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1, INTRODUCTION 



In Somalia, 
rural papujt 
strain.$ to 

She scarcity of dependable water supplies for the 
.ation and t h e i r  laves%uck is the m~at, serious con- 
contLnued economic development and t h e  ntost vital 

problem in efforts to provide better human services, Thus, the 
Eovermcat of the Democratic Repub3ic of Somalia, w i t h  assist- 
ance from WZlfD, established and funded the Comprehensive 
Grouncbrantex Deve~upswent Project {CGDPI, The frrm of frouis 
B@Jrg@r 19therrnationa1, Inrr,, in association w i t h  the Roscoe &loss 
Capany [hereafter xeferred to as LBH/WI, was contracted t o  
provide t echn ica l  assistance ta the Wates Development Agency 
(MDii3 under the ~irdistry of Mineral and Water Resauces (MMWR). 
Piefd operations began i n  July of 15383.. 

The avexall purpose of t h e  CGDP was to strengthen t h e  HDASs 
capability to i n ~ t a l l ,  operate, and maintam rural water supply 
systems, and the specific goal was to dewekop the water 
resource base in the designated priority areas of the Bay, 
Hiran, hialgadud, and Mudug. Regions (Figwe 1.h). Thus, tech- 
nical and material assistance was primarily focused an the 
installation of a s p c r f i e d  number of w e U s  tor dorwestic and 
Livestock use in each of tnese segi~ns In s u p p t t  ot ongoang 
integrated rural development propcts, The CGDP was designed 
to be integrated w i t h  those pro3ectsr namely the Bay Rqioa  
Agricultural Devslaplslent Project {BFtADP) and the CenttxaS 
Rangelands Project PICRP), and to rely upon general fnstitu- 
tional and speciric commodity s~pport from those projects, 

Xn order to achieve t h e  purpose and goals of the CGOP, four 
primary ob~eclives were defined in the LBZ Inception Report 
(August, 19813. They were: 

1, to conduct preliminary data collection; 

2, +a undertake an exploration and production program; 

3,  to provide institulionaf support to t h e  W13A and the 
MMWR; and 

4. to establish an ongoing data collection system. 

It is the primary purpose of t h i s  report to summarize project 
activities from t h e  beginning sf t h e  LBI/FM contract to the 
present (July ,  1989 - Jme, 19841. This report is divided into 
two vo18mes and an Appendix, Voltme H i s  *General activities 
of the CGDP,* which pxovides a swmary of activities in well 
production, data collectrun, and institutional sl;;pport, V o l u m e  
f also contains  sections on sociology, economics, and enviran- 
mental assessment, all of  which have been given in-depth treat- 
ment under the pro~ect, 





V o X m e  11 rs "Hydrogeologym and contains a summary of informa- 
t i o n  relating ta t h e  occurrence and distribution oT ground- 
W a t e r .  Mast project activities have h e n  undertaken in the Bay 
Region and therefore the report will prove valuable for future  
groundwater deveLopment in the ~ a y  Ragion. Limited d r i l l i n g  
has taken place in the  Central  RangeJands and the results are 
also included i n  the report. 

The appendix contains data s h e e t s  including sketch maps of well 
locatinas, pumping tests, lithological profiles, electlical 
logs, ~213. construction, and water quality. Water guality data 
includes not only CGDP wells but other selected locations. 

Volume f is divided in to  nine  chaptess including t h i s  Chapter I 
* TNTRODKTION , " 

brief  summary of t h e  succeeding chapters is provided in the 
fshlowing pafagtaphs, 

1.2 Wells 

She construct~on of welLs has been the primary focus of  t h e  
C37;OP. Drilling has been anderrtaken both in the form of 
explosatary drill~ag and production drilling, Exploratory 
dsri l l ing was undertaken i n  areas where, because of limited 
inxorsnatioa, it was difficult to predict the grabability 05 
success, Production drilling was undertaken when sufficient 
data was available to provide a reasonable chance of obtaining 
water. This chapter also provides a description of well cue- 
struction techniques  iackuding t h e  constructiaa of distribution 
systems* 

1.3 Data Colfcction 

Data colleckion has been undertaken throughout the project 
L i f e ,  Data collection is an ongoing activity primarily in 
hydxogeoiogy but also in other diverse f i e l d s  including 
socioeconomics, 

1 - 4  -. Institutional Support - 
Chapter 4 provides a description of institutional support pro- 
vided to the WDA and MWR, Training has been the keystone of 
this support as all counterpart personnel have received train- 
ing in selected subject axeas. Xnstibutaon building has also 
provided support in the fields of financial and planning manage- 
ment, warehousing, vehicle naintenance, and water quality analy- 
s i s  ar the MMUR ilabratary. 

Chapter 5 provides a resume of sociological findings, Much of 
t h ~ s  work was accomplished early in the pxopct  and then uti- 
lized during project implementation to assure community partici- 
pation in well construction and mlntenance activities. 



L ,6 Economics 

In Chapter G r  t h e  economics af water we31 development are pxo- 
vided, Proqect costs are detaiSed and shown according to the 
~ a r i a u a  components invoXved, 

Chapter 7 provides a surranary of envixomental  considerations 
present in gr-.~ndwater development and actions to mitigate any 
;?ossPbZe de%ererious effects, 

1.8 Reconunendations and Conclusions 

P i n a l l y ,  Chapter 8 provides a summazy of the key coaclusiaas 
and xecomendatioas for future activities of the WDA. 





The primary focus  of the CGDP k r s  been on t h e  construction of 
welXs, The wells have been sf t w a  types,  exploratory and pro- 
duction, The d z i l l i n g  of the wehls required t h e  development of 
Wchniques based on the  availabbe rquipment and the garticuiar 
geologic conditions encountered. I6toduction wells, after the 
c=ar;apletion of &irking and pump t e s k ~ r - 3 ,  were equipped w i t h  a 
distribution system. 

In the Bay Region, exploratory wells were undertaken primarily 
during the first year €February, 3982-January, 19833 ot  d x z l l -  
ing activities, A t o ta l  of 26 exploratory wells were drilled 
tbroaghout the I3ay Region in areas where the geology w a s  Zittie 
knownx and, in most cases, where there was an expressed need for 
water wehPs, The results were published in the *Exploratory 
Report for t h e  I3ay Region," This report provided probabili- 
tles of success fox finding groundwater in relation to the 
various types of geology. Although Law probabilities of find- 
ing water were indicated Eox the southern part of t h e  Bay 
region underlain by crystalline rack, it was an area of high 
water need as determined by t h e  BMDP authorities; therefore, 
further exploratory wells were undertaken at specific sites, 

Xn the Central Rangelands, drilling was not begun until EcTzrrch, 
3.983# as saanagenient preparations were not completed by the CRP 
u n t i l  that time, Since the geology of the Central  RangeXands 
was broadly known although little information on the hydro- 
geology of specigic areas was availaale, d r i l l i n g  of an 
expPoratorr nature was begun, The sites w e r e  chosen with in  
areas where the CRP had undertaken the development of raase 
management plans.  Drilling in the Central Rangelands was beset  
with prob8-s. The d r i l l i n g  proved difficult from a technical 
perspccGive and ultimately security problems, resulting in the 
killing of an M staff driller, caused t h e  suspensio~ of acti- 
v i t i e s  in the Bu3a Bext i  district of t h e  Central Rangelmds in 
Deca$es of 1983, A total of s ix  welPs were drilled in the  
Bulb Bexti distr ict ,  In May a£ 1984, d r i l l i n g  was begun in t h e  
Hobbio d i s t r i c t  and one well was completed at Lhe time of t h i s  
report 

2 - 2  Production Wells 

Whenever water was found in sufficient quantity and quality, t h e  
borehole was completed as a production waU. Suffzcient quan- 
t i t y  was considered to be a minimum of a h u t  10 cubic  meters 
per day or the mount that a hand pump could produce, Suffi- 
cient quality required a specifrc conductivity of less than 
3500 umhws for h m n  canswaption ox bO,Q00 mhos i t  the well 
was to be utilized far stockwater purjpses, 



In practice, whenever a well yielded sufficiently to jus t i fy  
the construction of a storage system, w h i c h  was typica l ly  45 
cubic meters, a motor pump was installed, O t h e r w i s e  a 
hand pump was installed, 

ProCu~tiioa wells were equipped with either PVC or steel casing 
and screen. The screen w a s  installed in appropriate aquifex 
zones, Steel casing was required for all deep welfs, usually 
exceeding 50 meters, while PVC casing was utilized in shallow 
w e l i s .  In some cases, where the rock was stable, t h e  lower 
part of the barehole was not cased but left "open hole.R 

The total production wells completed by the end of July, 1984, 
in the project areas was 32 weXls ( 3 0  in the Bay Region and 2 
in t h e  Central Rangelands), Of these ,  20 had been equipped with 
p u p s  and the reminder were scheduled for pump installation, 
aad, if warranted, the construction of a distribution system 
(see Table 2.1.)- 

The success rate of 30 production wells out of a total of 69  
boreholes (46%)  was l o w  because of the need for exploratory 
drilling. fn areas where exploratory drilling had yielded 
conclusions on drrlLing probabilities of success, such as the  
Limestone Plateau of the %ay Region, the production well rate 
was good 17483, A comparison of production w e l l s  by area is 
given below. 

Production 

Bay Region 

Limestone Plateau 35 26 74 
Basement Complex 27 4 15 

Central Rangelands 7 2 29 

Tn addition to the CGDP wells indicated in Table 2.1, ~ t h e r  
wells were also car?leted with the assistance of project per- 
sonne l ,  In the; 3al Region, three wells were constructed to 
assist road consrruction by the WDA under contract to the 
Ministry 05 Transport at Foolfayle, Qansax Dheexe, and Ceel 
M u x i .  Also ,  during start-up activities at the beginning of t h e  
project while Phase I data collection was in progress, four wells 
were constructed in Mogadishu, These wells were located at the 
Bendair Childrens and Maternity Hospital, the Presidential 
Compound, the American School ,  and a municipal site in 
Mogadishu- In total ,  the L B I / W  staff has assisted in the can- 
s truct ion  of 39 productian wells during t h e  ehree-year lite of 
the project, 



CGDP WELLS 

Well Date T o t a l  Production PUrpP 
No. Location Completed - Deal3 wsll Type 

(m 1 

Bankay 
3onkay 
Bonkay 
Tugexew 1 
Gasarta 
Waraji 1 
Wara3i 11 
Tugerew If 
Bur Halab 
Sarman Dheere 

Shabelle Dugs i low 
Warta Jaffay 
Qansax Omane 
Taf l o w  
Robay Gaduud 
Gaduudo Dhun te 
Buulo Fuux 
Durei Ali Galle 
Min, Agric. Cnlpd 
Buulo Gaduud 
Kurman 
Yaag Braawe 
Dodole 
Shiidalow 3 
Sniiaalow I3 
~ u r  Rkaba I 
Bur Akaba I1 
Bur Akaba If 1 
Bur Akaba IV 
Bur Akaba V 
Bur H e ~ b i  Z 
Bur Meibi II 
Bur Neibi XI; 
Bur Meibi IV 
Bur Meibi V 
Bur Heibi VI 
Ls, Depression 
DolondaLe 
~ u u P o  Fuur TI 



W e l l  mte Total Production 
No. - meation Completed Depth Well 

(in) 
rype 

Aborey X 
Afar Irdood 
 in, ~gric, Cmpd 
Qansax Dbeer 
Awshiini 
Mare Ari 
Maxas (3ee jo 1 
Maxas (Jee3a 1 
Bonkay Seed Farm 
Mintaano 
Malee l 
Aburey I1 
Isgeed 
Marti Moog 
Jimcaada Dheen 
Eagarka 
Bus Akaba VI. 
Shawka 
Kannanax 
Hubay 
War Asha 
Bonkay Seed Farm 
~ u u l ~  Yussef 
Akrey III 
Buuls Rawo 
Wargoleh 
Dumba3. Aalin 
Tagaal 

(Monitor we21 1 

M 

x fndichtes production well (quantity and q u a l i t y )  of watex suffieieet 
for rural water supgly needs) t h a t  bas been cased and screened, 

M Indicates motorized pump instal led.  

H Indicates hand pump installed. 



It was originally planned, as indicated i n  t h e  Inception Report, 
that at Peast 72  wells would be drilled, of which 48 would be 
production wells, during the three-year life of t h e  project, 
These goals were not m e t  for several reasons, including delays 
in commodity procurement, f u e l  shortages, and security 
problems, 

Long delays i n  procurement of required commodities prevented 
d r i l l i n g  to proceed as scheduled. Initially, available project 
funding was insufficient to Begin drilling as even basic 
requirements, such as drill b i t s ,  were not stockpiled. Support 
equipment, such as water trucks and f u e l  trucks,  were insuf f i -  
cient to operate three dxilling rigs at the same time. No 
pumps for well testing were available, When funding became 
available, $4 million in commodities were specified in May, 
1Y32, but delivery took from 9 to 21 months. The final delivery 
of t h e  last iten an the May, 1982, order was not delivered to 
Somalia until February, 1384. 

Fuel shortages have been a continual problem throughout t h e  
life of the project. While it was recognized and so stated in 
t h e  Inception Report that Somalia had a past history of fgel 
shortages, assurances were given that t h e  CGDP would receive 
priarity in obtaining fuel. HUwWex,  the proJect never operated 
more than three consecutive months w i t h  a complete supply of f u e l .  
Usually, f u e l  was rationed in less than sufficient quantities, 
and, at times, the propc t  was completely stopped for having 
exhausted all supplies. 

Finally, security i s s u e s  reduced project effic~ency more than 
originally expected. The killing of an W staff driller in 
Bulo B e r t a  district caused t h e  suspension of drilling i n  that 
area. Other i n c i d e n t s ,  of less magnitude but nonetheless sig- 
nificantly affecting project efficiency, included Ethiopian 
j e t s  overflying Baidoa, difficulties in making arrangements for 
travel permits and providing armed guards to work in certain 
areas, and the occasional disruptran of activities because of 
priorities of t h e  Somali military, 

2.3 Watex Storaqe and D~stribution Systems 

After completion of a production well, a dis tr ibut ion  system 
w a s  designed which often required a storage system, The design 
of such systems, the selection of equipment and materials, and 
t h e  actual construction process were all. i s s u e s  which required 
the development of coord~aated planning, LBI engineer David 
Boggs and WDA engineer Mohamed Burale Guled undertook t h e  bevel- 
opment of the civil works systems. 

2.3.1 Pumping Equipment 

Pumping equipment consisted of t w o  types,  diesel-powered pumps 
and hand pumps. 



Diesel-powered pumps have been supplied by Mono Pumps, Ltd, of 
G r e a t  Britain. The 2ump is s positive d~spPacement helical 
rotor, fine s h a f t  model. It is driven by a twin cylinder, air 
cooled, diesel engine, using a V - b e l t  and centrifugal clutch. 
This combination results ia  a simple, efficient, Tow cost 
operation and maintenance system capable of producing approxi- 
mately 11.4 rn3lhr ( 5 0  gpm) at 150 meters total dynamic lead, 

Handpumps were procured for use in small villages where demand 
is l o w  or in bareboles that fail to produce sufficient water 
for t h e  diesel-powered pumps. The handpump, supplied by 
Robbins and Meyers of t h e  United States, is of helical rotor 
design, It is known £or long life, 3 m  cost maintenance, ease 
of operation, and acceptability by persons in rural areas, 
These hanlcapuanps were stocked in two models. The Robbins and 
Meyers fV12 is designed to pump .9 &/hr 44 gpm) from 45 meters 
depth and the  27712 is designed to pump - 9  rn3/hr ( 4  gpm) from 90 
meters. 

