CGDB for 
hydrogeologic suitability and, in some cases, were M"vetoedm or 
relocated as appropriate. 

Water is an intensely political issue in arid Somalia. 
This issue has caused accasional ?.isagreements and frequent 
delays over proposed borehole locations. Because a great deal 
of random drilling has been dcne throughout Somalia, the areas 
which experience the m o s t  intense w a t e r  shortages are frequently 
areas in which previous drilling has indicated  that there are no 
useable aquifers at exploitable depths. Boreholes were 
attempted at Cagacade, Xasan A f r a ,  and Quralai due to intense 
local pressure, but against hydrogeological recommendations. 
All of these wells were unsuccessful. The success ratio sf 
wells completed by this project was lowered by the p o l i t i c a l  
necessity of drilling wells at hydr~geolsgical8y doubtful 



locations. 

Record keeping during most previous drilling in the 
Central Rangelands was so poor that most drilling in the area 
should be cansidered exploratory. In this sense,  even the 
unsuccessful boreholes are valuable f o r  the understanding of 
Somalia's g~~undwatter resources. 

As has been noted by all previous investigations, the 
primary problem w i t h  developing the groundwater resources of 
Somalia, and the Central Rangelands in particular, is one af 
water quality rather than quanti ty.  Borehole locations have 
been considered largely on this cr i ter ion .  While the tolerance 
of the local population to saline wahcer i s  remarkably high, much 
o f  the water encountered in the Central Rangelands is still 
unusable far domestic purposes. 

The regional geology, geomorphology, and previous drilling 
experience have a l l  been examined when locating borehales. One 
great and recurring difficulty bas been the lack of reliable 
infarmation concerning previous drilling. Many wells which 
produced unusable water were backfilled with rocks by the local  
population without chemical analyses having been performed, 
lithologic logs taken or static water levels recorded. These 
wells were essentially forgotten. A typical experience in 
investigating proposed borehole sikes wes to find a previously 
attempted, and subsequently, abandoned borehale an the site. A 
variety of conflicting rumors were heard concerning the depth, 
water level, and water quality of the well. Proposed sites a t  
War Shupo, H a j i  Imam, Dhalwa, Xindheera, and Godin Midgad were 
rejected because borehole attempts at these sites would have 
merely duplicated previous unsuccessful attempts. 

In all cases, physical well s i te  inspections w e r e  performed 
by the CGDP hydrogeologist in the accompaniment of 
representatives from the CRDP. Following the site inspection all 
available in fomat ion  on the hydrology, geoiogy, and previous 
drilling in the area were reviewed. A decision to d r i l l  or not 
d r i l l  was  then made, 

3 .2 .2  Drilling 

The majority of the wells drilled in the Cent221 Rangelands 
have been drilled with an Ingersol Rand TH-50 drilling rig 
utilizing mud-rotary techniques. Surface casing, generally 
16-inch diameter, was cemented to a m i n i m a  depth of 3 meters. 
In areas where a relatively goo2 charce of success was 
anticipated, 12-inch diameter boreholes were drilled followed by 
co~.plet ion w i t h  8-inch diameter casing. Washed samples of the 
borehere cut t ings  w e r s  collected and examined at each lithologic 
change or at a m a x i m  of 3 meter intelrvals. In exploratory 



boreholes a 6 or 7 7/8-inch diameter p i l o t  hole was drilled, and 
then reamed to a 12-inch diameter hole if usable water was 
encountered. Xn soxe instances, the long time required to 
provide the desired casing neccessitated the utilization of 
casing at hand. On occasfon, 6-inch diameter slotted casing was 
used for wall completion. Far the same reasons, slotted 8-inch 
diameter casing was s e t  above the stat ic  water level in 
instances when blank casing was n o t  readi ly  ~j;.?afl&le, 

In boreholes where s a l i n e  water was encountered at 
relatively shallow depths, 8 ,  10, or 12-inch diameter casing was 
used to sea l  off the bad water, and the borehole was advanced 
with a 3 718-inch bit to the target depth. Boreholes w e r e  
abandoned by removing all casing, when poss ible ,  and backfilling 
the borehole with grout* Whers it was n o t  possible to remove 
the casing, a steel cap was welded onto the well casing. 

In addition to the rotary-drilling rig, one British made 
Dandcl cable-tool r ig  w a s  used in the Central Rangelands. This 
rig coxqleted t w o  boreholes in the Ceel Bur District one in 
Xaradheere and t w o  in Hobbio. Boreholes drilled with the cable- 
too l  rig were drilled to a diareeter of approximately 12 inches. 
Samples of the drill cuttings w e r e  collected and examined at 3- 
meter intervals or change of formation. A f t e r  the hole was 
drilled, it was completed with 8-inch diameter plastic casing or 
8-inch steel casing. The p l a s t i c  casing was perforated with 
handsawn s lots  spaced at 4-inch intervals along a length 
corresponding to the aquifer thickness. 

Drilling in the Cent ra l  Rangelands most frequently 
encountered unconsolidated sands, sandstcnes, and limestone. A 
recurring drilling problem was the collapse of boreholes when 
drilling was interrupted for unreasonably long periods: 
generally due to lack of fuel  or serious mechanical problems. 
Lost circulation In porous limestone w a s  another problem. It 
w a s  not usually poss ible  to regain circulation with conventional 
lost-circulation materials, In several instances, the 
utilization of a "diesel squeezew (a mixture  of diesel fuel and 
bentonite) was required to regain circulation and enable 
drilling to continue* 

Another frequently encountered problem was the difficulty 
of mixing bentonite drilling mud w i t h  high-saline makeup water. 
Mud additives made especially for utilization with s a l i n e  makeup 
waters should be made available fo r  f u t u r e  drilling projects in 
the CentraL Rangelands. 

3 . 2 . 3  Geophysical Logging 

wheaever possible geophysical logs were run prior to 
setting casing in the hole. The project was eqrripped with three 



Mineral Logging Systems geophysical Logging units. Two of these 
were mounted in four-wheel. drive suburban-type vehicles. 
Logging toola provided are 1 3/8-inch diameter except for a 
long-normal resistivity and gamma probe which is 2 inches in 
diameter. Other tools included a caliper probe, 
gamma/resfstivity probe, a flow meter, and a temperature probe. 
An operators manual. was prepared by consultant's staff  to assist 
counterparts in operating the equipment. This manual was in 
addition to that provided by the manufacturer. 

The geophysical logs were used to determine lithologfes, 
and water-bearing zones. The boreholes in the Central 
Rangelands were not spaced sufficiently close to provide an 
opportunity for stratigraphic correlation an the basis of 
geophysics. 

Resistivity and spontaneous-potential logs were the mast 
useful in identifying potential aquifer zones. The natural 
gamma-ray logs were most useful  in determining the clay horizons 
of the formations. In limestone formations the caliper log was 
the most useful in delineating zones of secondary permeability 
and fracturing. As m o r e  wells are drilled and logged in the 
Central Rangelands the usefulness of the geophysical logs far 
stratigraphic correla t ion will increase. 

3 . 2 . 4  Development and Testing 

When drilling w i t h  mud, it w a s  f r e q u e n t l y  difficult to be 
sure when water was encountered, and even more difficult to 
evaluate the quality of the water, Whenever suspected zones: of 
water production were found the boreholes w e r e  cleaned by 
thinning or removing the mud and blowing with air. The water 
was then tested for quant i ty  and quality. Pocr-quality water 
zones were sealed off w i t h  casing and drilling continued. 

After casing was set, the wells were developed by blowing 
with air until the sand production, as measured with an Tmhoff 
Cone, was Less than 0.2 m g / l .  When possible, a step-drawdown 
test was conducted to estimate the production capacity of the 
well, If determined to be significant, a 24-hour constant 
discharge-pumping test was conducted. In some instances, when 
t he  well discharge could be estimated from the well development 
act iv i t i es ,  or when the fuel supply was critical, the step- 
drawdown test was neglected. 

An aquifer test w a s  attempted on every well, and whenever 
possible a 24-hour pumping test was conducted. Wells were 
pumped with a 19-stage submersible pump, and discharges were 
measured with a flawmeter or with a barrel and a stopwatch. All 
water-level data were measured with an electric well sounder, 
In low-discharge wells, a bailer test was conducted to estimate 



the well production, Water temperature and specific conductance 
were periodically measured throughout the test. 

Predicted drawdowns and sustained yields were estimated 
using the Jacob and/or Theie approaches. Aquifer test analyses 
2ox each well are presented in Volume V. It should be noted that 
the perforated intervals do not necessarily correspond to 
aquifer thicknesses in wells conpleted in the Central 
Rangelands. Occasionally, material logistics, such as the lack  
of blank ar perforated casing on site, rather than aquifer 
thicknesses determined well-completion details. Any zigarous 
hydrogeologic camputatfans involving aquifer thickness should 
therefore be based an the lithologic logs, rather than on 
perforated intervals for estimates of aquifer thickness, 

3.2.5 Water Quality Sampling and A~alyses 

Water quality samples were collected from each borehale 
completed in the Central Rangelands following well development 
activities. AdditionalLy, samples were collected from many of 
the existing operating wells in the Central Rangelands. Water 
samples were generally delivered within five days of coLlection 
to the MMWR l a b r a t o r y  in Mr3adishu. No f i e l d  preservation of' 
samples was practiced. 

Chemical analyses of samples included all major ions. 
Analytical techniques developed during this project  were used to 
analyze the samples. Results were evaluated on the basis of the 
ion balances. Ion balances that were within 10 percent, were 
regarded acceptable. Any analyses considered to be 
questionable were rejected from the data base and repeated when 
possible. Results oE the water-quality analyses performed for  
samples collected in the Central Rangelands are presented in 
V a l u e  V, 

The Central Rangelands consists of a sequence of marine and 
continental sediments with minor, but hydrologically important, 
intraformational basalt flows. The geology is poorly mapped and 
published interpretations of the stratigraphic sequence are not 
always in agreement. 

The Central Rangelands extends northeast of the Shabelle 
R i v e r  to the Nogal Valley in northeastern Somalia. Marine 
sediments of mostly Ter t ia ry  age, and sub-recent continental 
sediments cover the surface as part of a wide basin.  The basin 
extends through the Ogaden region, east of Beled Weyne to Johzr, 
The deepest par t  of the bas in ,  the Hobyo Embayment, is locatad 
near Hobyo on the coast of the Indian Ocean (Barnes, 1976). 
There have been several transgressive and regressive phases of 



tne sea over the Horn of Africa and sedimentation thicknesses 
generally decrease inland. Plate 17 presents the regional 
geology of the Central Rangelands. 

The geomurphic map af the Central Rangelands modified from 
Resource Management and Research (Central Rangelands Survey, 
1973) is presented in Figure 3 . 3 . 5 .  Five basic geomorphic types 
w e r e  identified; the fluad plain, the plateaus and basins, and 
areas of stable and unstable dunes. The shallow groundwater 
occurring in these geomorphological units bears the chemical 
signature of the associated lithotypes. A b r i e f  descriptior of 
the five geomurphic types are described below. 

Flood Plains.  The Webi Shabplle Valley floodplain region 
is dominated by recent alluvial sediments consisting of sand, 
silt, clay, and gravel, The Shabelle landforms have been 
created by normal valley cutting through the limestone plateau 
and by alternate cycles of deposition and erosion. 

Plateau Areas, The majar por t ion  af the central plateau is 
composed of limestones which have experienced erosion by sheet 
flow and wind-driven abrasive sands. Weathering of t h e  
carbonate rocks generally produces a dense carbonate-caliche 
layer from a few centimeters to several meters th ick .  Oolitic 
and concretionary foms with iron-oxide coatings are common. 
Coverings of terra rosa sand are also common- The terra rosa is 
a friable bright-red ferruginous s o i l  consisting of clay 
minerals, iron oxides and hydroxides, fine quartz grains, and 
small amounts of carbonate and hygroscopic moisture (Mikhailov, 
1971). A thin veneer of sand covering limestone is common 
throughout the plateau region. 

Basins. Large complexes of evaporite minerals, primarily 
gypsum and anhydrite, have filled two ancestoral drainage zones 
which have stagnated in the vicinity of the coastal fault. 
These areas cu t  the central plateau from northwest to southeast 
beginning from approximately Galcayo and Dhuusa Mareeb. These 
evaporite deposits have experienced karst weathering and are, in 
places, over la in  by limestone and sand sheets. Drilling results 
from Dhuusa Mareeb, Ceel Bur, and Wargaloh suggest that these 
ancestoral drainages may have controlled the flow of basalts in 
the Central Rangelands. 



Mcifif ied from Resource a n a g e n t  and Research, 1979, 

# 

Figure 3.3.5 GEOMORPHOLCMjlCAt TYPES i W  THE CENTRAL RANGELANDS. 



Stabilized Sand Dunes. Large semi-stabilized sand dunes 
are found in the transition zana between xhe centpal plateau and 
the coastal pfafn. These dunes are generally compased of f ine  
Pliocene sands from formerly mabile dunes which have been 
recently stabilized. The stabilized dunes formerly provided 
much of the source material for the sand sheets in the  central 
plateau (Resource Management and Research, 1979). 

Unstable Sand Dunes. In the southern portion of the 
coastal plain there are rows of large sand dunes, predominately 
barchan and seif dunes, and sandy grasslands. These dunes which 
axe still mobile overlie caastal limestones east of the coastal 
fault. 

Stratigraphy 

The stratigraphic units and their water bearing properties 
are presented below in tabular form in Table 3.3.1, Opinions 
concerning the stratigraphic sequence in the Central Rangelands 
vary. In this report the sequence proposed by Pozzi, et aL, 
(1983) is cansidexed to be the most probable. Drilling during 
the course of t h i s  project further delineated the extent of the 
Trap Series basalts. No distinction was made in the more recent 
stratigraphic units: such as the Mudugh-Merca, the Upper Daban, 
and the Taleh Suites. Distinctions between these suites must be 
made from paleontological o r  other age-dating techniques which 
are beyond the scope of this project. 

Belet Uen Suite (Upper Cretaceous). The Belet U e n  Suite is 
t he  oldest formation considered in the groundwater exploration 
effort in the central Rangelands. It outcrops in the southern 
portion of the Central Rangelands east of the Shabelle River and 
reaches a maximum thickness of 200 meters. The lower portion of 
the Belet Uen Suite is composed of interlayered limestone and 
gypsum, beds, overlain by limestones with sandy and marly beds. 
The  upper portion of the Belet Uen Suite  is compose2 of 
alternating gypsiferous Ifmestones, marls, sandstones, and 
gypsum beds. Due to the presence of high-solubility evaporites, 
the water contained in the Belet Uen Sui te  is generally highly 
mineralized. 

Jessoma Suite (Paleocene). The Jessoma Suite outcrops in a 
north-south trend east of the Shabelle and south of Ceel Bur. 
The Jessoma Suite consists  of varicolored, quartzitic, well- 
cemented, hard sandstone beds. Cross bedding of fluvial origin 
is carnmofi. Limestone layers may accuv and the top weathered 
zone of uncemented sandstone contains subsurface calcareous 
concretions. The Jessoma Suite supplies relatively fresh water 
(EC = 3500 micromhos/cm) to wells and springs. 



