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I. lntrgggstign

This economic evaluation is being undertaken two years into’
the well construction activities of the Comprehens1ve
Groundwater Development Project (CGDP). It is being
undertaken with a view to advancing knowledge of the costs
and benefits of the project. However, the evalua1ton is: not
a thorough cost-benefit analysis of the groundwater prOJect,
since there is insufficient end user data to allow the
quantification of benefits.

By being written two years into the groundwaten pro Ject,
much data has been collected concerning the hydrology of the
project areas, the site selection procedures, and working
conditions. This report will use all available information
to look at both longterm costs and benefits. In pnrtxculan,
it will forecast the costs of continuing the groundwater
project for the life of its heavy equ1pment, or through the.
yean 1991. ; :

 The nepovt con51sts of three distinct pants'

(1) an analysis of the full costs of the groundwater
development program for a period of ten years,: 1982-"
1991. This includes the first two years of. drtllzng

- under CGDP, and the projected cost of continuing. the:
t;pPOJect for eight more years.

(2) .an analysis of projected benefits, measured by: the;
" _number of water points completed, .the- approximate
‘number of beneficiaries, and the qualltat1ve type of
benefits to be expected. - - i}

{3) an analysis of the long—term well operat1ng and
' maintenance costs, with a look into the possible
" financing of these costs through the collection ofv
user fees. : ’

- ‘The time frame of this analysis, 1982-1991, is chosen as
“being the projected life of the most long-lived and 3

- .expensive capital equ:pment ‘purchased under CGDP, that 15,
.. the three rotary drill rigs. The costing of the pnogram v
~“ftakes into account the following costs: -

- a11 Water Development Agercy (WDA) salary,:
- materials, equipment, and workshop costsj.:
=~ well operating and maintenance costs; -, -

~ WDA administrative overhead; -
~ capital equipment costs.

By assumlng an annual well—complet1on rate,{an: annualized’

‘averane cost per well is estimated. :
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Agguel; gezeznment of producing uellee This means that not
.all of the USAID CGDP project costs are included in the
‘anhalysis, since the scope of the CGDP praject was larger .
than the scope of this analysis. The 'extra’ costs that are
excluded fram the long-term costing of the groundwater ’

?progect are.

- = expatriate salary costs, the expatr;ate consultant 7
Qstaff under ‘CGDP is serving primarilyas” adv1sors and;
ibralners of NDR groundwater personnel, and thexr*> R
costs’ ‘do’not represent recurv1ng costq to the Somal W
'government..;y o

T— expatriate housinj{and support cosfs.f,m

,A— Soma11 tra1ning costsi?th1s USRID program to send .
Soma11 techn1ca1 personnel to'the U. S.,for un1vers1ty
training 15 not ‘a well product1on cost.

It 15 further noted that for th1s analys:s, no assumpt1on 1sf
made about ‘future USAID support- for the pend1ng CGDP ~
proJeet, since such funding would: not impact the long—term
costs of the well-drilling program.. . Ceontinued USAID L
uf1nanc1ng would effectively shift the burden of costs, bUt
‘would not alter the costs themselves. Also, any future:
expatrxate costs, if and ‘when incurred, would be excluded’i
‘for the same reasons g1ven above,'1e. that they would notﬁF
represent costs facing the Somali _goverrment of contxnu1ng
the well-drilling progran.

This report is meant to be used in several ways. First, it
“provides a financial ngde to all future planning of the.
CGDP program. By explicitly determining direct, 1ndirect,

and capital costs, and by distinguishing between past or- :
sunk costs and future cost projections, it is possible to 
estimate the annual financial reeds of the project. '‘Also, -
these estimates can be easily varied as more information on-
‘well-drilling rates, costs, and capital equipment life '
‘expectancy becomes available. Segond, it can be used by the
Somali government as a basis for requesting future fore1gn
assistance, if necessary. The study looks at the degree. to
which the project can be self-financing by estimating what

. percentage of total costs are recoverable through user fees.,e,
‘It also looks at the foreign exchange requirements of

continuing the groundwater progect. Third, as more.

information becomes available on the alternatives: to drxlled
wells in Somalia, such as surface reservoirs, this report::
‘will allow useful comparisons of costs of diff.. ent .
‘technologies and development strategies. Similarly, as. murei
information becomes available on project benefits, a more
detailed cost-benefit ana1y51s could be easily done and used‘
as a basis for comparing technologies and development
pricrities. Eourth, the report can be: used to compare:. the
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http:costs.to

;cost of. constructlng wells 1n Soma11h§y1th that of 51m11ar

'programs in other- countries.. In*thls"way, 1t ‘can be ‘of use
‘to policy and program*offzces of. the-various” 1nternatxona1

- donor agencies.

The report is dzvzded into six chapters.. Chapter I gzves onﬁ
overview of the contents and purpose’ of the report, and . i
Chapter II summarizes the drilling program and costs of the
first two years of CGDP. Detailed analysis of the equ1pmen“
’procurements, drxllzng rates, well-depths, and well:

locations is used in projgecting the costs and benefits for
the npxt eight years,

Chapter. III details the. costs associated with each aspect of
the groundwater prOJect, and, divides these costs betweeh . :
direct, indirect, and’ capital costs.

Chapter IV looks into the progjgect benefits, with partxcular
_emphasis on the number of probable beneficiaries, the -
projected water consumption rate, and the type of health- and -
-gocial benefits to be expected. Although the data avallable
‘concernzng human and livestock populations in the pFOJECt h
.areas is extremely 11m1ted, several sources have been

- consulted and contrasted in order that certain assumptxons
‘and *village well profiles' be drawn up.

 Chapter. V is devoted to the .question of financing the longj

,term operation and. malntenance of the wells. Chapter VI‘
offers; final conclusions.’,
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Ell nggrenensxve Groundwater Development Prodeet

EESREERAS  SenameamSete SRSEslaSas s _ .

SThe Comprehens1ve Groundwater Development pPOJECt,'flhahCEd
‘by USRID, is devot=d to groundwater development in the Bay. .
and Central Rangeland Regions of Somalia. A major emphas1s
fof the progect is on technical ass1stance, and on the
“training of Somali counterparts in all aspects of well
production and operation. A contracting team headed by.
Louis Berger Internatiornal works with the Watar Development
Agency (WDA), within the Ministry of Mineral and Water
fResources.

Although the original equipment procuremerits were issued in
1980, the progect was mobilized upon arrival:of the’ pPOJECt’
team in July,: 1981. Actual dr:llxng act1v1t1es began in wfr;
January, 1982. ' The three year period between July 1981 and
July 1983, which is the exp1ratzon date of the eurrent LQU1=%
Berger contraet, is referred ' to as CGDP I.jﬁ"’

}}E.l The CGDP-I Nell-Drillxng Program .

'?The CGDP-I well-dr:lllng program has been foeussed A the
‘Bay ‘Region, southwest of Mogad;shu, and on the’ Hiivaan,:
* Galgaduud, and . Mudug Regions, in the Central Rangelands (See¢
+ Figure 2.1).  Of these two areas, the Bay Region is-the more,:
densely populated, and has peen the sxte of more extens1ve,ﬁf
dr:lling._ o

u’The prOJect obJectives are to complete 48 production wells
..in the two regions. CGDP-I will probably not meet these
~objectives, due to a wide variety of procurement delays, .
- fuel shortages, equipment breakdowns, and delays in the sxtef
selection process. The number of exploratory, dry, and '
- salty wells has been a higher percentage of the total number.
of wells drilled than was originally expected. By the end
of CGDP-I in July, 1984, it i~ projected that there will be .
completed a total of 36 proc. 2tion boreholes, of which 24 .. =
will be fully operational well installations.

- Table 2.1 contains a list of all the boreholes drilled under’
" CGDP-I through the beginning of December, 1983. A summary.
‘of the drilling pregram is shown in Table 2.2, where it is’
-sg@en that a total of 51 wells have been drilled, at an
average depth of 93 meters. Of these, &1 have the potential
of being production wells (pending the pump testing of each
well), which implies that about 41% of all boreholes are
potential production wells. The future 'success' rate will

. almost certainly be much higher, since (a) the current
drilling program is in areas where there was little or no
previously available hydrogenlogical data, and where many DR
wells were exploratory in nature; and (b) the data collected . .




“ Figure 2.1
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Table.2.1 (continued...:)

Name .

‘41 Dolondole . - -
42 Buulo Fur- II !
43 Aborey I s .50
44 Afar Irdood \
43  (no well) -
46 Oansax Dheere 7
47 Aw Shiini

- 48 More Ari

4S5 Maxaas I

49A Maxaas II = =«

3@ Bonkay Farm IVL
51 Mintaan TP
52 Maleel'

Notg. PP - Potent1a1 Productlon well, pendiﬁg’pump testing ..

‘“and installation, where: a0
sign1fles the probable use of a d1ese1 pump., ‘
H‘-as1gnif1es the probable use of a hand pump

The last few wells have not had the probable pump-
type des1gnated yet. ' ’

‘2.8 Summary. of Dr111ed ‘Well /Charagteristics; as’ of
{nDecember 1983 L

"f.as % of total # dr111ed-v‘

. Rverage depth (m)

L‘fﬂthers wells

LR |
ot 5

sy .
"ot some vmes

Number of potential_prodUctxo “we
" Diesel pumped « '

Hand pumped
Undetermlned

Total J—v

Number of dry, salty,'
on‘observation wellsy™ ~

Potential product;on wélls,V%ﬁ

‘Product ion wells

‘A1l borehoeles -;Q N
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,well sxtes.

72 2 CGDP—I Equxpment Costs

;A summary of the equlpment procurement ‘costs-.incurred durxng
“the. period 4/1980 - 12/1983 is shown in Table 2.3. «The =~ "~
details of all USAID procurements (PI0OC’s), contractor _
ffunds, and local support items, from which this summary is
.derived, are shown in Appendix A. Some of the equipment,
tools, and well materials were procurred undei* USAID
.projects other than tne CGDP-I project, such as the Bay -
Region Agricultural Development Progect and the Central

. Rangelands Development Project. These procurement costs are
-also 1nc1uded in Table 2.3 and detaxled in Appendix Q.

;The CGDP-1 pPOJEct has assembled a variety of heavy and ,
;soph1st1cated equipment: for a complete list see Table 3.13
 1n the next chapter. The project currently’ has:

= 3 Ingersoll Rand THE@ rotary drill rigsy
- = light passenger vehicles and pickups;
"= flatbed trucks, three of which have knuckle
.. cranes, antt fuel and water tankers;
- = generators. welders, heavy duty test pumps, and:
workshop equipment for light and heavy vehxcles-
= scientific test equipment for geophysical,
hydrogenlogical, well logging, and water
quality analysis; '
- workshops for repairing both light and heavy
vehicles;
- office and field (camping) equipment, and mobxle
radios for field communications; v E
- an inventory of well casings, screens, drill
bits, cement, pipes, and fittings required for
the complete installation of about 30 wells.

The total cost of this equipment is about $7.6 million. It
ig estimated that most capital requirements have been met
-through to the end of 1984, and that there is sufficient
‘inventory of drilling materials, bits, and fittings to
‘complete the scheduled number of wells.

Further analysis of these procurement costs is deferred to
later in the next chapter. Much of the capital equipment
procured under CGDP-I will be used throughout the 1980's,
“and its cost, both on an annualized and a per-well basis,
must be compared with a full cost stream of the drilling
program from now through 1991. The cost projections also
include estimates of future capital expenditures on
replacement equipment and vehicles. While it is projected
~that not all worn-out equipment will be replaced -- which
means that the pPOJECt could become somewhat less capxtal—
intensive than it is now —-- there is ro corsideration g1ven
-8 - ’
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oot By Total

;;-,csna-l».ewc v

- Value,

théf@?t‘Qbrj“;f

“ﬁA. Heavy rigs

‘_J. Drill casinq, blts, aud, ‘and foan .

K 1Civil uorts tools, aaterlals, and flttinqs'7

#10001, 10007,
110039, 00085,
30020

202580 ;

193050 -

_--urpmqusée_

‘¢ S18308

55000

= 3-THKO drilling riqs, uxth accessories - 400001 1651580-. 1451580
.= THEO spare parts i ”‘ ’ Cw
- 268704 - 268704
- Extra drall rig tools (exc. drtll bitslf; | B4MB - a7984. 5 172432
- 2 SENCO pusp rigs . - S 1e400 192400
- Pump rig spare parts . - R ¥} { l74lO
‘Subtotal -- 2004732 287794 . 2292526
B. Vehicles _ L o
~ - Light vehicles (includan dovn-the-hole - 7. 190047, 90049,
video van) o 10001, 20007,
: ©.20022, 20034, .
' " and LBI(%) . B5bt08 . '856108
- Heavy vehicles (tncludlnq backhoe and 110001, 20022, L
trailers) 20034 - 426780 .- - 743704 ll70484
) Subtotal - ’iﬁ 12682888 . T43704;: 2026592
C VEhiLlQ spares ‘and- uorkshop equlpaent , Y a
-_For light vehxcles ’ 10001, 20005 B
' . 20022, LBl 207582 ., 287582
= For heavy vehxcles B 20007, 20009 . s o
20014, 20034 . — .
00072 319488 -;fsleaeo
Subtotal -- - ' 607070 *‘:607070
Db Laqht equipaent and spare parts A '
.7 = Generators, welders, test puaps $00007, 10024, o —
and spare parts ' . 20007, 20034 - " 252194 273354
- Diesel and hand deepwell puaps . m— el 8B33M 683344
. = Deepwell pump spare parts . _“ - S =T 1100000 100000
Subtotal -- - pe 252194 804504 1056698
E. Logging equipaent (lncludan satellxte : ’l20007 190140, crolET R A
navigators) - 20034 a8 . 227728
- 'Fs Hydrogeological equxpaent 120007, 20034 . 62940. . - ﬁ”a62960i
6. Water quality analysis equlpaent 10018, 10019, A S
. 20007, 20034 45000 4sooo
H. Field equlpaent and calpers 110011, 20018, "
k » 20022, 20034 - 124462 124462
iﬁf!. ﬂiixce and radio. equxpaent 100007, 10024, e
o 20007, 30016 176104 2 -

. 5228765

f ST
N
E S

09310, -

ARt [

ot )

Note. The total here does not equal the total value of all C6OP, LAI, Bay, and CR procureaents, -
" because sose iteas not directly related to the well-drilling progran were omitted, '
These iteas include expatriate house furnishings, spare parts for WDA drill rigs not
used on this project, 2 experisental windaills and 2 Airstreas trailers. See Appendix A, -
-9




to" altering the,ba51c choice of: drilling:technology. and/or
the organization of the drilling. units.

‘2.3 CGDP-1 Operating Costs

‘By far the greatest cost of CGDP-I was the cost of equipment
‘and supplies, procured and paid for by USAID. All local
costs, however, were paid for by the WDR. These costs,
which are shown in Table 2.4, include salaries; fuel costss
locally—obtalnab‘e materials such as pipe, cement, and
lumber, insurance; office construction; and certain vehicle
repair costs. The local contribution for 1963 -- the first
full project calendar year —-- was about $600,000, and the
projected local cost for next year is pPOJECtEd to rise to.
about $750, 000.

These costs will be used in Chapter IIl as a basis for
progecting future project indirect (overhead) costs. 1Is- is
quite possible that as experience is gained and lessons are
learned, operating cost savings and increased efficiencies
will become possible. These will be addressed in later:
chapters. ‘



~Table 2.4 Local Budget (MDA contribution in Shillings)

;(ﬁxchange rate §S/US$)#

Itea/Year 1982 1983 1984
(April-Dec.) (Budgetted)
Salaries '
Field Support " 683560 1840000 2343000
Nanageaent allowance 358875 504000 1886400
Local Hire : 80525 225000 321400
, --Subtotal, salaries 1122940 2369000 4551000
Fuel
* “Basoline n/a 800000 1030850
- Diesel n/a 1850000 3503830
~ Lubricants n/a 15000 28560
--Subtotal, fuels 1411685 2645000 4563240
Local support itess (inc, cesent,
" pipe, field equipaent, lusber) 487210 1742000 970000
Construction (civil works) oo 1300000 2800000
* Insurance 1070 105000 83000
Port clearance fees 16270 300000 100000
Office/Garage construction - 180000 =
Vehicle repair , --- 400000 -=-
Other ({inc. contingencies) o 3b4960 -- (-
Total -- (Somali Shillings) 3404215 - 9085000 (3067240
Total -~ {US dollars) 255512 5853M4 751835 .
13.32. 0 1592 11.38

3@8@251&!)‘ Foril?ﬂi and 1983, a weighted average of each month’s exchange rate
7" is used. For 1984, a continuation of the exchange rate effective

-in Dec. 1983 is assumed.