A sketch of a diesel-powered pump is shown in Figure 2.1 and a 
hand powered pump in Figure 2 - 2 ,  

The type of pump installed at any given location was dependent 
upon t h e  water yield of the well and t h e  static wates leveL. 
Those wells with high yie lds  received motorized pumps and 
large storage and distribution s y s t a s ,  w h i l e  l o w  y ie ld  wells 
were equipped with hand pumps. 

2 - 3 . 2  Storage R e q u i x a e n t s  

A I  high-yielding wells, it w a s  necessary to provide a storage 
reservoir to maintain a reserve in t h e  event of equipment 
failure or fue l  shortage, Based on limitsd information, esti- 
mates of human and animal population for the Bay Region were 
made to determine a daily water demand at each site. Surveys 
wexe also made of t h e  nearest pug,,  permanent sprlng, or al l -  
season reservair at each site, in order to estrmztitte t h e  sexvlce 
area that each well m i g h t  encompass, T h i s  allowed a rough 
estimate of potentiax water demand fox each well site, 

These surveys revealed that during periods of severe droughtr 
people and livestock fxom very large areas could rely on these 
wells as t h e  only supply of water, At  most sitesr potential 
service areas ranged from 80 to 700 square kilometers. By 
applying available water consuntptidn rates and potential ser- 
vice  populations, it was found that a storage volume of 45 to 
1QO m3 was required to provide a two-day reserve of water. Two 
days were considered to be the maximum Cransportation time for 
a maintenance crew or a f u e l  delivery vehicle to reach a well 
site. For t h e s e  reasons, it w a s  decided to provide a w a t e r  
seorage reservoir of 45 m3, 
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The water starage reservior was designea to be constructea 
above ground, w i t h  sufZicient elevation for w a t e r  t~ gravitate 
to the watering points, The alternatrve of providing be low-  
ground ox gromd-leuel storage was xejected due to t h e  Bike3i- 
hood of contanination by the iatroauction of unclean vessels 
into the reservoir. 

2 . 3 - 3  Selection of Materials 

Construction materials were selected based on cost, duzabifity, 
compatibility w i t h  Local skills, speea of construction, and 
availability of locai materials. Several alternatives of 
materials ware considered: masonry, fiberglass, and steel, 
Cost estimates were made for each alternative, and, for raatexial 
only,  the results  were found to be as EoLfows: 

1, Masonry sh 4,00U/m3 
2.  Fiberglass 11,250 
3 .  Sacally-made steel tanks 10,000 
4. Khported steel tanks 8,UQO 

"She decision was made to use xnasanry tanks because the masonry 
tank is mare econaaical than any of the other alternatives 
cclnsiaered, masonry constxuction is more compatible 
with the s k i l l s  of local masons, and repairs can be made 
msc easily on aiasonry structures by local workers, The use 02 
steel. tanks w a s  not considered economical&y viable &cause of the 
bigbly corrosive water found in Sonalia which limits the useful  
fife of steel tanks, The disadvantage of masonry construction 
was that "the construction time required i s  greater than that 
for other types o& tanks, 

The type of piping used w a s  limited to three choices: galva- 
nized steel ,  polyvinyl chloride (PVC), OX p l ~ e t h y l e n e  EPS). 
A l t h ~ u g h  plastic (PVC and PE) pipe is less cos t l y ,  i t  i s  
not in cowon use in SomaLia, Plastic pipe m u s t  be buried for 
protection fron weathering, vandalism, and animal traffic, 
whereas steel pipe can be laid above ground, if necessary, 

at was decided to use both galvanized steel pipe and polyethy- 
lene pipe, Xn t h o s e  areas where trenches could be dug easily, 
polyethylene plpe was used. Xn rocky areas, where trenching 
was n ~ t  possible, galvanized steel pipe was used, 

2 -3 .4  System Layout 

typical. layout for a motorized-pump w e l l  installatxon con- 
sists of the p u p  fomdation wi th  t h e  pump discharging to a 45 m3 
masonry water storage tank, Prom the storage tank, water 



is distributed by gravitation to t w o  or more livestock watering 
troughs via 1 114-xncb diaparster galvanized sseel water pipe, 
and to a fountain with five to tdelve spigots for people. 

The system layout varies according to village preference, 
topography, and water quality, In general, Livestock watering 
troughs are lscated at a distance f rm the village, in areas 
where Earage material is available and in such a way that 
wastewater drains away Era the we31 site to a sump p i t  which 
i s  dug to receive this wastewater. fa mast cases, the storage 
tank is located at the highes t  elevation in the inmediate area 
with drrnking founta ins  located near the village. Dramage 
ditches, livestock troughs, and fountains are protected fron 
animal intrusion by thorn bush fencing, In w e l l s  wheee salin- 
ity content of the water is above the accepted limit of SSUO 
um!)tcts, drinking f o u n t a i n s  are not constructed. The exact 
system layout thus varies somewhat between sates, A typxcal 
system is shown in Figure 2.3, 

Training of WDA staff consisted of both formal classroom 
instxuctien and on-themfob tra in ing ,  During the raray seasons, 
when access to srtes became limited, classroom training was 
provided by &BI technical staff to WDA personnel. In t b e  
c o n s t r u c t i o n  of c i v i l  works, hawevex, me majority of the  
tra in ing  was on-site. During t h e  construction of t h e  fssst  
ma jar c i v ~ l  works at the village og Sarman Dheete, both the LBX 
engineer and WgA civil engineer were present full-time in order 
to assure t h a t  design sgeclticatiuns were being followed itnd 
proper consrr uct i o n  techniques were applied. 

Nasons were introduced to new concepts such as use of line 
levels,  testing af sand for organic content  [ w i t h  58 s u d ~ u a  
hydro-oxides), s i l t  content, concrete slrvng testing, and gre- 
paration of correct concreee m i x t u r e s ,  P l u m b e r s  w e r e  i n t r o -  
duced to the use of t e f l o n  tape fox mak~ng pipe connections, 
we of moaern pipe toreading equipment, and use of lubricating 
o i l  in the pipe threading process. A f t e r  t h e  caaigfetxon of t h e  
f i r s t  =>or civil works site, t h e  constructron crew was splkt 
i n t o  c r e w s ,  operating independently, w i t h  reduced need o f  
outside supervision, 

2.3 0 Construction Personnel  

Personnel required for toe construction of civil works systems 
consisted of three teams, TWO teams were involved in mototized 
we11 distxibuiian s y s t e m  while a third team installed hand 
pumps, F i g u r e  2.4  shows  an organizational chart for the my 
Region consisting of seven  WDA personnef for each ak the 
m~torized-well teams. 







In addition to the seven WDA staff, each village was expected 
to provide fifteen m s k k ~ i a d  laborers to assist in the can- 
s t ruc t ion  process on an "Tska Wax O Qabsoe ( s e l f - k e l p 5  basis. 
The requirement that the wz%lage provide w~rkers for the can- 
struction process was always agreed to beforehand, but, in prac- 
tice, the prwess varied between villages, 

Depending upon the cooperation and inf luence of the vilxage 
leaders and the season, the nwnbex of villagers actually 
available far wark~ng was variable. Thrs ultimately affectea 
the speed of completion of each constructaorn site, During 
periods of p5antkng or harvest, village manpower was usual3-y in 
short supply, I n  many cases, t h e  village laborers expect to be 
paid by t h e  village water camittee, Sometimes t h e  water can- 
n~ttec did not keep its promises for p a p e n t ,  and Laborers 
refused to work, The mself-aePpn process results  in construc- 
t ion  t h a t  otten proceeds slowly, However, in the long-term it 
is expected that the self-help process w i l l  contribute to 
better maintenance far t h e  water distxibutian system. 

2 -3 .7  *Crashm Program o x  Pump installation 

During January through April, 1984, Sctmalia experienced a 
severe drought, Xn aa attempt t~ mitigate tne effects of the 
draught, it was decided 80 pour foundation pads and install 
handpumps at alk potential production wells, A teanpoxary steel 
adaptor plate was fabricated to all ~ w  a handpump to be 
installed at wells where a ,notox-driven pump w ~ u l d  eventually 
take its place, This pro9.ram beXped ta relieve some of the 
problems of  d r ~ u g h t ,  but it abso slowed the completion of t h e  
mapr civi l  works due to the drain on m a n p w e r  and transpor- 
tagion fatalities. In several cases, the hand p u p s  will even- 
tually be replaced with a motorized system if wlrranted, 

By J u l y ,  1984, s total af Xl hand p u p s  and 9 motorized pumps 
w e r e  in operction i n  the Bay Region, Construction crews w e r e  
continuing their work although m~+orizec l  pump systems, which 
require t w o  months to complete, cannot keep pace with the 
dxiihing pxocess. Since the WI)A does not have sufficient s t a f f  
with the requisite technical backgzound to expand the  constrite- 
t i a n  crews, ather alternatives are k i n g  explored, These 
include contracting v ~ t h  independent coastructioc firms ar uti- 
Sizing fiberglass storage tanxs, The latter offers the ease of 
prefabricated construction which would cut construction time, 
Pi~erglass tanks are being manufactured by a new Somali firm 
and, at t h e  tine 0 5  t h i s  writing, their feasibility is being 
explored further .  

2.4 Well Construction Techniques 

The objectives of the drilling program dux~ng t h e  production 
phase of operations were: 



I. To utilize the methodolcqy developed during t h e  
ExpTouatory P h a s e  and develop the most efficient 
use o f  avai2able equipment, 

2, TO improve compLetian techniques fur drilling produe- 
t i a n  = e l k s  and provide continued training of kbe W D A  
crews, 

The gsCglr;rct was provided w i t h  three Ingsrsoll Rand Tff-60 drill- 
ing rigs. The t i g s  were quipped with 600 cfm, 250 psi Coatpres- 
sors and Ga;rdner: Denver: I%@-inch by 8-inch mud pumps. The 
equipeat  was adequate for constrcuctrng wells utilizing 8 inch 
casi~g and far pmping depths up to 350 meters, In addition, a 
cabTe t -2 rig pf~videci by the  %DA was sowtetzmes used in pm- 
ticuhar circumstances, 

2-4 .1  Dri f l ina  Techniques 

The drilling techniques were based upon the experience gained 
in the Bay Region during the Explrrratlsxy Phase of the gru3ect, 
In mest casesc the Bay Region wslfs were drilked in cunso3idated 
fo~aations~ such as limestone and sandstone w i t h  the down-hole- 
hammer method. When unconsofidateei foxmations were encountered, 
t h e  (down-me-hole-hammer was replaced w i t h  a tri-cane b i t .  Zn 
both cases water and dzilling f~;un were hyieeted to extract the 
d r i l l  cuttings* En karst Ximestone formations, where thexe 
were ao returns of cutt ings ,  the  hole was remed w i t h  a 15M- 
inch b i t  and 92-inch casing see thsough t h e  lost circulation 
zone, A Ib-inch b i t  w i t h  a stabilizer was then used htr 
complete the open brehole. If adequate quantity and quality 
sf water were found, t h e  $rJrsboLe was cased with steel casing 
and slotted screen (slotted casing) i n  +he deeper wells and 
with P W  casing anB slotted screen i n  s h a l l o w  wells of 50 
mekers ar leas,  

Xn some limeslane areas, the rock was found to be hard an4 
generally s t a b l e  enough +,a remain uncased, The i n i t i a l  box€!- 
holes nexe Si f led  w i t b  a 7 7/8-inch b i t  and then reamed to 10 
cr L2 inches us ing  a stabilizer, Eight-iach c a s i n g  was then 
installed to serve as a pump chamkx. =Pow this casing the 
b r e h o h e  was left alpen. 

fn a few w e l l s  where gravel pack was required, the annulus was 
Limited to 3tfd inches due to the 12-inch diameter limitation 
when drilling w i t h  air,  fn aquifers with good transmissivity, 
this i s  an adequate gravel pack thickness. In l o w  yielding 
aquifers consisting of fine silty materials, similar gravel 
pack thickness could be used but particular attentian to size 
of screen ogeaLag and s ize  of gravel pack material wouLd be 
required. The gravel obtained far use in pack~ng wells i s  only 
available at a few scattered Xocaeions in SomaLia. BarticuPar 
attenlioa w a s  necessariZg directed to gravel procurement, as i t  
was an importank factor in determining well y ie lds ,  



Mud drilling was used almost exclusively in the Bulo Berti 
area, The formations in t h i s  area are prrmazily unconsolidated 
residual clays with a high sand content, gypsum and weathered 
sandstone, A t  the  location of Aboorey well 1, a SO-meter-thick 
layer of coarse sand was encountered from 60 110 meters. A t  
12U naters a cozaplete loss ad circufation caused t h e  mud to 
dra in  into a cavernous area and completely collapsed t h e  w e l l ,  
Several attempts, using a thicker mud to recover the hole, were 
futile and a new well was drilled at the A b r e y  111 site, 
This we13 was completed to 210 meters by using mud and with no 
loss at circulation, 

2.4.2 Rock Characteristics 

During drilling operations varrous types of rock were encoun- 
tered as described in t h e  mXydrogeologyM chapter.  The tech-  
nical characteristics of t h e s e  roc%s in relation to driLl%ng 
are described in the foffowing paragraphs. 

1, timestone 

T h ~ s  rock is generally hard and dense enough to allow air 
rotary drilling and completion without  casing, The top layers 
may be karstified to a depth of several tens of meters making 
d r i l l i n g  w i t h  mud impossibie, D r i l l i n g  with air as the cir- 
culation medium and using an air hammer i s  fast where the 
limestone does not contam cherty layers, The middle Baidaa 
Limestone is overlain by caliche and by terra rossa, which have 
a tendency to fall back i n t o  the h o l e  and plug d r i l l i n g  b i t s .  
This problem also occurred in the  Qansax Dheere area at w e l l  
numbers 6, 9 and 2 0 ) .  

These socks were encountered i n  the Baidaa Formation and in the 
Anole Purrnation, with various degrees of carbonate content. 
u r l s  m a y  become very soft in contact with drilling fluid and 
cave into b x e h ~ l e s ~  requiring casing while drilling. Problefus 
in boreholes number 13 and 2 4  ia the Anale Formation were due 
to swelling of clay and caving of soit marls, 

3. Clays and Shales 

These occur mainly in hard shale  interlayers in limestone of 
the  Baidoa Formation w i t h  no immediate tendency to swell. 
CXay and shale beds in the Anole Formation, however, are soft 
and cause more potential risks- to. th,e borehole. 

4. Residual Clay 

Clays  w i t h  various degrees of si lt  ana sand contenr occur over 
barge areas of the Limestone Pla teau  and in the patches of 
limestone that overlie the basement, While in contact with 
water, t h e s e  clays begin to swell, making vehrche access to 



the d r i l l i n g  sites impossible and closing the boreholes after 
the completion of drilling, C l a y  swelling and caving negati- 
v e l y  affected t h e  irrigation well No, 2 ot t h e  Bonkay Farm, 

2.4.3 Recommended Procedures 

Drilling and completion procedures developed during t h e  
exploratory and production phases are described below. These 
procedures were developed over a wide variety of geological 
condiliunsr 

1. A surface s t r lng  should be cemented in place, T h i s  
m u s t  be steel pipe sa that drilling may ensue inside 
the  pipe,  

2, The diameter of the surface casing should be no less 
than 1 4  inches, 

3 ,  A borehole should extend to a depth of 10 meters b e l o w  
the aquifer, 

4, Reaming should  be to a 1 2 n - i n c h  diameter and as deep 
as t h e  TH-60 will penetrate and stilk permit c u t t i n g s  
to reach the surface, 

5 ,  Water q u a l i t y  samples should be taken for chemical 
analysis as each aquifer is reached, prefesably before 
t h e  introduction of foam. 