TA3LE 3.3.1. CEWTRat RPHSELA#DS SEOtOGIC UNITS RWD YATER EEbRXNS CHARACTEOIST3CS 

EPOCH SUITE OR SERIES APPROX IRATE OCCUREHCE, LlfHOLOGY, filu'S WATER 
R$Xi?4Ufi REARIA CHARACTERISTICS 
THiCKHESS 

-*II-----------&--------------------------*-----------*----A---A-A*--------------------------*---------- 

In the flood pla in  of the Shebelie 
:OO a Rlver and aiang wadis thrwqhout the  

Central Ranqeiands; c l a y ,  sift, sand, 
and coarse a!luv~us; yields water t o  
s h a l l ~ r  [!ess than 35 81 nells; nater 
speri$lc conductance of less than 
3500 urhaslcm iound i n  appraxirately 
10 percent of wells. 

keol I an send , 
sandstcne and 
reef d e ? c s ~ t s .  

Beol tr 

Active and i n a c t i v e  dunes on the eastern 
!?P a coast cms i s t ing  of we1 l-sorted aeolion sand. 

Yieids small ao~unks of fresh water t a  
shallor { l e s s  than !O n l  a d i s .  

PLIBCEWE- Upper Daban 
3iOtEiJE Series, 

B1 - ti2 a1 

Possible in the eastern portions of Central 
120 r kangelandsj sandstone. and ;co~glamerate; 

yields water o f  variable quality from pore 
spaces and  a l o n g  bedd~ng  planes. 

fllu$agfl-Rsrra 
?iigCENE Suite. N, ad 

Continental sedlrent; covering such of  
the northern Ccntra! Rangelands; lirestone, 

aarl , sand, sandstone, gypsun, c l a y  ca!crete, 
and :elate6 rccks,  Yields varvizg  qaantities 
of aa te r  i r o m  pore spaces, bedding planes, 
and tarrt forsattuns uater quality is 
variaS!e rith specific conductance 
f r o s  3,000 t o  30,ODO uahcs!ra, sulfate 
ronccen:rations are generally high; w a t ~ r  
s:tb specltir conductance of less than 
3,906 unhoslte is found i n  less than 
!5  percent of  uells.  



Faras rntraforratronal f low extending 
MIDCEWE Trap Ser: es; fro* Chusafiareeb t o  El-Bur and n x t h  t o  
FALEnCENE 9 Pa-W: 64 r Yarqafoh. Basalt and tu f f ,  ray be related t~ 

th? existence of fesh rater found during 
this project, 

Sandstme, si l  tsf one, lenses of boulder 
e00 - 2063 c ranglo~erate; generally contains h i g h l y  

aineral i:ed 

Lower Oaban 
E O C i t i E  series 

P g ~ l d  

San6stone, si l  tstone, r a r l ,  lenses of 
245 a gypsum and cbngl olerate;  generally contains 

h i g h l y  mlneraliz~d water, 

Karkar Suite iiaestone, ninar aarl , clayey dolomite, 
PqzKr 230 s siitstone; pay contain w a i l  aaounts of 

n t e r  but not an aqulfer of regional 
importance. 

T a l e h  Suite Onhydrite,  gypsun, ~nterbedded doloaite 
F g A i  356 m and qari. generally contains n l g h i y  rineraiized 

water i n  karstiiied zones. 

Bur adu series 
Pg2ar 

Outcrops I n  a band extending through the 
nestern part of Galgudud region; nassive 
liaestone, doloisitit lirestone, dolo~i te ,  marl, 
si ltstcne; !toestone Seds are coaronly 
fractured and ofier good potential bor 
groundmater storage and developrent; 
frequently yields large quaekities of 
fresh rate:, 



PRLEGCENE Zessoaa 5ui t~ 

I n  a nwth-south section east ~f the  
Shabel le  River and nest ~i EI-Bur. Inequi- 
granular crossbedded sandstone, r i n ~ r  siltone, 

200 a and compacted clay;  supplies rater mth specif i t  
~ 5 n d t i ~ i a n ~ @  af less than 3500 umhos/ca t o  
wells and sprifigs but frequently yieids only 
small arounts of rater due t o  iow effertive 
porosity. 

UPPER Beled # e ~ a e  S u j t ~  East of  the Shabelre River, ii~estone, 
CRETXECUS Cr&! 2.00 r earl, gyps~ferous shaley c lay .  R n e r a l l y  

cmtains highly aineralited water a t  depth. 

CRETACEOUS Hustahl I Suite 
Cr a 

Mest ~i ShaSeile Rlver , gypsif erous 
siitstone, ~udstone, interbedded fioestone: 
karst +ormatioos supply rater which i s  
general1 y h i g h 1  y  aineral ized,  spec i f ic  
~antuc tance 15 rare ly  belon 3500 urhodtm. 

CRETACEOUS Harehan S u i t e  
Cr -z-er 

Cccurs on ly  a t  southwestern border of  
300 a Centra! Rangeland, General1 y supplies 

seal1 aaounts of fresh water t o  reils,  

from: U#SP, 197j! PDZZI e t a i ,  !?Bf, ?o; i i  e t a i ,  1984. 



Transmissivities a x e ,  hawever, frequently low (UNDP, 1973). 
Outcrops examined during the course of this project  appeared to 
pc~ssess law porosities and pezmeabilities. More t e s t  drilling 
is required to evaluate the potential. of the Jessoma Suite as an 
important regional aquifer. 

Auradu Suite (Eocene). The Auzladu limestone was deposited 
conformably over the Jeasoma Suite during marine transgression. 
Outcrops of the Auradu are found in a band extending through the 
western portion af the Galgadud region from Dhusa Mareeb to the 
coastal fault. The lower section consists af a dark-brawn, 
fine, crystalline, coarsely banded limestone. The limestone in 
the upper poxtiofis contains a finer and clearer banding w i t h  
lighter colors. 

The outcrops of the Auradu limestone show some 
karstification and the  beds are frequently fractured. The 
artesian wells in Ceel 3ur and Dhusa Mareeb may be tapping a 
confined aquifer in the Auradu Suite. Generally, the water 
produced from the Auradu Suite is relatively fresh (EC = 3500 
micromPlos/cm) , 

Taleh Suite (Eocene). The evaporite sediments of the Taleh 
Suite were deposited during a regression of the sea from the 
Horn of A f r i c a .  The TaXeh Suits  consists of gypsum and 
anhydrite interbedded w i t h  dolomite and marl. The Taleh Suite 
reaches a maximum thickness in the Nogal Valley, north of the  
Central Rangelands of approximately 3 5 0  meters. The Taleh Suite 
w a s  previously thought by soma researchers (Altichieri et 
al,1981) to be pervasive in the Central Rangelands. Recent work 
by Pozzi et al, (1983) indicates that the Taleh S u i t e  is missing 
entirely from several sections i~ the western portion of the 
Central Rangelands and that the surficial beds in the Central 
Rangelands are considerably younger than the Eocene, 

The Taleh Suite often displays intense karstification in 
its outcrops, Groundwater is found in the fractures and 
solution cavities in the Taleh S u i t e ,  but it is generally highly 
mineralized and unusable. 

Karkar Suite (Eocene). The Karkar Suite consists of 
limestone, marly limestone, and gypsum. The Karkar Suite 
reaches its maximum thickness, 230 meters, in the Nogal Valley, 
north of the Central Rangelands. The Karkar Suite is the 
uppermost marine deposit in the Central Rangelands but is not 
known to outcrop i n  the  area. The Karkar Suite is not an 
important aquifer in the Central Rangelands. It contains small 
amounts of water that is generally highly mineralized. 

L o w e r  DzSan Series (Eocene). The Lower Daban Series is 
characterized by sandstones, siltstone, marl, and lenses of 



gypsum and conglomerate. The lower Daban Series is not known to 
outctop in the Central Rangelands, and is not an important 
regional aquifer, Water encountered in the Lower Daban Series 
is generally highly mineralized. 

Middle Daban Series (Oligocene). The Middle Daban Series 
consists of sandstones, s i l t s t o n e ,  and boulder conglomerates. 
The Middle Daban Series reaches its maximm thickness in the 
northern regions of Somalia and is not known to outcrop in the 
Central Ranqelands. The middle Daban Series is not an important 
regional aquifer and generally contains highly mi~srolized 
water. 

Trap Series (Paleocene-Miocene). The Trap series consists 
of basalt and tuff which occurs as intraformational flows in the 
Central Rangelands, The Trap Series occurrences appear to be 
related to the ancestral drainages in the Central Rangelands. 
Barehofes have encountered basalt at Dhuusa Mareeb, Ceel Bur, 
Afwayne, Wargaloh, and Quracley. In most instances, boreholes 
penetrating basalt have encountered fresh water. It is anclear 
at present whether the fresh water is being transmitted within 
the basalt, ar whether the basalt is  imply separating the fresh 
water in the deposits below from the  highly m-reralized waters 
above. 

The Trap Series, in any case. is highly important in the 
qroundwater resources of the Central Rangelands. A high 
priority should be placed on refining the mapping of t h i s  suite 
in any future groundwater investigations in the Central 
~ a n ~ e l a n d s .  Locations, depths, and estimated elevations ~ f f  the 
basalt are shown in Plate 17. 

Fludugh-Mexca Suite (Miocene). The Mudugh-Merca Suite 
consists of a variety of continental sediments that cover the 
n j o r f t y  of the central and northern portions of the Central 
Rangelands, Tho Mudugh-Merca Suite consists of limestone, marl, 
sand, sandstone, msum,  clay, calcreta, and related racks. In 
the ancestoral drainages sediments af conkfnental lacustrine 
conglomerates, fluvial sandstone, clay, and m a r l  were deposited 
as the climate dried. These Mudugh bedsw are frequently 
karstiffed near the surface and may provide relatively highly 
mineralized but e a s i l y  accessible water. 

The Mudugh-Merca Series produces water of highly variable 
quality and quantity from pore spaces, fractures, bedding 
planes, an2 karst zones. Specific conductivities of water 
produced from the Mudugh-Merca S u i t e  vary from 3000 to 30,000 
micromhas/cm and are frequently high in sulfate.  Heasured 
transmissivities in the Mudugh-M5rca Suite are highly variable 
and range from 10 to over 350 m /day, The Mudugh-Merca Suite 
is, by default,  an important  regional aquifer in the  Central 



Rangelands, 

Upper Daban Series (Mioct3nf3-Pli~~ene). Tbe Upper Daban 
Series occurs in the central and eastern partione of the Central 
Rangelands and consists  of sandstones and conglomerates. The 
Upper Daban Series produces water of highly variable quality. 
The delineation between the Upper Daban and the Mudugh-Merca 
Suites is unclear at present. Depending on the interpretation 
of the extent of these formations, the Upper Daban may be 
considered an important aquifer in the Central Rangelands. 

Aeolian Sand and Reef Deposits (Pleistocene-Recent). The 
active and inactive dunes along the eastern coast in the Central 
Rangelands consist of wall sorted aeolian sand. The high 
infiltration rate of these sands allows for the accumulation o f  
shallow deposits of fresh water at the base of these sand dunes. 
Shallow w e l l s  in the vicinity of the sand dunes frequently 
produce small amounts of fresh water. 

Stream Alluvium (Recent-Quarternary). Stream alluvium 
occurs along the floodplain of the Shabelle River and along 
wadis throughout the Central Rangelands. The alluvium consists 
of fine gravel, sand, silt, and clay. Shallow wells frequently 
produce relatively fresh water from the alluvium. Stream 
alluvium is an important, but very limited source of groundwater 
in the Central Rangelands. Transmfssivities in the stream 
a l~vium measured near Beled Wsyne are an the ardex of 225  2 m /day (GXW, 1983) 

3 . 3 . 3  structural 

The main structural feature in the Central Rangelands is 
the coastal fault interpreted from geophysical exploration 
(UNDP, 19731, which m a y  affect the underflow r e g i m e s  of the 
regional aquifers in t h e  Central Rangelands (Johnson, 2978; 
Pozzi et a l l  1983). Exploration records suggest that the fault 
zone could be 50 to 150 kilometers wide, (Johnson, 1978). A 
second fault system, also defined by geophysical exploration, is 
located in the Jessoma sandstone which outcrops in a northwest 
to southeast s t r i p  in the southern port ion of the Central 
Rangelands {UNDP, 1973; Pozzi e t a l ,  1983). A t h i r d  fault 
system, also interpreted from geophysical, exploration, runs 
approximately parallel to the coastal f a u l t  but approximately 
190 kilometers inland (Plate 17). Both of these faults appear 
to be coincident with the occurrence of fresh water (Pozzi, et 
at, 1983). 

Hydrogeological data in the Central Rangelands were found 
to be sFarse. No direct mezsurements of infiltration, recharge, 



or discharge were carslad out in most area&. No precise 
horizontal and vertical control of potentiomatric levels and 
sampling locations exists. Because mast boreboles are inexactly 
located on a 1:1,000,000 scale topographic map, surface 
elevations can be only poorly estimated. All discussions of 
groundwater recharge, movement, and discharge are therefore 
subject to change as additional data becomes available. 

3-4.1 Recharge 

The major source of recharge t o  the exploited aquifers 
(Mudugh-Xarca and Upper Daban) in the Mudugh and northern 
Galgadud regians appears to be direct infiltration from 
precipitation. Mean annual precipitation i n  this area is 
approximately XOO mm. The infiltration is assumed to be very 
Low. Measured infiltration rates in areas with s imi lar  climatic 
conditions indicate that direct recnzrge from precipitation 
would be slightly less than 5 percent of the t o t a l  pzeciziration 
(Chaw, 1964 ) .  The remaining port ion of the precipitatisn would 
be l o s t  to recharging the s o i l  moisture deficit and, eventually, 
to evapotranspiration. 

D u e  to the  high soil moisture deficits and to the depth of 
the water table in the Central Range, recharge to the deeper 
aquifers is probably limited to exceptional precipitation events 
if at a l l .  There may be some additional component of recharge 
to the deeper artesian aquifers in the Eocene Suites which 
receive recharqe from their highland outcrops, but the extent of 
this recharge is unknown. 

W a t e r  levels in the numerous hand-dug wells in the area 
frequently fluctuate m o r e  than 1 meter between the wet and dry 
seasons (Johnson, 1979). Most of the samples collected from 
these shallow hand-dug wells indicate that the quality of the 
water is already degradee by the soluble evaporites in the area, 
The majority of the water samples from the Mudugh and northern 
Galgadud regions, showed chloride or sulfate to be the dominant 
anions. This indicates that recharge is poor, and t h a t  
groundwater movement is sluggish, 

In contrast ,  t h e  samples collected from shallow wells 
located at the base of sand dunes, such as the wells at Dumaye 
in the Xarraudhe~ze area, were very fresh (EC = 600 
m i c r o n i h o s / c m )  . Bicarbonate was the dominant ion,  indicating 
direct recharge from precfpit~tisn (Damenico, 1 9 9 2 ) .  The 
majority of the soluble minerals w e r e  presumably leached from 
the source material p r i o r  to the farmztian of the dunes. 