~-11-
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 Th15 chapter: undertakes an ana1y51s of the full long—‘
~term costs of the groundwater develocpment program. The

analysis is made for the ten-year period from 1982, when
CGDP drilling began, to the end of 1991. Ten years is =

- the estimated life of the three THED rotary drill rigs,fv
which are the most lorig-lived and expensive capital '
equipment purchased under CGDP-1I.

- The cost estimations made here build upon the basic

. methodology laid out in the previous report entitled
"Preliminary Economic Analysis of the Comprehensive
Broundwater Development Progect, " LBI, May 1982. 1In
this methodology, costs are divided into direct and :
indirect costs, and are broken down by activity and by
resource inputs. Cost estimates for each activity are-
then put into an accounting matrix, which shows at a
glance the cost breakdowr of both individual wells and
~of the groundwater development program as a whole.

The cost accounting matwix shown in Figure 3.1 :
illustrates how the CGDP costs are broken down by AR
activity, and is the same matrix that appears at the end -
of the chapter (Table 3.17) complete with all cost data.:
-The six activities for which separate costs are '
specified are (1) site selection (including hydrologicalﬂ
and geophysical research, plarning, and socioceconomic
evaluation)j (2) drilling (including drilling, setting
of the caSing and screen, ongoing hydrogeological S
-analysis, and well leogging); (3) well testing (including -
;pump testing and water quality analysis); (4) pump
nstallation (including the construction of the water
distribution facilities); (5) well operation and
maintenance; and (6) centrel office, warehouse, and
workshop support services. For the purpose of this
analysis, certain assumptions are made about all of ,
these activities -- especially concerning the 10cat10n,5»
drilling rate, and the useful life of the capital :
equipment —-- and are discussed below.

Direct costs, or variable costs, are defined as those

- casts that are directly attributable to the work going.
on at a given well at a given time. They include all
the materials used in the production of a well, the fuel
consumed in the process of drilling, testing, and '
finalizing a well, and the perdiems paid to the field
erew for time spent at the well site. Indirect costs
production rate, and that are relatively independent of « -
work on individual wells. These costs include all

PR
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1tAw1 l.be seen,=cap1ta1 recovery costs are by far the
'larger.s A complete breakdown of both kznds of costs 15
ﬂgshown 1n Fzgure 3. 2. A ,

It‘wzll be seen below that indirect costs are much
larger than direct costs. This is due to the large’
capital investment that has gone into the CGDP-I. ;
progject, a cost which is amortized over the life of the
-equipment (which varies depending on the kind of
equipment) and which is divided among the relatively ,
small number of wells projected to be drilled per year. .-

The analytical results obtained here can be used:

- to prov1de a fznanczal guzde to the WDA and other
. agencies for all future planning of the CGDP

' * program. It can also be used by the WDA in

‘g;jyﬁ planning and preparing budgets for other

.. groundwater projects, assuming the choice of
drxllzng technology is similarg

‘;— to- asszst in gaining cost savings and greater;,
' program efficiencies; e

_]»to assist in calculat1ng water user charges based
:‘on either average or margzhal costs (see Coanle
Chapter V) ST

'”q— on the basis of projected demand and water

] revenues, the cost progjections shown at the end
-0f ‘the chapter can be used by the WDA as a basis
?for requesting future foreign assistance. '

;— to provide government and international agencies
*; with data necessary for comparing drilled wells
“"with alternative drilling technologies and/or
-%alternative water supply sources.

]Df,course, the cost projgections calculated here should
~ be’'updated over time as more wells are constructed;‘”
operated, and mazntazned.m : . S

3 E stumpt;ons

The experience gained through the first two and one half
. years of CGDP-I suggests that the following assumpt1ons
can be made about the cortinruation of the groundwater
development program:

'(1) The three THEQ rotary rigs can be expected to
= complete about 3@ boreholes per year. This has
been the rate achieved during CGDP-I, including

©.. all of the delays experienced in the dr1111ng
- program. (On average, two of the three rlgs were L
actlve at any given time.) TR
~14-




Cost‘ B""kd‘"‘“ mtoD st

y

‘ . .

" Field perdiews for = "1 " "'Galaries .
“ - workcrewsand . <1 Living allowances
‘crew managers ~ °° @ Field Perdiens for
=3 central office staff
Expatriate chief
mechanic
"~ Well casing, screen Office equipment and
'3 - Drilling supplies (inc. supplies
- tri-cone bits) Field equipment
*. ' Pumps, pipes, fittings Supplies for
* and cement for final "+ routine maintenance
well installations E Warehouse supplies
Rnalytical supplies for
- water quality tests

e 8% as o8 on es ae

n-site fuel -Fuel for central office and
. Fuel for transport = . warehouse vehicles, and
of materials and men 1. fuel used by other vehicles
to and from sites .. . -1 < while on overhead
: T Lubricants

Insurance

Port clearance

Office and warehouse rent
- {actual or imputed)

“'Drill rigs and spares
Drill pipe and hammer bits
"Heavy vehicles and spares
Light vel. rles and spares
Light equipeme.:” (eg. puwps,

welders, gererators) ind
all spare parts
Horkshop tools




@y

S

2) . “Of these 30 Bbﬁéholes/year, £
. percent, will be production boreholes. . This iSr
slightly higher percentage than has been '

The'éverage well will be, as in CGDP-I, about 1@0

 ‘NonmprouucLLon wells, which include e plmraLory,"
collapsed, salty, arnd abandored wells, are

'drilled with a hammer Bit only.

about 18, or s;xty

experienced during CGDP-I, but as discussed 1nv7
the previous chapter, it is reasonable to expect:
it to irncrease. SR

meters deep, drilled first with a 8" hammer bit,’
and then reamed to 12 1/4", and cased with about
75 meters of casing and 25 meters of screen.

assumed to average 100 meters in depth and be

" experience of CGDP-I. The choice between diesel
and hand-powered pumps is usually made on the

- The well-drilling program will continue in the
" Bay Region and Central Rangelands, with two rigs

“..Rangelands. The WDA office in Baidoa will

. continue to serve as a base for the Bay Region -
. operations, and the various WDA regional offices
. will serve the Central Rangelands.

"The WDA will take on all of the well production

 USRID support for the project, since the cost of

+ to a successful well-drilling program. They will -
.. be permanent government employees, which means

- accomplished in the field. (Only their field
"perdiems will vary.)

vlThe cost projections are made for the period 1984

. adequately maintained. (They were first used 1n o

Of the 18 production wells produced each year,: f“.a:
about 10 will be fitted with a diesel pump, and 8 o
with handpumps. This is consistent with the s

basis of well capacity, depth, local user
population, and accessibility for maintenance.

operating in Bay and one ripg in the the Central -

and administrative responsibilities now handled
by either the WDAR, the CGDP-I consultants, or NG
both. No assumption is made concerning future Ff};7:?

providing expatriate technical assistance is not
included in this analysis.

The number of WDA employees on this project will
be sufficient to complete all the tasks necessary

that their salaries will not depend on work

to 1991, and are based on the real costs incurred. *:

in 1982 ard 1983. This total ten-year period, ‘
1982-1991, is chosen as being the projected life-
span of the three drill rigs in Somaiia, if '

-16-
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‘”\January, 1982.) S1nce much of the cap1ta1 e
~[;,Tequipment will require replacement prior to 1991,“~
it is assumed that sufficient capital
expenditures will be made during the interim
.years to replace all necessary equipment. (Due
to certain program improvements, however, not all
of the capital equipment procured during CGDP-I

- and retired before 1991 will require

replacement.) Full capital procurement costs and
schedules are detailed below.

Certain assumptions are also made concerning economic

~ parameters. For the purpose of simplifying the
- analysis, it is assumed that:

{1) ARll future costs are estimated in constant 1983 .
prices, thus eliminating the price distortions
caused by inflation. WDAR wages and field
perdiems are those effective as of December 1983,

- and equipment procurement prices are adjusted to

"+ ' the same date. The average cost of the mater1als'

- used are shown in Table 3.1.

(2) ' Since inflation is not considered in the '
projection of costs, real interest rates are
. used. These are estimated at about 13%, which
© - Wreflects the high opportunli cost of capital in
o Somalia. s

e e mbbs D e e m— e e ch

,3£3)7fThe exchange rate effective December 1983, whichﬂ

weighted averages of historic exchange rates are
used.

,31'u.3 The Estimation and Rllocatxon of Fuel Costs

*Before further discussion of project direct and 1ndirect

costs, one particular cost item -- fuel -~ must be ,
discussed in detail. Since fuel is consumed by vzhicles
involved in every aspect of the project, it must be made
clear how the total fuel cost is to be allocated (a)
between each of the six project activities, and (b)
between direct and indirect costs within each one of
those activities. This is done in two steps, as shown
in Tables 3.2 and 3. 3.

Table 3.2 shows the projected vehicle requirements of
each project department, based on the past experience of
CGDP-I. It is noted that fewer vehicles than are in the.
current CGDP-I fleet are seen to be required in the
future: the difference is a future requirement of only
32 light vehicles, as opposed to the current number of
43, and only 17 heavy vehicles, one less than the

-17-
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e s

:‘;Hgll EaSinq S

Nell screen e

85/ 0 steel  USA 51’63."60)@ |
gS/e*aDpPvC fﬂiUSA,{ o -$54,80/a
CPups RAER e
. Helical Rotor Diesel . ?'UKfvfii"€$20,020”'
Helical Rotor Handpusp UK~ 81,925,

B Heavy Vehicles ‘ f s o
Flatbeds CUSA s 483,000
Nater tankers ~USA-- 470,200
Fuel Tankers USA 470,200

Light Vehicles e ‘
Pickups/Crew cabs USA $21,500
Passenger vehicles USA $19,000

Senerators (BM/1suzu) Ush $24,400

¥J'Najrobi $7.50/bag 3 bags/a3 concrete
Bur Akaba S5 400/a3 «3 a3/a3 concrete
Sand (!) : 1;:, . Baidoa S5 40/a3 «b a3/a3 concrete

Drillinq fluid RN - S
“-Bentonite . o ‘USA $17.10/sack 20 sacks/100 a
. Drillinq foas™ . USA: . - $770/barrel  1/2 barrel/100 a

nnu"bm Loy
1214 tricuno bxt__,ﬂ ~$3,200
8° hamser and bit ' 411,810 =

$3.200a

L per 1,000 neters”

o $tid/n
ush o $T5.600m
v szo.eo/- '

16 10
-8 3/8° 0D steel.
8 5/8° 0D PVC

my

Note. (+) Costs for Bay Region only. Costs for Central Rinqelands will probahly
- not be any lower: although sand is readily available, gravel may have to coq
COI! fron as far away as Hoqadxshu.
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fPassenqer Heavy , _ L
Vehicles Pickups Vehicles  Notes on heavy vehicles -

L
LA

Drilling: DT e
- Drill Rigs vk, ymoe TR 900 Jrigsy 3 flatbeds, 3 water tankers -
' Cpe s FE e (alse, 3 flatbed trajlers)
- Baidoa Base P FEIRY 5730t Flatbed, fuel tanker, water tanker
= Central Rangeland Base '~ . ' 3% Flatbed, fuel tanker, water tanker

T

a,‘AHydroloqylGeophysiCS"

K

- Pﬁgp Igsi{jhstali}tinn;(l

== Heavy rigs
== Heavy trucks . - -
-~ Backhoe

dgﬁ

",Va!‘lf., :
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lts/day!lz dayslnonthﬂ, - Ab19 * 100X direct drilling costs .
225 lts/dayllﬂ day!llnnth 70687 - 100X direct costs:

' o = 501 puap testing
= 501 pusp installation
751 direct, 251 indirect:
- 701 drilling
= 151 central adsin,
= IS civil works

" 23% office, 650, workshops, all
indirect costs. The resaining
73%, 2/3 direct and 1/3 indirect:

= 201, hydrology and drilling

- 152|civil works

-5 each, well logging, water
quality, sotioeconosics and
puep testing

" 4,84 S5/14 = 80, 27m. for diesel. fuel,
?,5,90 SSIlt_ 30. 4Ilt, for gasoline._
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' current number of 18. (See Iabie 3;13 for”detatls on
ithe current vehicle fleet). . g

Table 3.3 shows the est1mated fuel consumpt ion, cost,
and allocation of fuel costs based on past experience
and “the projected 1984 fuel budget. The projected fuel
consunption is calculated on a per-vehicle basis, and

-~ thus reflects the progected reduction in vehicle fleet
size. The allocation of total fuel costs shown here is
used to determine the direct costs for each well drilled
(Section 3.4), and the indireect fuel costs for each
project activity (Section 3.5). The fuel prices shown
are economic costs, ie. net of all goverriment taxes.

It is noted that the actual distance of the project
headquarters and regional offices to the well-sites is
not taken into consideration when projecting direct
costs. It is not possible to do so, since actual
distances cannot be known at this time. Instead,
average CGDP-1 fuel costs are used as an appropriate
indicator, since the area of future drilling actxvitlesﬂ
will be the same as in the past.

3.4 Direct Costs for Individual Wells
In this section the direct costs of each well undertaken
under the CGDP project are estimated, using the
assumptions concerning well sizes, depths, and drilling
rate made above. The direct costs are broken down into
the first five catepories shown in Figure 3.1. The ,
sixth category, the central office and warehouse, has no .
component of direct ’per-well’ costs, and is discussed
in the next section on indirect costs.

S.4.1 Site Selection

The category of site selection activities includes the
work of project geophysicists, hydrogeolists, and ‘o
socioeconomists. Rs there are no material costs
involved in the site selection process, the only costs L
for this activity are field perdiems and fuel costs (see;i,
Table 3.4).

The geophysicists are assumed to be involved only a few
days per well during the initial selection of the well
site. The hydrologists are involved for a longer
period, as they return to the well site during drillxng,
and are responsible for the analysis of cuttings :
necessary not only for proper well design but for the
purpose of assisting in the selection of future well
sites. The socioeconomic crew is scheduled to conduct a-
series of three meetings with each village being
considered for a well in order to determine the
village’s need for water and interest in contributing to
- =21~




ﬁrfsifeiSéiéction Direct to&ts,;pgr'uell wse) .