6. A static water level should be taken eacn morning 
before drilling begins,  

7 A casing schedule sbacld be approved by the assigned 
hydrogeologist befare casing t h e  well, 

8 .  An 8-inch string of casing should be lowered until the 
screen i s  opposite the water zone as determined by the 
hydrogeologist from the  electric log. The h o l e  
diameter should be logged pr io r  to introduction of the 
casing i f  caliper logysng equipment is available. 

9, The temperature of t h e  water and the electrical con- 
ductivity should  be taken as each aquifer is reached. 

10. Compressed air should be used to c irculate  the  water 
in order to estimate the available water suppiy as 
d r i l l i n g  encounters each aquif ex. 

11. For wells completed in unconsolidated rnater la l~~  a 
formation stabilizer or gravelpack should be intro- 
duced between the borehole and the  caslng up to within 
20 meters of ground surface. A gravel makeup p ipe  
should  be installed. 



12, A sanitary seal should be set above the gravel pack to 
ground surface and capped by a one-meter square cement 
pedestal which slopes away from the casing. 

13, I n  areas where large solut ion cavities are encountered 
a cable tool d r i l l  rig should be used. 

1 4 ,  For deep wells, where the aquifer is at considerable 
depth and water quality is saline and potentially 
c~rrasive, t h i c k  walled PVC casing with scgew joints 
and couplings should be used. Shalbow wells in corro- 
sive areas should use the thin-walled PVC casing h e l d  
together by epoxy cement, Settrng time for cement is 
critical and should be maintained at least 15 minutes .  

15. It is preferable that a well should not be attempted 
u n t i l  alL supplies are at the s x t e ,  then continue 
until completed, 

6 .  A m i n i m u m  amount of time should be allowed to pass 
- t w e e n  completion of a well and equipping it for pro- 
duction to prevent calcium carbonate cr other encrus- 
tations from plugging up the screens, 

Development to remove fines from the w e l l  bore and tag 
aquifer in t h e  v i c i n i t y  of the well should be made on 
the well when coinpleted during which gmping water 
leve ls  should be taken and specific capacity values 
calculated. The well shouid be pumped at a higher 
than anticipated rate of production, When no further 
hpravement in specific capacity of water clarity is 
nzade, the pump t e s t  should be stopped, 

18, Appropriate well development techniques should be used 
on every well. 



3 ,  DATA CQLLECTPON 



3. DArsA COLLECTION 

Data collection has been a major component of t h e  CGDP, The 
objectises were, first, to conduct a preliminary phase of data 
coiiections affecting gxoundwater deveLopmeat in Somalia, 
Secondly, the  project proposed to establish an on-going system 
of data collection SO that this component would become fnstitu- 
tionajtiaed within t h e  MMWR and WDA, 

Preliminary Data CollectSon 

Preliminary data collection took place under three components; 
the undertaking of a general nationwide survey of published 
materials, a detailed study of project priority areas, and the 
completion of an exploratory d r i l l i n g  program, 

3 Literature Review 

The f i r s t  activity undertaken fox data collection was a general 
resource survey of groundwater related literature for Somalia, 
A literature search was conducted of a l l  pertinent documents 
and reports on the groundwater of Somalia. This literature was 
far from extensive, although some areas have been studied i n  
detail, A list af referenced literature is included in the 
"Btbliography" Chapter. One study conducted by the UHDP i n  
1973, entitled wGrourndwater in the Somali Democratic WepubJicm, 
provides data related to many groundwater sources. U P  
available data from earlier studies were incorporated into t h i s  
report, including well logs, water quality analysis, and loca- 
t i o n  of wells, Other  documents publrshed since 1973 have been 
collected when  available, or at Peast located for perusal and 
consultation, Unfortunately, however, there w e r e  some reports 
identified that  were unavailable, Blso many d r i l l i n g  reports 
of wells completed previous to the CGDP in Somalia have been 
h o s t  and are irretrievable, 

The second activity undertaken was a standardization of forms 
for data compilation, This activity was instituted within the 
WDA with support from GTZ, the German technical assistance 
organization for development, The forms were extensive, 
covering all phases of water resource development, but, unfor- 
tunate ly ,  were inappropriate as f e w  of the forms could be 
completed e n t i r e l y ,  The CGDP has been preparing data collec- 
t i o n  forbs as shown in t h e  Appendix of t h i s  report. 

3.1-2 Detailed Study of Priority Areas 

A detailed study of the Bay Region was completed in early 1982. 
A pxeliminary field survey was undertaken of existing wells and 
water paints ,  but, because of the Pack of hydrogeologic measur- 
i n g  equipment, little information other than the location of 
w e l l s  war obtained. The only groundwater literature produced 
on the m y  Region was a report on the "Bur area", an area 
w i t h i n  the  Bay Region of limxtea hydrogeologic potential 
(Xdrotecnec~, 19751, 



In the absence of s~gnkficanr data on which to base the 
exploratory pxogram, exploxatory drilling was conducted in 
areas where a water demand existed, The exploratory program 
was thus designed not only to p r o v i e  a representative coverage 
of the Bay Region but also to determine the availability oZ 
water in areas where identified demand exists, A slte selec- 
t i o n  process was beveloped, i n  cooperation with the BEWDP, which 
answered the needs of exploration as wehf as those of water 
pr ovisian. 

A t  the time that s tudies  of the Bay Region were underway, the 
CRP had n o t  begun, Pr was not until early 1983 that priority 
areas of the CRP were established, Therefore, detailed strtaies 
of the CRB were not undertaken by the CGDP, It was considered 
that management plans developed by the CRB would provrde the 
data collection required to deternine well sites bared on water 
needs, 

3.1.3 Exploratory D r i l l r n q  Program 

The exploratory drilling program was completed in January, 
1983. A total  of 25 boreholes were compkefed along with 
electric logs, All data collected durrng the preliminary 
coflection program were included in the "Exploratory Report for 
the Bay Region", In addition to the resu l t s  relating to hydro- 
geology, the repart included water qual i ty  analysis, drillrng 
technology, and socioeconomic s tudies ,  Only minor data an pump 
testing were included as the necessary equipment was not 
available until later  in the pro-ysct, 

3 - 2  On-going Data Collection 

An on-golnq data collection program was  established to collect 
and collate data generated during the probuction phase of 
drilling, Oata colleczed included drallers reports, geo- 
physical logging, pump testing, and wazer quality analysis. 
all such data have been collated ana axe reported in Volume I f  
of this repart, Maps and reports have h e n  updated and results 
analyzed to produce the recammendat i ons  and conclusions pro- 
vided in V o l u m e  XI, 

A separate economic report was produced i n  February, 1884, and 
is resumed in t h i s  report. The effectiveness of tne fee 
collection system was analyzed in the Economic Report and found 
to be adequate in meeting the recurring costs of well operatian 
and maintenance, 

It was originally planned to evaluate the use of completed 
wells in a complete and systematic manner. However, amce 
wells under the  CGaP only  f ~ r s t  became operational with the 
arrival of pumps in late 1983, only preliminary observations on 
the use of we899 were obtained. Tt is planned tnas the CGDF 
wells will be monitored under the proposed Project Exzensson. 
The monitoring will become an integral pare of the newly 
created Planning Departmeat of tho WDA and the reporting of the 
results is expected ta become institutionalized. 



As a part of the Pro~ect Extension, the CGDP will cooperate 
with an FAO project to improve the water data system at the 
MMWt and X s  assist the National Water Technical C o m k t t e e  into 
a f u l l y  operating unit, Reporting on the monitoring sf wells, 
it Is planned, v l f l  then be made to t h e  Technical C ~ m k i t t - ,  
Until recently, the data caalPection system at the  HMWR and trrs 
Water Cummithee have not k e n  functional to the degree requrred. 
Empaasis d9;rring &he proposed CGDP Extension will be gkaced on 
assisting these ootgarrizations to become f u l l y  operat~onaP in 
order to meet the  overall planning needs of water resource 
developnent in So?rullia, 





4. fNSTITUTEONAL SUPPORT 

Institutional support to t h e  WDA and MMWR has been provided 
throughout the life af t h e  propct. This support has been 
developed in response to particular needs and has been under- 
taken in tbe fields of t ra in ing ,  f inancia l  and planning manage- 
m e n t ,  warehousings vehicle maintenance, and water q u a l i t y  
asraPysis. 

In order to assure continued utilization of techniques and 
methods utilized by LBZ/RM staff in t h e  deveXogment of ground- 
water resources, tralining of counterpart personnel has been 
emphasized, Training is a part of the institutional suppart 
supplied to WZlA and MHWR staff in order to strengthen their 
overall capabilities, Training has k e n  divided into com- 
ponents of en-the-3ob instruction,  intensive seminars, univer- 
s x t y  degree programs ia t h e  USA, short-term txaining in the 
USA, and E n g l i s h  language instruction, 

On-the-job i n s t r u c t i o n  h a s  been provided by all LBI/RM staff to 
assigned counterpart personnel ,  This has consisted ot con- 
t i n u o u s  demonstration and periodic explanation of a l l  prqect  
related activities, As such,  on-the-2ob instruction has 
covered fields of endeavor that the CGDP has been involved in 
as part of i t s  groundwater development activities, This  
includes,  in t h e  broadest s e n s e ,  d r i l l  r i g  operation, pumping 
operations, hydrogeologic investigations, water distribution 
systems construction, water q u a l i t y  analysis, and socioecono- 
m i c s  analysis ,  In a more detailed sense, all of t h e  aforeinen- 
tioned fields have been subdivided into many more elements 
which have Men the sub3ect of specific instruczional matter. 
A list of these subjects  is pxovided in Table 4.1, Outline for 
C l a s s r ~ E i  Training in Country Tralning Program - Somalia. 
Counterpart personnel from the WDA and MMWR who have been 
assigned to the pro~ect include 150  staff members a l l  of whom 
have received at least some on-the-)ob training.  Most staff, 
particularly drillers, rig hands, pump crews, hydrogeologists, 
c i v i l  works engineers, chemists, loggers, and social monitors 
have received considerable on-the-3ob training over the threa- 
year period of the  prolect, Other  progect members, such as 
truck drivers and laborers, have rece~ved l~ttie training, 
although drivers have been given periodic lectures in driving 
safety and maintenance, This t ra inrng  has resulted in a cadre 
of counterpart personnel who are capable of undertaking t h e  
basic activities of a groundwater development program, 



OUTLINE POR CLASSROOM TRAXNXHG XN 
COONTRY TfUIlNING PROGRAM - Somalia 

1. Scales 
2 ,  Grid Nets 
3. Contour Intervals - Elevations-Surface Gradients 
4, Symboks 
5 ,  Direction - Magnetic Declination 
6, Triangulation 
7 ,  Drainage Patterns 
8, Buried River Channels 
9, Map Utilization - construer crass-sectrons, 

geoXogy maps, depths to water surface and water 
table gradients, recharge areas, thickness of 
aquifer, structure cantour mags, fence dragrms, 
and reXitted features 

10. Ocher Types OZ Maps - geoLoqicc so~ls, eagineerihg 
g-lwl! 

B. Air Photos, Use and Interpretation Phil Roark 

1, Use as substitute for topographic maps 
2, Scales 
3 ,  Stereoscopic pairs loverPap) 
4, Photoraosaics 
5 .  B l a c k  and white, color 
6 ,  Side-iookrng radar 

Remote Sensins 

3. SatePLlte photos 
2 .  lnfrared photography 

Groundwater Geology Robert Turney 2 i  Roark 

Bydrofoyic Cycle 
Geologic Regimes in Groundwater P l o w  
a, A l l u v i a l  
b, Residual 
c. Sedtmentary 
d, Crystalline 
e. Volcanic 



3, Groundwater Balance - (IlqtdroLagic Equation) 
4, Groundwater Hanagemant 

a, Ovexdraft of Basin 
b, Monitoring of Water Levels 
c Nonitorrag of Water Quality 
d, He&eoro2ogical Records 
e, Seawater Intrus ion 
f, lrirtifical Recharges 

A, Geophys k c a l  Surveys 

h. Seisaic Surveys 
2, Electrical Rcsistivrty Surveys 
3 ,  Nagnetoneter Surveys  
4, Gravimetr ic Surveys 

1, Electrxcal lugs - E q u i p e n t  
2 ,  Caliper logs 
3 .  Temperature logs 
4 Radiation logs 

Pekr Sodexman 

Ross Bowman 

C ,  Evaluation of Berehole Lags 

D, Photographic and Other We1E Surveys 

X S i n g l e  Vertical Photo Surveys 
2 .  Stereo photo surveys 
3 .  TePevision Surveys 
4, Motion Picture Surveys 
5 ,  Other Well Surveys 

1. Rainfall  
2 ,  Humidity 
3, Evaporation 
4. Evapatxansparation 
5 .  Temperature 

8, Well and Spring Records 

Extract i o n s  
water Wve1s 
Hater Q u a l i t y  
P l o w s  
Wars 
Underground Storage Quantities 
Pnf i ltxation Rates 
Surf ace Flows 



Table 4-3  ICsnt, 1 

C ,  Water Quality 

1, Bactexiolcrgical 
2 ,  CblrrxricaP 
3 .  Physical 

D. Socioeconomic Dr. P a u l .  Dcmnelly R0Tr.w 

f ,  Discussion of social and technical informatior at 
field levels 

2, Pilfage meetings - parpose and use of data 

X7J. CONSTRUCTXON OF WLLS Jake Woerner 

A, Methods of  Drilling and Types of Equipment for Each 

f ,  cable Tool (Percussion) 
2 ,  Reverse Circulation 
3. Had Rotary 
4, Aim: 
5 ,  Consbination 

B, Gsss of Inqerrall Rand ITH-603 Bruce Pike 

1. R i g  Capacities 
2, Drilling Capabilities in Various Formaition Using 

~irfFoam and Mud 

C.  Operation of Xngexsoll Rand (TH-60) 

1, Set-Up Rig 
2, D r i l l i n g  w i t h  Hammer 
3 .  Drilling with Cone B i t  
4,  Reaming and Running Hole Openers 
5,  Operation and A i r  Complressar 
6 Operation of Mud Pumps 

1. Casing Installation 
2 ,  Gravel Packing 
3. Cementing 
4. I3evelopent 

E, We11 Sanitation and Prevention of Contamination 

1. Sanitary Seals 
2 ,  Surface Sealings 
3 ,  Preventing Conurrunication of Aquifers 

1, F i s h i n g  
a, Drilling Tools 
b. Casing 
c. Pumping 



Table 4-9 (tont.3 

C. Rig Haintenance 

1, Accident Prevention 
2. F i r s t  A+d Procedures 

I. Construction Inspection 

Roy Sreele 

1- Check Casing Lengths and Types, Thicknesses 
2 Check Screens for Openings, Length and Thicknesses 
3-  Check Drilling Depths, Penetration Rates 
4. Identify Cuttings,  Prepare L i t h a h g i c  Logs 
5 .  Measure Water Levels and F l o w s  CPmp discharge) 