In a d d i t h a  to PrecpentPy being very poor quality, the 
water sa~pled from the Mudugh and nor thern  Galgaduud regions is 
highly variable. In most of the water samples from the 



Hudugh-Merca and Upper Daban aquifers, there was good 
carrelation between the samples collected from the  shallow wells 
and the snmplea from t h e  boreholas. T h e  most significant 
control fri the water ~ a l i t y  appeared ta be gsomorphic, rarher 
than depth. Therefore, recharge to these areas w a s  believed to 
be focalized, 

Recharge to the aquifers of the Jessoma and Auradu Suit63 
is probably substantially more t h m  to t h e  Mudugh-Merca and 
Upper Dab=!? aquifers. T>e Zessoma and Auradu Suites have 
extensive outcrop areas in the southern portion of the  Central 
Rangelands where t h e  mean annual pxacipi ta t ion i s  slightly 
higher, approximately 200 nm. In add i t i on ,  these aquifers 
presumably outcrop in the Ethiopizn highlands where substantial 
recharge from much higher precipitation levels is available, 
The water quality from samples ccllected from these aquifers was 
generally signifigantly better (ECfs of approximately 2000  to 
4000 microahosfcx). Although sporse, data indicated greater 
consistency. 

Annual recharge to the Mudugh-Merca and Upper Daban 
aquifers, assuming a five percent infiltratim rate and a 150 mm 
m a n  annual precipitation rate, is approximately 7 , 5 0 0  cubic 
meters per square kflo~etes. This indicates  that approximately 
20 cubic meters per spare kilometer per day could be removed 
without dist~rbing the groundwater balance. Because most ef the 
recharge in these  zquifers ap~eared to be localized, and 
groundwater in these aqi fers  occurs in isolated lenses, this 
type of regicnal analysis may be invalid for specific wells, 

In the regia~ of the  Shabelle flcodplain there is 
significznt connection betweex the riv and the gronnc~ater in 
L L ~ D ,  shallaw zllcvium. Recharge froxi 2- 2 r i ve r  to t h e  alluvial 
aqui fer  occurs during the w e t  seasr ,s and drainage from the  
alLuvial sediments to the r iver  uccurs dcring the dry seasons, 

Dae to the p a u c i t y  of eats, and the poor state of geoloijic 
mapping in t h e  Central RangePznds, only a genera?\ conceptual 
xodel cf t h e  groxadwater aovement i n  t h e  Central Rangelands may 
be attempted. 

The coastal fault rppears ra have a significant effect an 
ihf :  regional flow pa t t e rns .  The lack of water In wells drilled 
below sea level in the area between Ali.yabaX and Xarrardheere, 
less than 4 0  kilometnrs frcn the coast, suggests that the 
coastal fault zcts as a groundwater barrier. The extent of this 
effect, or even if the  fault is the cause, was not. able to be 
verified during Y l i s  pro jec t .  Nark tc better delineate the 
fault, a ~ d  to explore along its length could prove beneficial to 



f u t u r e  water-development planning* 

Groundwater in most of the Central Rangelands occurs in 
unconfined acpifars of the Miocene to Recent sediments, or in 
confined aquifers in the deeper Eacene sediments. The upper 
unconfined aquifers consist cf limestone, sandstone, and clay, 
w i t h  evaporite sections. Although their averall lithology is 
fairly uniform, individual strata grade and pinch out laterally. 
Infiltration from heavy wains forms discantinuous lenses of 
groundwater in these unconfined aquifers, Groundwater in the 
deeper confined aquifers, which originates from recharge at 
distant autcrapa, can be expected to move down dip through t h e  
aquifers, Hovasaent in t h e  unconfinsd 1sr:sad aquifers tends to 
be toward playas and basins. Based on the high salinities of 
water samples from these aquifers, movement must be relatively 
slow, and residence times long. 

Movement in the confined aquifers, such as the Jessoma and 
the Auradu, is expected to be down dip  toward the north- 
northeast .  Insufficient data prevents any guesstimates of the 
r a t e  of movenent in these fomations.  

Groundwater movement in the alluvium of the Shabelle vallev 
can be expected to coincide w i t h  river-stage cond i t ions .  During 
high flow periods, movement would be toward t h e  alluvial aquifer 
and during-low or dry flow periods it would be from the aliuvium 
toward the river. 

3 . 4 . 3  Discharge 

Discharge from aquifers identified in the central Range was 
not able to be quant i f ied ,  hawever, based an the few operative 
wells, it must be minimal, Sone water is discharged to playas 
and basins from the shallow unconfined aquifers, This water i s  
quickly evaporated. 

There are not many springs or known discharge poin ts  along 
t he  coastal c l i f f  areas. The spring near Jessoma discharges 
into a thin alluvial channel that surfaces downstream only to 
disappear after E relatively shorz distance as a r e s u l t  of 
evaporation and seepage. 

In s imarf ,  dischzrge i rcn aquifers in the CR can be 
regarded as minimal. IT tekes place through wells, evaporation 
from playas, and evaporation and seepage from springs. 

3 . 4 . 4  We31 Hydraulics 

A well is sinply 2 t'...hydrauiic s t x u c t u r e  which, when 
properly designed an5 constrscted, pennits the economic 
withdrawal cf water Eroz a water-bearing fornation." (Johnson, 



1975)- The hydraulic characteristics t n a t  are essential to the 
understanding and solution of aquifer problems and to the proper 
evaluation and utilization of groundwater resources axe 
transmissivity, s$oxativity, and boundary conditions. 
o f  these characteristics are dependent upon many factors 
includinj an appreciation of the hydrologic and geologic set t ing  
of the aquifer. Although many of the conditions precedent that 
influence an aquifer t e s t  are known, deviations from the ideal 
on which analyses are based and the limitation of tasting 
pmcedura generally prohibit precise results. This paradox may 
be stated another way. A l t h o u g h  numerous assumptions are made 
to enable a mathematical solution to an understanding sf flow 
condit ions,  some of the assumptions are never m e t ,  while others 
are only rarely observed. Nonetheless, formulas can be applied 
with success and t h e  xesultant calculated hydraulic 
characteristics can be useful f o r  most purposes. 

The information provided is presented in a format t ha t  will 
hopefully be understandzbie to the casual reader, and yet 
maintain enough detail to be af use to the professional. A 
glossary of terms has been provided for the uninitiated, and 
only a brief, if any, description is provided in the t e x t .  

Because of the emphasis on exploration and exploitation, 
less emgRasis was placed on the colfectfon of data for the 
determination of detailed aquifer characteristics. Wells were 
located sufficiently far apar t  and surface-water bodies were so 
few, that concerns for interference between wells or from 
surface-water bodies was non-existent. T i m e  and cost 
constraints were such t h a t  no observation wells were drilled to 
enable detailed aquifer tests to be attempted* Thirty-seven 
well tests ware conducted, however, throughout the  Bay and 
Cent ra l  Rznge Regions. Twenty-*do of these were tests of 
twenty-four hours  duratio3- 

Transmissfvity is a neasure of the volune rate of flow 
through an aquifer. It provides a means t c i  evaluate the 
potential contribution of the aquifer to a wall. If one 
envisions a rectangular sponge sandwiched between two glass  
plates, the amount of water able to move through a unit w i d t h  of 
that sponge would be a measure of it% transmissivity. 
Transmissivity is obtai~ed by graphical means utilizing semi-log 
or log-log graph paper. 

A 1 1  test dzta were plo t ted  on semi-log and/or on log-log 
paper. Semi-log s lots were analyzed using Zacob straight l i n e  
nethods, and log-log plots  ware analyzed usiw matching curve 
methsds. f3etailed descriptions of these methods can be found 
in a number of t e x t s  on groundwater hydrology). Log-log plats  



y i e l d  curves tb8t are characteristic of agyifer conditions. 
Three types of log-log curves w e r e  found; those tha t  
appraximated a t rJe  confined aquifer candition, those that 
reflected leaky artesian condftions, and those that indicated 
delayed yield conditfcns. 

Aquifer canEitians, or types, can also be described on the 
basis of the permeability of t h e  overlying materials, if it i s  
assumed that the bottom cf the aquifer is impermeable. No 
distinction between horizontal and vertical permeability will be 
made, but in general horizontal pemaabklity will be two to t e n  
t i m e 5  greater than vert ica l .  On the basis of t h i s  criterion, an 
aquifer that has overlying materials w i t h  relatively the same 
permeabfiity can be referred to as unconfined. If the overlying 
aaterials are less pewious than the nain aquifer, but 
horizantal flow cannu-- be neglected, the aquifer is 
semi-u~canfined. Often, overlying materials have some 
permeability, but horizontal flow can be neglected .  In this 
case the main aquifer is considered semi-confined. Where the 
averlying materials can be considered impermeable, the aquifer 
is referred to as confined* I n  reality no material is totally 
impervious, but for a l l  practical purposes the  amount passing 
through is negligible. 

ft will be noted that while referring to conditions with in  
the overlyins materials, the  aquifer is actually being defined. 
Althaugh the overlying materials are used for descriptive 
purposes, underlying beds may e x h i b i t  similar characteristics. 
These references are given other descriptions, such as leaky 
artesian fur semi-confined and anconfined with delayed yield for 
semi-unconfined. Delayed y i e l d  may also result from storage 
w i t h i n  an unconfined aquifer. Because of the  many variables 
i~volved, d e t e m i n a t i o n  of the transmissivity asing only the 
producing well must be viewed with caution.  The water- 
producing zone is not always completely open to a well, and the 
famatfans are definitely not honageneous. 

~ J t h o u g h  tests were performed on all potentially useable 
wePPs in the  CR, not a13 t e s t s  resulted in good data. Table 
3 . 3 . 2  lists those wells fo r  wnlch data are available. The test 
at Wzrgaloh was conductee with t3e HonoJLister diesel punp that 
was to remain in t he  well- This pump did not have enough 
capabilit? to stress the a q ~ i f e x  sufficiently to obtain 
a d d i t i c ~ ~ a l  tine-dxawdown values. A f t e r  five minutes of pumping, 
the water Level stzyed cozstant. This was f o r  a pmping r a t e  of 

1 11,Q m /hx. 

The aquifer test at Dhajimale resulted iz a t e s t  curve that 
co~Ld fit eft3er a delayed yield type  czrve or a leaky artesian 
c2rve, Volume V. Rn a r ~ n e c t  could be zade f o r  either sitcation. 





The ws13, is open to tlternati~g beds of sand and clayey sand. 
Depending upon the  pemeaSi l i t y  of tbe clayey sands, these may 
be contributing flow to the well. A calculatian of 
transnissfvity using the leaky artesian curves resulted in a T 
value an order of mzgni%uda higher  than when determined Eram 
delayed y i e l d  type curves. Geolog ic  conditions would suggest 
that the combination of events could oczur, nanely these could 
be delayed yields from the sand layers and there could ha some 
contribution fro% t h e  averlying sands, 

The resulting t e s t  curve fran t h e  test at Sud But? suggests 
the presence of an inpemeable boundary. Closer examination of 
the gelogy would indicate that dewatering of the Iimestane 
equifer was responsibie fo r  the sudden decline i a  water level. 

The SaddeL w e l l  tesz results  indicated j u s t  the opposite 
effect; a recharge baundary. Again examination of the well log 
helped to clarify ZAs situaZion. Tke aquifer  at the Saddel site 
appears to be the linestoce .c;::lt. The overlying sazds are the 
materials through w5lch recharge must pass, and no doubt provide 
storage when t3.e Limestone aquifer is fuL1. These conditions 
uauXd normally result in a delayed y i e l d  type af aquifer t e s t  
c~nte. Tt is therefare scspected that the re  was sone zesidual 
recovery t ak ing  place later in t k e  test period. There are no 
gealugic eondi59ons t h a t  xwou:d cause rapid  recharge respc-ye a t  
this wefi site. 

The wefl at C a l i  Tun displayed similar characteristics to 
that at Saddel; a delayed y ie ld  type curve resulted from the 
plotted t e s t  da:a. The geology dif fers ,  but the hydrogeology it 
similar, namely a water prgducing zone overlain Sy deposits 
capable of tra~rzirting sane flow. The T value f o r  bath welLs 
5s of  the saxe order of ~ a ~ n i t u d e ,  (Table 3.3.2). X t  is 
possible tkat the frrctured fi~escone a v i f e r  is the same far 
both ws3L~, kcwever, addi~ionsl boreZafs d a t a  would be required 
f c r  verificazion, 

* .  The veil z z  Xaradhere %as ~ n l y  tested with the bailer on 
the drill r ig .  Because t h i s  well was c p k r e  shalLow and planned 
only f o r  a hand pcxp, t h e  ~ s a ~ - r e s t i n s  crew was n o t  mobilized. 
The-bailer test fndicated t k a t  t h e  weir w a s  capable of producing 

So d a z n  existed, nor were sxfficient data able to be 
collected, frcz which za calcxlate srorattvity f o r  aquifers in 
t h e  C e 3 t r a l  Xangeiand, The average storzt~vfty for confined and -* m c o n f i ~ e d  scpifers of 12 a-5 0-2 restectively (Lohman, 1972) 
are adeqaate fcr ECY req-:ired esti-ates. The sparsity of wells 
in t k e  C e ~ t r a T  R;z2e rez2ez-s this parazetex sosewhat academic at 



this time. 

Stora t iv i ty  may be of concern f o r  the basalt aquifer if and 
wher, iZ receives more intense devefopzient. The same applies to 
the coastal dune aquifers if a, program of harizontal .  wells or 
infiltration gakleries is implemented. 

With the exception af t h e  w e l l  at Btd Bud, none of the 
weirs t e s t e d  exhibitad any boundary effects. Likewise none of 
the observed hydrageologic conditions would suggest the presence 
of boundary conditions in the Central Range. The data frmn the 
w e l l  t e s t  at Bud Bud indicates  t3e  presence of an izipenaeable 
boundary, b ~ t  this i s  mere likely a resulr o f  water level being 
drawn down below t3e producing zo~s. 