- - =' Production Wells-

Wits . Cosk

P

- Hydrogeologist

= Rssistant hydrogeologist
- Beophysicist

- Rssistant geophysicist

- Socioeconoaist

- Rssistant socioceconomist
Subtotal

'_2 Materials

I

- negligible for hydrologists -
and geophysirnists s
= none for socioceconcmists
" Subtotal

= Light vehicles
Subtotal

12 days#108 55/day
{2 days*75 55/day
4 days#100 SS/day
4 days*75 SS/day
3 days#10@ S5/day
3 days#7S §5/day




- contained in the CGDP-1 Exploratory Report.) The IS

[

d?tﬁe'édét»of well construction and maintenance. (Details
"on the series of programmed meetings, called the Tuulo

Table 3.5 shows the labor, materials, and fuel costs of
‘drilling, logging, and developing both exploratory and

‘testing by a pump crew to test the aquifer

~different components, and require an average of two_
samples per well. L et

Zibah Pump Installation and Constructi

The costs of the installation of both diesel and hand-

Village Rssessment and Participation Process (TVAPP) aré:._i
socioeconomic team will also be involved in the long= ..
term monitoring of the completed wells, which is Sl
discussed in Section 3.4.5. . TR

3.4.2 Well Drilling, Logging, and Development

production wells. The labor costs (perdiems) include
sufficient time for rig setup and removal as well as
actual drilling time. The time required to drill a
production well is approximately twice that for an
exploratory well, because extra time is needed to ream
out the borehole, case it, and develop it. (Well
development consists of using the drill rig compressor
to help remove fine particles from the well and
surrounding aquifer.) The total cost of well casing
includes not only well casing and screen, but the 16"
conductor collar around the top 5 meters of the well,
and the cost of gravel packing, if necessary. of SR
course, the costs shown here vary from well to well, but
are an average basad on CGDP-I. . ‘qu

S

Included in the materials cost are costs for steel
casing and screen. Although PVC casing is less . '
expensive, it is assumed that mostly steel casing will 4
be used: PVC lacks the structural strength required in ©
wells as deep as most of those drilled in CGDP-I. PVC
has the advantage, however, of being usable in highly
corrosive waters. If PVC is extensively used in the
futuve, then these two cost items can be correspondingl
reduced. ' -

y

3.4.3 Well Testing
Well testing consists of two steps (see Table 3,65}£q 

characteristics (such as potential yield and
transmissivity); and (2) water quality chemical
analysis. Pump testing is done by a pump crew, and
requires running a test pump for periods of 24 to 48
hours. Water quality tests are performed for 12-18°

¢

sy *1 ‘. ﬁ;":'.“,, o
on. of the .

Ry

Local Distribution System

T

powered pumps, as.welL,as&thévasgbciated,diqyniﬁgtgon.

v



_" Tabl§ 3.5 ’Hell Drilling,,néyeldplent, and Logging Direct Costs, per well (US$) 7%
; ‘,rj:Qr{,; ?f:{ , ‘ - - - Non-Production Wells - - (1) - - = Production Nells = - =
' ;* lte|-f'- R - Units Lost (US$) Units ‘ Cost- (U5$)

1 Labor (Field perdieas)

"+ - Chief driller
%= 10 crew neabers

.07 = HWell log operator
.. - = pssistant logger
Subtotal

15 dayé#?s S8/day 647
27days#100 SS/day’ . W

759

e

SR 2 Haterials '.rﬁ"‘

- rilling fluid (ludlfoal) ss.eo/-, testhale M0

”“ - Tricone bits L (Assumed nnly haemer blts
“4 used, see capital costs)

1v - Cundu;tur col!ar;,;:"» Sa steel casing @

RN .. - Sl 720

~Cepent - 0 oo .53 0 444,40 7
- Casing . o 8" steel casing (2) -~ 1890 -
- Sereen L ST

i = Gravel for packing
'f ’ Subtotal

s, Fuel SEEER n

- Drlll rig
- Heavy vehicles -
A< Light vehxcles
. < Subtotal

IS dayse100 S5/day = - 86
24 days¥75 55/day

-2 days#75 S5/day IR § B

- $3.40/a, &° hole.
- $3.60/0, 12* rearing
$3,200/bit,. gond for .

- B* steel screen, 258 2590

(-Sge:fable 3.3)
. o

24 days#100 55/day

2 dayst100 55/day -
2 days#75 85/day

1,000 ‘acters LR
Sa steel casing @ ~ 't";f'Q,a;.
$144/a 720
w0 03 8 $44.40 2

8" steel casing, 75a 9670 ’}x{”.f
3 a3 8 $34.50 108, ;-
10146

CE Tobal (ussiwelD).




able 3.6 el Testing Direct Cos

) per well (US8)

= = - Production Wells - - -
Units Cost (USS)

ﬁﬂa_,‘ ‘f>"QA 1. Labor (Field perdieas)

s - Y = Pusp crew supervisor 3 days#100 SS5/day 17
o %7 = & puap crew aeabers 3 dayse75 SS/day ‘39
P = Water quality supervisor 2 days#100 55/day . 12
~ 1 water quality ‘assistant 2-days#75 55/day 9
‘ - Subtotal 78
,f . : ] 2, Materials
o f‘_;' : L . - = none for pusp test L S
oo T 0 = water quality test - 13 conponent tests for = B
TR A R aaterials Lo tuo sasples @ $Q/test - 240
o T twoimo T Gubtotal o 240
o  ' o ‘ " 3. Fuel L
T - Puap rigs +. See Table 3.3 S
oL - Heavy vehicles s . s e
e Light vehicles e

Subtatal




. gsystems, are shown in Table 3.7. The civil works crew,fﬁ
which is responsible for all surface improvements,
arrives on the site first. When finished, they are
replaced by the pump crew, which, using the pump rig
derricks, installs the pump. ,

It is expected that diesel pumps will be used for high o
capacity and/or deep wells, and the hand pumps are to be
used for lower capacity and more shallow wells. The ’ '
distribution system for a diesel pump, as planned,
consists of a 45,000 1t. storage tank, several water
points and wash stands, and two livestock drinking
troughs. The pump house is expected to be constructed
by the villagers themselves, using local materials. The
distribution system for handpump installations consists
only of the top slab for the well itself, with the
possibility of a few washstands.

It is assumed that of the 18 boreholes completed each
year, an average of 10 will be fitted with diesel pumps
and 8 with handpumps. The three civil works
construction crews will each complete six 1nsta11ations L
per year, which is the same work rate as the three drill. .-
rigs. . :
Under CGDP~I, two windmill pumps have been ordered. ,
. 8Since the installation and operation of these pumps is:
.. still completely experimental, the possibility of their
“widespread use in the future cannot be foreseen. The -
cost of these pumps, therefore, is not shown here.

L 3;4.5;’Ne11 Operation, Maintenance and Monitoring Costsl::

Unlike the previous four sets of costs, which are
- incurred once only, these costs recur o a periodic
" basis. The operating and routine maintenance costs are
calculated on an annual basis, and the major overhaul
costs are calculated on athree-year basis (see Table
3.8).

The projected operation and maintenance costs are small
compared with the initial well production costs, but
.- are, of course, essential to the securing of projgect
" benefits. The quality of the routine maintenance

- program will in a large way determine the functional
life of the well and water distribution system.

In the case of diesel pumps, pump operating costs
consist of WDR personnel costs, fuel costs, and

. overhead. Two WDA employees (who will come, if A
- possible, from the village itself) are required to run’ a*~i
diesel well, one as a pump attendant and one as a fee
collector. Fuel costs are based on an average pumping -
time of six hours per day, and two liters per hour

-26-




“Table:3.7 “Rirect Costs for Punp msia'ijl'a'uon and Distribution Systes, perieu (wssh ,,,' .;

. ee Dxesel Puaped Hells ~ee-
‘Units - Cost (USS)

----mMPmudﬁus-f-4

“Units. Cost (US$)

‘1, Labor (Field perdiens)

- = Civil Works supervisor
- & crew aeabers
= Puap crew supervisor
= 4 puap cres seabers
. Subtotal ,

2. Haternals

“;- Pxpes, pipe fnttings, i

“steel, wood, meters:
.. = cement
- gravel
- sand’ L
- cinder blocks -

. .= Puap and drive Plﬂe : 2-‘:j

Suhtutal
| _3.-!}-'uel(

. = Pump rigs
= Heavy vehicles -
- = Light vehxcles ;
Subtotal

36 daysH00 SSIday 207;,,:_;;.’.;’

- 3b days¥75.65/day 155‘;; 3
~-3: days#100-S5/day - AT
" 3 days#75 SS/day - - S5 LA
o S f g _;9;j "
“For storage tank, water -
_© 1.z points, troughs 6000 .
1 600 bags/site @ 47,50 4500
. 32 a3 @ 500 S5/a3 1105
120 a3 @ &0 SS/a3 44

3000 blocks, & 88/bl. 1036
Diesel Helical Rotor 20018
. o 72 -

3 days#100 SS/day

.3 dayst100 SS/day
© 3 days#?5 SSMday - ¢

;‘ln;luded in price of -

3 days¥75 55/day

hand pusp R
10.bags 0 47,50 . 75 °
293 055 600/3 . .49
223 @ 55 60/a3 Rty Bt
None

-~ Nono hand pusp: '_v_:f’axftiqésié;
1

PRSI SRS

D
S i gah
Waerst T
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”Cnsth(US$) Units;

»§40/annth
;340/aonth o
Qe Fuel .
e For puap L

. For transport of fuel
"‘3. Dverhead (*) '.%?'qyr*“

AU ¥ isldey i‘frzid
‘2 tr/eo.a:Olt/trxp )

m z;u*s;,/,;;g;, g

:fl Labor. (erld perdiens)
- Tuu ‘aan uaxntenance creu

' vasxts/year i'ivday/ *

L st %58 T5/day
2 vxsxts/year, i day

2. Haterxals ilj ;a?rt't A”'”;,Assune 1T of initial"

4

3. Fuel?-'Liqht’vehxcle 3
4 Uverhead (%)

35"f1vlsxt $55 75/day .17
" 85 75/day per.pers . Qlfji
S pusp systea costs 1 200
S - 1ts/dayss” days .- T
Logistics/support = 320

SRR

vtéttf/?ear.i‘t &ay/vv"

2 visitsiyear, 1 day

58 73/day per pers. 7 wa?

fissuae 1Y of initial
puap systea costs
39 1ts/day#4 days’

C. Ha;u‘ ﬂverhaul Costs (assuned every 3 years) )

1 Labor (erld perdlens) ‘
© 7 '<"Puap crew supervisor = - E
,‘ - 3 man puep crew '

2, Materials

’ b'&éysilob SS/day :
Assune 101 of inxtial
3 Fiel

e Puap rlqu PR
*i - Light vehicles '_fflr'r

s ltsldayib days, o

. | ++135 1is/dayth days ‘?'71
&wj4 nverhead {8 o Lugxstzcs/support - 2100
'5 fTOtal (uss/uell) - 7fu’;'\f I "!‘ S sw

.3 dayslloo SSlday I Y
°3 days#75 S8/day - w78
L ¢, Assuse 5% of initial .. -
. pump system costs ;100 gjj’

;16 days¥75,58/day 'wa-

punp systen custs 2000'1

o Its/days3 days - 188"
35 1ts/day#3 days; . 'V36
" Logistics/suppart - 420

v

'7:939;¢_ g

) - Utfacewﬁrerhead is included here because it is not part of the existing WDA office

" “staff or functxcns.; The cost of well operatxun and aaintenance will increase each
;year as gore wells go into operation. The full cost, including overhead, is in
Y sense, a dxrect cost: it-is directly related to the nuaber of wells.

‘-2 B
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(see Appendix B). It is likely that pumping times will
~vary from a high of twelve hours per day during the
peak of the two dry seasons, to almost no pumping at all
when surface water is readily available to villagers at
no charge. (Projected water usage rates are discussed
in more detail in Chapter 4.) Overhead is calculated at
'100%, which is based on the WDA 1982 operating budget.

In the case of handpumps, it is not presently foreseen
‘that user fees will be charged (since the user will be
doing the work himself and the water volume would be
small), or that pump attendents will be required. There
are, therefore, no projgected handpump operating costs.

The helical rotor die~el and handpumps chosen for this
project are notable for their extremely low maintenance
requirements, and have relatively few spare part
requirements. The main cost in spare parts over the

life of the pumps will be in parts for the diesel _
~ engines. Also, a major overhaul of either kind of pump,
which is scheduled for every four years, requires the
use of the pump ripg to assist in pulling the pump from
the well. v

The last cost included in this section is that of the
ongoing sociceconomic monitoring of each well site. The
socioeconomic crew is scheduled to vxsit each s1te once
a YEa‘“- E 3 v : L r,f'A ~”\‘_f;;_‘;_»,"vn‘-“_‘

The full ten- year stream of operat1ng and’ malntenance
costs for each type of well is shown in Table: 3.9.00 The
“net present value of this cost stream ie‘used below“t'V“

compare well consfru:tlon and eperat'nq costs.

3 4 6 Summary o% Dxrect CDth f

“A summary of the f1ve categorles of dlrect coets appears 5
"1n Table 3.10. The total direct cost of drilling and @WQST
censtructlng a dzesel—pump well is about $5¢,400‘ and they};
total direct cost of a. ‘hand-pumped well is about %21, 1u0."
If the costs of dr1111ng the exporatory wells are . e
. included, then the full direct cost of constructing: each

ﬁ}P1nd of well im $58 000 and ®24, 000, reepectlvely.

,71he well construct1on costs are best Lompared with .0
- 'operating and maintenance costs by assuming a minimum: -
f“llfespan of each well: ‘Here it is assumed that the _

. average well. will operafe for 10 years, and the. ten=year
¢ discounted stream of operating and malntenance ‘casts are
t%1nc1uded as direct costs in Tabie 3.10. For diesel - '
G pUMPS operating costs are about 45% of total direct ,g'
- costs, and, for handpumps, less than 10%. When 1nd1rect

S costs are 1nc1uded, of course, aperating costs are a'
..much smaller proportion of total: well costs (see belew)._

=29~



1 Uperatxng Custs
2. Routxne Costs”
}Halntenance and
~NHonitoring)-

3. Periodic Custs
- atHa;or Uverhaul)

O .. . o
o . A

ey

B. Hand Punps

1 Uperatlnq Custs )

2. ‘Routine’ Costs
(Haxntenance ‘and
Honxtnring)

3. Periodic Costs -
~{Major Overhaul)

e
o

Tntal Hand punps

Net Present Value (x=151)w“ 2  :




Tt .10 usar of Vol Brect osts (17"

S {2 Hand PU'PEd -'Il
J:a,¥U5$ (l) ;”

l Sxte Selectlon/
o Research

Hell Drxllinq, quqinq, | :
nand Developlent s

- 3 Hel‘ Testanq ' i
, 4. Fxnal lnstallatxons" H

oh

Subtotal f‘:gf
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3.5 Indirect Costs

The indirect costs of the groundwater project are, as
shown in Figures 3.1 and 3.2, all costs associated with .
the central office, warehouse, and workshop, in addition
to all costs that do not vary with the actual number of

wells produced each year. RAs for the analysis of diredt'

costs, indirect costs are divided into three main .
categories: labor, materials, and fuel. A fourth small

category, miscellaneous, is included here for such items -

Ty

as insurance, rents, and port clearance fees. Capital
costs, which are a special kind of indirect costs, are:
discussed separately in the next section.

3.5.1 Labor

Table 3.11 shows the total estimated staff requirements’
for the continuation of the comprehensive groundwater
development progject. The staff is divided into five
categories, as follows:

(1) central office, warehouse, and workshopj a total
central staff of 65 people, which is about the
same as are currently employed by WDAR for the
CGDP-I project, is assumed.

(2) well site selectionj four hydrological crews,

' each consisting of one senior hydrologist and

one assistant; one peophysical crew to operate

the geophysical vehicle; and two socioeconomic
crews, one for each progect region.

(3) well drilling and logging; three drill crews,
one for each drill rig, each consisting of two
senior drillers and ten workers; and two logging
crews, one for each region (and for each of the
two logging vehicles).