8* Oziftce P l a t e s  
83, Wefr BOX 
c. Open-Pipe Dascbarge 
d.  FBow Meters 

3 ,  We11 Develoment Pehr Soderatan 

1. Dbje~t~vez R a v e  Pines from #ell B o r e  and kquirer 
in the V i c i n i t y  of t h e  Wabl 

2, High R a t e  Bumping (Overpumping and Backwash~ng) 
3, Use of Explu~ives in Crystalline Rocks 
4, Surging (Intermittent Pumping, Surge Plungers) 
5, High Velocity Jetting and Compressed A i r  
6, Cheaical &gents 
3 ,  Pressure  Acidizing - Acids in Clay Formations 
8. Hyaraulic Practur ing I "Hydrof racking* 1 
9. Development Tim 
10- Post-Development T e s t  

V, WELL 15ND aQUIFl3R DATA 2WALYSXS Dr, Raines Eckart 

A, Aquifer ~haractcxistics - Definitions 
B. P w ~  Test for Pzoductfon 

1. Fundamentals and Preparation 
2. Step-Drawdown - Pour Rates 
3. Continuous T e s t  at SePecteb Rate 
4, Recovery Test 

C .  Analpsis of Test Results  

1. Aquiger  Character~st i cs  
2. a, Specific Capacity 

b, Transmissivrty 
c, Storage Coefficient 



Table 4 - 1  (Cont,l 

D. Pump Wotar Selection Criteria 

1, Total Dynantic Head 
2. Borsepuwer 
3 .  Type of P a p  
4. Depth Setting 

P. Fundamentals 
a. Advantages 
b. Disadvantages 

2 .  Pmp Repair 
a, Fundamentals 
b. Trouble Shooting 
c, Preventative Maintenance 

3,  Pump Controls 
4. Generators 

B. Line Shaft P u p s  

1, Pump Applicatians 
a, Fundamentals 
b. Advantages 
c,  Disadvantages 
d, Performance Curve Evaluation 

2 ,  P u p  repaix 
3.  Drive U n i t  

a, Fundamentals 
b, Advantages 
c , Disadvantages 
d, Operation 
e Preventative Maintenance: Short-term vs, 

Long-term 

C ,  Hand f imps 

1. Punrp Applicattons 
a, Fundamentals 
b, Advantages 
c, Disadvantages 
d, Pexforwnce  Curve Zvaluat ion 

2 .  Pump Repair 

D. Jack Pump 

1. Pump Applications 
a. Fundamentals 
b, Advantages 
c . Disadvantages 
d. Performance Evaluation 

2, Plump Repair 



Table 4.3 <Coat. 1 

3, Drive G a i t  
a Fundamentals 
b. Advantages 
c ,  D~sadvantages 
d, Operation 
e Preventative Maintenance 
f, Repair 

1. FundamentaSs 
2 .  Operation 

C ,  Pmp Rig Safety 

VX. K A R S T  

A, filature of Karst 

1. Meaning of Karst 
2. Types of E a r s t  
3 ,  Pseudokars t 
4, Karst Literature and Term~nology 
5 .  Methods of Investigation 

B. Karst Rocks 

1. Limestone 
2. Reef Pacies 
3. DoPatnite 
4, Evaparites 
5 ,  Poxes and P l a n e s  of Weakness: 

Permeability and Strength 

C -  Karst Processes 

1. Solution and Precipitation 
2 .  Piping 
3. Subsidence 
4. Collapse 
5 .  Other Meathering Processes 

D. Minor Solution S c u h t u r e  

Robert Turney 

1, Factors Afgecting Mlnor Solution Sculpture 
2, Types of Msnor S o l u t i o n  Form on Limestone  and Other 

Rocks 

1. infiltralion, Overland Flow, and Throughflow 
2. Surface Rivers; Regimes; Sinking of Rivers 



3,  Springs r Regimes 
4, Relation of Surface and Underground Drainage 
5 Theory of Karst Hydrology 

F, Surface Sandforms 

Gorges 
Meander Caves 
Naturai Brldges 
Construction Action of Rivers 
Semiblind Valleys 
Blind ValXeys 
Steepbeads 
Dry Valley 
Dolines and Cockplts 
Utralas 
Psl~es 
Earst Margin P l z i n s  

G. Karst Caves 

2 ,  General Characteristics 
2, Gave Formation 
3. Morphometric Analysis of Caves 
4. Underground S o l u t i o n  

Influence of Climate and R a t e s  of Den~dation 

1. Rates of  Karst Desudation 
2 ,  A r i d  vs C o l d  Extremes 
3. Trapical Humid Karst 
4, Karst Climato-M~rphogenic Systems 

3. InZ f uence of Geological Stcucture 

I ,  Depasitianal Relief in Reef and Dune Limestone Karsts 
2, Structural Relief in Reef Karst 
3-  Hohokarst and Merakaest 
4. Structure in Tropical H4mid Karsts 
5,'  Structure within Caves 
6 ,  Pfydrogeo3ogic Systems 

3, Historical Geomorpholoqy sf Karst 

1. The Karst Cycle 
2. Climatic Change 
3. Tectonic Movements and Changes of Base Levels 
4, Complex Evolut ion  

K, Present State of Karst Geomorpho~ugy and its Value 

VIX, WELL REHABILITATION Robert Turne y 

A, Problems wreh Wells 

1. Collapsed or Broken Casing or Scseen 



2 ,  Puraping Sand 
3, Water Quality Changes 
4. Decrease in Discharge 

a. Incrustation 
b. Corrosion 

5 ,  Polluted 

1. History of WelL and Physical Characteristics 
a. Original Pump T e s t  Results  
b. Groundwater Hydrographs of Area 
c. Quali ty  of Water 

C. Caqses 05 Well -Problems 

D, Rehabilitation Methods 

1. Sand pumping 
2. Decline in Discharge 
3 .  Shooting with Explosives and Aczdising 
4. Chlorine Treatment 
5 .  Rehabilitation of Rock Wells 

A. Statistic T o o l s  

Alkalinity in Natural Waters 

C* Relationship Between Weathering and Water Composition 

Note: A manual for chemical methods is in preparation to 
be used at the laboratory. Tt w i l l  be i n  both 
Somali and English. 

1. Prevention of Playful Actions Around the R i g  
2 .  Suitable Clothing for the Job 
3. Working While Sick - Inform Driller 
4. Reporting Broken, Loose, Unusual Equipment 
5 ,  Attention to CahZe Clamps 

B, Cleanliness 

1, Keeping Rig and Surrounding Areas Clean  
2, Clean up O i l  Spillage and Leaks 
3,  Report Leaks as You Pind Them 



Table 4,; CCont . I  

a. G e a r  Boxes 
b. Hydraulic Hoses 
c. Others  

C. Maintenance 

1- Responsibility of Crew Members 
2 ,  O i l  Levels: Instruction on Problems of QverEilL 
3, U s e  of Tools: Damage to parts 
4. Being Observant and Using Common Sense 

X. ELECTRICITY Ron %ilyers 

A, Theory of Electricity 

1- Proper Use and Care or T e s t  Equipment and Tcrols 
2. Basic Theory of Electricity 

B- Theory on How Motors Woxk 

1. Break dawn and Assembly of Electric Motors 
2 .  Trouble Shooting Electric Motors 
3. Repairing Electric Motors 
4. How to Check for Pnopex Rotation o f  Motors 

C .  Theory on Generators 

1. Breakdown and Asembly of Generators 
2 .  Troubleshooting Generators 
3 .  Repairing Generators 

D, Study of High and Low Voltages 

1. How it Affects a Motor 
2 -  What D a m a g e  it Can EM to Motors 
3 ,  Proper Wlre Sizes 

3, Study of Refays 

1, What They A r e  
2 What They Do 
3 .  How They Work 

F. Study af Control Panels 

1, What They DO 
2, How They Work 
3.  Tzoubl,es.boot ing and Repair 

G. Study of Capacitors 

1. What They Do 



Fable 4.1 (Cont.1 

2 ,  Why They are Used 
3. How They Work 

X I ,  TRAINING OUTLINE FOR ASSISTANT 
MYDROCEOWTSTS Dr. Rakner Eckart 

A, Sample Takins 

8, Water Levels 

Use of Sounders 

C ,  Water Quality 

5 .  Use of EC Meters - Instructions 
2 ,  Instruction, Maintenance and Repair 
3. Sample Bottles and Sampling 

D. Rock Identification 

1. Basic Minerals - Hardness, Acid 
2, Sieving T e s t s  - Diagrams 
3, S o i l  Cxassification 

1. Distances 
2 .  Altitudes 
3. Contours 
4. scales 

Pumping T e s t  

1- Development 48 hours 
2, Surging - Intermittent 
3, Product ion 72 hours 
4. Step Dxawdown 
5. P u p  at Sing le  Rate 
6 ,  Recavery 24 hours 
7. Measurements of Discharge and Water Levels 

G, msics of Electrical Loggiaq 

3 Well Drilling Movie 

1, Forms - 
3. Construction Inspection 

1. Check Casing Length and Types, Thicknesses  
2. Check Screens for Openings, Eengths and Thicknesses 
3, Check Dxilling Depths, Penetration Rates 
4, Identity Cuttings, Prepare Lithologic mgs 

K. Scientific English and Conversions 



4 , P ,  2 Seminars 

Intensive seminars or classxo~m type training bas been provided 
during two major periods, Thzs trainxng was scheduled duxrng 
t h e  rainy seasons when project field act~vities were 
necessarily shut down. Later it was found that, by planning 
sites which were accessible during the rainy season, must pro- 
j e c t  activities could be continued during the rainy season with 
relatively few delays, 

The development of a course curriculum was based on EBX/RM 
staff appraisals of the learning needs of counterpart person- 
n e l ,  FLI i n i t i a l  outline of course titles and subtitles was 
prepared far 10 areas of study. These areas 05 study vere sub- 
divided into specific subjects, a complete list of which i s  
given in Table -4.1. 

Because of the work locations, equipment needed fox dernonstra- 
t i o n s ,  and sufficient room to handle large groups for training 
films, four locations were selected for training, Assistant 
hydrogeologists training w a s  conducted in Baidoa; hydrogeoxo- 
gists  seminar training was conducted in a classroom in the WDA 
building; drilling crews of approximately 45 persons were shown 
training films and given lectures i n  t h e  auditorium located in 
the maintenance yard of WDA; and counterpart t ra in ing  for t h e  
electrician and geapbysical technician were held at t h e i r  work- 
shop at t h e  LBI office, Laboratory chemists and technicians 
rerfkived t h e i r  t r a i n i n g  at the  MMW laboratory. 

Training wethods included the  use of training films, slides 
with xecorded lectures, demonstrations of processes us ing  
various type of equipment, overhead pro jectar, blackboard 
instxuction, texfloooks and operational and maintenance manuals, 
Fax t h e  English language films a more effective method was 
used in which the sound was turned off during the film and a 
W I 3 a  drilling superintendent described the picture in the Somali 
language. The t e x t s  included groundwater and applied hydro- 
geology as well as geologic dictionaries, drilling manmls an. 
the cable tool and rotary methods of drilling, Partiacs o f  the  
operations manual for the fngessoPl Rand drilling equipment 
were translated into t h e  Somali language, A sixnplikied tri- 
language dictionary was prepared in Somali, Italian and English 
to facilitate communication between expatriates and non-Bnglish- 
speaking crew members. 

The training seminars were conducted during t w o  periods, t h e  
f a l l  of 2982 and the spring of 1983, last ing five weeks each. 
The former s e s s i o n  included all pro3ect personnel whire the 
Patter was confined to hydrogeologists as they required a more 
theoretical t y p e  of i n s t r u c t i o n .  As a c u h r n a t l o n  of the semi- 
nar training certitisates were i ssued during a ceremony on July 
23# 1983 f c ~  a11 staff who successfuJly campfeted the training.  
A list of the trainees is included in Table 4.2. 



Table 4 . 2  

LIST OF WDA STmF RECEIVING LBI CERTIFICATES 

lSIikar Ibrirhim Bussein 
Yussef A b d i  Said 
Udirmzak Muhamed Abdulle 
ML Hohamed Bashi 
Moharned Aden Muuse 
Mokamed Omr Addow 
Bassah Muhamed Aodi  
Bashi Farah Sarnater 
Aideed Salaad Massan 
R i m e d  Mo'aaaed Hassan 
Aden &Xi Jana 
abdi Bassan Muuse 
Abdi Jarin Smater 
Khalif Arab Hohamed 
Abdi Absbir Ismi 1 
Mohmed Abed Ibrahim 
Eohamed SuPub Abdi 
Osman Ali Koshin 
Ali Mohamed Alasow 
Eassan Hussein Onzar 
A B i  Hohmed Ibrahim 
Mohmned A b e d  Raage 
Abdi 3ama Barre 
Wkar Ibrahim Bussein 
Farah Mohm*xi E l m i  
Muuse Sagadi Abdulfe 
Noor Husse in  Abbulle 
Abdulhahi Mahamed Jama 
Aden Yussef # m i n  
Mahamud Mohmed Mahamud 
Deerow Adbull@ Mohaned 
Bassan API Kokamed 
Ahsned A l i  Hassan 
ADdr Rassasn Aw-Muse 
Farah Mohatmud Euusef 
Ahned Bilowle Mohamed 
Nsor Hassan Farab 
Abdi Barre Haile 
flyas Mohamed Efohmud 
Abed Nadaf Agip 
Bassan Abed Egal 
Said Farah Duale 
Abdi A b e d  Warsme 
Hassan Mohamud Aw-Essa 
Sassan Eusseiat Hbralhim 
mar Hai Mohamed Shurie 
AQdilEahi A b e d  Zbranim 



Table 4.2 Bcont.1 

LIST @F WDA STAFF RECEIYTWG XNGSRSOLL-RAND CERTXPICATEZS 

Dahir Wacalln Sassan 
Ismail Ali Ibrahkm 
Nuhatnsd IbraRlim Adan 
S h i r e  TabPiX A w a a l e  
HPlfiuden Noclx mhaned 
Wshur Amin Qsman 
Ahme& Bassan H l a ~ i  
Abdi Hoaamed W e d  Warsame 
Bash% FUah Smatcr 
Aideed Salaad Hassan 
Abmed Mohaaeb Hassan 
bden A 9 i  J-a 
WPdi J m a  Saznater 
K t r a l i f  XPrcab Mohanned 
Abdi Abshir Ismail 
Xohmed m e d  Iorahim 
Nohatraed Sulub Abdi 
Qsman A l r  Koshzn 
Ali Mahamed Alasow 
Bassan Bussein Onras 
Mohamed Akuned Range 
bbdi Jam Btrre 
Askar Zbrahim Hussein 
Farah Mahamud Elmi 
Muse Sngadi Abdulle 
A M i  Hassan Muuse 
Mahamed Aden Muuse 



The training seminars w e r e  coordinated by Senior Bydrogeol~gist 
Bob Twaey with lectures provided by, in adaition to Turney, 
the fallowing staff members: 

Ross Bowman, Geophysical Technical 
Dr. Rainer Eckart, Bydrogeologist 
Dr. Hagnus Edgren, Water Qual i ty  Chemist 
Bud Kellums, Pump Technician 
Phil -ark, Team Leader 
Dr. Paula D. Rotrk, Consultant Socnologist 
Pehr Soder=nr Hydrogeologist 
Jake Woerner, Drilling Supervisor 

Apart from the LBZ/RFI regular staff, lectures were also pro- 
vided by other consultants  including Bruce P ~ k e ,  Ingersoll Rand 
representative from Nairobi; Constantine PaiPTace, hydrogealo- 
g i s t  assigned to WDA from GTZ; and Ron Schwartz, anthropologist. 
Dr, Schwartz provided instruct ion to Bay Region p r q e c t  per- 
s o n n e l  in social data collection, Six staff members  from t h e  
BRADF took part in the instruction who were later assigned to 
work uilh the Wyoming social analysis team for t h e  Bay Region. 