The water quality in the Central Rangelands, as is typical. 
o f  ar id  lands throughout the world, is generally very poor. Tfte 
pcrer quality of the groundwaters i n  the Central Rangelands is 
b%r to a variety o f  reasons. One reason is the slow circulatio.: 
times in t h e  groundwater r e g i a a ,  and the resultant increase in 
e3e exposure tise of the grcund~ater to soluble minerals in the 
fomatisns.  A ssrsnd reasan is eha high evaporatfcm rates whf?h 
tend to cancentrate sa l t s  sn zhe sail surface. Theae salts a i s  
eventvaliy flushed snto the graundvatsr. A third raason is tho 
exposure of the  groundwater to the extensive soluble evaporite 
depos i ts :  these  are prevalent i3 zhe C e n t r a l  Rangelands. 

fn the deeper aqxifers, the high salinity fsvels are the 
result  of OissoZution of sd-&le evaporite degasits, In the 
shallower aqdifers sa l l? . i t ias  probably result from the 
concentration of salts i n  fke aerafed rune o f  the soil profile. 
Salts are Peached dorzward during tks rains, and are '?unped*# 
Sack upwards by capiilary action during t ke  dry seasons: thus 
concei, trating t h e  s a l t s  ir. tho aeratec! zcne, Shallow hand-dug 
wells tapping n ~ d i f e r s  i n  zhese + m a s  frequently  encounter 
saline water. 

Generally, it is the q d a l i t y  ratker thaz the quantity of 
available groundwater ir: the Central Rangelands which limits its 
~tilization. The ZZtr2e wazer-qaaficy data available in the 
Central Rangelaads are poor. A significant problem in 
understanding water quality ir. the C e n t r a l  Rangelands on a 
regional basis is tbar. the available data are strongly biased in 
fhe directf on af f avarabLe uater, This is because, 
histcrically, when tore:?o:es have encouzrared saline water, the 
wells have See: ebzzdo~ed and Czeq~enz ly  backfilled before any 
data are recorSe6- 



Although there are ins~fficient data to c o n e ~ c t  statistical 
analyses of the water p a i i t y  i n  tha Central Rangelands, an 
attenpt was made ta define water-quality regians. This 
informatian i s  presented in P l a t e s  18 and 19. The regions are 
preliminary, and should be adzustad as more wells are drilled 
and data collected. A high pr i a r i t y  should be placed on 
coflectfng water-quality data in any future groundwater- 
development work in the Central Rangela~ds, 

The CGDP concentrated zctivitles fc t h e  p r f c r f t y  districts 
established by the CRDT. These districts are; Hobyo, Ceel 
Dheare, and Ceel Bur, located i n  the  Mudugh and Galgadud 
regions. AdditionalZy, sszples were callected from existing 
borehales throughout the Cenkral Rangelands. Results  o f  the 
water-quality szaplicg are disc~ssed by -egian below, 

Water Quality iz the Mudugh Region. Four gsumorpbol~gical 
canditfans occur fn the Mudugh regioz, ;Figure 3.3.5). The main 
plateau consists of limestone and sand sheets or evaporite 
deposits. The ceastal plain consists of active sand dunes and 
the transition zone between the coastal pla in  and the central 
plateau consists of stabilized sand dunes. With the exception 
of the f e w  wefhs in the Mudugh region which penetra te  t~ the  
Eocene Oomations, the  water p a l i t y  appears to be related to 
these geoaorphalagical a, '*'eas. 

Groundwater occurr ing  in the plateau area between Galcayo 
2nd Kobyo 5s  gezeraily moderately saline. Specific conduct- 
i v i t i e s  fron bcrehole sragies range froz approximately 1,200 to 
9,000 micromhos/cm with an increase towards the boundaries cZ 
the geororphologica; unit. Sulfate concentrations are generally 
~bU-.'4 5 , 5 0 0  1 ,  b"3t appear to decrease in the northern 
 arti ions of t3is region [indicated by the lower sulfate  
& 

con~entrstions at Jerr fban,  8ali Busle, and Bitale), The 
czntro3Ping lacto- in water p a l i t y  for t h i s  region appears to 
be t h e  presence/absence of s o l u b l e  evaporlce deposits. The area 
between GaPceya a ~ d  Xobya, oxtskde tke l i m i t s  of the evaporite 
units, will produce, locally, merglnal-quality water. Good 
prospects for fresher wazer occur to the north of t h i s  region, 

Groundwater o c c ~ r r i x g  in the evap~rite area in the Mudugh 
region appears, fro3 t h e  scant info+m~at ion available, to degrade 
as the water moves fron t%e western boundary towards the e a s t .  
The three boreholes i z  t k e  easterri ~ o r t i o z  of this region, 
C o l p l a ,  Afgaduu=?ie, zr,d Yamaarzgle, all contairi poor water w i t h  
high concsntxatlozs of ssLfates  a ~ d / c r  ch lor ides  (Plate 18). 
2he abunda~ce of evay;srfts de_sosits i~ this region will make it 
~ ~ . C C I  LSA,ult ?.-( to Locate usable xa te r .  Relatively fresh water has 
Seen f o u ~ 2  in t h e  western porticzs af t h i s  region. 



Groundwater cccurring in the coastal plain and the 
kransition zones is of highly variable quality and appears to be 
controlle by loca3ly occurrinq can&itfans of evaporite deposits 
end pzoxtaity ta the coast. Salt-wa%sr intrusion occurs in the 
coas4:al wells when they are uvesproduced, Sodium and chloride 
axe the domina~t ions in a i l  sf the water samples collected from 
the coastal plain,  

best-quality water i n  tha M~izdugh region 9s t he  water 
groduc&d at the base of sand dunes (such as Damaye). The 
de~elopaent o f  this resource, however, presents scobogical 
problems with mcbilization af the sand dunes potentially 
resuLting fro= ovesgrazfng- T3e ether consistent source of 
good- quality w a t r -  in the Mudugh region is beneath the Trap 
series basalts .  O:,,y ane wsll in the Wudugh region is born to 
have tapped this aquifer; the we13 a% Wargaloh. A high priority 
should ba placed on mappifig this aquifer fa order to plan a 
groundwateu dsvalopaers"c sCratsgy for t h e  Mudugh region. 

Water Quality in t h e  Galgaduud Regfax. The brazer qaality 
in the Galgaduud region follows the came patterns as in the 
Mudugh. There are  four geomorphologf-a1 types in the Galgaduud. 
Tbe cen t r a l  and western portions of t r i e  Galgaduud axe covered by 
evzporite deposits which axe surrounded to the north and south 
by limestone and s ~ n d  sheets, In the  eastern part ion aP the  
Galgaduud are the stabla sand dunes of the transition zone and 
the active dunes of t h e  coastal ploin. Water quality 02 the 
broad plateau cf sand and limestons in t h e  northern portion of 
the Galgaduud is essentially unkrlown. 

Water i n  the evaporite region around Csel Bur is very 
saline, and doninated by sulfate ar,d chloride. Fresh w a t s r  can 
be developed in t h i s  area beneath the basalt  in cos;fined 
aquifers occurring in the Jessoma and Auradu Iomations, water 
occurring In the upper unconfined aquifers is frequently very 
saline (specific conductivities frequently above 6 ,000  
m i c r o d o s / c m )  with sulfates and chlorides being the dominant 
znions. Water from the  confined aquifers below the basalts 
(sampled at D h ~ s a  Xareeb and Ceel Bur) had specific 
conductivities below 3,OC3 ziicrorri,~osjcm a ~ d  sulfate levels below 
500 Z I C J / ~ .  

The water q d a l f t y  in the transition zone between the 
coastal plain and the c e n t r a l  plateau is relatively good, 
Specific conductivities range E T S ~  2,500 to 6,000 micromhas/cm 
and sulfate levels axe generally below 1,00Q m g / l .  Relatively 
fresh water is generally faursd In this regior, at depths between 
60 and 90 meters. 

The w a t e r  qualLky on the coastal plain. in t h e  Galgaduud 
region is variable, but usabie at depths of approximately 50 



meters - The water i s  generally below 6,90D micra~bes/cm 
specific: con&zctar.ce and is dominated by sodizn and chloride. 
-sun deposits are presezt in the ssta?,Z c l i f f s  at the edge of 
the coastal p la in  and water produced near the  boundries of the 
pla in  m y  5s adversely affected by sel:r;ble evaporitas. 

Essentially no data are avsflable from %be southern partion 
of the Ga;qaduud, only one well, Moqokorf, has been sampled 
fron this ragio~. The watarr from this welt, was relatively fresh 
w i t h  chloride being t3e 8aainant anion. Xt i s  presumed that 
this well, and +he nearby ue:l ot Xare Ari are praducing water 
from the Sesscsz sandst~ne~ It is probable that. relatively 
fresh water may be found in the Jesssma and A.ilradu r"aAmations at 
relativeky shallov depths the sou the rn  partLon af the 
Gslgsltduud, 

Hater Qual5ty i n  2ke Hiran Regim. The Eiran regian i s  
caspavsd of t w o  ge~moxyhalogicai uzlts,  h e  b ~ o a d  a%nd and 
li~estone shaat in the port3ern porrion and shab313e 
fXcmdplain in the southern region. 

Yhe water qtfzlity in the northern p ~ x t i o ~  of the Miran 
region appears goad w i t h  a s l i g h t  tendency, as in ehe other 
rrgions, kc degrade towards the east. The water is d c ~ i n a t e d  by 
s a d i u ~  and chloride, and sulfate levels are generally below 
1,000 sg / l .  The Jessoma ar.d Auradu formations outcrop in shis  
region acd are cansf&zr:3 ta be a gsod t a r i p<  ?at v ~ % - -  ,. c E?: 
development in t3e future. A sprjng occurring Pn t he  Jessoma 
Sandstone near the village af Jessoma produces water with a 
specific conductance of 2 , 3 0 0  ~ l c r o ~ o s j c ~  and only 200 mgjl 
sulfate. Artesian water prod-&zed fro= t h e  Auradu Lfmes t sne  at 
Cee5 Bur was relatively fresh (specific car;ductance of 1 , 9 5 0  
~ icr s~~ ,has fcw)  and c o n t a i n s  Less than 200 mg/l sulfates .  

The water occurring fn tbe floodplain o f  the Shabelle river 
is gene~ally gocd w i t h  a sligh? tendency to degrade downstream. 
This amifer fs prabably in c o ~ a u n i c a t i o n  wieh the Shabelle 
r i ve r  and is a reliable sozrce of good water. The naturally 
occurring qrcundvater, .leglecting r i v e r  infiltration in this 
Erea, is poor due to t5re preserrce of grpsifsrous sediments; 
specific conductances are appraxinately 6 ,QCo micronhos/m. The 
s2scific conductance oE the waker f r ~ m  %he Shabelle R i v e r  
nzasuze8 near Beled Weyne ranges fron 500 nicro*ss/cm to 2 , 0 0 0  
nicronAas/cm from the vet to the dry seasons respectively (GXW, 
Z S S 3 )  a Mineralizaticz in t h e  groundwater increases w i t h  the 
distance away Pro3 the river acd exploitation of tbe graun&dater 
shoufd be pf~nked accordingly. Generally The alXuviurn in t3e  
flooSplain of t h e  Shabeile nay be cogsidered as a reliable 
source af qood-q2aLity va te r .  



3.5.1 Water QuafXty Criteria 

Zntematio-31 Water Quality Crizeria, as established by the 
h%O (WurXd Seafth Orgaaf z a t i s n ,  9 axe f xeqdently asxceeded in 
the C e a L r a l  Rangelands. These criteria are, howevau, primarily 
aes*stic rather than health-re3atad Eow the  atajar ions 
analyzed* T3e cul-rently accepted water-quality criteria adapted 
by the WDA for utilization by the CGDP are lf~B@& below: 

UtilZzatian Specific Conduczancs chloride Sulfate 
nf c r a i & ~ s / ~ m  W/ 3, 

*faerccntaga -. of curtectly utilized wel ls  3 the Central 
Raagelands which Deet t h e  stated criteria, based on 28 samples). 

F i e l d  absemratfons have shavn t k t  t%e pastoral p~pulation 
af the  Cevtral 2angelnnds w i l l  partially accept water for 
domestic ~ti,baaticn w i t 5  specific conductance of up to 8 , 5 0 0  
%icrv&ss/c~- T s s k e ,  the  primary criteria i n  b c a l  usage is 
affected nosr stroz~ly by sulfate content. A t  levels exceeding 
500 m g J 1 ,  sulEztes lmpart a b i t t e r  t a s t e  to the water. 

Specific cals.ductarice, while an easily measured field 
parazeZes, i s  not  a very u s e f ~ l  criterion for water  quality in 
t h e  Central Ranqelands. Total dissolved solids do not correlate 
oell with specific co~ductance.  Water in which sulfate i s  a 
doainant i o n  w i f k  have a nuch hig9er specific conductance than a 
sadiu~-chloride water can ta in i r -g  the szxa aoount of total 
disscrlved oo3lds- Fkqpres 3.3-6 and 3-3-29 show the relationship 
between specific co~buctance and tots1 dissolved solids for 
sulfate and scdlum-chloride uaeers respectively. The numerical 
reletionships are as foXlows: 

Dominant A3lsn 

In praczice it Xs difficult, if ask Impossible, to control 
water utilization i n  the Central RangeEa~as. Water utilization 
2 related to uater a v a f l a b f l i t y  more than ta anything else. In 
G,gT Harreri e Dheeze District j water with a specific 
conductance of 4,200 n i c f ~ x % a s f c ~  and a s u l f a t e  content of 882 
sgJl is ~ o t  used for  drinklrtg due to its b i t t e r  taste. Wells 
containing swee%er water located l 3  and 30 kilometers distant ,  
at Garable and 3acar res>ectfvely, are preferred. In Bud Bud 
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Figure 3,3.7 TDS vs EC CHLORlOE - DOMINANT ANION. 



(Bobyo District) water w i t h  a specific conductance bf over 9,000 
micromhosfcm, a sulfzte concentration of over 2 , 5 0 0  mgJL, and a 
very b i t t e r  taste is cc?~,xicn9y conscmed due to t h e  unavaifability 
of an alternative water supply* A t  Xindheare ( C e e l  Bur 
District) w a t e r  f r o m  a WDA bcxehole with a specific conductance 
of 16,000 microxLh,os/cm is occasionaX1y utilized fo r  l ivestock 
watering i n  the dry  seascns. The c r i t ~ r f ~ n  utilized fo r  water 
cnnslrrngtfon in the Central Rangelands will ccntinue to be loca l  
acceptance. 

The decision to caxplete or abandon a borehole in the 
Central Rangelaz~ds should be made on a site specif ic  basis. In 
general, any bsreholes in areas where water is in short supply 
encountering water w i t h  specific conductance of less t han  10,000 
micxonhos/cm should be completed. 

Xt was beyond the scope of this p r o j e c t  to investigate the 
resulting health effects of the groundwater encountered in t h e  
Cen t r a l  Rangelands. No dzta were found in the available 
literature that iridicate adverse health effects woald r e s u l t  
fron Long-term consumption of high TDS waters. It is reasonable 
to assume, however, t h a t  some ex is t .  Further research into the 
effects of long-term consumption of high T D S  k~ter, and in 
particular high s u l f a t e s ,  shculd be conducted. mown health 
effects cZ some constituents m e  described i n  Section 3.5.2. 

3.5.2 Special Problems 

The extremely paor water quality f r e q u e n t l y  encountered En 
the Central Rangslands presents several specific problems. 

- T h e s e  inclsde ; screen Fncrustation/corrosion, drilling, 
construction, and health problems. 