(4) testing crews; well testing is performed by both

~ the pump crews and the water quality chemists.
The pump crews, which consist of one foreman and
four workers, divide their time evenly between
pump testing and pump installation. The water
quality crew, which consists of one senior
chemist and two assistants, is assumed to cover:
both progect areas. '

(3) final installations; the surface distribution

‘ systems are constructed by one of three civil
construction crews, each consisting of one
foreman and six workers (and with additional
labor provided by each village). The pumps
themselves are installed by the pump crews, as
described above.
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;Ijb]gj3gll‘:§;£indled Future Statt Requiresents and Salafies

Nuaber of Monthly  Monthly Yearly Yearly
Staté Salary Allowance LCost COSt
PR Sonalx Sh;llans voad | USS' ) -
c:ntral Dffice Staff:
Project aanager 1 1200 3000 74400
- Deputy project manager l 750 4000 57000
Water resourcer planner ! - 750 . 3500 51000
Financial controller | 750 . 3500 51000
Accountant, cashier 2 %0 1500 54000
Drilling coordinator 1 920 3000 47040
Chief mechanic 1 7750 4000 - 57000
Baidoa coordinator 1 730 1500 27600
Store and fuel officers 5 750 1200 117000
- Transport officer l 130 1500 27000
- Personne] officer | 1200 1300 30000
Clearance officer t 750 1500 27000
Nechanics, electricians RIS 360 1200 126720
Heavy truck drivers 14 40 1200 334080
Ass't drivers, sechanics 10 30 . 800 160800
Clerks, quards, cleaners 16 . S40 ... 500 199480 :
Subtotal -- 65 ) 1440720 82895
Well Site Selection Statf: S :
Hydrologists ' A 750, - 2000 132000
Ass’t hydrologists 4 600- - 1500 100800
Geophysicist AR | 750 2000 +33000
Ass’t geophysicist A 600 1500 25200
Socioeconoaist 2 750 1500 54000
Ass’t socioeconoaist 2 600’ 1200 43200 )
Subtotal -- 14 : ' 388200 233
Well Drilling and Logging Staff' BRI :
Chief drillers b S 920 1500 . 174240
Drill rig crews .30 S0 1000 561400
Log operator 2 - 780 1500 54000
fAss't log operator =2 600 1000 38400 :
Subtotal -- B [ R 828240 47655
Pusp Rig Crews: (#) e '
Chief of Puap Rig 2 1500 34000
Pusp rig crews -8 1000 153600
Subtotal -- 103 207600 11945
Water Quality Staff: ! i e
Chief chenist L ) 402000 35040
Rss’t cheaist 2: Ui 15000 - oo 54000 T
Subtotal -- : i - ..89040 - 5123
Civil Works Crews: fon ,_’.."*f -
Chief of construction .3 3781000
Civil works crews 8 - r336960;’"5a, -
Subtotal -- SR 7960, 24048
- Total -- 153 337!760 194002

N&té: (8) Pump riq”tr&ns do both pusp installation and periodic laintengp:é,
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‘Labor costs for well operation and maintenéﬁce'areindt
"included here, since they are fully costed in the
‘previous section on direct costs.

Table 3.11 shows that the total yearly salaries for the
entire groundwater project staff, which includes about
150 people, is approximately $200,202. This is the
combined cost of each person’'s basic government salary
and monthly living allowance. Indirect labor costs,
which are shown in Table 3.12, consist of field perdiems.
paid to members of the central staff for site visits.

The total yearly cost of labor is projected to be about
$200, 0@, or about 6@0% of total yearly indirect costs.

3.5.2 . Materials

The yearly cost of office, warehouse, workshop, and ‘
routine maintenance supplies is estimated at $56,000 per -
year. This figure is taken from the proposed 1984 WDR
budget, as shown in Table 2.4. If anything, this figure
is felt. to be quite conservative, since it represents a
reduction of 45% from the level of expenditure on
materials incurred in 1983.

3.9.3 Fuel

The amount of fuel consumed by the vehicles assigned to
the central office staff, GSO, warehouse, and workshop, .
as well as the amount of fuel consumed by the well
production crews during work not specifically associated
with any one well, is projected to be about 72,000 per
year. The number of vehicles assigned to the central.
office staff was shown above in Table 3.2, and the
assumptions that underlie the fuel consumption costs
were spelled out in Table 3.3. The total indirect fuel
costs are about 30% of total fuel costs, and about 16%°
of total indirect costs. ‘

3.5.4 Summary of Indirect Costs

The total of the above three categories of indirect
costs, plus a fourth category of miscellaneous costs, is:
‘about $340,000 per year (see Table 3.12). When a well
‘production rate of 18 wells per year is assumed,  these’
costs amount to about $19,000 per well. : -

3.6 Capital Costs

Capital costs are, properly speaking, part of the v
groundwater project indirect costs, but since they . form
such a larpge part of these costs they are discussed . Y .
separately. Capital costs are deﬁgned as the cost of ﬁzf»
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. Tahl:e,B,.la,‘ .Estimated Yearly -Indirect Costs

Shillings U )
1. Labors -
“Total WDA salaries 3371760 134002
-entral Staff Perdiens (1) 26050 1499
Subtetal —~ .- 3397818 195501 .12
2. Materials:
Office, field and ware-: o o
house supplies — = 970008 55811 ) 16.31
3. Fuel: (&)
Basoline 526579 30298
Diesel 642513 36969
Lubricants 28568 1643 L
Subtotal — 1197652 68918 .13
4, Miscellaneous:
Insurance 83000 ATIE
Port Clearance 100022 o734
Office/warehouse rent (3) 208008 11507 _
Subtotal — 333000 2037 whh
Total — SHBAGR  M259 100,00

. Not 9,5? w Project manager, 5 days/month @ 55 150/day.

. Deputy project manager and drilling coordinator,

9 days/month @ S5 1%0/day.

10 heavy truck drivers, 7 light truck drivers,

and 1 cashier, 18 days/month @ SS 75/day.

(2)  See Table 3.3.

(3) Since WDR offices are owned by the governsent,

~ this figure is an imputed rent based on conparable ,
- office, warehouse, and workshop space.
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the’ Capital ‘equipmentiuseq 1n: TNe:COUrse Ot the project,
'1nclud1ng the flnanczal cost df the 1nveetment., Cap1ta1
costs are’ dependent not. only upon: the. prdcurement ‘cost’
of ‘the equ1pment ‘hut upon theklntereet rate’ and’ ‘the
life-span: of the equipment.

The total capital-expenditure to date under LGDP I im
%6, 1 million (see Table g.14)" these are, in e+fect,.
sunk costs.. (The différence between this figure, andr
“the flgure of $7.7 million shown at the bottom of. Table
2.3,'15 the cost of’ ndn"capltal equipment prdcurements.
ALL. materla]s used.ln wells,zsuch as pumps,. pipe,
cement drilling supp11es, ca51ng. and tr1—cone blts,
were. 1nc1uded as direct costs in Sectldn 3.4, not as"
capital costs )

Although much of the-capital equipment procured in CEDF=
I is expected to be’ dperable thrdugh 1991, certain 1tems
will .have to be replaced. . Table 3.13 summarizes: the
assumed life expectancy of the equlpment, and is used as
< gutde to projected. future procurement costs. The '
existing inventory of spare parts is also used to- f*
determine how much will: have have td be spent on spare
*parte in the future.

Teble d.14 ehows the prDJECtEd procurement schedule for
each of 51x categdrles of tapltal equ1pment assum1ng

the drill and pump rlgs) " For llght and h avy trucPs,
the number of replacement vehicles is shown together
‘with the projected cost. For light equipment, it is,
impossible to project if and when each of the various.
pieces will need replacement: instead, a flat sum equal
to 107 of the initial value is assumed as the annual
cost of maintenance and replacement. . It is noted that
the planned expenditure on spare parts for all types of
vehicles is less in 1984 than in subsequent years, due’
to the existing inventory DF spare parts. The total

— oo e s e camg
o e ST R e 4 berre B S P i Cumd seres Sl s e St i ¢ 0

getween 1984 and 1991 is $7.3 million, which is dnly o
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slightly more than the sunk capital costs.

The assumptions concerning capital cogts were var1ed
below, when total well costs were calculated. The
capital procurement scedules for shortened and e tended
equlpment life -~ 7 and 15 years for the drill" Qnd pUmp
;rlge, respectively.~— are shown 'in Appendix D. ™

7 Summary of ‘ALl Well Prdductldn. Dperat1dn, and.
’fﬂ Ma1ntenance CDSt" '

In aummary, a11 roste aeedc1ated uzth tne comprenensive
;groundwater ‘development project’ have been d1v1ded intd
three categories: = dlrect per~ue11 coete, 1nd1rect
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Table A\ 13 CGDP-I Cap!tal Equ!plent “and Pro;ected Life

“Date | Projected . -
Procurred Lite ,cﬂotes

* A Heavy Rigs (5 vehicles)
3 THAO Rotaty Drill Rigs
- 2 SEMCO pusp rigs

B. Heavy Trucks (18 vehicles)

2 Flatbed trucks 1981 7 1985 Heavy duty -
2 Water tankers . 1981 1985 - Heavy duty
! Fuel tanker ‘ - 1981 ~1983 Heavy duty
4 Nater tankers . - 1983 1986 Nedius duty
3 Knuckle crane flatbeds - 1983 1984 Mediua’ duty
3 Flatbeds (2 w/ "A- franl’l(. 1983 - 1984 Nediua duty
1 Fuel tanker ) - 1983 1984 Nedius duty
{ Mechanic's service truck 1983 1992 Heavy duty ,
- | Backhuoe (w/ trailer} 1984 1992 Occasional use only
- 3 Flatbed trailers o198 1992 :
C. Light Vehicles (40 vehicles) -
12 Pickups 1981 1984
5§ Suburbans 1901 : 1984
3 Logging vehicles 1981 1984
{ Jeep Station Wagon 1982 19835
11 Pickups 1983 L1985
-& Passenger vehicles 1983 1984
-1 Mechanics truck 1983 1987
! Video van ‘ 1984 1992 Occasional use'only,
D. Other Light Equipaent , _
2 GM/Isuzu generators 1980 1986
2 Nelders 1981 - 1986
4 portable generators 1982 - - 1988
3 Nelders 1982 1w
3 EM/Isuzu generators : 1983 1988
2 Welders ' 1983 1968
3 Test puaps , 1983 - 19902
30 Deep-well diesel puaps 1983 - 1992
30 Deep-well hand puaps 1983 - 1992

E. A1l Other Support Equipeent

‘A1l other capital equipaent, such as-
logging, hydrogeological, water quality, o
radio, office and workship equip. - 1981-83 19927 - Mith spare parts

iNote. Tho pro;ected life of capital equiplent is apprnxinate only, at best, and
these estimates are varied in the analysis. Proper laxntenance is o
* is assused and budgetted for in the analysis.
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;Iebie53;{4*105Ei§53;§dﬁibeenf ﬁratureeent Schedute - Assuning Noreal Equipnent Life -

. . Total as. o _ B - 1
Itea/Year, ‘ cof 12/83 . 1984 1985 . 1986 1987 . 1988 1989 19907»i.199}“ z1984 199{1

: ‘
nrxll'rxgs‘isj" RS
" % of vehicles’
Cost of new vehxcles
Spare parts

Pump rlgs _n
~4of vehxcles_ 2y
Lost.of: new vehi le
Spare parts*

: Heavy trucks '; 3

t of vehicles (1)

.Lost of new vehxcle :

Spare parts

Lxght vehxcles
" ¥ of vehicles (2) NI
 Cost of new vehiclesb..r5'
Spare parts

Dther llqht equi. (3{2“3&-1;vf;
Value of- equipeent G
Spare parts v

Total (0007s U5

" Notes: J;(l) Includes the backhoe and trailer, and 3 f1atbed trailers. The total nusber of heavy trucks
L+ ..0" s projected to decrease by one, froa 18 to 17, as per Table 3.2,
{2) Includes the down-the-hole video van. The total nuaber of light vehicles is
projected to decrease by five, froa 40 to 32, as per Table 3.2.
(3) Includes all generators, welders, test puaps, and logging, hydrclogical, geophysxcal,
water quality analysis, radio, office, workshop, and field equipeent.
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costs, and capital costs. A summary of all of these
costs. appears in Table 3.15. Direct costs are broken’
‘down by diesel and hand-pumped wells, and by
construction and recurrent (operating and maintenance)
costs. . Overhead costs, including indirect costs (labor
and materxalq) and capital costs, appear as a lump sum.
Also shown are the number of diesel and hand-pumped
wells assumed to be cons tkuLth in sach year, and the
_rumulatlve number of wellb in qEIvzce for each year.,

The First column of Tablp g.ib Jhowb the net present
;value of each of the cas it streams, ‘discounted at the.

rate of’ 152:, For the. purpose of: :altulat1ng the per-—
.well casts, the number of wells constructed and the
,cumulatlve number of wells in service are discounted at’
the same rate. The discounting of the physical number it
of. wplls has the same significance as the discounting of““
: osts. it reflects the increased value of a well in v
gaerv1ce now over one in service in the future. In order -
to calculate average costs per well, the cost net o
present values are divided through by the net present
value of the number of wells constructed and operatpd

‘Average :osts per well are affected by many factors, of
which the most important are (a) direct and indirect’
‘costs, (b) the annual project production rate, and ()
the service life of the capital equipment. AESUmptlons
concerning these factors are varied in order to.
‘calculate an indicative range of ~averagd, costs.
Spec:f1ca11y the assumpt1ons made were:!

5(1) thp average wpll service life would be tenw

‘(E)Q,normal expected equapmcnt llfe would betten

- for the heavy drill and p1pe r1gs- shortene
‘would be seven years Jerv1ce, vand. extended” ]1fe
would be fifteen years serv1ce-.

iﬁi‘ ' ) Alg
'drlllxrigs would be 30" bortholes per yea'
18- woul d- become productlon welﬁs:(io dlESEl.
rhand~pumped).fur

ﬁéfi}a h1gh 'ailure rate;“ould be_cily 1“ prmductloanl

“wells per year: (7, dieskl ‘andi5: hand-pumped) for;‘;ix
Aithlrtyj oreholeq. Lo

R ’ cion . m'?ﬂ borehole)“rT 0y
"product1on wells per year (6 drésel and 4 hand—:
Anumned). 0T e




Iable“itts;’i‘ ‘Costs:of’ Hell Construct\on and. Ha\ntenance, assuoxng No'eal Equxpoent Li{e and ngh Product:on Ratess;

o ;.Nﬂlﬂ Wells per Year ‘,jxn thousands of constant 1983 dollars)

o Net Present L
B 4‘ 1995 1996

L. Direct Costs. .- .o :

A Construction Costs -
3 DlESElvNEIIS
.‘Nuaber &f uells '
- Cost. - “fr‘
- Hand-puep wells P
" MNuaber; of. nells S
"Cost
- Exploratory and
Faxled Hells N
: Nuober of nells
Cost
- Subtotal

187+ 3877767

TR 797 <787, 0787 187+ 707
B Uperatxng end Main-
- tenance Costs’ ‘
- Diesel Wells 2 o
" Nuaber of ‘wells -
. Cost- ,
- Hand-puop wells.
- Nuaber, of uells 182
e : -
COEt . IR ) KH
Co-- Subtotal k’y_ 100

75 85 0455
‘690 599m 506

'11 overhead Costs ;

= Indxrect Costs (La- RO
bor and Materials) . 1535077342
= Sunk Capital Costs 6066#
.= Recurring Canx’al 2T _
“Costs 4058 :;'542

gy .%F672;1712ﬁ‘5f
*.== Subtotal 1!658 . 1219 179

1014,,2054?’ 1

‘ ' : “ - - ¢ ui'; AT R 3. :»,1' .
11, Total Costs ;.,,,q{_xzsox 1704 21033f2820y TRt 3367 2529 R ITES TR T VRN TR 1

AIV Averaqe Costs :

“20 7 " s188,000,

‘Average Construction Cost per uell, 1nclud1nq sunk capital’ costs :
- 5113 000

Average Constructxon Cost per nell excludin, sunk capxtal costs ,

Avnrage Total Cost per Year of Hell Servxce, 1ncludxng suok costs i ?
iAveraqe Total Ces: per Year of Hell Servxce, excludxng sunk costs :

4 Om
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L For~ the'set jof  "normal”’ “assumptions embedded in Table:
3.5 (normal Pquipment l1fe and h1gh product1on rateg)

'fthe avarage costs per ‘well are Jhown at the bottom of‘“‘
the table. The “Four average. casts are (1) average y‘“J

g,constructlon costs including aunP cap1ta1 cmsts.h’w.ﬁ
:($188 000), (2) average constrruction costs Lfrludlng
sunk apltal costs ($113,000) (3) average ‘costs per
year of well service, incl udlng all -construction,

capital, and service costs (%42 000).'and (4) averaqéii?

costs per year of well service, 1nrlud1ng all. costs S
except sunk capital costs ($27,000). These costs show.
that sunk capital costs are a very large part of total)
rosts: .when sunk capital costs are excluded, total

b b P e o o A e o e et G o ot | o it G e i e el mLod.mmiaxand msas

costs decrease by almost 40%." In order to bring down-
the overall cost per well, therefora, it is 1mportant to
keep the. equ1pment procured

;long as poss1ble. R

‘progected equlpment l:fe are varled . “',y;
Qaveragp costs ‘can_ be calculatLd.'fIn Table 3“16 51,@'
- seen:” that' ' L S e o

:»‘AI

(1) averagp construrtlon costs per well range {rom ,aQﬁ

= 5*“5188 000 to 307,000, ‘and total cost per year oF
Wwell service ranges from $42 y 000, to $66,000, '
‘depending. on the assumpt1ons. When sunP capltal
costs are excluded, these costs range from $113,000
”to $17 , 000, and $°7,500 to $39.600, respectiVelyu

ﬁﬂEi;aaverage construction costs rise by 90% between Lhe
v high. and low production rate assumptions, and by
only. 35-40% between the high production and hlgh
fallure rate’ assumptions. It ig, therefore,
economxcally more sensible tg produce as many WF11=
as possible, even if the success rate drops, than;
to dr111 a small number of we]ls." ~ o

(ﬁyf'the'sens1t1V1ty of costs to the production rate?”