4-1.3  University Degree Progr;;JRS 

Four counterpart statf members were selected far masters degree 
programs i n  the USA. Three staff members from the WDA, t w o  
chemrsts and one hydrogeologist, and one hydxogeofagist from 
the WWR are presently attending classes at the Univers~ ty  of 
Arizona, This university was selected because of its emphasis 
on water resource studies  and because of its arid zone hoca- 
tion, 

The chemists began their studies in September, 1983, and the 
hydrogeologists began in January, 1984. zt is expected that 
each student will require 2162 years to complete their degree 
training, 

The part kcipants are: 

Cmar Mohwcd Abdl Chemist  
Abdulkadir Sherkh Ali If 

Abdi Barre Haiie Hydrogeologist 
Bassan Mohanud Aw Issa I# 

4 . 4  Snort-Texan Training in USA 

Eight  counterpart personnel were selected to attend a two-month 
training session conducted by the USGS in Colorado, This 
s e s s i o n  w a s  scheduled during June-July, 1984. The USGS program 
consisted of a coinprehensive prograrn of water resource studies  
coverxng surf  ace water, groundwater, water q u a l i t y ,  measurement 
and instrumentation, end management techniques, Valuable 
i n s i g h t s  are expected by participants from f i e i d  t r i p s  whtch 



will allow first hand observations of techniques and mndi trons  
i n  the  w e s t e r n  USA, Participants included the following: 

Bydrsgeolag ist 
bl 

Geophysicist 
w 

4 , l . S  English Language Tra~ninq 

fn order to heLp avercane critical Itm~tations in undertaking 
t r a i n i n g  activities, Englrsh Aanguage ins truct ion  has h e n  pro- 
v~ded to many counterpart personne l ,  Considerable technical 
training has either been diluted because of t h e  limited English 
capacity of a ma3arlty of WHTA staff, or not been proviaed at 
all to stadf  with no E n g l i s h  background, Two organizati~ns 
w e r e  utilized in providing t h i s  training, 

F i r s t ,  the organization *Experiment in Xnternarionab Livinga 
was contracted to provide four months of instructran, This was 
conducted from January PS to Nay 15, 1983, Classes were taught 
on two IeveZs, bgginnang and intermediate, For the inter-  
mediate speakers a TOEPI., exam was utilized to select students 
fo r  univessity training.  Pour s tudents  passed the exan 
although more scholarships would have been awarded i f  add&- 
tional students had passed the exam- 

Second, t h e  USIS began English Language instsuction i n  the falS 
of 1383 and tau-rscs were set up for selected WDA staff. Twelve 
students, primarily hydrogeologists, took the lessons in order 
to raise t h e i r  English capabilities to t h e  level required for 
short-term training in the USA, F ive months aE twlce a week 
i n s t r u c t i o n  was provided and eventually e i g h t  stafk &aejnkr~ 
were selected for the t r a i n i n g ,  

4.2 Finances and Management 

As a part of institutional support to the WDA, adv~ce has k e n  
provided both in finance managanent and in planning management. 

Fsnance mnagement has consisted of preparation or cormnodity 
specifications, budget s u h i s s ~ o n s ,  and local purchases. Over 
$7 million in comod~ty purchases have been specitied to pro- 
vide the required equipment, tools, spare parts and vehicles, 
The actual procuraerbt was contracted ta specialized US pxo- 
cur-ent agents in most cases but liaison for receiving the 
commodities was undertaken by the pr032ct. Bob Van Valer of 

was primarily responsible for providing the commodity specl- 
ficalions. 



Assistance was provided by the  t e a  leader, Phil Roark, in 
annual budgat preparations for the CIPL uni t ,  This required 
w r i t i n g  justifications and explanations of a l l  required s h i l l -  
ing expenaitures for the project by the Somali government on a 
semi -annul  basis. Line  items included f u e l ,  staff allowances, 
pen: dim, and local purchases, Monthly review of e x g e n d ~ t a e s  
sad sar-annual  reporting of progress was required. 

Speciffcazions far local purchases of miscellaneous ~ 0 m d i t i e ~  
in support of drilling operations was provided. Xn adaitron, 
nmaitocing of f u e l  supplies and assistrng in t h e  logistics of 
mo~indg Euel 56 the required locations was gLven. ~ u e h  of the 
Jattcr was prowaded at Baidua to support t h e  Regional D~rector 
of the W A *  

Formah training i i n  raanagwent was pkovided to the WDA Pro~ect 
Manager, Yussef Mohmed Efmi.  Mr. E Z m f  ~oiIkpL42ted a four Week 
murse given by the mexican Management ~ssociation i n  New 
Y o z k ,  T h i s  intcns~ve course covexed a11 aspects of business 
management and was given in September, 1983, 

Planning management has been an integral part of p x o ~ e c t  acti- 
vkties and will be a focus of future support during the Project 
Extension, A Planning Department docs n o t  e x ~ s t  within the WDA 
but plans have k e n  formulated to begin a formal arrangement 
fo r  ~natitutionalizing a planning capabrlity, Annual work 
plans were required as a norm1 part of Project activities and 
were prepared by Phil Roark in consultation with Yusset Mohamed 
E h i ,  Deputy Director of UDA, T h ~ s  required extensive coordi- 
nation meetings with 3WDP and N U  staff as well as meetings' 
w i ~ n  Zocal offzctals p x i m r l l y  in the Bay Region, 

X t  i s  significaat to note that several factors have n e g a t i v d y  
infiuenced pllanning management beyond mat: could normaPly be 
expected. First* long delays in rcce~ving needed project corn- 
mudities did not allow the timely execution or cooxdinar&on of 
project activities. Second, fuel supplies were constantly 
k i n g  disrupted which either slowed or sometimes stopped pro- 
ject activities, Pinally, securiky precautions at times where 
imposed sn planning designs. Far future pragect endeavors, 
planning exercises m u s t  t a k e  i n t o  account the above indicated 
factors, although it is recognized as being exceedingly dif- 
f i c u l t ,  as these are problems w h ~ c h  are largely beyond the 
scope of the project to control. 

In addition to the problems ci ted above, anather signikicant 
factor frequent ly  hinders WDA ntirnageaent as well as other 
qovernmentaP organizations, WDA staff complain of l o w  salaries, 
per diem* and ocher compensation, A t  times, WT3a stazf have 
ref used az delayed work assignments because of their dissacls- 
factlon wlth available cormpensation. During the course of the 
projectr aPHowances and per diem have been razsed but t h i s  has 



n o t  kept pace with infzation and staff morale remains Tow, 
Some staff leak fur other means of supplementing t h e i r  income 
whsch distracts from t h e i r  -XDA job assignancnts. Scrlutions to 
t h i s  problem are Large&y outside t h e  scope of WDA manageSeflt 
and w i l l  require a complete review by the Somali C i v i l  Service 
Commission. 

8 - 3  Warehousing 

In order to systematically control t h e  use of conmad~ties 
purchased wider the project, assistance i n  warehousing has been 
provided. Severah discrete tasks are involved incLuding impor- 
tation, inspection of received merchand~se, cataloging of 
merchandise, and inventory control, This process is cornpltex 
and has been &set w i t h  difficulties during much af the 
pro j e r t  , 

The importation of commodities has required extensive Liaison 
with various cammod~ty procurement companies in the USA, Com- 
munication involving changes in speciticatians, dates of deli- 
very ,  and tracking of shipping bath via arr and sea has Men 
constant and often difficult. Delays in procurement were 
numerous with the average time of procurement exceeding one 
year. 

A f t e r  the arrival of spectfied commodities in Mugadisnu, inter- 
action with port authorities also proved difficult. Shipping 
documents were not always complete, t h e f t  and damage of stored 
commodities occurred and arranging cranes and transportatidxi 
was time consuming, In one instance the Somali military 
removed from the port a shipment of project comodities 
including 12 trucks and 3 containers, although it was later 
returned, 

A system of cataloging and inventory c o n k x s l  w a s  established, 
This system required +he systemat ic  cataloging of a l l  received 
commodities, T h ~ s  task w a s  also made difficult by the frequent 
omission by %he shipping agents of packing l i s t s ,  Warehouse 
consulEant Bob Cooper of established a card system for 
inventory control during two separate consuftancy periods. LBI 
staff members Dennis Wick and Joe Sharp, Genera3 Service 
experts, have advised in the operation of t h e  system, 

While a system of inventory control has been established since 
the fall of 1981, the functioning of the system has been 
compromised by several changes  in WDA ap ioyees .  Each of; the  
four warehousemen trained by Mr. Cooper has left t h e  project 
For various reasons, This has required that warehouse s t a f f  
replacements begin t h e i r  work without  an adequate background. 
Because of t h e  abruptness or the  departures, many records were 
left  i n  incomplete or altered states, However, during the past 
s i x  months, the warehouse has been funct ioning  acceptably with 
the arrival of a stable group of WDA staff. 



4 , 4  Vehicle Maintenance 

A t  t h e  beginning of the  CZGDP vehicle manntenance was undertaken 
by an interagency garage set up under an Agr icu l tura l  E ~ t e n ~ i o I I  
Propet.  APh CGOP project vehicles were ts have been serviced 
by the garage but, owex time, t h e  service became increas~ngly 
~nacccptable, partially because of greater vehicle demands 
being  placed on the garage by the various psojectfi, It was 
therefore decided t h a t  t h e  m A  should establish its own garage. 

In May of 1983, a contract was esrablished with a Local firm to 
construct a garage and warenouse. MrgeLy because of delays in 
fundrng of t h e  contract, the garage was nut conpleted until 
January, 1384,  I n  July, L983, EBI mechanic John Quackenbush 
arrived to begin vehicle raasntenance operations. Without a 
garage, maintenance was done i n  t h e  open air  which was most 
difficult due re the harsh elements of heat, GUS%,  and rain.  
Since January, however, the garage has been establrshed with 
fu31 maintenance capab~lrries x n c l u d ~ n g  tools and spars parts,  
A schedule of preventive maintenance, repanr, and training OL 
counterparts is present ly  proceesing normally, 

Beav equipment nakntenanre, ~ n c l u d i n g  dr illsng r ~ g s  and trucks  
has h e n  eslabTished and has proceeded normally siace the 
beginning of t h e  Project under the direction of W mechanic, 
Roy Steele, 

4.5 water Quality Analysis 

The major institutional support provided to the MMWR nas been 
to the water quality lab located at the Ministry.  The LBX 
chemist, Magnus Edgxan, bas provided advice and training t o  the 
lab, As a result ,  the l a b  routinely undertakes water q u a l i t y  
analysis tor all CGDP sanglea and also for sarnpies provided by 
otber Somali and international organizations, 

Analysxs consists of providing values  af ghysxcal  parameters 
inc2ud~ng Car ~ 9 ,  Na, K I  C3.r RC03, ~ 0 4 ~  P B ~  EC, TDS, and on 
special request H02, P, pg, Siozl  and NR4.  mologrcai 
assessaents of fecal c~hr2orm and fecal streptococus are a l s ~  
provided in the f i e l d  with mobile k i t s .  

Training in water qual i ty  analysis  techniques and procedures 
has proceeded with WWR ana WDA chemists and with laboratory 
assistants, Presently, t w o  chemists are undertaking graduate 
degrees in t h e  USA and w ~ l l  be expected to assume management of 
she water quality l a b  upon their return. 

An extensive list of commob~ties, inc luding-  instruments and 
chemicafs, have been provrded to the  Lab. In addztion, repairs 
of labratory  electronic equipaent has been undertaken periodi- 
c a l l y  by Ross EWwman, logging technician, 



5 ,  SOCIOLOGY 



Sociological studies E a r  the CGDP were undertaken primarily 
during the first year of activities. The results were  reported 
xn t h e  m%xploxatory Report far the Bay Regxonm, and She reader 
rs referred to t h i s  reporr 5at detirxls, This work was com- 
pleted by Paula f)onnefly Roark, consultant fax LBP, As a 
result of these studies, a methodology was developed and 
refined to assssr in szte selection by assessing village com- 
mitment to and need for a deep bore well. Tnis methodology bas 
been utilized, w i t h  some m d r f i c a t i ~ a s ,  throughout the  life oX 
the project, m a  is considered important to achreving project 
success, The objectives of t h e  sociobogical stadies,  a des- 
cription of the process used, t h e  results of t h e  s tudies ,  and 
plans for the future requireaents o f  sociology within the proj- 
ect are provided in the following sections. 

5.1 Ob3actives of SocialoqicaL Studies 

A primary ob~ective of the CGRP is to strengthen the govern- 
ment's capability to i n s t a l l ,  operate, and maintam rural water 
suppky system, However, while the capabilities of installa- 
t i o n  and operation are technical in nature, t h e  capability for 
naintenance of water technology is part of a broader develop- 
ment quest ion,  namely what social change is required in order 
for a society to adopt technology transfaxred from an@ culture 
ko another culture,  Water development experience in a variety 
of countries has illustrated that adequate Icsnq-term mainte- 
nance of wells is vulnerable to social and behavioxal factors 
emanating from the accepting cul ture ,  The consensus is that 
though t h e  technical phase may be successruf in implementing 
t h e  appropriate infrastructure, this alone has not been suffi- 
cient to assure its long-term vvrability, Typically, if tne 
is nat camunity mativation to maintarn and support the 
improved water p z n t ,  once t h e  technology f a l l s  into disreparr, 
it is not fixed, The participant population r e t u r n s  to its 
traditional prcp~oject W G e s  of wazer procurement, and +be 
water supply p x o ~ e c t ,  despite i t s  i n i t i a l  successful technical 
implententation phase, will ultimately be ciassified as a 
failure. 

The recognitioa t h a t  changes in technical delivery systems, no 
matter how h n e f ~ c i a l  to t h e  participant population, requires 
corresponding changes in the socioecononrc support system at 
t h e  local l eve l  and the institutional support system at the 
regional l eve l ,  and has served to focus interest on the need 
rox integrat~on of technical and social  factors i n  project 
implementation, There i s  increasing consensus t h a t  onby 
through t h i s  sociotechnical integration can speeitic rural 
water supply projects encourage and engender the community 
participation and institutional cooperat~on needed to ensure 
adequate local support for long-term use and s u c c e s s f u l  main- 
tenance of t h e  new water supplies at the community l eve l .  