Incrusta2fon/Corrcsion, Ketal screens and pumas used in 
wells nay be subjected to deterioraticn resuiting from paor 
q a l i t y  vater. I n c r u s t a t i o n ,  t h e  depcsition and accumulation of 
minera l s  an t h e  we13 screen openings, and corrosion, the 
dissolving of m e t a l  materials, are t w o  cornon problems, Both 
cause reduced well e f i f i c i ency  or total failure of the well. One 
widely used method ~f evaluating i n c r u s t a t i o n  or zorrosion 
potential is by m e  of rke Ryznar Saturation Index fRSI) 
(Campbell, M.C an6 Lehr, 3.3. 1973). The RSZ is based on the 
calcium-carbonate saturztion a>d is deperident on the total 
dissolved solids, t k e  hardness, and the  pH of the water. In 
general,  a R S I  of less t k a z  7.0 i n d i c a t e s  t + , a t  "the water has a 
tendency to be Ixcrusti~g, and a XSI ~2 greater  than 9.0 
indicates a tende~cy f o r  corrosion. F?yzTar Index values were 
calculated for a11 of t z e  saaples ccllected from bsreholes 
completed by tkis p r o j e c t  in t k e  C e n t r a l  Rangelands. These 
valxes Ere prssented iz TabLe 3.3.3, 



---------------------------------------------------------------- 
TaSLe  3 . 3 . 3 .  Ryznar: Index Values for Central. Range Wells --------------------------------------------------------------- 
Well No. W a x %  Name Ryznar Index Casing Type 
------------------------*----------*-------*------------------- 

CR67 gargaloh 7-10 Steel. 
CR7 2 Afgaduudle 6 . 8 8  None 
CR7 8 Dha j bale 6 . 7 0  Steel 
CR8 1 Bud Bud 6.74 PVC 
CRS 2 Saddal 7-25 PVC 
CRS 9 Xarrardheere 8-03, PVG 
CR9 3 Cali-Tun 6-61 Steel 

- - -111-- -* - -1- - - * - - - - - - - - - - - - * - * - **C*C*C*CI) t t t3-* . - -~~-- - - - - - - - - - - - - - - -  

The use of plastic (PVC) well casing in waters which have a 
corrosive tendency should alleviate t h e  corrosion problem and 
irrcreaa~ she l i f e  of the well. ( T h i s  was not done at Wargalcih 
due to the depth of the web1 which was beyond the limits at 
which plas t i c  casing can be safely used). Corrosion problems in 
the  C e n t r a l  Rangelands wi:l tend to be amplified by the 
relatively high temperatures of t h e  groundwater, (over 3 0 O ~  in 
all samples collected). h e  high tez'peratures reduce the 
viscosity, and thus inerease %he diffusion rate of oxygen. 

Plastic we31 casing should be usad,  where possible, in 
Soreholes ~ ~ m p l e t e d  in the Central Rangelands. Incrustation 
problems nay result even with plastic casing but, can be 
alleviated somswhat by proper velL ma~agement, Due to the 
pressure change (drawdawn) which is necessary to make water flaw 
into a well, dissolved carbon-dioxide is released from the water 
causf~g carbonates, primarily calcium-carbanate, to be depasited 
around the well intake area. Proper well development and well 
management, 1.e. minimizing Icixawdown, are the most effective 
measures in prevent ing incrus ta t ion .  

3rilling Makeup Water and Concrete. Huch of the w a t e r  
available in the Central Rasgelands is of substandard v a l i t y  
for efficient utilization as makeup water for mixing drilling 
fluids. High total dissolved solids and relatively low p H  
values w i l l  result in excessive amounts of bentonite required to 
achieve proper drilling-mud viscosit ies .  Water which contains 
more zhan 5000  m g / i  of total dissolved solids should be avoidez 
when D O S S ~ ~ ~ .  men it is necessary to use saline water fo r  
mixing d r L l i n g  fluids special drilling muds designed for saline 
water, such as Quik-Trol or Quik-Mud, should be provided rather 
than c~nventional bentonite .  In addition, soda ash should be 
routinely used tc reduce the hardnsss,  and %o d e v i a t e  the pH of 
the zakeup w a t e r .  Sufficient soda ash should be routinely mixed 
to keep the pW of t h e  drillfhg xdd between 8 . 0  and 9.0, 



The high total dissolved solids and particularly the high 
sulfate content will have an zdverse effect on t h e  strength of 
cement made w i t h  this water. Saline borehale water should be 
avoided .when constructing pxmp bases and c i v i l  works at 
borehales in the Central 2ange3a~ds. 

Adverse Realth Effects. As previously mentioned, the 
adverse effects of lung t a m  zsnsuxption 32  high TDS water are 
unhokn* The effects of s u l f a t e s ,  flourides and nitrates are 
however, f a i r l y  we11 doc~roented.  S u l f a t e  imparts a bitter taste 
to water at concent ra t ions  in excess of 500mg/f, and tends to 
have a laxative effect at coricentrakions greater than 1,00Owg/l. 
Although it appears t h a t  the local population has been able to 
adjust to sul fate  levels as high as 2,900 m g / l ,  f u r t h e r  research 
should be c~nducted on the long term effects of consuming waters 
w i t h  high concentrations oE sulfate. 

Flouride was not one of the ions routinely analyzed in t h e  
Central Rangeland sanpling program, but during the i n i t i a l  
~ h a s e s  eE this project 19 saaples w e r e  analyzed fox f louride.  
An additional 19 samples were analyzed for flouride by GTZ in 
1982 (Table 3.3,45. Flouride concentrations above 1.5 mg/l  have 
Seen reported to cause mottling a f  the teeth, and flouride 
concentrations above 3.0 ng/1 have been reported to cause 
skeletal fluorosis, (hXO, 1973). Fifty percent of the samples 
analyzed ccntai~ed flouride concentrations above the 1.5 mg/l 
level recornended as t h e  %aximum permissible concentration by 
€ 3  Because the water cons*m?tion of the rural population of 
Somalia '.s relatively low, a higher  concentrat ion may be 
acceptable- P ~ r t h e r  investigation i n t o  the flouride 
concentrations cf groundwzter in the Central Rangelands should 
be conducted. 

Nitrates were not rs~tinely analyzed, but 31 samples 
from the Central R a n g e l ~ n d s  were analyzed during the early 
phases 02 Zhe p r o j e c t  (TdSle 3 . 3 . 4 ) .  Seven of the samples 
ccntained nitrate levels in excess of t h e  10 mg/l level 
recoxmended by k",-IO. Kitrztes are a d i r e c t  resu l t  of 
co~taninztian f r o n  domestic or 2nLmal excrexent. 



--------------------d---------------------*--*-------*------*-* 

T a b l e  3 . 3 . 6 ,  NLtrates and Flouridas fn The Central Rangelands 
-------*--------c----m--------------------e-----------*-------- 

-weation Date NO -14 f Source 3 rag\ 2 mg/'l 

Qardu 1 1 4 . 2 . 8 2  7 2 - 3  Drilled Well 
Qarda 2 f4,2,83 7 2 . 3  Drilled Well 
Qasdo 3 1,4.2,85. 10 2 . 4  Drilled Wsfl 
Halin 14.2,82. nd . 2 . 8  spring 
Garowe 15.2.81 nd . 3.0 Drilled Well 
Garowe 15.2.83. 1 1.5 Rand Dug We31 
Burtinlet 16-2-81 2 2.6 Drilled Well 
Buriqap 3 6 - 2 - 8 1  0.2 2.7 Drilled Well 
Calcaya 16.2-87, 2 2 . 7  Drilled Well 
Wotel Bulsho 1 6 . 2 . 8 ;  16 3.0 aand Dug Well 
Ghelinsbr 1 16.2.81 6 1.8 Drilled Wall 
Chelfnsor 2 16.2.81 5 1.7 Drilled Well 
Cadado 16.2.81 4 1.9 Drilled We31 
Godinlabe 16.2.81 nd . 3 . 3  DriXled Welf 
Dhusa Mazrb 1 16.2.81 8 0.8 Drilled Wall 
Dhusa Mar'b 2 16-2-81 c 1.2 Drilled Well 
Awsweyne 17-2-81 0 - 2  2.2 Drilled Well 
Galacad 37.2.81 5 1,6 Drilled Wall 
Mareer-Gur 5 - 4 . 8 2  7 0.5 Drilled Well 
Godinlabe 5 .4 .82  7 0 . 3  Hand Dug Well 
Cadada 5+4.82 5 0.8 Drilled Well 
She1 insor 5.5.82 23 - Drilled Well 
Gowlallo 6 . 4 . 8 2  16 0 . 8  Drilled Well 
Qarqaie 6 + 4 . 8 2  7 1.8 Eand Dug We31 
Gana Falle 8 . 4 . 3 2  8 f . 4  Eand Dug Well 
aalli Busie 8 .4 .82  0,2 C. 8 Drilled Well 
J i r i ban  9 . 4 - 8 4  1_3 6.2 Rand Dug Wall 
Ceel H a m e r  9 - 4 - 8 6  - ? 3.3 Hand Cug Well 
Gazcado 9 4 .  S 2  4 3  0-3 Hand D u g  Well 
Hobyu 10.4.82 51 1.7 Hand D u g  Well 
Xarrardheere 10-4.32 4 0 . 4  Hand Dug Well 
noqokor i 9 . 2 . 8 3  - 0 . 4  Drilled well 
~hebellf 2. 53.2.83 - 0 . 5  Surface Water 
Bugde 1 10.2.83 - 2 . 7  Hand Dug Well 
Brrgdat 2 10.2.83 - 2.5 Hand Dug Well 
Aborey 9.2.83 - GI 1 Drilled Well 
aufo B e r t i  9 . 2 . 8 3  - 0 . 4  Drilled Well 

_____CI_______11___-------------------------------------------- 



N i t r a t e s  are consider& to Se a hezlth hzzaxd  to infants, and 
2ossibTy to older chffdrez, i f  they are present in drinking 
wBtp_r  at c=ficentratio,-,s greater  tSan 4 5  m g / I ,  (FrTU, 1971). 
Samples collected from hand-dug w e l l s  at Garcads and Hobyo 
contained 43 and 51 ngpP respectively, Rehabilbtati~a af  these 
wells and the  impi&~antatfon af health standa~;Jua should be 
izposed. As i n  the case of sulfates, higher concentrations of 
n i t r a t e s  say be tolerated but are definiteiy no% recoznmended. 

3.6 Civil Kaxks 

No construcxLan 0 2  c i v i l  works was started in the Cent ra l  
Rangelands during the prcject period- The CRDP with assistance 
from the CGDP, cc~pleted a design for civil works to be 
ccmstracted at wel3 .  sites  having motorized puxnps.. Plans and 
specifications with  a aaterizks list were provided to the  CRDF. 
The plans called f a r  construction of 4 8  cubic meter starage 
tanks in addition to donestic and a3imal watering facilities. 

Without benefit of completed civil works, the current 
pracrice is for u%fl .%zar ion  of t h e  ~ u d  p i t s ,  ccnstructe& during 
tbe d r i l l k g  operation, as water storage and distribution 
Eac iL i t ies .  The watering is accoxpfished seiatively efficiently 
buz pollutic~ problezs are  r a q a n t -  It is recamended that a l l  
boreholes ccxpleted with diesel pcnps be fitted with civil works 
as soan as possibLe. 

An ~ d d i t i o n a l  object ive ~f the civil-warks construction is 
+ -  ,- provide scme storage i n  r t e  event ~f pcmp failures or fuel 
skortages . A n  assesssezz cf :he amosnt of t i m e  required to 
sexvice eqxfpnent, anejar r o  supply fuel  to the remote locations 
j.n m e  Central RangePa~ds, renders this p~rposs absolete. 
C i - q i l - ~ ~ r k s  ccc;‘f+ ,, c,L ,L l~n F T - +  ' i p i  C ,he Central Rangelands s h o ~ i d  

> .  therefore ccxcezrrete an p r c v l d l n g  a kygenic system of water 
supply. 

~ ~ - 7  +:2 ~ivlI-%crks ~ c c s r r - s c t k a ~  undertaken for hand pumps 
S ~ Q I ~ L ~  be zi~izal. r-:e ,, ~ r i . z ~ r y  consfde'tration should be to 
p r w i d e  sa3 i ta ry  ccndftiozs arcund t h e  yell site.  

2 G Z - E  cizcz:zs:ar,ces t h e  selecti~n of a pump far a 
well is based on the antlci2ate2 yield cf t k e  we31 and on the 
zurpose for wsick t k e  T 7  eel: '" xas constructed, Normal * 

cizcmstar~ces a r e  -,hose wkere -,2e F ~ c z s  desired are readily 
o\-sllable i r r  a s h ~ r s  perd~d of %?ze. 2ecause p r o j e c t  operations 
require advance pcrchases, 3ecisia::s kzd to 5e made we13 in 
~dvance .:,E intended xser and %ithock benefit 05 firm data. The 
puzps ordered f ~ r  instnl:~tion 2 3  wells completed during t h i s  
~ r a j e c t  were oreered on = h i s  basis. focr types of pumps were 



obtained; F.and p u p s ,  direct-drive diesel  pumps, submersibXe 
p*aps,  and wind pwps .  T h e  discussioh of pumps that fo3lows has 
Seen divided inta  three main categories, hand pumps, matoxized 
pumps and wind puapls. 

3 -7.1 Hand Pmps 

Kand p-~nps, as the name implies, move water by manual 
operation. Hand pumps were sometimes referred to as 
reciprocating pumps because they involved an up-dom motion. 
The hand pumps obtained fo r  this project are, however, 
nan-xeciprocat~ng* The principle of operation fo r  these pumps, 
t h e  Moyno by Robbins and Myers, i s  the helical screw or rotor, 
This rotor turns ins ide  a molded stator and causes water to move 
upward, The main advzrrtags of t h i s  type of hand pmp is t h a t  it 
requires virtually no maintenance. 

The models ordered f ~ r  'the project were the lv22, designed 
for  s i n g l e  person operation for  lifts up to 4 5  m, and the 2vl2 
far two pereon aperation f o r  lifts up to 90 m. Unfortunately, a 
factory defect in the s h a f t  construction has caused most of 
these pumps to fail s h o r t l y  after installation. The company, 
a f t e r  considerabie delay, has provided repair k i t s  for these 
purcps , 

Additional requirements of hand pumps Ted to the  purchase 
3 E  Munu pumps. Nono was tSe inventor of the helical rotor pump, 
however, until recent ly  :hey were roade only in England and were 
not  elxgible under USATD regulations. These pumps have the same 
lift capability characteristics as the Robbins and Hyexs pumps, 
At t he  tine of report preparation, these pumps were nut yet in 
cauntlcy- 

Qne other type of ha3d pump was installed during the 
project;  the India Mark 13. Tdc of khese pr;qs  w e r e  provEded as 
demonstrators by Export Trading Co, of Nairobi* These pumps are 
the basic reciprocating-type hand pump that has been 
successfuify used in zany ather African countries- The main 
Ceature of these punps is low cost, and potential fo r  being 
locally manufactured. The disadvantages are a lowe- lift 
capacity, 60 Deters, and =ore Srecpent maintenance requirements. 
-The maintenance reportedly can 5e condccted locally. The t w o  
pumps prwided were installed In the Say Region. 