"7 mhows the costly impact of fuel shortages-and Dther
logistical problems. Accordingly, any steps Lhat

can be taken at a reasonable cost to minimize fj,%

» ~logistical difficulties are llhely to have very .-

«;hlgh payaffs. o P

(4): Qtotal costs per year OF well =Prv1ce rise by ”OZ

" between the pormal and shortened capital equipment
life. a&«umpt1ons., It is important to keep the L
‘heavy equlpment uperaf:ng for at least ten years.
. After ten years, however, the average costs per

“well remain about constant: this. is becau&e Lhe ;
v"recurrent costs of capital upkeep o%fspt the lmwer;
jcosts derlved fi-om prolmnged equxpment llfe. Lt

41
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'H;gh Prn- ngh
;‘*ductlun Faxlure ductlnn
Pate xf R;te Rate

it quh Pra- “High Lou Pru-
“duction . Faxlure ductlan y
Rate L Ratg: “Rate

Includlng;All Cap;tal Custs

B Nurnal Equxpnent Llfe f:

49,000 43,700,
33,800 - 48 800 57 300
,’42 SOQH 57 400 66 300

202,500 260,400 520,300°
1170,100° 248,000 287,900
188,100 286,900, 307,300

i esel Punps
Hand-puups
Average cost

B Shnrtened Equxpnent Life

fﬁhmmmm qﬁﬁufmmdmmmmmfffﬁ%mfmm}mm '
G Hand-puegs UL 193,700 262,400 329,200 .. ALE00 59,300 70,300
Mverage cost 211,700 01,300 48,400 o 100 48,200 79,500

oy

0. Extended Equipsent Life . | , :
" Diesel Pusps . w;‘f;;j;5;?tﬁ,3191,2oo 23, 600.;300 100 ;; 50,500 65,300 74,2
. Hand-pups 7 1sm800 - 231, 200;5267,700 e 19,800 58,

| Mveragecost L7680 750,100 207,100 5,400 58 aoowj

1L Excluding Sunk Capital Costs:

.

. A Noreal fquiphgnt Life"i,.f{' | .
. Diesel Pusps | '”m%ommLMM6ﬁﬂ;um=mm;wm'
Hand-pueps (95,000 135,400 “182,700 ;T 19,000 26,800 30,600,

verage cost ; ¥ 1;3_ooo {g54;3go;§172 1000 7,500 35,50

A Shurtened Equxpnent Life ;g B

184 ooovgleo 50 TUU35,600 43,200 47;
131;600-2 148,200 . tv;; 20,200° 27,900- 31,900,
150 500f:167 600" S U Th

Ja }h .

 Diesel Punps BRRIT 125 soo!
. Hand-pusps . . ol T 93 200
Average cust :

i.-
o

f‘Extended Equipnent Lle

*r"L_

B ‘."" Pty ' ce ‘ A . " - N
',f Diesel Punps : rf?ﬁ, ";' 129,100 170,300 188,100 ;”5 41’1137,000 45 400 49 900
CMandpings 96700 137,000 155,700 L 21,400 729,500 3, 20 .
Averaqe cust oo 14,700 136,800 175, 200 S 30,100 38,900 - 43, 600

: A e
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(5 average ccnstrUctlan costs per diesel 1 &
ﬂxsabout UJ,OOO Car 15%) ‘more. than for’ hand—pumped
, i WQlls, and average costs per 'year of well service
'Jgi are about $13, 000 (or 30%) more. In. those’»““‘
' locatlcns where a diesel pump is requlred (1 [P
where’there are both sufficient. water resources nnd

. sufficient demand) these higher costs would be iy
coffset by the benefits of eerv1nq a largnr nunber

'jmf benef1c1ar1e5. T L e
, e 2

Thnee average costs per year c+ well erv1ce ‘can. be uee
together with- es+1mates of the number of we]l userc (see
_Chapter IV) to estlmatc the averdge ccet per well ubhr‘

As a Flnal;encerc1se 1n thla chapter, Lhe three cost

categorlesA-~'direct, 1nd1rect,‘and capital costs —~f"
were further broken déwn” along the lines of project -
activities. - This’ alluws one to estimate the cost - .
associated with each phase of worP The six types oF'“
act1V1t1e are., . SRR i

(1) '51te selectlon T I el
(2) - well: dr1111ng, logging, and development
{3 well testing: B T SRS AN
(4). final installation. o
- (S) well operation -and maintenance Ex
(6) centrnl cfflce, warehouee d

The complefe breakdown of coste by‘both cost catego
and pchect activity. was- shown .in the cost arcountln
matrlw‘shown in Figure 3. 1.,‘ 4{;\ ] “‘,?Mf

Tabl o.17 :hQWE the same - coet accountlng matrln,«but
now complete with the values calculated in the last
three sections.’  With this matrix, not. only ‘can’ total ,
‘rosts per well and/or per year be calculated, a completee.w
breakdown of costs between direct, indirect, and capital
rosts, and by type of activity, can be readily. seen. O
The figures in Table 3.17 show the full cos t c{

prcduc1ng and operatlng wells for the mzddle case (hlgh :
‘¥a11ure rate) hown 1n Table 3. 16. ThlS table shcws that.;i

(1)
5753 malntenance 1% abcut “7% of the total.

‘ké) the 1nd1rcct cust is. about 117 of. the totalu

ﬁi) the annualized géglggl ggﬂg of the proJect.Aj,. :

““a"lncludlng sunk capital costs, is about 42% ‘of the"
total. The annualized capital costs are. calculated
u51ng the appropriate rapltal recmvery factor (eee«

Appcndz" C.)

Nhen the toLal cost is d1v1ded up alcng the 11nes of th/
51x,prcject act1vit1ee, the percenraqo brecPdown~1sH
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" Table 3.17 Estimated Anoual Cost of the Sroundwater Developaent Project *for the Years 1984 - 1991, USy (¢ - See Assusptions Below)

e : Ek.‘...'.....l,mmmcnsrs'.........:';.;.'........wnn.cusrs...........:..tmucosts..‘:
T aetivity LT Mises ot M of 1 Meawy o Heawy  Light - Light mof ¢ S ef e
L Labor Materials ‘ Fuel  Overhead Subtotal Total 2. - Rigs Vehicles Vebicles Equipaent Subtotal Total : Total Total @

1 Site Selection tinc. bydro- o 8 . S :
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”(1)1“51te select;on e
(D) well. dr1111ng‘and logglng
.(.)ffwell testing -
(4) ;f1nal 1nstallat1ons -
e x*‘operation and- maxntenance; 2
(6 ,-central cff1ce cverhead Rt

NThe up-front costs oF well plannxng,*drxll:ng,:;,”
,:on%truct1an represent abcut 897% of the'totdl cost of’
- each:’ well.; The operat1ng, ma1ntenan:e, and mon1tor1ng
costs, which dre calculated as a a ten- year QQLagétagn,
are.only about 11% of the total cost.- Although well e
malntenance represents a small part the budget; By -.
effective matntenancp is essentlal to. the sucress of the;

project.

A graph:c summary of these basic flndlngs appears 1n
Figure 3.3.  The second graph shows the high (&27):. _
component of capital costs. The graph underscores ae”wt'
previous conclusion: namely, that if the capital \ :
procurements under CGDP-I are considered as. sunk coqts,'f
which they effectively are, then the continuation mf the:

comprehensive groundwater pro;ent is very cost SRS
effective. The marginal, or future cost of contlnulng
the project .would be much lower than the historic- cos@
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'ﬂfzéii'50verview

- In this section, the benefits of the groundwater project "’
to the people of the Bay and Central Rangeland Regions
are discussed. These benefits cannot, however, be .

- quantified. Water-related benefits are difficult to
guantify even in situations where much data is available
on the end users, usage rates, willingness to pay, local
health conditions, and local livestock production. In
the case of this progect, given the almost complete lack
of quantitative data in any of these five areas, to try
now to quantify benefits would be, at best, misleading.

The goal, therefore, of this chapter is to pull together
most of the information that has been gathered to date
that relates to the measurement of project benefits.
"This information can be used as a basis for future ;
surveys, projections, and evaluations, if any, of the
project?’s costs and benefits. B L

The main emphasis of this chapter is on two primary
aspects of project benefits. These are (i) the average
number of project beneficiaries, - broken down into human.
and livestock populations and into the Bay and Central
Range regions; and (ii) the qualitative types of .
- benefits to be expected in each area. As only one well/
had been completed in the Bay region by the end of 1983,
and none in the Central Rangelands, little specific
information on the user populations of actual wells is .
‘available. Instead, the focus of this chapter is on
estimating average user populations based on all
-available village surveys and census counts.

This chapter contains four more sections. Section 4.2 .°
discusses the planning criteria used by CGDP and NDQ fori
selecting wellsites, and section 4.3 discusses the -' -

. nature of benefits expected for each area. The last two

- sections, Sections 4.4 and 4.5, give profiles of the two pPOJECt
-areas, with an emphasis on population and livestock

. data, and discusses the projected impact of the CGDP

. program on each area. The nature and magnitude of

.expected benefits in each area is discussed.

-4 Nell—Drilling Site Selectxon Criterxa“q

QThe cr1teria for select;ng well,s1tes 15 roughly ‘the"
.. same in- ‘both’ prOJect areas.; The first set of erxteriah
’ whxch 1s;based*' ; 0 S

' (1) Present water sources are~inadequate'to m?Et %»f:

O
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national standards, which are 15-20 11ters per

" day per person and 20 liters per day per family’
~livestock unit, or the quality of present water
sources is below designated health standards.

(2) Present water sources are located at a distance
-+ of more than five kilometers for people, or more'
“than thirty kilometers for livestock.

{3><nny village with a population exceeding 1,000.

(4) ‘A transhumant community which is forced to
* "migrate away from its homestead for several
months out of the year due to water shortages.
- This ecriteria is particularly relevant if it can.
. be shown that "sustainable increases in crop and
livestock production” would be possible thh
-Aimproved water supplies. :

(5) Identified arable or grazing lands that’ a+é“' /
' under-utilized due to a lack of water resources.f

These criter:a are then subJect ‘to three others before f
any drxlling is done. These are:. ' , L

(6) The hydrogeologxeal suxtab111ty of the sxte, as
alyzed by the prOJeet hydrogeologxsts. Ce

(7)»The village 1nterest in having a well, and its

44 ability to contribute to the maintenance of.the:
well, as: identified through the TVAPP series of’
\,'vxllage meetings. S ‘ L L

4?(BffSite approval by the NDQ, National Range Qgeneyﬁ
*5_‘and/or by local government officials. SRR

apThis sxte selection procedure has been jointly carried'~
~ out by the CGDP and Bay Region Agricultural Development’
“projects in the Bay Region, and the CGDP and National -

" Range Agency in the Central Rangelands.

Drilling conditions are more difficult in the Central

Rangelands than in the Bay Region, for several reasons:

(a) the drillings sites are further apart, (b) the

number of exploratory wells is, and will continue to be, .
proportionately higher, (c) the average drilling depth

—— if the first few wells can be considered a good

indication -- is likely to be greater, (d) v
communications between the well sites and Mogadishu are ’

more difficult, and (e) the availability of local

support services is less. For all of these reasons, it

can be expected that fewer wells will be drilled there
than in the Bay Region. It is not possible at this time S,
to estimate how many wells will be drilled in each '
region by the end of the proaect,4gut it should be kept ‘{;Z’



1n mind that thene will inevitablwﬁp_v
fi“ the Bay Region. ~ »" o O

4.3 Naten Supply Benefits

supplies{

at ex;st;ng use levele-

3 i
' cost of basic health care,fwﬁ

fﬁf4) reliability of water supplzes in times of dnought
" which decreases both hardsth and thF eost of
- drought relief; y , ‘ rgﬁ

. (5) increases in the quantity and quality of human

. resources available for productive economic
activities, especially in agriculture.
Improvement can come about through both betten
health and through the reduced time and effort
required to draw water for household use;

f(S) reduced livestock losses, and i“CVEESEd,PdedFti§h3 h

potentials-

ﬁ(7)nstab1lizrtxon of agro-pastoralist and sedentany
-+ populations, with corresponding 1ncrease5 in
o eagnicultunal productions

fiéxfthe abzlity of the government to pnovide’1neneasedf;

. social services, such as educatzon and health,
L more stable communities. :

;ngome of these benefits belong to the general category of i

- social benefits, especially those pertaining to improved
health, while others are more directly related to the
level of economic productivity and the possibility of
increased income. The two categories of benefits are
-not, however, separate: improved health can be valued
in part, for example, by showing its direct impact on
the ability of an individual or household to earn an
income. And conversely, the impact of improved water on
livestock production can lead to improved nutrition and
family living condition. Both economic and social
project benefits can be somewhat seasonal, depending on

accessibility, reliability, and price vary over the

course of the year. The seasonality of both water use
~and benefits will be discussed below.

-50-
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“Health-related benefits are a primary’ Justlficatlon for
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. EGDP. . "Health benefits are attributable to both: 1mprovod£i

water - qualzty and increased quantities of. water
consumed.  In all’ ‘areas of Somalla, water ‘Felated

‘infective diseases are +he major cause of s1aness~and A

-significant. cause of morta11ty,,and the ‘Bay’; Regzon and

Central. Rangelands are no evceptlon. - Water supppl1ed byf,

this project, which would - /come from’ aqu1fers
sufficiently deep to have very low b1ologzca1 content
should significantly improve local. water qua11ty.‘ &

~(Water quality analyses have, to date,.’ corroborated fhzs
point.) Proper design and conqtruct1on pract1ces aerﬂg

‘hexng followed to- protect the sources from external
contamination. Also, the new supplies will hopafully
'remove the need for v1llagers to use less clean waters

CGDP in both prOJeot areas will be to livestock ,&
production. This is especially true in the Central Lo
Rangelands, where the livestock population far !

outnumbers the human population. But again, no attempttl

is made here to quantify future gains in livestock

production attributable to the project. Even in moré"-i

accessible and fully documented areas, the effect of
improved and more disperse water supplies on livestock

- healthy off-take, and grazing lands is always difficult

to separate out from the influence of other concurrent
social and economic changes. In the Central Rangelands,
there isn’t any baseline data available that could be
used as the basis for any projections whatsoever.

" This paper does not assume that CGDP will undertake a

data collection effort that would allow, at some future

. datey a thorough calculation of project benefits. Such

an undertaking would be expensive, and it is not clear

" what purpose it would serve at this point in the

- progect’s implementation. At present, it is planned

- 'that both biological and chemical aspects of water
quality will be monitored as part of the CGDP program.
Similarly, some aspects of user health will be monitored
as part of other ongoing projects, such as the USAID ‘

*Primary Health Care project in the Bay Region. However,
no systematic monitoring of either health benefits or.

~livestock production is currently planned or budgetted
for in CGDP.