Presentlyr at t h e  organization l eve l ,  pro3ect staff of inter-  
national aid organizations are aware of the importance af this 
"sociotechnical integration," but as the Wurld Bank suggests, 
"they are without  an operational framework for integrating 
social and behavioral factors with engineering, economic, and 
institutional i ssues ,  and wsth t h e  project cycle i t s a l t , "  Thus, 
one of the key strategies for the CGDP is the establishment and 
maintenance of organization and management tecbaiques at both 
the project and institutiaaaP levels t h a t  will encourage and 
facilitate such suciotechnical integration, 

The first requirement for any successful soczotechnieal in te -  
gration is that of adequate information, Therefore, l u s t  as 
the technical srzction or  t h e  CGDP has emphasized the gatbering 
of information that will assure high l e v e l s  of technical suc- 
cess in the pxuduction drilling for t h e  Bay Region, the socio- 
economic study, during t h e  Exploratory Phase, has gathezed 
information and defined processes that encourages and assists 
in, at both t h e  local and national l eve l ,  the saciotechnical 
integration of information and process t h a t  is needed for the 
long-term successful maintenance of the improved water points 
rn the Bay Region. 

5.2  Description of TVAPP 

The project sociologist has identified and described the infor- 
mation needs and subsequent development of a research methodo- 
l o g y  for t h e  CGDP. Three categories of information were 
dekxned as necessary ta fulfill the sociological ob3eclives for 
the Exploratory Phase of the project, They included: inrorma- 
t i o n  far participation prucedures; information far development 
of socioecanon%ic criteria for t h e  placement of production wells; 
and information for the develapmenl ot project monitoring and 
evaluation criteria. A specific and innovative methadology 
that would achieve both the data gathering and participatory 
objectives was dictated by these information and process needs, 
A theoretical framework based upon general systems theory and 
hypotheses concerning change at the local l eve l ,  integrated 
with identified field conditions, was therefore developed and 
described. The r e s u l t i n g  detined components formed the basis 
for the  aTuuPa Village Assessment and Participation Processw 
iTVAPP 1. 

The socioeconomic study of t h e  Exploratory Phase has gathered 
infoxmation and defined process that encourages and assists in, 
at h t h  the local and n a t i o n a l  l eve l ,  the soc~otechnical 
integration of information and process that is needed far the 
long-term successful maintenance of the improved water points 
in the Bay RegLon .  

To meet t h e  information and process needs described earlier the 
TVAPP was des~gned and field tested in the spring of 1982. Trra 
basic design incorporated the focus, strategy, and process of 



+Ge general research actkodalagy ifito s specitic pattern of' 
tbree serial ~f sits ts each of the T u ~ l o  areas that had been 
selected fax  exploratory driXlifig actzvities , 

The overall purpose of taese aeetings w a s  to discuss w i t h  the 
camamity i f  tlisey wished t8 kcoae irsvolved with  t h e  project, 
and, if so, what kherr participation respons~bilities wonld 
consist of. The specific psrticipatdon respoz~dbilities of the 
TuuZo area, if &hey decided to bec~me part of the CGDP, w2re 
%he following: 

1. Community assessaaent for inforiaation 

2, Comm~nity work sueart  - ~f the actual installation of 
the barehole, 

3. Cb=tniky-ent for t h e  distribulicvrr system and 
construction of the partial payment of  reoccurring 

4 ,  Comaunity masaqlemenl of the oew water point for greven- 
tise maintenance and healthful use of water, 

The f i r s t  of che three meetings had the primary objective of 
iniormatian exchange. The project c~Llecrea informatzon con- 
cern ing  t h e  quantity, qual i ty ,  reliability, access, and trabr- 
tionab nnana5emenk of existing water supplies. I n  exchange, the 
comaunity leaders ware provided with  intormsefon csncernsng the 
CGDP and the Tuulo resgansibrlities if they decided to partici- 
pate, A significant am(runt sf time xas spent in the ingoxma- 
t ion exchange concerning the negative as wefl as the positsve 
efteels of improved water supply, The participants of t k e  
r i r s t  meeting were usually confined to Tuulo elders, 

The second TVAPP meeting was s t y l e d  as a Fuula area meeting fox 
all t h e  peopke designated in the designated auea ,  SpecificalPy, 
it was requested t h a t  rcpresentarives Erm alh Xha Tuuloa or 
satellite villages be i n  attendance. The ~b3ect ivea  were fwo- 
fold. F i r s t ,  t h e  project was again explained to everyone in 
attendance to assure a complete understanding ana it was asked 
if there were any changes to be recamratended. Second, an exp3a- 
na t ion  or the cornunity assessmnent was provided, specitically 
prov~dlng instructians on h o w  to complete t h e  questionnaire, 
The purpose at t h e  questionna~re was to ass i s t  in the s i t i n g  of 
the  w e l l  within t h e  Tuulo axea and to provide sane baseline 
data sa as to later measure t h e  impact 02 the weil on the  popu- 
l a t i o n ,  A t t e r  t h e  meeting, a requesk was often made to a s s r s t  
the hydrogeologists in flndinq sinkholes in t h e  v i c i n i t y ,  In 
the limestone areas or the Bay Region this was ut~lized 2s an 
indication of sites sf potential groundwater. 



The th ird  meeting sequixed t h e  participation of the TuuLo 
C O m k L t t e e ,  the Water Committee and the representatives from the 
TuuluS who worked on t h e  questionnaire, objective ot the 
meeting was to review &be questionnaire to make sure the infor- 
matfon was complete and to choose the actual site for dr~hling. 
If, from a hydrageologic p s n t  02 view, several sites looked 
equally promising, the cmrmunfty was given a choice as to the 
site, If one  particularr szte was decided more favorable from a 
hydrogeelogic view p i n t ,  then the community was asked to 
approve that s i te .  F ~ n a l l y ,  instruct ions  were given for cam- 
m w i t y  work in construcliag a trail and clearing the  proposed 
well site,  i f  necessary, and t h e  date that drilling was sched- 
uled to begin. 

In most cases, the TVBPP, as described in t h e  preceding para- 
graphs, was carried out completely wherever weUs were proposed 
w i t h i n  avillagesa. Meetings did net  take place, of course, for 
those  sites that %isre cutside of MwilXages". This included 
wells for woad canstruetian or in areas desrgnared for range 
deve%spmen"P, Must wells in the Bay Region required the TVAPP 
precess but none in the Centr8 l  5adgelands. The Central Range- 
laads well sites had, howevert been studred as past of the 
rera,nge maagemewt plans developed by the C W ,  In severah 
instances, +Re W.WF process was not undertaken completely 
because sf lack of personnel, f u e l  shortages, or other reasons. 
While t h e  l a c k  ,f a WAPP was regrettable, it did net appear to 
have a negative eSfect in t h e  Bay Region since mast of t h e  
Tuuhos knew, from the  projects wegutation w h ~ c h  was learned 
from other vi l lages,  what the respsons i la i l~ t i e s  and conditions 
of acceptance were for having a w e 1 2  pra~ect in their viklage. 

The amst important feature o& the  WAFP w a s  to assure a 
complete understand~ag at the expectations and responsibilities 
of the community, It was always clearly emphasized that there 
was no guarantee of find;ng water. Xf water was encountered 
during drilling and pump test ing and tne wshl was deemed 
sui table  as a production xslX then a fourth meeting was h e l d  to 
arrange 86r the canslxuction of t h e  storage and distribution 
systems, Again, an exchange of informatian between the prolect 
and Che comm.mity was the  key obgective in order to assure the 
best pussible solution to met ing  the communities needs. Work 
requirements were specified and a plan developed for construc- 
t i on  activities. The arrangements for c i v i l  works construction 
was undertaken by David jsogga and &%oh&-ad Busale 6uled. 

5.3 Socio Study Results 

Bsel:ne data has been collected in four areas at aphas i s :  
organizatian of iocaf communities; local water management 
systems; colaunmity production systems; and community demo- 
graphics, Information concerning organizat~on of communities 



and production systems of curarmunities was part~ally gathered 
during the WAFP program, but w a s  also supplemented w i t h  -3raslp 
and individual interviews. EspeciaBly hefpsul  were t h e  "women's 
meetingsm which, as a gathering of the  principal water ppr- 
veyors, often provided important ins ights  into water-related 
questions, The details of t h i s  baseline data are f u l l y  des- 
cribed in the  *Exploratory Report for the Bay Regsonme 

The water use of t h e  Bay Region displayed patterns which wewe 
generally typical  of underdeveloped rural areas, Distance tc 
the water source was the dominant factor i n  per capita water 
consmptioa. Since amst water is traditicmally suppBied from 
wars, there is a large difference, between the r a m y  seasaa 
when a l l  wars axe frlhed and the dry season when few wage 
retain water, in per capita cansunpt~on.  Dry season consump- 
t i o n  was found .t=o be only a b u t  3 liters per person per day 
Ipdpp) for people requiring a long distance to walk to t h e  
water source, For people within 500 meters of t h e  welk, con- 
sumption was 12 liters pctpp during the dry season. These con- 
sumption rates m u s t  be considexed as life s--c%ining anly  and 
any lower rates of consrunptxon, becausr of ai~ruptron in the 
existing water supply, would be disas'trauo. 

Women are the typrcal carriers of w a t e r .  For short distances 
of a f e w  kilometers, the water i s  carried by women in clay p6t 
contaraers, If very long distances are involved, then donkeys 
or camels are used to carry t h e  w a t e r ,  Dry season distances to 
water sources vary considerably but it is not unusuaP ta find 
water being transported 10 kilometers and more, Under t h e s e  
conditions, procuring water is clearly a full-time 2ab during 
the dry season for many women. 

Water quality has been m e a s u r e d  and reported in other sectians 
of t h i s  report, H o w e v e r ,  it is important to emphasize that 
there are Large d~fferences in acceptance oz t h e  m e a n t  of 
sal~nity by water users in the Bay Region, &arty peQpler par- 
ticularly in the southern part of the Bay Region, receive water 
from hand dug wells or springs which are sften ewzremely s a l t y .  
They have necessarily developed an acceptance of water whnch is 
well beyond the recommended limits of salinity. mct~wrcrlogical 
mntaminalion ot open water sources is, of course, pxesent: 
everywhere, Ihproved water qualnty Exom project wells w i P l  
therefore not necessarily be recognized by the bocah people as 
tbear standards dizfer from scientific standards, A program of  
w a t e r  hygiene education w i l l  be necessary to f u l l y  maximize the 
benezits available fxon improved water sources, Such a program 
is potentially available through the on-going Primary Health 
Care Project, 



5 - 4  Reccmmended Czftsria Zor S ~ t e  Selection 

Provision of adequate water supply is basic to the realization 
of SomaXiasa stated development goal reduce rural poverty- 
Bowewer, because adequate universal water provision is an 
*mxeachable goal TOP the near Euture, t&e questlion of who wtLl 
xecsive the ia i t iah  water systms in specific amas, after they 
have berz technically defined as feasible far groundwater 
@xg&oitation, kcomea m s f  important. The identif~cation and 

ad criteria ta guide t h i s  daeisiomaking process is 
aecasaarp for adequate Long-te~m plantlrwg in the pxovisfom of 
rural water s u p p l y  2or peop2.e aad liveseock, 

Ths identification of saciaecossoai@ criteria for the siting of 
the CGOP/WDA wakes weUs was a mijar ob3ectioe ot the baseline 
study. Fbe b s c B i n e  study has identif<xed three primary cri- 
teria and t w o  sscan-ry criteria chat w i l l :  1) p s i t i v e l y  
assist Lha overall selection process; 2 )  i s  congruent w i t h  
present national and regional. institutional development ob~ec- 
tkvea: 3% wibk  sahance XocaE suppars for maintenance; 41 will 
enhance equity at zhe Icsclal Level; 5 )  and will increase rural 
parti@&pat;5sn. 
4 

These primry md secandary socioeconomic criteria for selec- 
%ion af weTL siees are lisk.ed &&Lows 

1, Distance,  Bopulatisn centers in which there is not a 
year-around water point  within five kilometers. 

2 ,  Uxah Managexaent cf Resources, ~ o p u l a t i o n  centers that 
have Zradfctla~aal water comactses and axe wikling to 
include the Bear CGDPJWDA water: point in their present 
schemes, ar those gmpa8ation centers t h a t  are willing 
%a form a waker camittee to caxxy out the needed local 
ma intensance , 

3, Population Centers serving over 1,000 people, or those 
which have a s&ate sclzaol. or primary health cars unxt, 

4 ,  Identified arable areas that  axe utilized because of 
lack of mininal. water resources. 

5. Iaentitied transhumant areas where a new water source 
would improve nomadic movements. 

5.5  Future Use of the WAPP 

As was indicated previously, t h e  TVAPP was not implemented 
fully in same we31 Pacations because of the  Pack of qualiried 
staff from either LBZ/RM ox WDA, Xn order to alleviate 



the problem, t w o  so lu t ions  were attempted. First, an anthropo- 
logical consultant, Ron Schwarz, was brought to Somalia to 
train BRAIIP staEf in the use of the TVAPP, This approach was 
recommended by the USAZD evaluatzsn team which evaluated the 
pro)ect in March, 1983, Dr. Schwarz ptoposed to expand t h e  
WWP and trained BRADP wmonitorsm in t h e  use of t h e  mefhudo- 
logy, However, only  very limited use of the trained personnel 
was affected as the munitoxs were assigned full-time to the 
saci~logrcal study program being conductea for BRADP by the 
University of Wyoming, 

Arrafigements were also proposed w ~ t h  a newly formed monitoring 
and evaluation uni t  within the Ministry of Plan ta prov~de 
monitoring of social impacts from t h e  water pro~ect, Thrs also 
did not proceed to expectations because of different priorities 
established by the unit, The Monitoring Unrt is, however, 
m n ~ t o r i n g  some selected sites in the Bay Region, which include 
wells developed by the CGDP, and which may provide some usefuk 
insights in trne. 

fn t h e  future,  under the proposed 18 month pro~ect extension, 
emphasis w i l l ,  be placed on developing t h e  Planning  Department 
within the WD&. To a s s i s t  the Planning Department a f u l l  time 
LBX sociofogist will be assigned ta the Department, In addi- 
tion, 2 or 3 Somali sociologists are ha be employed by the WDA 
as permanent members of the Department. With this staffing the 
CGDP will f ox  the first time in t h e  history or the project, be 
capable of Eully carrying out the recommended sociohogical 
interventions, Emphasis will be placed during the E x t e n s ~ o n  
Period on monitoring the completed wells to assure that the 
wells satisfactorihy meet the needs sf the water users and to 
recommend modifications in operations if required, 

The  operation of the newly cunstructed water wells have pro- 
vided an indication of the short-term success of CGDP technical 
activities, The long-term success of the  CGDP, is however, in 
great measure dependent upon community support and motivation 
to maintain the new water p o i n t ,  Thus, adequate community 
participation activit~es are a recognized factor in the long- 
term success of the CGDP installed water points, 

The socioeconomic activit~es undertaken w i t h ~ n  the Exploratory 
Phase of the CGDP ofrers to the project ana WDA a substantive 
and innovative operational framework within which to achieve 
the needed cumunity support and motivation. In addition, this 
operational framework, or the TVAPP, integrates soc~ologicaP 
and technncal  project activities and information. A primary 
func t ion  of t h e  TVAPP osganizati~nal framework is to integrate 
prolect inputs and outputs in a time frame t h a t  takes  i n t o  
account and puts inla equilibrium the community participat~on 
process with the technical process. Xn a broader sense this is 
comparable to the e q u i l x b r i m  necessary for any integrated 
rural development strategy between t h e  top down, or i n s t r t u -  
tional inputs ,  and t h e  bottom up, or community inputs. 