Hand pumps gazerally have not Seen well received in the 
project areas where users prefer motorizecl pumps. Reports from 
oL3er water Oevelop~ent projects,  mostly refugee relief, 
indicate t h a t  hand pcrnps are being accepted. The early 
Sseakdowns on %hose installed by the project may account for the 
LzcR of user confidence. 



Hand ~ t l ~ p s ,  znd especially the kelical ro tor  type, are 
recacmended. Although more expensive h i t i a l l y  when prapez3y 
received and icstalred, zkese puxps should octlast all ~thers. 
T t z  main featxre of there puzcs, nc izaintenance, is a ma9ur 
reason for the rec~xnendation. During tk2 five years of the 
project, t h e  general lack -ST %aintenance on all equipment was 
fmdn8 to be a cri%fcaf problem- There woliid not appear to be 
much prospect for change in the near fc ture.  

"wes  of zzlar;zed Fdmps were puschased for the TbE-0 h i *  

project, direct-drive diesel pumps and submersible pumps. The 
Zlrect-drive diesel punps are those ~axafarturad by Mono pump 
and operated by Lister diesel  e3gines. These p u p s  were 
puzchzsed far pe=anent fnstt?latim at selected well sites. 

Stainless-steel Grzn5fos sskaersibLe pimps were purchased 
fez &e as tes2 p x q s  or. ~ e x l y  completed wells. These pumps 
caul5 also be csed as pe=zzext pcxps b u r i ~ g  an emergency 
sltuatia: 

Eons diese2-dr:ven 9:zps were selected fo r  installation at 
high-yie ld  well s i L e s  wirn hxzan e ~ d  animal populations large 
enough to req~lre one. These puzps have the same helical 
rotarpstatar  deaigs as t h a  Moxo hand pumps, but are capable of 
~ ~ o d u t i n g  m e r e  water at grearer depths. Depending upon motor 
s ~ z e ,  't3ese ~ G E I ~ S  are capable of sorer lifts from 150 m -  

TLe Cirect-3rPve diesel  engise was selacte6. for i t s  ease of 
operatior,, lou z ~ l n t e n a n c e ,  and cs~paratively Tow cost.  In many 
cases szbnersl5ie pmss wculd bzve been preferable, however, 
?over scpplFes a r e  n c t  &*milable  at xost sites and diesel 
generators voul3 he r e q ~ i r e 5 -  T3ess are more expensive and - r e  r e  zaiztena~ce to keep operatizg properly. Another 
aevaxtage of +L e 5iese4-operated u pump is that the 
rotar f stator a ~ s e - ~ l > -  Ls L ~ r e - - ~  ,,,angeabLe w i t h  t h a t  of the m o m  
haxd  zap. El7 szazciaxdlzing t he  malor pumps and hand pumps, 
~aintenancs cf s2ere parts  can be kept  az a nininum. 

Two Grt: t , lZos ~ t a i rLess -~ izae ;  ?caps, a C C  hp and a 20 hp 
vere purchased f s r  cse primarily . a as  tasr pumps. Subaexsiblc 
2az;s were chosec e s~recc-drive dm?-wel l  Y t u r b i n e  puaps 
becazse of tSe eose of I~szz11ztiez. 3eep-well turbine pumps 
xeqz i re  :ore uar2 ar.3 Slar.J?zg 2 kotb transpozt and 
Insta2lasicn. 7he -7aZ c~zcii:iozs zzd r k e  teckzlcal ability of 
=kE cxe*ds ~ * . > W F X C "  ,, , ,.., i ,,.s w+--  ,a~,at:c:: - * SZ s=~Szersikle pumps. In 



addition, deep-well eurbfze pusgs raqdira that  the wells i n  
~hich they are insrn3led be plu~& ChrcughQuPs the length of 
installation. SubnezsibZe p u x p  are nore fofgivSng in this 
respect, 

The Crundfus stainless-steel pumps a r e  three-phase having 
fro= 7 to Z Q  stages. The aumber c f  stages reflects the heads 
agaizst which the pamps are capable of operating, This includes 
deplh belaw wzter :eve1 to the highest  paint of discharge- 
Genera tors  were aaunted on ear3 of the t w o  pump installation 
rigs i n  conjuactioz with cable reels to enable thcse pumps to be 
operated Exom m e  vehicle. 

3 - 7 3  Wind Pumps 

wind puspt, o r  zcre c o ~ m o n l y  vi?.dmills, gained increasing 
interest a3 the project sat-  red- T2is was due primarily to the 
realization that fuel to =perate the diesel p:xmps was going to 
Se a cantinual problen i n  Sozalia. 

Hindmilla are r,ot new TO Soaaifa, b.-* H L  Rave suffered the 
same f a t e  as xost  ~ecknzical ecpfynent, nanely, lack sf spare 
parts to keep the3 aain=afned. Other deterrents to the 
wiaespread use of wiadaills have been the  high cost to import, 
the difficulty i n  trazsporting &ad erect ing at remote sites, and 
the izabflity to operate x d e r  law wind c ~ n d i t i o n s .  

em two ufnAxilis uere cbzained for installation and monitoring 
rC during ,he p r c j e c l ,  ?kese %ere US-nanufactured Wind Baron 

pulrtps. This particular vindaldf was selected an the basis of 
its ability to functicn at wFz5sgeeds as low 2s eight kilometers 
per hour. Because ~f the high cast and advsnced technology of 
these pumps, interest turned to the less expensive Kenya- 
aamf actured Ki j f tc pungs + These tw3 paps will be brief ly  
disccssed azd conpausd, 

The Wind 38ron Pzzp :WE$?) was se:ected for operation in 
Somalia because of jcs aSiLzty Zo produce water at low 
wisdsseeds  and to s e n r r  as a2 experinental sys ten .  The ability 
of this windzill ts fczctian zt v~elocit ies  2s low as eight 
kiloneters per 5ozr was believed To be izgorta2t far rzsearch 
purposes. CcnvelzZioml vixkxi::s geserally req-dire wind speeds 
af twenty-Ssur kilczerers per hour ro f u c c t i o n ,  Qne windmill 

6 r, was to be erscred i~ ,,,e Bay Region anb or-e iz the Central 
Rangeiands- 

cnf artczafe' 7 -  2-8 q d < ~ A  . -  - -2 r -1 errrzzrked Eor t h e  Central 
Raxgeiands was zot ererred dcrizg t3a prujec:. The extremely 
3ong d i s t a n c e s  cver poar roaSs, coz3ined wit3 t h e  unavailzbllity 



of a suizaS2e s i t e  prevented zke cu;z.inalion of t h e  e f fo r t .  

Windspeed & z r a  vere obtained fcr three areas  in the Central 
2ange, and aLl rhzee were f x n d  tc have sucficient winds to 
xarranz ccnsideration of wicd puzps, (Tables 3 . 3 . 5  t~ 3 . 3 . 7 ,  and 
F i g z r e  3.5-6:. F i c p r e  3 . 3 - 8  skova a s t r o n g  carrelation between 
high and l a c  =;-4 nonths, a3d it dexoxstrates t h e  i~creasing 
intensity of w i n d  from the interior to t h e  coast. SeLection of 
wind pu~.ps s h o A d  not be ~ a d e  w i t h o u t  conparfson uf these data 
with the ~ a ~ ~ f a c t ~ r e s  perZ3rzance cLr:es. 

M i - j X t a  wicdzills axe mamzfactared in Nairobi, Kenya and 
kave therefore gainad rorisiderabis interest in East Africa.  

4- *h Additiu.rral"hy, these punps have pokerrtial to be manufactured 
is. Somal;a, f i g u r e  3 . 3 , 9  shows the performance graph for t i e  

r e  Kl$ita ~uzzp. A +  a rotor, o r  wheel assezbfy, of 7.3 m diameter 
is erected 02 a X i j i t o  puzp ir? the C e n t r a l  Rangelarids it could 
potentzaily pscbsce between T$ to 2 1  cubic meters per day during 
aedl~n w i 2 2 s  of 10*8 To 3 4  KJkr. Selow 13*8 K/hr this g ~ t e n t i a l  

"4  c y i e l d  drops afS dras%izaliy. A t k e  exception of the wet 
searon cont%s, howeq$er, t3e zean winCspeed is at or above these 
levels. +This p e r f ~ ~ a n c e  is only abozt 2 5  to 3 0  percent less 
tkan vkae zke Kind Baron  p ~ z p  cauld produc- at s i x  times the 
'",=st * 

.*I 3 . 8  Recozzze~$z%l~ns  fo r  F i i t x r e  Kater Developnezt, 

D~rFcg t h e  cosrse cf r k i s  Investigatio~, much has been 
Le;-i~eC b & ~ ? i t  tS'.e w ~ t e r  resources of t3e Central Ra~gelands. It 
2 hope* tha7 t h i s  experience will be incorporated i n t o  the 
future wazer resource develo2ment 0 2  the area. The single mast 
:*-fi4-t2sr recoaze~datian Is that Lnfc,=a~ion collected during --y-- 

wazer devekopaent acr~vlties be collected and --etained for 
c-*-ye r;=e, 
C U * U  

~ : z r e  r e a l  Lsr  Lz r e c c ~ ~ e ~ d n t F m s  perzaln to drilling methods, 
7 "7 2an3-bzg weits, w a t e r  l i f t s ,  izfiltratia~ galleries and surfacd- 

w a t e r  carckmezts. These are discussed i n  t he  fallowing 
sect2cns. 

. - g - 5rilling have been utilized 
.-,.-. P h- Wk4 , . , , E  : - C Z Z ~  c3xltia-:s, . . such 2s lack of 

c s ,  r k e  k z z e s s r x  fxei skxtages ,  and t 3 e  great 
g y J  -- -A+&-s * - --g-wzzez s z ~ p l y  favor cable tool drilling 

cft t :4_e cZ ,  ~ c * , B ~ * ~  d r i l l i x j  will be required to 6 2  
zzer 2epxks iz zcst areas. T h e  cable-tool rigs 
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currently aperated by A an? f o r  c there are many 
qualified operators in Soxaiia, sk~u2d be given preferance for 
all drilling iz areas  where re l i ab le  in fomat ion  indicates 
aquifers of less than 108 zieters, (The depth capability of 
c u r r e n t l y  avai , lable  czble-tool rigs ir, Samalia is asproxinately 
125 meters). Product ive  driiling at tkese depths could include, 
f o r  example, drilling zlong t h e  coastal ?lain or in the Shabelle 
River floodplain. Explarztory Sorehales as well as production 
wells in many regions a: t he  Ccr~tral  %angelends will cont inue to 
recpire rotary d r i l l  l n ~ ,  

w 
A n  most of rhe Ceztral Rangelands tile presence of 

unconsolidated o r  xeakly cemented sands xakes the utilization of 
mud-rotary techi2iques preferable to air-rotary drilling. It is 
reconmenbed that specie1 drilling nuds or additives be made 
available zhat can be used w i t h  t h e  ava i l ab l e  saline makeup 
water. Soda ash skould be zsde available for reducing the 
hardness and for r a i s i n g  the pH of t t e  drilling f l u i d .  The next 
most f s eqaen t ly  encountered proh3.ern in mud-rotary drilling was 
Post-circulatioz zones.  Lcst  circulation material should be 
m a d e  available whenever mud-rctary drilling is planned. 

"menever possible plasz ic  well casing should be utilized to 
~Jleviate anticigated corrosian/incrustatfan problems. Care 
should be tzken to inswe cha t  the pipe  manufacturer's depth 
limitaticns a r e  obser.rsd.  

IE xos t  zreas of t h e  Central Rangelands, drilling w i l l  
CC)wP + ; to be on an explorrztory basis f o r  the foreseeable 
f zture. Explorat3ry wells should be drilled w i t h  a small- 

. 7  diameter, 4 to 6-inch, pilot no te  t h z t  can be better utilized 
for geophysicai lcgging, well testi~g and design. In mast 
cases, a sfgni'icant anaunt  of surface casing will have ts be 
sec to seal-3ff t 3 a  shzllow saline groundxater. 

Rsaning bits, r ~ l l e u  
available ec any  drillin- ';r 

Ran~ela. i ids.  D r i i l i z s  2 iz 
this project  with a d~wnhal 
are recomaended f z r  f v t u r e  

h i - t s ,  and 
p r o g r a m  

the b a s a l t s  

rock b i t s  should 
operatlzg in t h e  
was accorr.pl i shed  

t, but tricone but 

a l l  be 
Central 
during 

t o n  b i t s  

O n e  f r ecpen t l y  encaanterrd grcbXea w i t h  mud d r i l l i n g  in t he  
centrzl xangelands is *L ~ : ~ e  extreae distances which must be 
traversed T o r  zakeup xater. A z ln i~ :m  of t w o  10,000 liter- 
czpacjty water krzcks s3ould be availa2le f s ~  remote s i t e s .  

All sapport ,vehicles o p e r a t i ~ g  i n  t h e  Cent ra l ,  Rznqelands 
should be fsur-xheei dr ive  e:;xipscd x i t k L  flotati~n t ires.  Loose 
Slowi2g saz2 is t h e  zredonin~te - surfz-ce saterizl. 



3.8.2 Hand Dug Wells 

Xand-dug wells are,  and w i l ;  continue to be, the  most 
impor tant  water source f o r  the nomadic population of the Central 
Rangelands. The most significant beneficial impact an the 
overaLl water supply in tSe arrea would be the rehabilitation of 
t h e  existing hand-dug wells. The majority of t h e  existing hand- 
dug wells in t h e  Central Rangelands are simply unstructured 
holes.  Providing some sar t  of borehole support, such as culvert 
rings or other nasonry c ~ n s t m c t i o n ,  would alleviate some of the 
naintenance problems associated with  these wells. Concrete rims 
with aprons that slope away from the wells would prevent t5e 
entrance of polluted water and significantly imprave tha 
sanitary conditions of the water. X typical hand-dug well 
design w b l c h  could be e a s i l y  constructed by local labor in t h e  
Central Rangelands is presented in Figure 3,3.10. 
XehabiLitation or hand-dug wells was successfulhy accomplished 
by the CRDP and shauld be encouraged and continued ( F i q . i ~ e  
3-3.151. Additional modifications to improve sanitary 
conditions adjacent to the well axe shown i~ Figure 3 . 3 . 3 2 .  