%4:475The.Béy'Regiqn
4. 4. 1 - Introduction

The Bay region is one of Somalia’s most important:
agricultural areas. It contains areas that offer good
agricultural land and year-round access to water which are
also among the country’s most densely populated rural areas.
The 1975 census shows a total population of 393,153, and the
Ministry of Plamming has estimated the 1980 population to be
450, 9F6, reflecting a yearly growth rate of 2.8%.

The primary agricultural area of the Bay region is the
crescent—-shaped area that arcs across the upper half of the
region (see Figure 4.1). Farmers in the Bay region are
dryland farmers, as neither of Somalia’s two main rivers,
the Juba and Shabelli, flow sufficiently close to provide
the opportunity for irrigation. Since yearly rainfalls are
highly variable, and marginal at best, the agricultural
production of the region varies tremendously from year to
year. It is common for Bay region farmers to try to store
enough grain to cover their needs for up to three years in
order to ensure their survival in periods of drought.

All families in the Bay region own a certain amount of
livestock, ranging from a few household animals for
agricultural families to large herds of cattle, camels,
sheep, and goats. Those families who rely as much as or
more on raising livestock as on agriculture are properly
called agro—-pastoralists, and those families ent1rely
dependent on livestock are nomadic. Although it is ~
impossible to give an accurate breakdown of the three kinds
of families in the Bay region, there are probably more agro-
pastoralist than agricultural families, and more
agricultural than nomadic families.

The traditional water sources for most inhabitants of the
Bay repgion are uars, which are man-made water storage pondsj
wadis, which are transient streams; and shallow wells. The
uars are the most important and common type of water supply,
and are designed to retain water for as long as possible ’
into the dry seasons. But when they dry up, as most do at
least once if not twice a year, villagers must seek out
water at the nearest availakle site, which, often, involves
a round trip of up to one or two days. It is common for
entire villages to uproot and move nearer to a dry season
water point if the round trip is longer than six or eight
hours. Even if an entire village does not uproot, the young
men will lead most of the family livestock away to other
less dry regions, such as the Lower Shabelli and Lower Juba.

4.4.2 Bay Region Village Profiles

. TWO sets of interviews concerning water sources and usage ‘-
- _have been conducted in selected Bay villages in the past two:
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years. The first was supervzsed by Dr. Paula Roark,
sociologist of the CGDP project (see Table 4.1), and the
‘second by Dr. Tony Glascock, anthropologist on the Bay
Region Agricultural Development Project (see Table 4.2). '
Data collection under the BRADP projoect is ongoing, so the:
~results summarized here are preliminary and confined to only
part of the Bay Region study area. 0

(tuulos), and *counties' (beels). In principle, the
structure and organization of these units follows a simple -
- hierarchical pattern, but in practice there are many
variations depending on local demographiec, historical, and:
political factors. In terms of this project, several key
characteristics of this local administrative structure areﬁ

generally agreed upon-

(1) all villages, whether tuulos or buulos,. are foth .
to have local water sources for at least half.ofi
the year. During these wet periods, most villages -

.are settled and stationary, and almost all of the
‘village livestock grazes and is watered locally.

() almost all villages'were found to have a 'water

© - committee' or similar orpanized means to manage
the village water source(s). These committees are.
well-suited to organize village assistunce for the‘
construction and operation CGDP wells. .

- (3) tuulos are relatively close together, and one well
can easily be in close proximity to several
tuulos, or even beels. At one well site northwest

. of Baidoa, it was found that the target area of
the well, narrowly defined as being the area
enclosed by a five kilometer radius, crosscut the
boundaries of two beels, seven tuulos, and at
least twelve hbuulos.

(4) during the dry season, very few villages retain a -
~ local water supply. Often, the majority of e

"inhabitants has to leave the village: some family
members will typically lead the family livestock.

to other regions, such as Lower Shabelli, and '
other members will simply move closer to permanent
water points within the Bay region.

' Several conclusions can be drawn from these points.

iFirst, during the ¢t

.-dn area much larger gngn the immediate tuuloc or beel will

"come to use a well. The inhabitants of the Bay region are ﬂ”'
'already very mobile. : S

Second, during the two wet season




- Tahle4.1 Sumaryof Ré;rk' Survey Data onBay Re!“n Water Points: ‘

SO T et Season, Dry Season Dy Season
~-"illage". . - " -Round Trip * Round Trip  Distance
cooovo o thours) - o (hours) o (k)

Sarman Dheere
‘Hareero Jiifo
Shahelle Dugsilo
Yarta Jaffay
Buulo Hawo

Robay Gaduud SRS 1
Gaduudo Dhunte o
Buulo Fur

Durei Ali Balle
Buulo Gaduud
Kurman

Dedole
Shiidalow BRI R

BT = 5 WO Dl TR I IO e

- Moter (1) Nusbers of water points in the tuulo aréai’ -
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. Tablelo.e ExistingllaterSources and: Distances: Sussary of Glascock Survey Tata, 1983 ' .

A

! Zone ‘il‘He‘ads of & Water When i R A
‘ ’:k-v;»,g(Beel) _Household  Points Dry (1) - Fallback source, distance, and if water i‘."_.ji_fr;'gg

only: Berdaale G hrs RT, free
3+ Berdaale 6 hrs RT, free
T Toosweyne is closer, but

4 Bedsale | 6 1

“oo 0 high user fees
'Berdaale 12 hrs RT, free :
.~ . Toosweyne is closer, but

high user fees -

".Yearround water supply

-ater not sold to neighbors

* ‘Berdaale 6 hrs RT, free ,
S Toosweyne is closer, but
PV high user fees
= ‘Q,Toosueyne, for water for themselves -
"Berdaale for watering animals
Toosweyne, for water for themselves
" Berdaale for animals, 1-day RT
WOA well — used by all
neighboring buulos

_Only went dry twice since 1979
~ Then went to Maanas, 8 hr RT
“Haanas 2-day RT, free
Berdaale  3-day RT, free
Danuur 4 hr RT, free
S Maanas 2-day RT, free
- HEJ.  ldaale 6 hr AT, EEC uar
.7 Danuur 8 hr AT, free
;2 Maanas 2-day RT, free

12 Budlo Mireer  *

1 REd Boof Gaduud 2 hr RT, WDA well
2 HeT Boof Gaduud 6 hr RT, WDA well
n.7 onl Mooro Bus 8 hr RT, free
- Mooro Bus 10 hr RT, free

- D13 Sugi Yare.  Dhayaal
U184 War Xuseen 0 "
719 Habiirow - - f
.16 War Yaroy ~© [.‘!

W43 ' Shidello 6 he RT, WDA well - o
“ono o filso, trucks cose and sell water
.. J always Goof Gaduud
. Husually Shidello  2-day AT, WA well

J only Awdinly KA well ’
' Boof Gaduud WDA well

E. 1 Buulo Jannay I'Iintaan“:
SO “ B ulo Burudou .

O T Baidoa 12 hr R, free
“ 3 Jalways Egeagow BhrRT -
.. Husually Boof Baduud KDA well: . -

g



: V.Table A2 (continued,..).

IHeadsqf Hlater el C oy ey TP
Househol Pmnts lhen Dy Fallback source, dxstance. and 1f uater is' fr-ee

Zone-,. i g

[ Vxllage (Beel) |

,;_Garlegal o
: ‘5°°f Cadey . "0
‘ Dorih o v 1\5’?’

: Xasaneedm  Muunin: B
’mumy ‘ N ] ‘~

i‘,ﬁbdurugv AR

‘ ,"noode Hoode uoode noode“

g‘ilbire L
Budlo Buuban, -*

War 'nsh;.v‘v‘, .

Mugdille o L S AR
cLawbyuls oo S ®y o B9 @ -HET Daynuunay 2 he RT, WDA well
“Mado Weyne. -~ o3 2 HEL

Baxdoa "+ spring, free :

Belden hand-dug well, fetiir @ -

, " Baidoa Both are 2-3 days away: -

. ... 'Ghidello  they usually go and stay
S0 Manawir hand-dug well, fetiir (2)

lska-goonueyn Haneen S

1" ~Jonly " Baidoa i-day RT, free
: o Manaas i-day RT, free
Jonly- " Baidoa 2-day RT, free
ooof . Pwdinly by camel, WDA well .
J only  Baidoa: by casel, free

Bareeri Caliyou :

Nuunay Bare Daynuunay BT R R only ' Daynuunay DA well

‘ Baras Genaan R 29 f}‘ - Uses a lake in . Lake, 2 hr RT, dries up occasionally

: I P _the escarpent  Baidoa 6 hr RT, free
Lgke(:_-, : o ' .{ile.';i',.; 2 HE&J  Deelab (a lake in the escarpuent) 10 hr RT -
e o e - Lahaley (a sandy streanbed) 14 hr RT o
~ Daynwunay 1@ hr RT (but no grazing land) .-
. .2 "Jalways Daynwunay 3 hi RT, DA well ,
“ 7 Housually -
4, w‘ffH tJ  Lahaley 6 hr AT, sandy streambed, free
',;.;Daynuunay A hr RT, WDA uell ’, S
L EEC uar rarely dries up
- If it does, then go to Baidoa

Daynuunay 6 he RT, WDR well

Stream from Baidoa spring, 1 hrRT . .

(i) The letters in the left colum refer to locations on the map, Figure 4,2, :

" {1) J refers to the longer dry season, Jilaal, from June to September/October, and
" H refers to the shorter dry season, Hagai, from Decesber to April. .

(2) Fetiir refers to one who has the right to use the water from the uar or well, -
- This right is earned by helping to waintain the condition of the uar or well. ..
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well will be limited to, at most. local residents.
1

_all villages have wet season water points, none will travel,
-~ to a more distant well site. Depending on the pricing of . -
. well water, even local inhabitants will probabiy not use the

well water during the wet seasons, opting instead to use -
+their free, traditional sources. (There is more discussion
of user fees and their impact on demand in the next ;
chapter.)

have more inhabitants than buulos. Most villages of both
types have established water committees, and are, a priopi

(but subject to the TVAPP review process), equally able.tog::

cooperate with WDA in the operation of a new well. Both
- buulos and tuulos have already been chosen as sites for
CGDP-I boreholes.

village and the surrounding buulos) can vary between 1,000
- and 5,000 people, that the population of a tuulo village can
vary between 100 and 1,000 people, and that the population
~of a buulo usually varies from a few families to several
dozen. These estimates are supported by the surveys
conducted by Dr. Glascock: his surveys, which don't
distinguish between tuulo and buulo villages, show
populations ranging from between 9 and 107 households. A
‘total of 37 villages were surveyed, and the average.size was
between 45 and 5@ households per village (see Table 4.2).
Assuming an average household size of six, this suggests
average village populations of 25@-30@ people, with a range

of 50 to over 600.

As shown above, the difference between village types is not
“important for the purpose of assessing water benefits.
Also, the dry season users of a well will come from the.

“larger tuulo and beel areas, not from single villages. Theﬁfg

' population of the larger areas served by a well in the dry

-season —— which may include members of several beels —- can

‘easily exceed 1,000 families, or S5-10,000 people.

fQL Livestock: The number of livestock in the Bay Region,

~and the averge herd per family, is even more difficult to =

estimate than village populations. There are no available
livestock censuses, systematic surveys, or samplings of
‘villages: the only data consists of scattered local
estimates. Many enumerators are skeptical of the
reliability of livestock estimates made by villagers

“themselves, and for various reasons. Some villagers, it is -

felt, will naturally exagerrate the average number of

animals per family, while others will under-report the_réaif:

number of animals for fear of government taxation. The
problem of generalizing any livestock counts is further
-complicated by the differences between agricultural and

=59~ ‘
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~agro—pastoralist families.

- The: BRADP surveys vnow being carried out include questions
.concerning livestock. The answers given show that reported
livestock ownership varies dramatically between villages,
and even between villages located in the same beel. They n
~algo show that fewer animals are owned by families living in )
- the better agricultural areas than by families in the more’
marginal areas. On average, the number of cattle owned per
family exceeds the number of sheep and goats, which in turn
exceeds the number of camels. The range of herd sizes is
about 2-40 for cattle, with a mean of about 5-15; 0-50
sheep and goats, with an average, for those families who own
them, of about 20-38; and 2-20 camels (although some nomadic
herders own far more), with a mean of 3-6. Translated into
family livestock units, as defined by the FAO, the averapge
- family herd in the Bay region might be from 108 to 15 units,
with a range from 5 to 58. AR few of these animals are
typically 'household livestock!, which stays with and =
provides milk for the household for most or all of the year.
. The larger part of the herd is usually less stationary,;éndﬁﬁg
will be taken to graze outside of the Bay region during the ..
- driest times of the year. NI o :fwé“;
- These very rough estimates of human and livestOCRg$r»“g,f»
. populations cah now be put into the context of CGDP. . -

4.4.3 . Well Water Usape in the Bay Region-

~iThe-marked seasonality of well water usage was described’

i .above..” In the two wet seasons, well water usage will drop
. off virtually to zero, due to plentiful uar supplies, while
“winthe two dry seasons, the user population could rise to
''well . over 5,000 people and their associated livestock.

- :This, in fact, has been the experience of other WDA wells in
the area. Given the very small number of existing permanent
7 water sources in the entire region, and the relatively high
. ‘population density, it is foreseen that the dry season
~:demand will continue to exceed the capacity cof the existing
. WDA wells and the new CDGP wells. In the dry season, then,
" pumping times may be the limiting factor on the number of
- beneficiaries. ; ‘

- ‘Assuming that a CGDP diesel pump is operated twelve to

‘. fourteen hours a day, and pumps at the rate of twelve cubic
.meters per hour, the daily capacity will be about 150, 000

- liters. Assuming an averapge per capita consumption of 15
liters per day, and an average consumption per livestock

unit of 20 liters per day, this amount is sufficient for

. almost 5,000 people and 4,@00 animals per day. This -
~corresponds to the annual average population of two to four
»tuulo areas, together with a household herd of about 5 Lo
“livestock units per family -- which is a reasonable estimate...
-of the numbers of dry season well users. - L
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In the dry eeaeene, only the ”household’ 11veetocP w111 be
'uelng local well water the rest hav1ng Teft the Bay. Reg1dn
altogether.‘ In the wet ' seasons, all 11veetbcP will have’

returned to the area,.but will be mainly consuming water
from wars. During the months hetween these two evtremes it
‘" can.be assumed that the number of animals drinking well . =
‘water ‘will be h1gher than in the height of either the: dry or’
‘wet sepasons. It is podsible, over time, that 1~vestecl ‘
.consumption during the dry geasons: w111 rise if more anlmale
remain . in the Bay region dUL td the 1ncreased anleablllty
oF local water. . _ . n._;~ : e ,_:jfkf-kg_

Bctween the dry season mdnthe of peaP demand and the wet’

L EeAS0N months of little or' no demand, there w111 be several
~‘menthe df moderate demand. Duwring. the average: year Ci 15 R

estlmated that there will be 3-4 months of - peaP demand 4= 5
‘;manhs of mdderate demand, and 3-4 _months of ‘little or ‘no
fvdemand This can translated into" pumplng times: peaP
3*Hemand is the equ:valent of the pump running at capatlty, or.
‘?1°—14 hours per dayi moderate demand is 4~6 hours per dayi = -
.and low demand means the pumps are turned off. The year-—
round - average pumping time would then be about & hours per'dw
day, or about 70,000 liters per day. The figure of & hours. !
~per: day, it may be retalled, was the figure used in the : '
previous chapter for calculat1ng the cost of pump: ‘
dperat1en and ma1ntenanre.‘ L

In concluszdn, th1s estzmate of average dazly water
coneumptldn, per well glves an indication of the average
. humber of well: usere.¢ Using the same daily censumptldnj,'
o) requlrements ae above, the year-round average number. of *
benef:ciar1e would be. about 1 1 500-2,500 people, and’ an -
equal number of an1mals (measured as ]1veetecP unzte).‘s

4 4 4 Water Beneflte 1n the Bay Regzdn

2 The long-term beneflts attrlbutable to the CBDP proJect 1n (:%
the HaY region will be: s o e i

U{e; ﬂgg;tn ggggﬁltg, as descrlbed .in section 4.‘.; water' '
- consumption surveys in the Bay Region have shown that per
capita water ceneumptlon drops from an average of 12-15
liters per day in the wet seasons to as low as 3-5 liters
per day in the dry season. This amount of water is far

belmw an ammunt neceeeary for prdper hyqlene. lmproved

o e e s St o

LASs well as the 1ncreaeed gugllty of water. rhe number of

benef1c1ar1es will average about 1,;00—~,400 people, or
about dOO—4UO famlllee, per well. -

It has been eugge«ted that a broad coordination of the. CGDP'

;\pereLt with the USAID Primary Health Care project, the:

“'Somali Women’®s Democratic Organization (SWDD), the Nnmen : :
qucatldnal Service (WES) Family Life Penter%, and the- Zij -
uprnmlnq UNIPFF Jnvm]vement in nenlth and wo]Fare Dutreach "gﬁ)
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improvement of local water suppliesi:
CBi Egonomic berefits from incréasing the availability of-

Chuman ‘resouwrces by reducing the time and effort reguired:
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to. draw water. The 12-village survey conducted by Dr. R

- Rogark shaws that the average rqund~trip time required to
- get water for household use increases from 1-2 hours per

“day to 5-8 hours per day (see Table 4.1). At distancesf,i;f:

greater than this, it was found that villages usually

. move away altogether to locations closer to dry season . 2

water supplies. The information gathered by the BRADE‘j{A
suggests even longer average dry seasonltraveL'times:ﬂ$¢
‘trips of 6-10 hours are not uncommon (see Table 4.2). .