An economic evaluatson ~f the CGDP was compketed in April, 
1984. This evaXutian was &sea on intormation collected over 
a two-year period and resulted in a report, to which the reader 
is referred for in-depth details, entitlea, uEconomxc Bvalw- 
tion of the  Comprehenslve Grsundwater Development Project." 
The report was completed by LBI economist Carter Brandon. 

The primary purpose or the study was to estimate t h e  long-term 
c o s t  to the Scnaali government sf produc~ng w e l l s .  As such, it 
sncompases the hydrogeology of the project area, the site 
sclectlon procedures, and the actual working conditions under 
which the (CGDP was undertaken, A discuss ian of benefits was 
included in a general manner, bur i n s u f f i c i e n t  water user data 
did not allow the quansfftcatisn of benetits, 

The economic eval9mtl~n consisted of three distinct parts: 

1. an anaiysis of t h e  full casts of a Groundwater 
DeveLopment Program for a period of ten years. 

2 .  an analysis of projected benerits,  measured by t h e  
nubex of water points  camplctea, the approximate 
amber of beneficiaries, and t h e  qualitative type of 
benetits to be expected. 

3. an analysis of the long-term well aperating and Wain- 
tenance casts, with  a review of possible flrnancinq of 
khese costs through user fee collection, 

A lime fram, L982-1991, was chosen as the projected l ife of 
t h e  must long-lived and expensive capital equipment purchased 
under the CGDP, which was three rotary drill rigs, AR 
annualized average cast per well. was calculated based upon an 
assumed annua l .weXl  completion rate, 

The costing of the program took i n t o  account the EahLowxng: 

- all WDA salaryp maleriais, equipment, fue l ,  and 
workshop c o s t s ;  

I WDA administrative overhead; 

- well aperating and maintenance costs. 

The cos t ing  analysis did not include: 

- expatriate salary costs ( the  expatriate consultant 
staff under CGDP is serving primarily as advisors and 



trainers of trSDA groundwater personnel, and t h e i r  costs 
do not represent recurzing costs to t h e  Somali 
government;) 

- expatriate housing and support costs; 

- Somali tra in ing  coats ( t h e  USAID program to send 
Somali technical personnel ta the I?,$, for university 
tra in ing  is not a weL1 production cost,) 

6 . L  Utilizatxon of the Economic Report 

E t  is expected that t h e  results af t h e  economic study w i l l  be 
used in seveta3 ways. f irst ,  it provides a fraancial guide t o  
a l l  future planning o£ the CGDP program. By explicitly deter- 
mining direst,  indirect, and capital casts, and by distinguish- 
ing be tween  past OP sunk casts and future cost pra~ections~ it 
i s  p o s s i b l e  to estimate the annual financia3. needs of the proj- 
ect, Also, these estimates can be easily varied as more 
information en well-drilling rates, costs, and capital equip- 
ment Life expectancy biecome.3 available. 

Second, it can be used by the Somali government as a b a s i s  for 
requesting future foreign assistance, i f  necessary, The study 
Looks at t h e  degree to which the project can be seff-financing 
5y estimating what percentage of total costs are recoverable 
through user fees. Pt also looks a t  the foreign exchange 
requirements of continuing the groundwater project, 

Third, - as -re information becomes available on the azter- 
natives to drikked wells in Somalia, such as surface resex- 
voira, t h i s  report will allow use fu l  cornparisens of costs of 
different fechno2ogies and developmen+ strategies, Similarly, 
as more informatian becomes available on project benefits, a 
mre detailed cost-benefit analysis could be easily unclextaken 
and used as a bas i s  far comparing technologies and development 
pziarities, 

Fourth, t h e  report can be wad to compare the cost of 
constructing wells in Somalia with that 0 5  similar programs in 
other countries, Xn t h i s  way, i t  can be of use to policy and 
pscgxaat offices of the various international donor agencies. 

6 - 2  Well Production, Qpezakion and Maintenance Casts 

Alf costs associated with the CGDP nave been divided into 
categories: direct per well casts, indirect costs, and capital 
casts .  A summary of all of these costs appears in Table 6.1, 
Direct costs are broken down by diesel and hand-pumped wePls, 
and by construction and recurrent (operating and maintenance) 
costs. Overhead costs, including indirect costs (labor and 
materials1 and capital coszs, appear as a lump sum. Also shown 





are the number of diesel and hand-pumped wells asswed t~ be 
constructed in each year, and the cumulative number of wells in 
service for each year, 

The f irst  column of Table 6.1 shows the n e t  present value of 
each of the cost streams, discounted at t h e  rate oE 15%. For 
t h e  purpose of calculating the per well c o s t s ,  the mutiber of 
wells constructed and t h e  cumulative numwr of wells in service 
are discounted at the sane rate. The discounting at the physi- 
cal number of wells has the same significance as t h e  discount- 
ing of costs=  It reflects the increased value of a wel t1  in 
service - now ovet one in service i n  the future.  In order to 
calculate average costs per wefP, the cost net  present values 
are divided through by the net present value of the number of 
wells constructed and operated, 

Average costs per well are affected by many factors, of which 
t h e  m o s t  important are (a? direct and indirect costs ,  Ib) the 
annual pralect production rate, and (c) the service life of the  
capital equipment, Assumptions concerning these factors are 
varied in order to calculate an indicative range af average 
c o s t s .  Specifically, the assumptions made were: 

1, the average well service life would be ten years; 

2 ,  normal expected equipment ZiZe would be tea years for 
the heavy d r z l l  and pipe r igs;  shoxtened life would be 
seven years service; and extended l i fe  would be f i t -  
teen years service; 

3 .  averge well costs should be calculated both with and 
without She $6.1 million #sunk1 capital costs: 

4, a high annual production rate for t h e  three rotary 
dr i l l  r igs  would be 30 boreholes per year, of wk+ch 18 
w o u l d  b e c o m e  production we3115 i1Q d i e s e l  and 8 hand- 
punped ) ; 

5, a high fa i lure  rate would be only 12 production wells 
per year ( 7  dleseP and 5 hand-pumped) for the thirty 
boreholes ; 

6 .  a l o w  production rate would be 20 boreholes anb LO 
production wells per year ( 6  diesel and 4 hand-pumped], 

Far the set of *normals assmptions embedded in Table 6.1 
(normal equipment lire and h i g h  production rates) ,  the average 
costs per well are shown at the bottom of the tables. The foux 
average costs are: CP3 average c o n s t r u c t i o n  costs including 
sunk capital costs ($188,0091, 32) average construction costs 
excluding sunk capital costs iSlf3,000), ( 3 )  average costs per 
year of  we11 service, including a l l  construction,  capital and 
service casts ($42,0001, and 1 4 )  average costs per year of well 



service, including a l l  casts except sunk capital costs  I527,000)- 
These costs show that sunk Capital costs are a very large part 
ok total costst when SUnK capital costs are excluded, total 
costs decrease by almost QO$.  fn order to bring down t h e  over- 
sEh cost per weBZ, therefore, it is important to keep t h e  
equipment procured under CGDP-I operzting as h a g  as possible, 

when the assumptions concerning production rates and pro~ected 
equipment life are varied, a f u l l  range of average costs can be 
calculated, In TabEe 6 , 2 ,  it is seen that: 

1. average construction costs per well range frun 
5388,000 to $ 3 0 7 , 8 0 0 ,  and total cost per year of well 
service ranges from $42,000 to $66 ,000 ,  depending on 
the assumptions. When sunk capital c o s t s  are 
excluded, t h e s e  costs range from $ ~ 3 3 , 0 0 8  to $172,00U, 
and $27 ,500  to $.>9,6UO, respec~ively, 

. average construction costs rxse by 5 0 %  between the 
h i g h  and Low production rate asswptrons ,  and by only 
35060% betwezn t h e  high production and h i g h  far lure  
rate arseunpt;sons. It i s ,  thererore, cconom~cally more 
sensible to produce as many wells as possible, even i f  
t h e  success rate drops, khan to drili a small number 
of wells, 

3 t h e  seasrtivity af costs to the production rate shows 
the costly impact of f u e l  shortages and other l ~ g i s t l -  
cal problems, Accordingly, any s teps  that can be 
taken at a reasonable cost to minimrze logistical dif- 
Liculties are likely to have very high payoffs. 

4, total costs per year of well service rise by 20% 
between line normal. and shorteneo capital equipment 
Pire  assumptions, It i s  important to keep the heavy 
equipment operating for at least t en  years. A f t e r  tan 
years, however, t h e  average cosrs per well remain 
ahuz  constant:  this is because the recurrent costs 
of capital upkeep ofrset t h e  lower costs derived from 
prolonged equipment Pite. 

average constxuctiun costs per diesel well are about 
$32,000 tor 15% moze than for  hand-pumped wells), and 
average costs per year o f  well service are about 
$15,000 (or 30% more). Xn those locations where a 
diesel p u p  is required I1.e. where there are both 
sufficient water resources and sufficient demand1 the 
higher costs  would be ofrset by the benezits of 
serving a larger n m k r  cf beneiic~arres, 

In order to analyze costs  further,  the three cost categories- 
direct, indirect, and capiral costs--have been broken down 
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along the lines of project activities, This allowed the esti- 
mate of costs associated with each phase of work. The s i x  
types of activities were: 

1. s ire  selection 
2, w e l l  drilling, logging, and development 
3 ,  well testing 
4, final installation 
5 .  weXP operation and .maintenance 
6 ,  central office, warehouse, and w~rkshop  

Table 6-3 shows the same cost accounting matrix, but now 
comp&ete with the values calculated in the  l&sc three sec- 
t i o n s ,  With t h i s  matrix, not only can totah costs per well 
and/or per year be calculated, a complete breakdown of casts 
between direct, indirect, and capital costs, and by type of 
activity, can be readily seen. The figures in Table 6-3 S ~ Q W  
the full cost of producing and operating wells for the miaale 
case (high failure rate) shown in Table 6 . 2 .  This t a b l e  shows 
that !: 

1. t h e  direct cost of well installaticn, operating and 
maintenance i s  a b u t  27% of the tctal; 

2- the indirect cost is about 11% of the total ;  

3 ,  the annualized cspital cost ok the project, including 
sunk capital cosys, is about 62% of t h e  total.  The 
annualized capital costs are calculated using the 
appropriate capital recovery factor, 

When the total cost is divided up along the lines ot  t h e  s i x  
pxoject act iv i t ies ,  the percentage breakdown is: 

Direct and 
Indirect  T o t a l  

cost Costs 

1, site selection 
2.  well drilling and lugging 
3.  well testing 
4, final installations 
5 ,  operation and maintenance 
6 central office overhead 

The up-front costs of well planning, drilling, and construction 
represent about 89% of the total  cost ef each %ell. T ~ B  opera- 
t i a n ,  maintenance, and monitoring costs, which are calcuiaied - 
as a ten-year obliqation, are only about II% of the tdtai  cast. 
Although well maintenance represents a small part of ths 
budget, effective maintenance i s  essential 'ca t h e  success of 
the pxoyscl, 





B graphic: s ry ~f these  basic firkckings appears in Figgxe  62. 
The second graph shovs the  high 162%) conponeat of capital costs. 
The graph underscores a previous conulusioii; namely, that  if 
the capital procurements under the CGDP are considered as sunk 
costs, which they efr'ectivelg are, then the c~ntianatica cf the  
Comprehensive GrrjundVater Project is very cost eftective. The 
marginal, or future eost of continuing the project wouid 5e 
muc$ L . w e r  than the historic cost., 

The fuk3 coat of drilling wells has calculated and s w C  
xaasized in Tabla 6.2. The cost of construction of ari averge 
we13, including "sunk* capital costs fdeflnea as the S6.L 
miPSkoa of capital equipment procured under CGDP-XI, is a&=& 
$200,OQO-$28D,086, and the average cost GZ providing an@ year 
of weHX service, inclueing a23 costa, is abut $45,038-$68,00U, 
When 'Ksunkff capita2 costs are astcladed, Cchese cost3 decrease ts 
only $~29,000-Sib0,OQO, and $200,000-$3S,E00,  rsspee9ivofy. 
These casks are for what i s  defined as an average w e l T - - w f i ~ s e  
zssmed, average depth, diameter, type of p W p r  and period of 
wel  are all. b a e d  on t h e  past experience of 6638. 

Of the tataE cost of an average well, more than 608 i s  the 
capital cost of t h e  heavy equipment and tools used by t h e  pro- 
ject,  and less thail 40% is the cost of the naterials, labor, 
fuel. ai~d averhead required by each wll. The fiilding that 
capital costs are aach a large part of t o t a l  costs is inpartant 
in several respects : 

1. The m8rginal cost of coazs+rvc%ing each additional, 
wellr once the capita& eqaipmsnt ha$ been procureds i s  
a sna;al% part of t h e  total ,  

2. Azly attempt to cut casts should focus f irs% and fore- 
mst on theqtocurenent  of capital equiment. * 
given reductaun in capital costs, say 1Q%, would lead 
io much greater cost savings than an equivalent reduc- 
tior, in direct costs or overhead, It was nut the pwr- 
&pose af the ecsnaaic anakysis to judge where, i f  at 
all, capita l  expenditurca hsve Seen excessive; rather 
t h i s  report enab%es project planners and evaluators to 
see the high incidence o f  capital costs ,  to weigh the 

of specific changes or savings, and to compare 
the procurements of t h i s  pxo3ect with that of other 
well-drill t r , -  programs. 

3,  The program. costs are very sensitive to the ex~ected 
of the capbtaf. equipment, since Longer equi~ment 

T Prfe mans that t h e  capital equipment costs can be 
Spread out over a greater nusaber of years aaa over a 
greater number af welfs, If the  drill r ig s  are only 
used for seven, as opposed to t a n  years, t h e  average 
cost per year of wall service would rise by 20%. 



FlGURE 6.1 

CONSTRUCTION AND OBERATlOM COSTS, PER WELL (') 

A. Direct and indirect 
Csstr Only 

8, Direct, Inbirm, 
and Ca~ita9 Casts  

(*) ASUMING i = 15%. NORMAL EQUtPMEMf LIFE, AND WELL OPERATION FOR I0  YEARS 



4. Maintaininq a high annual well productfan rate is 
e s s e n t i a l  to keeping p e r  well costs at an acceptable 
leve l ,  This is because annual fixed costs, hc3eading 
both capital costs and overhead, together account far 
70% of program costs, A 44% reduction on t h e  assumed 
weLl comp;ietiun rate, fron 18 to 3.0 wells per year, 
w u l d  increase total costs per year of well service by 
almost 60%. A higher drilling rate reduces average 
costs,  even i f  the rate of well fai lure increases. 

5. Since the cost of capital equipment is such a large 
part of program costs, the  original choice of tech- 
nolcgy is an extremely important determinant of costs. 
The costs for t h e  CGDP have been estimated for a 
period of ten years, which is the pxo3ecled lifespan 
sf the three rotary dri l l  r igs ,  The CGDP is, essen- 
t ia lry ,  locked in to the use of t h e  rotary drill rig 
technology, PLanners of future  sirnllar groundwater 
prbJects should be able to compare t h e  costs shown 
heke w i t h  those of other technological alternatives in 
order to choose t h e  most appropriate technology for 
achieving the desired results at the l a w e s t  overall 
cost, 

The data used in the evalaation of project benefits was less 
detailed than for costs and ti:e results  were much more ten- 
tative, An effort was not made to quantify benefits, but 
rather to estimate the amber and type of project benefi- 
ciaries, and to describe the type and relative importance at 
the water-related benefits, 

X n  both project areas, water demand wall be quits seasonal, due 
to (a) the avaiiability o f  surface water i n  the w e t  seasons 
which allows a much shorter carrying distance for many people 
and gbl the  fact that traditional surface water sources are 
free of charge, In the dry season,  however, the w e l l s  will 
enable signiticant improvements in water availability and water 
qua l i ty .  By averaging projected demand throughout t h e  year, 
estimates w e r e  made or t h e  annual average number of people and 
animals using wells in the Bay Region and Central Rangelands, 
and of the required pumping times, 

In the Bay Region, it is estimated that the average annual 
number of brief iciaries per well would be about 1,500 to 2,500 
people, together with an equal number of family livestock 
(measured as livestock u n i t s  1, This is equivalent to an 
average user population, per well, of about 300-400 families 
and their household livestock. 