The most widespreaci method of lifting water from the hand- 
dug wells is by manually hauling a bucket attacbed to a rope. 
This nethod i s  Pabcr in tensive  and t i m e  consuming, but it 
involves no payments. There Js no indication that the local 
population is interested in etilizfng animal power ta accomplish 
water lifting, even in wells from which the water must be lifted 
2 5  meters. Although animal power has been utilized fo r  water 
lift ia Mogadishu and Merca, it is not thought to be appropriate 
f o r  widespread utilization in the Central Rangelands. 
Curiously, t h e  local population has shown l i t t l e  interest in 
hand pumps. This seems to be due to the fact t h a t  water can 
generally be produced quicxer by manual bailing than by hand 
pumps. The main benefit of hand pumps over bailing is in 
sani ta t ion ,  xhich is an intangible benefit not appreciated by 
t he  rural population- 

Diesel pumps are the mst favored method of water lift by 
t he  local population. The required maintenance fo r  the pumps, 
casing, and matsxs, however, makes for extrenely short 
operational l i f e  at most wells, The lack of resources available 
o r  well maintenance results in cos t ly  situations where 
replacement wells ar-o drilled instead of maintenance being 
perforned 03 an exisring system. It fs our observation, 
however, that the  local  population put& an extreaely high balue 
on welZs and w i l l  do anything possible to keep a well operable. 
It is difficult to conceive of any rigoraus scariomic evaluation 
that would demonstrate the economic viability of diesel-powered 
pumps in the Central Rangelands. 
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Fwre 3.3.11 PROPOSED REHABlLlTATlON FOR DUG WELLS IN SANDS. 
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St is tP.=ug,SZ t h a t  tke CeztxaL Rangelands would be more 
economically, and perkags xore practically, served by the 
utilizatio2 of wind-driven pwps, Tbe ma-jority of t h e  pumping 
water Z ~ E I V Q ~ S  e~cotrztezed are less thar. 2 3 0  zietet-s and are well 
wi th in  The iiaitatia~s of  coazercialiy available windmills. 
Windxiil ls  do require naintszazce, 2avever, azd the presence of 
several inaperrble uizdniLls suggests t h a t  it does not get done, 
Xevertheless, it is reco~mended that wi~d-driven pumps be 
considered i n  the  fature water deve2opaant of the Central 
Xangelands. 

-r 3 . 8 . 4  Infiltration Galleries 

An infiltration galLesy is a horizanta1 w e l l  or subsurface 
d r a i n  that intercepts ~nderfLow f n  permeable natarials. This 
zype ~f systen allcws Bcr develapzeat o2 groundwater resources 
in areas wbere cunditiozs, s u c h  as a t h i n  aqrxifer underlain by 
saline water, precL~de g r o u ~ d ~ a t e r  deveio~zsnl by normal wells. 
%is tyge of grcuxdwater bevelopze~t ucald be uniquely suitable 
for  awezs alccg t5e c o a s c ~ ~  p l a f z  Fz the Cent ra l  Rangelands. 

7 ~n many areas along the cczstal p l a i n  of Somalia shallow 
kana-dug wells, of ten  plated ir, wadis, tap fhe thin layer o f  
fresh water which "f loats"  02 %tie s G r s  saline water below. 
These wells proeuca a small amount of fresh water, b ~ t  quickly 
becoze saline when overpra&aced. Xumercus wells of this type 
can 5e seen along the cozsz between C e e l  Dhere and Hobya, The 
ins~allatian of lzfiltration galleries to sk im the fresh water 
zEf the s a l i n e  water csuia g r e a t l y  izcrelse t he  wzter available 
i~ these areas. 

The cjz21ex4es skozld be ccnstructed n o m a l  to the direction 
of flow by axccvating a t r ench  and placing a perforated plast ic  
p ipe  horircn;aLLy. Chis pipe  should zct be less than eight 
inches in diaaeter, aRd should fee2 izzo a sump which could be 
fitzed w i t h  a hand pzap. F ' rne pipe  should be completely 
surrounded wizh perxeable g r ~ v e i .  A t y p i c a l  infiltration 
gzllery for  use along t b e  coastal pla i r .  is presented in Figures 
3.3.13 and 3.3.14. Des ign  ecdations f o r  infiltration galleries 
zre presentes in Grccndwzter Xarzzi ( U . S .  Dept. of the 
-r ,nterios, 1921) . 

Another applicetian of rhe infiitratisn gai le -y  could be in 
t k e  development of springs. springs cre not  abundant in 
:he Central R~ngelands =hey are  an inpor tan t  water source in 
some locales, Near Eke village of Jessoma, far example, a 
perea2iai spring froz t5e Jessoza Satdstcne produces on the 
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order of 20 liters Fez zinute and provides a reliable source of 
water +a the local papufatioz. -4 ;,.AS i spring discharges i n to  a 
t h i n  al2uviab channel in which G,: infiltration gallery could be 
constp~cted and equipped with a p u ~ p  and water storage 
faciiities, This would greatly iaprove the efficiency and the 
s a n i t a t i o n  of this water *upply. 

3 - 8 - 5  Surface Water Cat~h~enls 

Surface-water catchnents provide a large port ion of the 
water utilized in t h e  Central Rangelaslds. In some regfans of 
Ihe Cen t ra l  Rangelands, especially in the eastern portions of 
the Wudugh and Galgadud regions where grocndwater l e  frequently 
saline s,, w 6 ,, ,ace-water catckaents are the must viable 
alternative, The surface water catchments usually consist of 
three-sided dugouts termed M w a r s t " .  These wars axe sited by 
Local experience to collect an5 store surface unoff. Lucal 
knowledge concerning t k e  piacesent of wars is relatively 
scpbis2icated but  Fnprovezents iz the cans t r r i c t ion  could be 
ztcf3Zeved. 

The nai3 pro5lexs observed at the wars are  erosion of the 
feeder channels and i n l e t s ,  excessive sedimentation, and seepage 
losses. ALthough there axe general Ly insuf f f cient 
zeteoroPoqical data to justify detailed desigg of optimum war 
capacities,  sow^ inprovesents  to the vars could be realized w i t h  
relakively simple Eeaaures [ F i y ~ r e  3.3.15). 

X o s t  wars collect waker f r o m  severzl drainage channels that 
cone together at a narrow i n l e t  of the  war. As  the water is 
concentrated into a narrow channel, the fiow energy increases 
znd causes s o l 1  erosion. si~ple sofutions to the inlet 
erosion prcblez Ere: increasing the chaznel width, and utilizing 
co5ble-sized stazes f o r  amour. 

Most surface cakck~enzs experience excessive seepage losses 
when first conszrucZed * A f t e r  the wax has been filled several 
t<>es, howev~r ,  a layer af fine silr b ~ i l d s  up in the bottom of 
the xar and redzces these lgsses. These i n i t i a l  and any 
subseq~ent seepage losses could be reduced. in several ways. In 
soze instances,  n a t i v e  c;ays could be w e d  as liner material. 
mere na t ive  clays, were net available, addi t ives ,  such as 
bentonite cocld be mixed in w i t h  the soil to reduce 
pemeabil iry* Plastic liners could be iastalled, but are 
expensive and require serpi-skilled l a h r .  Figure 3.3.16 shows 
t y p ~ c a l  cacchnent-berked rrodificaticne. 

The m ~ s t  practical  aad econo~tcal technique would be to mix 
benton i te  w i t h  tke soil as the war i s  excavated- Subsequent 
co3pacti.cn of tke s ~ i l  w i t h  the c ~ z s t r ~ c t i o ~  equipment, or w i t h  
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Figun 3.3.16 CATCHMENT - BERKED MOOIFlCAJION 



animals would increase the effectiveness of t h e  bentonite-soil 
rnixtr;re- A map of potential sites for surface-water catchraents 
has been prepared by Resaurce Xanagenent and Research (X9842. 
This nap is shown as Figuse 3.3.17. A program to collect 
meteorological data wculd facilitate the r a t iona l  planning of 
surface-water facilities in the C e n t r c l  Rangelands. A t  minimum, 
rain-gauge staticns should be established throughout the area 
and maintained ixdefiniteiy. 



f l o w i n g  briefly 

c f l er  r a i n s  

cr* F l o w  d i r e c t i o n  

Figure 3.3.17 LOCATIONS OF: SURFACE DRAlNAGE CHANNELS WlTH A POSSIBLE 
DEVELQPMENT POTENTIAL. 



GLOSSARY O F  TZmS 
Adapted, with modificatiocs, Eran "Water well 
Techna2ugye 

by' Ca~pbelZ and L h  2973 ,  >:cGraw-Ei31, New York. 
Additional tens by consultant ~ c t e c i  w i t h  aster i sk .  

~ n i . 0 3 -  A negatively charged ion or r a d i c a l .  

Annular Space, The space betueen the  casing referred to and the 
well bore or cas ing surrounding it. 

Acpiciude.  A fornation which, aithou5h porous and capable of 
absorbing water slowly, will not transmit it fast enough to 
furnish a useable supply far  a wel l  or spring, 

Aquifer- An aquifer is a donation, group of fo , r l l la t i~ns,  or 
pa r t  of a fomat icn  t h a t  contains sufficient saturated 
permeable material to y i e l d  useable q i a n t i t i e s  of water to 
wells and s p r i n g s .  

A p i f u g e ,  A rack without inter-connected ogeni~gs which neither 
absorbs nor  t r z n s m l t s  water. 

13. Area of Inf luecce, ;ne area beneath groundwater or 
sressure-surface contgurs ncdifled by p m p i n g .  

Artesian. Artesian is synozyxous wFtk confined. Artesian water 
azd artesian water body a r e  equivalent  respect ively  to 
conflned groundwater and confined water body. An artesian 
well is a w e l l  deriving its water from an aquifer bounded 
above znd below by kn?err=.eable zaterials- The level in an 
artesian well s t a n d s  above the top of the water body it taps. 

Artesian Well, A neli tapping 2 confined or a r t e s i a n  aquifer i n  
which the static wzter level stands above the aquifer. The 
t e r n  is so~etimes use3 to include all wells zapping confined 
water,  in which case those wells xith water level above the 
w a t e r  table  a re  szld ra have positive artesian head 
(pressure) and tkose w i t h  w a t e r  Level below the water tab le ,  
negative a r t e s i an  head. 

Sasalt, A fine-grained Sasic rock  uszally occurring i n  volcanic 
flows, dikes, and sills. 

3ed .  Layer  in sedinentazy r~ck; stratux. 

Bedding, Sedsing Plane. ?lane cf strazificztion; the surface 
~azking the boundary between a bed and t h e  bed above or below 
it 

- Glossary - 
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Bento~ite. A h+ghly piastic, colloidal clay composed largely of 
mantzorilloxlte. 

Bridge. An o b s t r ~ c t i o n  to circulation af drilling f l u i d s  in a 
borehole. 

Calcium. Ca . T b e  zest f requent  cause 06 h a r d n e s s ,  Affects  
the scale-farmiiig an2 ccrrosive propexties of water. 

Capillarity. The praperry af tGSes with minute  openings which, 
when innersed i~ a f l u t d ,  raise cr depress the f l u i d  in the 
t u b e s  above sr below the surface  GT ?he f l u i d  in which they  
are immerseC. 

Capillary Fr inge .  The zczc inmediately above t h e  water table, 
in which a l l  or some of the interstices are filled w i t h  
water ,  t h a t  is under less than ztmospharic pressure and t h a t  
is cont inuous w i t h  t h e  water below the water t ab le ,  The 
wzter i s  held above the water table by interfacial forces 
(surfzce tensicn). 

Casing Shoe* A heavy-ualled steel coupling or bahb at t h e  lower 
extremity of the casing. 

Cat ion .  X positively charged ioz or  razical. 

C e m e n t  S l u r r y .  A pumpable m i x t ~ r e  a2 c 2 m e n t  and water, 

Chert. Cryptocrystalline v a r i e t y  of q u a r t z .  S i O  G. 2 2.65, 
3. 7. 

Chloride.  The chlorides of calciua, magnesi~rn, sodicm, iron, 
etc. ncrnally f o u ~ d  in water are extrenely soluble, In 
natural w a t e r s   hi^^ chloride uscally is f r o a  salt fornations 
in the  earth or Z r o m  sea-water intrusion. A salty t=lr 

brackis3 taste may be inparted to water by sodium-chloride, 

C5Ia~ination. The  process of i n ~ r o d v c i n g  a chlcrine solution 
i n t o  a well f o r  sterilLzation. Process used f a r  well 
develapnezt where bacteria zre fmzd to be a major problem. 

Circulatio~ {Drilfing). Tbe drilling fluid movement f r o m  the 
mud pit, through the pucp, standpipe, hose, drill pipe, 
annular space i n  the ho le ,  and circ~lating ditch back to the 
xud p i t .  

c l ay .  A s o f t ,  p l a s t i c ,  varicus;y colored earth canposed largely 
of hydrcus  silicate of a f u m i l a ,  formed by the decomposition 
of feldspar a ~ d  other alzslnun silicates. 



� hem hydrous Clay Mfaerals. X fanily of rnixerals, aast of " 
aluainua: silicatss an2 all either finely crystalline or 
a~orphoxs, All those wkich crystaillse are nonoclinic. 
Specfas are fndj.s=Zincpfshable except by laboratory ~ethacs .  

Conductance (Specific). A aeasure af the ability c f  ths water 
to con6uct an erectric c u r r e n t .  It is related to the total 
cancentration of fcnlzabla sslids i n  the water, It fs 
inv~rs~ly p~oporti0~~1 to afeccbrical, resistance. 

~duct iv i ty ,  Hydraulic. Replaces t h e  fsm "field coeficient of 
?emsabifity.m HE a pcrous mediuxi is isstrspic and the f lu id  
is ho~ogensoras, the-hydrauiic conductivity of the medium is 
ehe volume af water at the e x i s t i n s  kinematic v f sessf ty that* 
w i l l  nave i2 unit time under a u n f t  hydraulic gradient 
throagh a unft area neasusad at right angles to t h e  direction 
af f l . o w .  

Canfined Groundwater, k body of groundwater ove r l a in  by 
%ateria3 sufficiently impe.rviaus to sever free hydra~lic 
conneckio~ w i t h  overlying grcunbwater except at t h e  intake. 
Confined vater a w e s  in condu i t s  under the pressure due to 
difference in head between intake and discharge areas of the 
c c m f i ~ a d  water bady, 

Confiniag B e B .  Is a t w may now supplant the  terms 
R~cpiclude, " "acpi tnrd ,  and ttaquibugeN and f s defined as a 
ksdy  sf "izpem.eabfeu material stratigraphically adjacent to 
m e  ar -mere acpffers.  

Connate Water. Water enerapped in the interstices of a 
ssdinsntary rock at the time 15 was deposited. 

@ofitack. Bauadkn~ surface between t w o  rack unixs, especially 
the boundary between an iatrusive and its host-rock. 

Contaainatiox. Denotes ixc.psimezt of water q d a l i t y  by chemical 
or bacterfzf coilut , fon to a degree that creates an actual 
hazard t~ public health. 

Dip. The inclination of a bed ar f a u l t  measured f r a m  the  
horizontal; lhus the angle between a line in h e  bed 
perpendicular to the strike and the horfzcntal plane. 