It is the women who are usually burdened with carrying :
water, and an easing of this time—-consuming chore will allow
‘many women to engage in alternative activities. Again, the
coordination of the CGDP project with other ongoing projects
that emphasize income generating projects and gardening .

~ (such as those of WES and UNICEF) will inecrease the ahility

' of the women to make productive use of this time, and would’
compound the berefits. -

communities. Year-round water supplies sufficient for both
_people and livestock will allow many tuulos to remain intact
‘through the dry seasons. This will allow increased
‘agricultural production in marginal areas of the Bay Region,
especially if combined with extension efforis to introduce
dry season crops and drought-resistant seed stocks. The
wider availability of water for livestock will also have
beneficial effects on the ecology of the dry season grazing
areas. (The need to sedentarize the population is widely
apparent in Somalia.) It may alsc reduce the flow of rural
families to the urban areas, which increases as much as 25%-
50% during the dry seasons. Finally, from a sociological
point of view, the agro—pastoral way of life found in the
Bay Region is well-suited to the needs of both the male and
female members of the family. The forced migration of the
whole family away from the agricultural homestead during
harsh dry seascns is disruptive.

—— et S M e o e e e M € ek oo g —— e oot e e St

riew CGDP wells to the livestock sector would be to improve’
the quality of water drunk by an average of g2,500-3, 800
animals per well. Also, more animals would be able to
remain in the Bay Region during the dry seasons. Both of

- these factors would tend to reduce animal losses. In the

" longer term, there is the possibility of improved range
management. These benefits would not become apparent for ..
several years, however, which is the time required for the
construction of a sufficient number of wells to allow

changes in fundamental grazing patterns and practices.é_;:fdi
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f‘4 5 The Central Rangelunds

In roduction‘%

‘.

‘AThe Central Rangelands are a shaPp contrast to the Bay
‘Region:. it is a nomadic area, sparsely settled, dry, and
with very little agrxcultural land. The wells to be
constructed in this region are meant to encourage

. livestock production more than to serve villages. The"
 Central Rangelands have more livestock per family than any
other part of Somalia, partly because of the relatively
productive rangelands, and partly because there is a
greater preponderance of the smaller animals -- sheep and
goats as opposed to cattle and camels -~ than in areas:
further north. Over-grazing is a common problem
throughout the region, and improved range management is
required to make the ygrazing land more productive. The

- siting of wells is one tool for achieving improved range
. management.

- The area of the Central Rangelands is three times that of
: the Bay Regiony and consists of three regions. These are
. the Hiraan, Galgaduud, and Mudug regions (see Figure .4. 3),
 with populations at the last census (1975) of 185, 533,

- &20, 872, and 269,464, respectively. The total 1975
..population of 675,869 was projected to increase at a rate
of 3% per year to 786,414 by 198B8. At least 75% of the

- population is nomadic, and another 15% consists of
sedentary pastoralists. The remainder is urban—-oriented.

) There is no complete and up-to—date estimate of the

livestock population in the area, but estimates range from

1,100,002 to over 2,000,000 animals. The actual
populatzon will vary from year to year depending on the
“rain patterns and the resulting large-scale population and
livestock movements through vast areas of Somalia and the
Ogaden. It is estimated that 30-40% of the animal IR
: populatxon was lost in the 1973-75 drought.

"'The drilling program for the Central Rangelands was still,
- at the end of 1983, in its early stages. Drilling had
~taken place at only a few sites in the Hiraan Region, and
‘ addxtional sites had been selected only in certain areas
“inthe Mudug Region. Much less detailed sociceconomic

- data. is available for the Central Rangelands than for the"

Bay Region.
452 Well-Site Profiles

{_The basic socioeconomxc unit of thxs area is the degan,
“which”is thé area inhabited by a given nomadic group and
‘the: area of year-round residence for at least some members
Jof ‘that group. (Others will take their animals to more
_distant grazing lands.) A degan may be sonme 1,000-1,500
"kmE in size, and each one will have at least one year—
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fground water-hole, however small. The social cohesion
“'found within a degan may or may not extend beyond its

~ limits, however, which means that some neighbor1ng degans
- do and -others do not cooperate over such issues as water
“and grazing rights. Obviously, the relations between
'degans will affect the use and impact of any proposed

- well, both in situations where that well is sited

- completely within one degan or where it falls on the
waoundary between two or more.

-~ The only ava11ab1e survey data on degans in the Central
Rangelands ‘is that of a 'non-formal' herding survey being.:.

' conducted by the World Bank-financed Central Range S
Project. This survey is still ongoing, and includes only fﬂﬁ
. a small sampling of degans throughout the region (see R
" Table 4.3 for details).

" The survey results show that a degan may have less than

100 to well over a thousand livestock owners, where a _

. livestock owner is assumed to be roughly egquivalent to a
head of household. This implies that degans may have

.~ populations ranging from a few hundred to over 5,000

people. In terms of livestock, an average fam11y may have
from 20 to over 200 animals (measured as livestock units), °
with roughly ten times the number of goats and sheep than .
cattle and camels. The average family owns nearly 3200 -
goats and sheep, about 25 camels, and 14 cattle. The .
number of animals per family is surpr1sing1y highw and s
shows how important the Central Rangeland is as a: - S

- livestock-producing area.

‘Since the Central Range Project survey is not yet b
complete, it should be considered to be more accurate on < -
average livestock holdings per livestock owner than-on: the

* total number of livestock or families per degan.,‘w‘ PEOTRS

The dry and wet season populations of a degan are
different, for both humans and animals. The population of -
most degans goes down in the dry seasons, as some familiee ff
leave the area to find water elsewhere. Also, the‘i*‘*‘
population becomes more concentrated around the fewer
"number of dry season water points.

{”There is too little data available on both the locatxons i%;

- of future well-sites and on the size of loecal populations

. ‘to allow any useful estimates of the number of well users,
© per- well, in the Central Rangelands. Neither is there

"~ much prior information to go by: only one potential

'production well has been drilled to date, and no actual
pumping experience has been gained. The issue of whether

© neighboring degans will cooperate or not in the use of a

new CGDP well is also completely uncertain. At this time,

it can only be suggested that in the dry seasons —— the "Q;j\'

time of peak demand -—- one well could serve the dry season

EEgg degans. As in the case

It

- populations of from one to
o ~-65-



. Table' 4.3 Non-Forsal Livestock Census in the Central Rangelands, 1983

ORIV
© . District/

# of Live-
Stock Owners

Average Number of Animals per Dwner Average # :

Livestock -

" " Degan (1) Interviewed(2) Camels: Goats Sheep Cattle Units (3)‘;"-’;

ADE—

- Hobyo?
- A Wisil
B. Afbarwago
- C. Dhinoda
D. Gawan
E. Baracad
F. Ceel Huur
Haradhere:

-, B Haradhere

H. Deegan
© ls Dumaye

- HIRAN—

‘Bulo Berti:
Jo Mugqokori
K. Maxaas
" Lo Mukhtar
M. Aborey
N. Halgan

 GALGADILD—

~ El Ders
0. Masagaweyn
P. Nooleye
- 0. Balad
Ceel Buur:
R Diri
S. Jalar
T. Bergan
U. Gal/Hareeri

Average Livestock per Owner |

31

- 1688

130

260
.

406

910

%
mn
1828

330

200

240
229
10
e

&7
23.3 !

o

943
62.6

24.8

B2

13.3
17.9

12.2
7.8

13,3
a7

25-6‘

2.6 f01.1
170.1 o2M.,1
321.3  3RN.4
eec.2  107.1
408.4 955.4
799 7.5
92.8. 93.6
8.3 12,6
oAl 79.3
249.3 - 3.9
e1.9 3.8
100.4 9.7
- 165.6 6.2
7.5 3.4
184,8 205.6
1149 . 138,5
78.7 247.3
103.5 25,9
2%.9 157
Come - B/
3.8 2.3
189.5  103.9.

39,1

9.8
2.8
2.2
18,5

96,7

613
3.7

k2
0.7

U9

23,2
23,4

37

| 26
e
e

143

‘ M- [

i

B
CELA
B
728
2001
) 30.‘ .

3l
o aLe
a3

1632
122-1 ‘v
27
76,8 -
AT

1222+
05

e
AR
Ed
‘ AT, R

R
PR

~ Notes: (1) Letters refer to sap in Chapter IV, Figure 4.2,

(2) Livestock owners were interviewed at the main watering points in
the degan over a 1-3 week period. Not all owners could be inter-
viewed, and it is not known how close to 130% the actual number is.
For degans with an (#), the number is felt to be within 18-15X of

the total number of livestock owners within the degan. o
(3) Cavels are 1,25 units, goats and sheep , 125, and cattle 1.0 units, -
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fdf,the Bay Region, it is likely that in the dry seasons,

the wells will run at capacity. A diesel pump run for 12- k

14 hours per day can pump 150,000 liters per day.
Assuming 10 lts/day per person and 20 1ts/day per
livestock unit, this is sufficient water for up to 250

families and 7,080 animals, which is less than the average}ﬁf

population of a single degan.

"4.5.3 MWater Benefits in the Central Rangelands

“The long-term benefits attributable to the CEDP project in .-

“the Central Rangelands would be:

A. Health benefits, as described in section 4.2. Both the.

Rangeland nomadic families would increase significantly.
Due to the relatively low population density in the area
compared to the Bay Repgpion, the number of human
beneficiaries would be correspondingly lower. 0On the
basis of a year-round average, it is expected that some
50-25@ families would benefit from each well. (This
estimate is based on a peak demand of 250 families and
associated livestock, per well.)

production. As there will be far greater numbers of

animals than people using the Central Rangeland wells, the

potential livestock production benefits could exceed the
health benefits. These production benefits would be
generated by at least four distinct mechanisms: (1)

- improved water quality, (2) improved water security in
-times of drought, (3) improved range ecology due to
animals being able to feed in areas currently lacking

water resources, and (4) improved range ecology due to an’ :

increased number of dry season water points ard the
correspondingly greater dispersion of herds.

communities. Increased year—-round water supplies would
allow greater numbers of animals and people to remain
sedantary throughout year. Although the economic impact
of this, in and of itself, is not clear (since, for

. axample, dry season agriculture is not possible in most of
the Central Rangelarids, even for sedentary families), the
gtabilization of rural populations is in line with long-
term government objectives. A more stable population is

necescary befora other government services, such as

education and health, can be made readily available to the

degan populations.
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User charges are 1ev1ed on. all water provided through i
-'gdvernment channels in: Somalia. Nater is.provided' as- a'
.utility gdod ‘noti'as a-.gocial’ service, ‘and- user charges
‘are.levied to. ‘help defray the cost of prdv1d1ng that
-gdod.- “The current natzdn—w1de przce for - water is SS 10
per cubzc meter, or one’ shillzng per 100 11ters.,",,m

. The unzform natxonal prlce for water is based on the
average delivery costs of several'urban water systems,‘?'
~such as Mogadishu and. Harge1sa.z It is not. based on f Sy,
. either marginal delzvery costs -or on’ an analys15 ‘of. user,mé
willingness to pay. " Nevertheless, the current:national =
uniform price is used in this: study as,a benchmarP for: :
analyzing the financzng af CGDP wells. R . g,;,faﬁcz

Even in rural. areas, the 1dea df user charges is not new. :
Water feeg are. charged at all NDA wells and EEC-uars; as.
‘well as at some ’prlvate’ water po1nts. Tradxtxdnally,;g~
~all the households with rights to draw water at the X
fvxllage uar: ar well would *pay?- for that rzght by helping
to maintain the source from year to year. FPeople. from xz

;duteide the village," espec1a11y ‘those desiring to water S
llarge herds df animals, are usually requ1red to pay mdney.

‘;The imposztzdn of user charges has strdng economic
i;just1+1catldn. ‘not only does it help meet expenses, it
falso reduces the overall level of government subsidies,
» epcourages water conservation, and encourages livestock
owners to sell non-productive animals in order ‘to help. pay
- their watering fees. Economics can help determine the "
-optimal rates to be paid by users, but social and L
political considerations must also be taken into account.,
~This section will analyze the question of what user fees -
“will cover the cost of operating, and, if possible, df
“constructing wells.

:An optimal user fee is that which recovers all operation
‘and maintenance costs, as well as the complete cost of the
“initial investment. In other words, the optimal user fee
- equals the full cost of delivering the water. Table 5.1
shows the water delivery cost, and it shows optimal user
fees depending on the extent of cost recovery that is ‘
desired. These costs are for diesel pumps, since no user -
fees are planned to be collected at hand—pumped wells.-

'In order to recover the cost of well operation and
maintenance, fees of between S and 8 shillings/m3 would -
have to be charged, as shown in the bottom line of the .
. first gsection of Table S5.1: this is slightly more than =
‘hal¥ of the current gdvernment fee. Even at relatxvely“”bx
low levels of demand, generated revenues (at 10 SS/m3) -
would’mdre than pay for well operating expenses. :

&8
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: ,75h1=55?115031tﬁiagf6p“ﬁffdsé}frgég ooseondiﬁdter:poﬁsoobtioo}“Pdeoftide:oodyCost’Recoverv:fgJgifyﬁ

V'j--Payhack Perxod 3 Years-- --Payback Perxod 10 Years-
Average Daily Consumption ° Average Daily,Consueption S
T T »79 e3 (1) 35 13'(21 70 83 (1) “‘ 35 o3 (2) :

L B R I R TSR P
. Annual Operating Cost (3) - . 585 v ASM

Subtotel 1 (uss)
R (SS) -
e Required ‘User Fee (SSI|3)
to: Recover Subtotal I

’;;Annua zed Val‘e, flbxrect Costs (4)

‘Suhtotal II 0
B -A58)° " =
Required User- Fee (S5/a3) e
to Recover Subtotal Il

Y

. A;iualized Velue of Indirect Costs (5) .

R Suhtotal I (USS)

o 188 ' N
*Required User Fee (55/a3)

~ to Recover Subtotal 111" ..