The provision of clean year-round water in t h e  Bay Regicn will 
generate important p u b l i c  h e a l t h  benefits in the form of 
reduced incidence of water-related diseases, It will also free 



up significant labor resources, especially of women, currently 
devoted to drawing water. Other project-generated b e n e f i t s  
will be (a) agricultural production benefits gained by seden- 
taxizing populations that currently migrate away from their 
home villages during the dry seasons, ib) livestock production 
b e n e f i t s  attributable to increases water availabifity and 
hprowements in water quality and (cl the potentiaf. for 
isapxoved range management and grazing patterns that would lead 
to more productive grazing areas, 

In t h e  CentraX Rangelands, it is more difficult to estimate the 
number of future project beneficiaries because of t h e  paucity 
oE data on the population, livestock, ana water requirerntents of 
the specific areas (called degans) cinder consideration. Bow- 
ever, it can be assumed that during the harsh dry seasons, one 
well will serve the res idents  of from one to three degans, and 
that must wells will operate at ox near to capacity, I3ry 
season demand is likely to be the equivalent of about 250 £mi- 
lies and their associated livestock, up to a total of 7 ,000  
livestack u n i t s ,  W e t  season demand w i ' l  orobably drop off to 
almost nothing, as in the Bay Region, Any estimates 02 an 
annual average number of benefic~aries would be conjecture, but 
would f a l l  somewhere between these two extremes. 

6 .5  User Pees 

The current government w a t e r  tariff, which i s  10 SS per m3, is 
sufficient at the projected levels of demand to pay the govern- 
ment back for a11 of its operating and maintenance costs, and 
s l i g h t l y  more than half of its direct casts incurred in con- 
structing diesel wells- The direct costs are those costs such 
iis Pabr, Zuel, and materials (pmps, well casing, cement, 
etc.3 that are used in t h e  construction of each well, A tariff 
of 20 ~S/m3 could generate enough revenue to recover bOth prd3- 
ect dixect and indirect costs .  Even this higher tariff would 
hat, however, generate enough revenues to even approach those  
required to recover the capital cost of t h e  pro3ect. 

Tt has been recommended t h a t  the gaveunment explore the possi- 
bility of collecting periodic lap-sum payments from well 
users, as opposed to u n i t  payments, X t  is possible that  Imp 
sum payments would (a) increase t h e  volume of water consumed, 
especially during the wet seasons, with a corresponding 
increase in health benefits, (b) increase total  revenues, ( c )  
simplify the administration of the revenue-collecting body, and 
(dl  correspond more closely w i t h  the traditional manner with 
which villagers organize and administer water resource, thereby 
improving village participation and sense of responsibility. 

The detexmination of user fees should be based on concerns of 
e q u i t y ,  The q ~ e s t i o n  of bow much should a rural inhabitant 
have to pay for water can only be answered by the cuacernea 
Somali authorities. Raising the fees to cover a higher per- 
centage of costs will, at some point, re su l t  in reduced water 



consumption which is, obviously, an undesirable outcome, Rural 
water supply m u s t  be evaIuated along w i t h  urban water supply in 
determining an equitable distribution of costs as the question 
of whether urban dwellers shouzd share in those costs is 
appropriate. 

It has k e n  the conclusion of the economic analysis that, if LB 
production wells per year are constructed, if the pro~ect's 
capital equipment i s  weU-maintained, and i f  suEEizisnt atten-  
t i o n  is paid to the collection of water fees, then the E X  
can became partially self-supporting, The dixeck costs and 
overhead crsukd become almost entirely user-financed, and oaby 
the capital costs would require eitaer gaverment subsidy or 
foreign assistanc4. . 

Economic Analysis Canelusions 

In conclusion,  the future of the  CGDP will probably r e g l y  upan 
two k i n d s  of Eoreign assistance: 

1. Assistance in t h e  procuzaenr of capital equipment 

To date, about $6 milkion has been spent on &ha pro- 
curement of capital equipment, ana it is pro3e?ct@d 
that $7,3 million more w i l l  be required betuden X985 
and 1998 to keep the grogran operating at current 
Levels, It is nat foreseec that t h i s  costc a31 of  
which woold be a faxergn exchange cast to t h e  Sawali 
gcjvernment, w i l l  k recoverable through welL user 
fees. Unless the so,liaaLi government appears w i l l i n g  to 
devote general revenues t~ the procurement of  well- 
dxilling caprtal q u i p s e n t ,  foreign aid will he 
required to keep the groundwater project going, The 
projected capital needs are wdest, however, s l iehk%y 
more than $3. m i P l i ~ t l  per year through 199%.  

2 ,  Technical ass istaace 

In.oxdex to maintain that kaxget  rate of 18 production 
wefls per year and to keep equipment operatmg, con- 
t inued technical assistance w i l l  be necessary. T h i s  
asss tance  includes, in particular, hydxogeolugrsts to 
assure a high percentage 0.2 produceion w%lXsi mechanics 
to keep equipment operational, znd planning and logis- 
tics experts to assure coordination of actwities. 

The economic analysis has calculated t h e  basic costs of the 
project's well-drilling activities, taken i n r t l a l  steps towards 
estimating pro~ect benefits, and establishing finariciah targets 
for the user-f inancing  of well construeticn costs, fS is 
expected that t h e s e  r e s u l t s  w i l l  assist t h e  government of 
Somalia and interested donor agencies i n  planning the f u t u r e  of 
groundwater development. 





7 ,  EWIROMNENTAE ASSESSMENT 

In order to assess patentxal enviuomental impacts resu l t ing  
frank groundwater development, an assessment of groJect a c t i n -  
ties was undertaken and a report was subsequently written by 
tBX consultant Mark Pape in May, 1982, entitled, "Pzelimrnary 
Analysis of t h e  Potential EnviromentaS, Impacts of t h e  CGDP". 
The assessment considered t h e  following subjects - impacts of 
we13  construction, aqcifer mixing and contamination, physrcal. 
impacts of well operation, end sackak impacts of well 
operation. 

7-1 Well ~onstruktion 

During construction, t h e  impacts of damage to rural roads, 
disposal of materials from the well, and aquifer contamination 
from the introduction af foreign materials have been con- 
sidered, The presence of heavy trucks golng to and from a w e 1 1  
site on unimproved roads may cause minor and locaiizea damage. 
Usually, however, village labor is required for road canstsuc- 
t i o n  and such tracks can be easily repaired. 

Cutt ings ,  soil, and rock which are removed from a well are 
routinely scattered in the near vicinity 0% the well, D r i l l i n g  
f l u i d s  such as bentonite clay and drilling fo= are mixed w ~ t h  
the cuttings but these materials are inert and non-tox~c and 
pose no envixomenta2 ox heal th  problems. 

Sane of the drilling f lu ids  are last in the subsurface rock 
strata in t h e  near vicinity of t h e  well. The amount of losses 
i s  dependent upon t h e  drilling conditions, Well development 
normally removes most of these materials. Because of the 
chemical. nature of t h e  d r i l l i n g  fluid, the introduction of such 
f l u i d s  i n t ~  the aquifer does not appear Lo pose a significant 
environmenta2 problem, 

Casing; screen ,  gravel packs, pumps, and cement are o t h e r  
materials that are permanently placed in a welP. The project 
uses bath steel and PVC as casing and screen, All of these 
materials are manufactured for the purpose of use ir water 
wells and do not pose a significant threat to &he aquifer: ox 
its users, 

7.2 Aquifer Contamination 

Potential aquifer contamination, which arises at the time af 
clonstxuction and continues throughout the life of the well, is 
a concern, Chemical contamination is nut seen as problem but 
biological contamination from surface or near surgace water 
could potentially occur. The bkoPogical contamination resul t s  
from anunal or human wastes in the near vicinity ot the well 
which infiltrate i n t o  the well itself, Proper well construc- 
t i o n  and maintenance techniques axe necessary to minkmize the 



r i s k  of biologic contamination, Sinilrrly, proper filling sna 
closing of wells after their retirement will m i n i m i z e  the r i s k s  
of aquifer contanaination by abandoned wells, Training has been 
provided in the recamended techniques used for seabing a 
completed well; however, the actual procedures are slta depen- 
&at and vary with actual conaitiaas, 

7 , s  We13 Operation 

The physfcnl iarpacts on t h e  enviroment of wall operatLon 
include the depletion of a regional aquifer, land subsidence, 
4efofiatioa and surface erosion resu l t ing  from the use of a 
well, &and subsidence is considered to be insignificant, 

A hydrologic review of t h e  safe y i e l d  (punping rate which will 
not permanently lowex an aquifer1 was undertaKen. CaXcuiatzons 
were mads showing t h e  areal concentration of weUs and the 
withdrawal rates necessary to deplete an aqulfer under t h e  
rainfall and recharge conditions found in t h e  Bay and CentraL 
RangeLands. Although recharge rates are xehatively l a w ,  
particuXarly in the Pow rainfall areas of the  Central Ranse- 
lands,  pxoposea pumping rates and densities of wells are well 
b e l o w  the level whereby aquifer dep8etian is likely to occur, 

Surface erosion is considered a potentially signiricant 
problem&. It may occur when, because ot a large increase in 
concentration of animals, ovemgrazing detoliates vegetation, 
leaving t h e  soil exposed.  Erosion and possrbly desertificatioa 
may then oecw from water ur wand effects, To mitigate the 
potential erosion hazards, a range management plan needs to be 
in place befo~e the wekf i s  constructed, The need fox a manage- 
ment plan, before the well is constructed, has been emphaszzed 
to t h e  NRA and B W P  who are the Somali Agencies responsible 
for developing range glans  in the project area, 

7,4 Social Impacts 

Primary and secondary social impacts resulting from well opera- 
tion include improved h e a l t h ,  productivity, and quality of lice 
to the users, These primary impacts are all seen as beneficial, 
though difficult to measure. Water borne diseases are probably 
the most prevalent diseases in Somalia and resul t  in signif&- 
cant loss of human production, Improved water qual i ty  and 
quantity can be expected to provide a significant improvement 
in health b e n e f i t s ,  This is especiaxly true for people who 
l i v e  within t h e  near vicinity of t h e  well. Others, who live 
further from t h e  well, can be expected to use less water which 
w i l l  result  in less benefits, 

The poteatial secondary impacts of increased proauction (human 
and Xivestockl in the vicinity of a well and the resultant 
increase in stress on the area's resources are potentla1 concerns 
during normal years. However, t h e  impact during abnocmally bad 



years, wihen prolonged draught, crop fai lure or pump failure 
occur, can jbrr a mapr problem. It is statist~calby certain that 
such events will occur and contingency plans need to be in 
place to help alleviate t h e  problems, A we81-eoncelved I'wnitor- 
incg pcogxm will 2rovide baseline dara and early indicators of 
human and livestock problems around a well and oT environmental 
stress t h a t  m y  resu3P. 

TabXe "PI p~ovides a listing of the "PatentiaL Environmental 
Impacts of wePLsm, In s m a x y ,  the m a p r  potential impacts of 
w e l l  construction t h a t  m u s t  be of concern to the environment 
are those  of defoliation, surface erosion, and unsupportable 
population growth around wells. Ma other potential impacts 
appear to create significant regional r i s k s .  
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8. BECOBBEl4DATIBMS AND CQHCLUSBONS 



The CEDF has completed three years of work during which tune 
significant progress has been made in all areas 02 activity. 
Because of the Poag time required to procure and s h ~ p  cum- 
mdities to Somalia, the CGW has only been f u l l y  operatloaah, 
with required equipment and materials, since early 1984. During 
that  time progxess has been signifscantly enhanced, Many pre- 
viously drilled wells have become operaticma1 by installing 
pumps, &riLTing has continued in bath the Say Region and 
Centra l  Rangelands, and data colXection and t ra in ing  has also 
&en continued, Bowever, in order far the  WDA and MHWR to 
achieve a status of high  operational eff~ciency in the instal- 
lation, operation, and maintenance ox; rural water systems, much 
remains to be done, %be dollawing brief cotments are to serve 
as points of regerenee Esum which, it is propased, t h e  'WDA aaa 
MMWR will continue to progress in the future,  

1, Within the Bay Region, the Limestone Plateau contains 
moderate quantities of groundwater: in t h e  Bakdoa for -  
mation, Wells in t h i s  zone axe deep, averaging about 
1213 meters. 

2. Quantities of water in the Limestone Plateau w i l l .  be 
sufficient Por village and stockwater needs only .  A 
few of the  wells couPd possibly support irrigation for 
small. plotsr but t h i s  would be unusual. 

3-  Orher areas of the Bay Region are underlain by a 
Basement Complex and further d r i l l i n g  i s  n o t  likely to 
produce wells of surfic~ent quantity or quality, 

4, Water quality is a Irmiting factor an certain areas of 
Somalia, Bigh salinity values are found przmariby 
with chlorides and sulfates as the major ~ ~ n ~ t i t ~ @ n t ~ ,  

5 .  Drilling in the Central Rangelands has been id i f frcult  
geologically, logistically, and from the point of view 
of security,  These problems, plus  the vastness of the 
areas, a l l c a w  only preliminary observations, Ground- 
water development, at this time, can only be analyzed 
an a site-by-site bas is ,  

6 ,  Significant improvexnent by many WllW and MMWR staff in 
technica l  capabilities has been observed. More 
in tense  training is required for hydrogeologists and 
mechanics fn particular. 

7 .  Greater progress would be possible for counterpart 
staff if they were satisfied w l t h  their salaries and 
per diem. Significant time i s  lost in discuss ing job 
requirements in relation to remuneration, It i s  noted 



that this is not unicpely it pzobl~m of  the WDA but 
exists ~ l s e w k e r e  w i th i r~ ,  soaerment organizatios~~ 
This p i n t  undsrlines a psapssed USAID s t ~ d y  of the 
c i v i l  sezviee system, 

Logistics nnd planning are coasider@d wsak p i n t s  
witbin t h e  WTrA and eaphasis will be placed on 
strsagtheni~g the progmsed Planning Department within 
the WDA during the Pro-ject =tension,  

The Phan9ing Department is expected to develop a moni- 
toring and evaluation capability which is importsat to 
assure long-term success of the  wells, Continued use 
of the WAPP or mdrf ica t ions  thereof is recommended. 

A functioning Operation and Maintenance Unit should be 
emphasized during t h e  Extension Phase agam to assure 
long-term operational capabilities of the wells* 

The continued assistance of the two LBIfRM mechanics 
is vitally in'portant to assure the mechanical con- 
di t i on  of equipment and to continue training of 
counterpart staff. The newly created garage at the 
WDA has been successful in maintaining the ex~sting 
vehicles and keeping down time to a minimum 
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