Dolomite. CaMg(COj) . 2 h ~ ~ h o h e d r a l .  G. 2.85. H. 3 1 1 2 - 4 .  
A sedinentary rack similar tc limestone, btit containing 
zagnesiun. Perfect rtozbohedral cleavage. Does not 
effervesce in di2ute E C l  (difference Prom calci te) ,  

2ry Hole or D~szer .  A vell drilzed whicS p r o d ~ c e s  no water sf 
sigzificant q i a n t l t b y .  



Evaporite. Sediments deposited fro= aqueous solution as a 
result of extensive cz total evaporation of the solvent, 

Filtration Rate. Water loas per unit time. 

Fissure, extensive f rac ture  rack. 

Famation, An assexahlags cf rock units grouped tagather ints a 
single unit that is convenient  for descriptim or mapping. 

Fracture. A break. Fracture is a general tern to include any 
kind of discontinuity in a body of rack if produced by 
mechanical fai lure,  whathez by shear stress or tensile 
stress. Fractures include f a u l t s ,  shears, j o i n t s ,  and planes 
of fracture cleavage. 

Fract~re Sys tem.  G r o ~ p  of fractures, faults or jaints,  
consisting af one or more sets, usually intersecting or 
interconnected. Systen usually implies contemporaneous age 
f o r  all of the s e t s .  

Geonorpbology. (1) That department of physical geography which 
deals w i t h  the  form of the earth,  the general configuration 
of its surface, the distribution of land and w a t e r ,  and the 
changes that take place in the evolution of land forms. ( 2 )  
(Geal.) The investigation of the his tory  of geologic changes 
through the interpretation af topographic forms. 

Groundwater. Water in the zone of saturation. 

Groundwater (Confined). Ucder pressure significantly greater 
than atmospheric, and its upper limit is t he  bottom of a bed 
of distinctly lower hydraulic conductivity than t h a t  of the 
material in which the confined water occurs. 

Groundwater Divide. The boundary of the cone sf pumping 
depression which separates the area of influence and the area 
outside. The boundary between groundwater flow direct ions  as 
delineated on water table  or potentiometic maps. 

Gruu9dwater (Unconfined). Water i n  an aq~ i fer  that has a water 
table. Water svrface is ogen t~ atonosphexic pressure, 

Gypsum. CaSQ .2H 0. A soft mineral found in sedimentary 
deposits rooit c8mmoniy in large evaporite basins.  

Hydraulic Gradient (Dimensionless). Is the change fn static 
head per u n i t  of distance in a given direction. 

Hydrograph. A grephic p l o t  of cbanges in flow 05 water ~r in 
elevation of water level against time. 

- Glossary - 



Igneous Rock. Rcck made by the  solidizication of molten matter 
that originetcd within the earth. Exzmples: solidified lava; 
intrusive granite. 

Intrusive. Igneous rock, having while f l u i d ,  penetrated i n to  
o r  between ether rocks but solidifying before reaching the 
surf ace. 

Isohyetal Map. A map on which precipitation is plotted by 
connecting p o i n t s  of equal precipitation (isohyetal l i n e s )  
shoving rainfall distribution in an area. 

Isopleth. A line on a map draw3 through points of equal value, 
composition or concentrat ion;  similar to contours of contour 
maps. 

Jo in t .  A divisional plane or surface t h a t  divides a rock and 
a lonq which there has been no v i s ib l e  movement parallel to 
the plane ar surface, 

Lateritic. Extrene type of weathering cornon in tropical 
climates. Iron and aluminum silicates are decomposed and 
s i l i c a  (along w i t h  most other elements) removed by leaching. 
The product, laterite, is characterized by high content of 
alumina and/or ferric oxide.  

Lattoral*. The near shore zone between high and low t ide .  

Loss of Circulation. The loss of drilling f lu id  i n t o  formation 
pores or crevices. 

Hetamorphism. Throughgoing change in texture or mineralogical 
composition of rock, usually brought abcnt by heat, pressure, 
or chemically active solutions. 

Methane. 
CHf 

A co:.orless, odorless, tasteless, combustible 
gas fomd n sone groundwaters. 

N e r i t i c * .  The sea-floor zone extending from low tide to 2 0 0  m. 

Perched Groundwater. Groundwater in a saturated zone which is 
separated from the main body of groundwater by unsaturated 
rock. 

Perneability. The capacity of water-bearing mstetial to 
t ransmit  water, neasured by t h e  quantity cf water passing 
through a u n i t  cross section i n  a u n i t  time under 100 percent 
hydraulic grrdiezt. 



p H .  A measure of the acidity or alkalinity of w a t e r ;  the 
negative logarithm of the hydrogen-ion concentration. Values 
less than 7 - 0  are acid, and greater than 7.0 are alkaline or 
basic. 

Phreatophuy"tes. Plants that inherently send their roots to the 
capillary Erfngs and deplete groundwater by transpiration. 

Physiagraphy. Physical geography; more specifically, the study 
or description o f  present land-surface features. Includes 
cultural aspects, 

Porosity (Effective). The amount of interconnected pare space 
avafbabfe v fluid transmission. Xt is expressed as a 
percentage of the tota l  volume occupied by the 
interconnecting openings. 

Potentiometric Surface. Replaces the t e r n  npiazometxic 
surface," is a surface which represents t h e  s ta t i c  head. As 
related to an aquifer, it i s  defined by the levels to which 
water w i l l  rise in tightly cased wells. Where the head 
varies appreciably with depth in the aquifer, a 
pstentiometric surface is meaningful only if kt describes the 
s ta t i c  head along a particular specified surface or stratum 
in t h a t  aquifer. More than one potentiornetsic surface is 
then reqaired to describe the distribution of head. The 
water table is a particular potentiometric surface. 

Pyrite. FeS I Isometric. Commonly cubes and pyritohedrons; 
less cornmealy octahedrons. G. 5.02. H. 6-6 1/2. Brassy 
yellow with metallic lustre. A mineral faund in sedimentary 
and igneous rocks. 

~ u a r t z  . Sf8  . Hexagonal, G ,  2 . 6 5 .  H. 7. Colorless to 
white bu$ some varieties smoky, reddish, brcm or 
amethystine. A very hard mineral commonly found in 
igneous/metanorphic rocks and sand. 

Regelith. The mantle of loose s o i l s ,  sediments, broken rock, 
etc. overlying the solid sock of the earth. 

Regressive*. Emerging land area as a result of receding sea 
level. 

Residue, The material l e f t  in the container after evaporating a 
sample of water and drying in an oven et a definite 
temperature; a measure of total dissolved solids. 
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Sedimentary Rock. ROC% whfch srfginated as a sediment. The 
sediment may have been transported by wind, water, or ice and 
carried in the  form of solid particles (sand, gravel, clay) 
or in solution [rock salt ,  gypsum, same calcareous 
sebimants). Sedimentary rocks (unless still unconsolidated) 
have been indurated by cementation or by recrystallization, 

Seepage, Seepage is used In this t e x t  in two C i s t i n c t  and 
different maani~gsr (1) The accepted usage up to She present 
time; ( i . e . ,  the appearance azd disappearance of water at the 
ground surface. ( 2 )  As proposed in this t e x t  seepage (verbI 
to seep) designates the type o f  movement of water in 
unsaturated material- I t  is to be distinguished from 
percolation, which is the predominant t ype  of movement of 
=tar in saturated material. 

Soda Ask. (Washing soda, sodiu-carbonate Na CO ) Used to 
remove hardness from water by precipitatfn$ 8alcium and 
magnesium salts, to raise the pH of acidic waters, and to 
t rea t  anhydxita-contaminated drilling mud. 

S~dfurn. Na. Present in most natural waters. A high sodium to 
total cations ratio can be detrimental to soil permeability 
in agricclture. 

S s i l .  The layer o r  mantle of rrtixed mineral  and organic material 
penetrated by r ou t s .  It includes the surface s o i l  (horizon 
A ) ,  the subsoil (horizon B), and the substratum (horizon C) 
whfch is the basal horizon and is limited in depth by root 
penetration. 

Sol ids ,  T o t a l ,  Dissolved and Suspended, Suspended solids are 
those which are not i n  %rue solution and can be removed by 
filtration. Dissolved solids are in true solution and cannot 
be renaved by filtration. Total solids represent the swn of 
dissolved and suspended solids. 

Specific Capacity. The r a t e  02 discharge of water from the well 
-,,nin the vell. It divided by the drawdown cf w,tztsr l a v d  * -vLr '  

- ,  
varies sloxly with duraztsz of discharge which should be 
stated when known. If the specific capacity is constant 
except far the t i m e  variation, it is roughly proportional to 
the transmissivity of the aquifer. The relation between 
discharge and drawdown is affected by the construction of the 
well, its dsvelapzent, the cSaracter sf the screen or casing 
perforation, and the  velocity and length of flow up the 
casing. If the well losses are significant, the ratio 
between discharge and drawdown decreases w i t h  increasing 
discharge; it is generally possible to roughly separate the 
effects of the aqui fer  f r o m  those of the well by 
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step-drawdown tests. In aquifers vith large tubular openings 
the ratio between discharge and drawdown may also decrease 
w i t h  increasing discharge because of a departure from laminar 
flaw near the w e l l ,  or in other words, a departure  fro^ 
Darr=yts l aw .  

Specific Conduc&anca. The alecZrlcal conductivity of a watar 
sample at 25 C expressed in microahas per centinetes. (RZso 
expressed as EtC* or electrical co~ductivity,) 

Specific Yield, Is the r a t i o  of (1) the volume of water which 
the rock ox ~3012, after being saturated, will yield by 
gravity to ( 2 )  the volume of the rock of soil. The 
definition ispries that gravity drainage is complete. In t h e  
natural environment, specific yie fd  is generally ub~arved as 
the change that occurs in t h e  amount of w a t e r  in starage par 
unit area of unconfined aquifer as the result of a unit 
change in head. Such a change in storage is produced by the 
draining or filling of pore space and is therefore dependent 
upon particle s i z e ,  rate of change of the water table, time, 
and other variables, Xence, specific y i e l d  i s  only an 
approximate measure of the  relation between storage and head 
in unconfined aquifers. It is equal to porosity minus 
specific retention. 

Sta t i c  Level. The water level in a nonpunping weL1 outsfds the 
area of influence of any punping well, This level registers 
one point  on t h e  water table in a water-table well ar one 
poin t  on the pressure surface fn a confined-water well. 

Storage Coefficient or Skorati*-*fey, S. The storage coefficient 
is the volume of w a t e r  an aquifer releases from or takes i n to  
storage pez unit surface area of the aquifer per unit change 
in head. I?? a confined water body the water derived from 
storage w i t h  decline in head comes from expansion of the 
water and conpression of the aquifer: similarly, water added 
to storage with s rise ir. head is accomodated partly by 
compression of the w a t e r  and partly by expansion of the 
aquifer. In an unconfined water body, the  amount of water 
derived from or added to the aquifer by these processes 
generally is negligible compared to t ha t  involved in gravity 
drainage. o r  filling of pores; hence, in an unconfined water 
body the storage coefficient is virtually equal to the 
specific y i e l d .  

Stratigraphy. Study of s t ra ta  of sedimentary rocks, 
particularly with reference to correlation or determination 
of age. A .  stratigraphic. 



S t x s a ~  {Gaining).  X gaining s t ream,  which rapfares the tern 
I effIq2*22.=1*c streamen fs a stream ar s e~c f r  of a stream whose 
flaw I s  being i ~ s r e a s e b  by izfLow 0 2  groundwater. 

Streaa (Losing) - A Posing strean, which replaces the tern 
"influent s t rea8 ,"  is a strean or reach 0 4  a strean that is 
losing water to tha gro~nd. 

Skrfks .  The bearFng of  a horizontal line in the plane of a bed 
o r  f a u l t .  

Sulfate (Sulp3ate) , SO ReiaZfiziy skandant in hard waters, 
sulfate  is wideLy 8istributsd in nature. Its ability to 
ca&fna with calciua foms c&lcXm-sulfate. 

S u i t e .  M. assewlaga of rock u ~ i t s  grouped togather into a 
single unit ranvenient for description or mapping, 

Szrfaca Run~if. The a n o f f  o f  rainfall wkfch f iows to stream 
channels over the surface of t5e gr~und. 

Transgressive *. Subnergence of land area by risi2g sea level. 

Tra~snfssibility. The hydra~lic conductivity multiplied by the 
thickness o f  an acpifer. 

"ransnf ssSvi ty .  The rate a t  which wnter of the pravailing 
kinomatis viscosity is transmitted thrsugh a unit w i d t h  of 
the aquifer under a uzft hydraulic gradient. It replaces the 
t e n  Y~ueffitie~t of trans~f&sibflity~ because by convention 
,t is considered a property of the aquifer, which is 
kransnissive, whereas the ca3tained lfqiifd is ttansmfssible. 
R o w e v e r ,  though spoke2 of as a prop%s"t of the aquifer, it 
embo8ies also tbe saturazed t3fc3mess of the aquifer and the 
properties of the contained l iqu id .  It islequa1 to an 
integraticn of the hydraulic conductiviti~s across the 
saturated part of t he  a p i f e r  perpendicular  to the flow 
paths, 

Xater-Ceaent 3 n ~ P o .  The aaount cf nix ing  water in l i ters used 
per sack of cement. 

Water Spreading. Retent izr?  of water behind dams ar in basins, 
maintenance of flow in d i t c k e s  or srream channels, or feeding 
water dawn wells and shafts fn order to develop influent 
seepage. 

Wzter Table. Thaz szrface i n  an zncocfined ucker body at which 
t h e  pressure is atzospheric. LI  i s  def ined by the levels at 
which water szands iz sefls t 3a t  penetrate the water body 



just far enough to hold standing water, In wells which 
penetrate to greater depths, the water level w i l l  stand above 
ow below the water table. if an upward .or do-mwaxd component 
of groundwater %Low exists.  

Water-table Depression, Cone of. A cone of depression fn the 
water table developed around a pumping wall, the gsriphexy of 
which (groundwater div ide )  delimits the groundwater moving 
toward the well. 

Zone of saturation. That part af the water-bearing material in 
which all voids, large and small, are ideally filled with 
water under pressure greater than atmospheric. The saturated 
zone may depart Prom the ideal  in some respects. A rising 
water table may cause entrapment a? air in the upper part of 
the zone sf  sazuration, and the lower part may include 
accumulations of other natural fluids. The saturated zone 
has been called the phreatic zcne by some. 

te (Unaaturatcdj - Tbe unsaturated zone, which replaces the 
terms "zone of aerationw and *vadose is the zone 
between the land surfaca and the water table .  It includes 
the capillary fringe. Characteristically this zone contains 
liquid water under laas than atmospheric pressure, and water 
vapor and a i r  or ather gases generally at atmospheric 
pressure* Xn parts of the zone, interstices, particularly 
the small ones, may be temporarily or permanently filled w i t h  
water .  Perched water bodies m a y  exist within the unsaturated 
zone. 
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