: f | Subtotal v (wss)

Requ!red User Fee (SSI.S)A ‘?5*; K Rt L
to Recover Subtotal IV - . = 34 e .87 Y

_Notes. (1) + (2) Corresponds with average daily pumsping times of & and 3 hours, respect!vely.g
" (3) See operating and maintenance costs in Table 3.8, o
;. (4) Equals direct costs for diesel wells (Table 3.10) # capital recovery fector.
" " (3) Equals indirect costs per well # capital recovery factor, : :
- (8) Equals capital costs per well # capital recavery-factor. S
Assugptions (S) and (8) based on a high production rate, i.e. 18 product!on
“wells constructed per year. _

P
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.In order to recover the d1rect cost of construct1ng e

d1ese1 wells, ‘which ‘averages $54, 000 per diesel well

- {see - Table 3.10), the government fee of 10 S5/m3 would

”have to be’ almost doubled. The actual required fee

‘varies,.as shown''in Table 5.1, from 10 85/m3, assumlno"a

“long payback period and high average daily consumpt1on,g
-to 26 §5/m3, assuming a shorter payback per1od and moreg:

”Before actual revenue proJect1ons can be made for CGDP

modest average da11y consumptlon. The current

Subtotal III in Table S.1 shows the user fee necessary

for the government to recover both its direct and - U‘w
indirect costs. The: range of fees, ‘depending on actual

'average pumping - times and payback periods, is from: 11 to

- 32 88/m3. The government prlce ‘would have to be. doubled

- to recover these costs .in five years (assum:ng h1gh
demand) oar in ten years (assum1ng low demand).

"y‘ A eyt

Subtotal IV shows ‘the +ee requ:red to recaver the fulll
costs, 1nclud1ng capital costs,‘of constructing wells.

volume of pumped GEEEr‘SE'bE?SFEI"feés ‘of 25-65 SS/m3
would have to be charged.- e T

seasonal sensitivity of demand to price. In fact, very
little is known of the demand curve for water in the Bay
and Central Rangelands. Spot observations of the fees
charged at selected water points in the Bay Region are

known, but research has not yet been done on household

expenditures on water over time. {User fees charged in

1982 ranged from .5 to 2 85 per camel, .25 to .5 SS per
cow, and .1 to .25 S8 per sheep or goat. These prices
are comparable to the government price'of 10 8§/m3. See

~the CBDP Ex plorat:on Report, 1980, pg; 6-48.)

4

wells, more study of user w1111ngness to pay is, requ:red.

A Family who uses woll water from threo to seven months
a year would be required to pay from- 100 to 300 S8 per
year.  The higher. cost is roughly equivalent to half the

‘value of a goat, which does not seem an unreasonably

“high price for a family to pay for clean water. To a

poor family, however, the form of this required payment
may be equally as important. to its willingness to pay.as
its total cos Current government policy is to charge

users on a unit basis, ie. at each time water is

withdrawn. an alternative to this would be to collect

fees on a. lump—sum basis, such as for per1ods vary1ng

7o
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from Dne month to ohe’ year.f Lump—sum payments coull‘
have several possible advantages.( R : f

,,,,,,,,

0 .‘>".’,

“””Ease of admznlrtratlon, s:nce the numberlo_ cash}
transact1ans would be greatly ‘reduced: and:themi:*
wneed of- mon1ter1ng water use, would be mu“h 1955;;

- ,not resort.so qu1cL1y to trad1t1ana1 sources’ 1f
~?the use of well water was already paid far,v;

'-*4Increased health benef1ts, since durlng the wet _

 ‘jseasons, more clean well water would be used
:%than contamlnated surface water;

li}T.Closer parallels w1th trad1t1ana1 v111age
‘ ””Qadmin1strat1an of water rights: culturally,

“lump—sum payments are closer than unit fees to ?h
‘the traditional *fetiir’ notion of earning one’s:
right to use a water source. ‘Fetiir~ refers ta&
_those who have helped maintain the condition’ of,;

‘the village uar or well. Although a person or:
family usually becomes fetiir by working, oane

.can also become fetiir by purchasing the rlght,“@

“This type of seasonal cash payment, which can
‘range from one to several hundred shillings per
.year, is identical 'to the idea of establishing:-
‘lump-sum payments for the right of drawing waterg
at WDA wells. The importance of this notion is
that partial responsibility for well maintenance’
could be more easily assumed by the village -

water committee if it was understood that it had -

TS s

‘a year—-round interest in the well, not- JUBt a
seasonal need. :

(S)lQThe pass1b111ty of generatlng 1ncreased

“revenues. it is possible that lump-sum péymentsV

at WDA wells could generate more revenue than.,

.unit charges, although this could not be w¢a~*—

“verif1ed unless either demand surveys or actual
experiments were carried out. The reasoning: is
simple! experience has shown that villagers
will go to great lengths, such as walking two: uf
more hours to an alternative source, to avoid.
-purchasing water. It is psychuloglcally eas1er

“to make a single, necessary investment of SS aOO‘;

than to make 300 da11y investments af one .
shilling each.

The 1dea of . 1ump~sum user fznanc1nq of wDA WPIIS 15:
suggested here as an alternative to unit fees.i At
least three eal problems. can be foreseen, however.V;

These. are (a) the problem of pump reliability, and what:l

to do-in the case of (inevitable) breanawns and water
shartages,  f  (b) the ab1l1ty of v111agers to maPe a.

o

7;1;;’;:

Xéig'Reduced seasona11ty of demand .since users?would?




",(c) the .
.difficulty of linking the size of each. family’s" lump—suf““
qipayment with its livestock holdings. “The' first problem |
would requ1re NDA td gain CFEdlblllty in the area . eflpump
‘malntenance,'and the second could lead to the- ppssib111ty
of ' accepting in-Kind, payment, such as. e¥ 11vestdck ‘or-
labor. Neither of these problems ig 1nsurmduntab1e. The

7relat1vely large, s1ngle lump—sum paymentstu

third prdblem would require flewiblllty in the calculatidn

~.of lump-sum fees, since the number of llvestecP kept '

_lecally by each family varies month’ ‘by month. " One approachw

"fwduld be to treat the. lump-sum payment asa credit; against
;wh;ch incremental water use is debited, 'as opposed tol
.;treat1ng the payment as the right to draw an- un11m1ted
'amdunt of water in a fixed per1dd o{ t1me."”““ P

The mpst 1mportant cpnclusien ef th1s chapter is that
given the projected level of demand at the CGDP wells,
.the current government water fee of 10 88/m3 is . i
~sufficient to repay (i) all. diesel: well- dperatlon and :
maintenance cpsts, -and (11) pnly hal+f, ‘or s11ghtly mdrepf
'than half, of the leECt -cost of’ cpnstruct:ng each well.
A user fee of 20 SS/m3 wpuld ‘repay the government for =
both its direct and indirect ‘costs. The capital cost cf:
the CGDP program cannot ‘be recovered, however, unless 3
- the price for water could be’ raised frdm 10 to about 503
SS/mW w1thdut a subsequent decrease in demand.. 2=
"Th1s chapter s second cdnclus1dn 1s that alternat1ve LR
5means of . payment may increase the ease of adm1n1ster1ng
and ma:nta1ning rural wells, 1ncrease total gdvernment
'revenues, and increase’ total water use- and - ‘hence tptal
lbenefits der1ved frpm the use of" clean water.“
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This" report has generated-a wealth o* ‘data cnncerning the
coste nf dr1111ng wells in Somalla, the type of benefits
to 'be. gained ‘and the scale of ‘user feoes required te '
flnance prngram cosfs.‘ The prlnczpal concluelons, and- the
uee to whlch they can be put, are summarized here.. -

,‘,,‘.
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6.1 Coets'~:113fﬁi

E . ST ¥ AN . )
,The'full cnet of dr1111ng wells wae calculated 1n Chapter

L I1I Asee* Table 3.16) 0 The cost of construct1ng an average
well, includ1ng "sunk" apztal costs’ (defined as: the $6 1

- million of capital equipment prncured under CGDP-1) , L
~about  $200,000-$280,000, and the average cost of, provid1ngg
" one year of well eervice, including all costs, i's about :
. %45, 000~%40,000. When "sunk" capital costs are eycluded,
A}these costs decrease to only $120,000-$160,000, and S
$30, 000~$35,000, respectively. These costs are for what .
is defzned as an "average well® —-- whose assumed average '
. depth, dzameter, type of pump, and period of use, are all
based on the past experience of CGDF. o

Of the total cost of an average well, more than &0% is the.
capital cost of the heavy equipment -and ‘tools used by the-
;proJect, andAless than 407 is the cost of the materials,.
‘labor, fuel,'and overhead required by each well. The .
finding that cap1ta1 costs are such a large part of total -
:coets 15 1mpertant in several respects! :

L

g oy i St s s ey e s Sy g,

i ﬂwell, once the capital equipment has been prncured,:
*;~ie a emall part of the total. .ﬁ,ﬁ ‘
7{2)«Anx attemgt to cut costs should ¥ocus first and

SRS e el SRRt RRSRas SR SE afesEa S=n

o SmSessss — e e et s e —— o g [oto S —

-Any given reductzon in capital costs —— say, IOA ~—‘
would lead to much greater cost savings than an
equivalent reduction in direct costs or overhead.
It is not the purpose of this report to judge
where, if at all, capital expenditures have been o
excessive under CGDP-I: rather, this report
enables project planners and evaluatore to see the”
high incidence of capital costs, to weigh the « -
impact of specific changes or savings, and to
compare the procurements of this project with that
-of other well-drilling proegrams. '

expected life aof the capital ;QGIEaEnE_ since RN
longer equ1pment life means that the capital - 5*-"\
‘equipment costs can be spread out over a greater *#f‘

{3) :The program costs are very sensitive to the the'



Qnumber df years and dver a greater numberﬁof wells°'“
1f the. drill rigs are only ‘used*far’ seveh, aen s
idppdsed to ten years, ‘“the" average cost per'year of.
fwell serv1ce would r1se by 20%. g . SR

f‘4ifMalntélDlﬂg a hlgh annual well Qrbduct1on :gte“

essential to keeping per well costs at anf*ﬂ»*
. acceptable level. ' Thig. is: because annual fived:
rcosts, including both capital’ costs and’ dverhead,
;together account for 70% of program costs. A 4487
~reduction in the assumed well completion rate, frdm
18 to 10 wells per: year, would increase total costs
per year of well service by almost &0%. A higher :
.drilling rate reduces average costs, even if thelfffa
_rate ‘of well failures 1ncreases.

'(5{}S1nce the cost of cap1ta1 equipment is such a large o

N -part -of- program costs, the or1glnal choice of o -

a period of ten years, which is the projected :
'lzfespan of the three rotary drill rigs. The CGDP
is, essentially, locked in to the use of the rotary
drill rig technology. Planners of future similar
groundwater projects should be able to compare the
costs shown here with those of other technologlcal
alternatives in arder to choose the mast -
~appropriate technology for’ ach1eving the des1red
results at the lowest overall costr

The cost analysis contained in Chapter III can be used by e
. the* government and its donor agencies 'to.evaluate the cost’
effectzveness of the project, to compare w}th the’ costs.f
and performance of other similar projects, and to L o
foreceast future groundwater aid requirements. It can be; g
used to compare the cost of developing of groundwater .),
- resources with that of alternative supplies. Also, ‘it can
.be used by the WDA to plan its yearly budget and to :
evaluate the potential cost savxngs to be gained by -
altering any of the various program components. Finally
- WDA can use this analysis, as is discussed below, in. the
f calculatlon of apprdprlate user fees. g

L
v

6 2 Benef1t5~ - ﬂﬁﬂﬁﬁﬁf,qtp '

‘The data used in: the evaluation df prdgect benef1ts 15
less detailed than for: costs, and the results are much
‘more tentative. -An effort was not made  to quantzfy

‘ benef1ts, but rather to estimate the number and typefof
project benef1c1ar1ee, and to describe the type and
relatlve impdrtance%of the wafer-related benef1ts”

In both proJectjareas; water demand w111 be qu1te : S
seasonal due td (a) the ready ava11abil1ty df _sur face

N
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‘ﬁwater in the wet, seasons (1nvo1v1ng shorter carry1ng
?dlstances, for many people, than ‘the well), ‘and: (b) the
. fact that traditional water sources- are. free oﬁlcharge.
In the dry season, however, the wells will enable
significant improvements in water availability 'and. water
quality. By averaging out projected- demand : throughout the .’
year, estimates were made of the annual average ‘number of‘”
people and animals using wells in the Bay Region and
Central Rangelands, and of the requ1red pumplng t1mee.

In the Bay Region, it is estimated that the average annual
number of beneficiaries per well would bhe about 1, 500—;
2,300 people, together' with an’ equal number of. famlly
11vestocP (measured as livestock units). This is SR
equ1va1ent to an average user populat1on, per well,;of‘jmxf

- about” S00-400 fam111es and the1r household 11vestocL.r ﬂ_,fg

The . prov1s1on of clean year—round water in the Bay Reg1on
will generate important ‘public health benefits in the form
‘of reduced incidence of ‘water-related. dxseasee. It will
‘also free up signifirant labor resources, especially of"
women,  currently devoted to drawing water. Other kinds of
project—-generated benefits will be (a).agricultural N
production benefits gained by sedantarizing populat1one »
~that currently migrate away from their home villages .
during the dry seasons, (b) livestock production bene+1ts'
attributable to increased water" availability and =~ o
improvements in water quality, for livestock, and. (c) the
.potential for improved range management and grac1ng P
patterns that woul d lead to more productive gra71ng areae.uw
In the Central Rangelands, it is more difficult to *%"\‘%7;
estimate the number of future project beneficiaries ;
because of the paucity of data on the population,

livestock, and water requirements of the specific areas ‘
(called degans) under consideration. However, it can be . ¢
assumed that during the harsh dry seasons, one well will: ..
serve the residents of from one to three degans, and that
most wells will operate at or near to capacity. Dry

season demand is likely to be the equivalent of about 250
~families and their associated livestock, up to a total of,gm
7,000 livestock units. Wet season demand will probably
drop off to almost nothing, as in the Bay Region. . Any
estimates of an annual average number of beneficiaries -
would be conjecture, but would fall somewhere between .
these two extremes. : L

In the Central’ Rangelands, where the human populat1on is;;~{
much smaller than the animal population, the health B
bene+1ts, if quantifiable, would probably be of lower-;.g 5
magnitude than benef1ts to the livestock sector.,a Qr'-

nAlthough an econom1c cost/benef1t analys1s ehould 1dea11
‘be able: to compare the rates of - retlrn on -investments in
dszerent regions, it is not now poesible to compare theﬁﬁ‘

i
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. economic. return on CEDP lvestmente in the two dxfferent

proJect areas. There not;. yet any signif1cant

. quant1tat1ve bae1s upon wh:ch .total -costs and total
.generated: beneflts dn’ the BayaReglon and the Centralx‘v
Rangelands can be compared ST A R ;

'6 3 °Ueer7Feee7“"

gThe current government water tarlff, whxch is 10ESS*per K
m3, is suff:czent =gt the. proJected 1evele of. demandf—-gq
to pay the government back “for all. of its opert:ng and-
“mainterance costs, and elightly more than half of its:
direct costs incurred in’ construct:ng d1eee1 wells. Thefﬁ?
direct costs are those costs ‘such as labor, fuel, and: -
materials (pumps, well casing, cement etc.) that are used

. in the construction of each well. ' A" tarlff of- 20-885/m3".
could generate enough .revenue to recover both proJect
direct and indirect costs. . Even this hzgher tariff would
not, however, generate enough revenues to even ‘approach
those requ:red to recover the capital coet of the project. .

It is recommended that the government ewplore the
-poss1b111ty of collect:ng per1od1c lump-sum .payments from
~well-users, as opposed to unit-payments. It is possible
that lump sum payments woyld (a) increase the volume of
water consumed, especially during the wet: seasons, with a
correspond:ng increase in health benefits, (b) increase
;total revenues, (c) simplify the administration of the
revenue—collecting body, and (d) correspond more closely
with the traditional manner with which v111ages organize
and administer water resources, thereby improving - v111age -
part1cipat1on and sense of responelbllxty. L

6 4 Th? FUthE of the Comprehens:ve Groundwater R
' DEVEImeeni'Pquect” T T

It 15 iound that HeO N if 18 productlon wells per year are ‘
conetructed, (2) i the project’s capital equipment is"
well—ma1ntained, and (3) if sufficient attention is paid o
to the.collection of water fees, then the CGDP program can_f
become part1a11y self~supporting. The direct costs and -
overhead could become almost entirely user-financed, and B
only the capital costs would require exther government o
subsidy or foreign assistance. : : c

difficult for the uge to achieve an 1ts own. The CGDF

program is currently being assisted by a team of a dozenr;“,
expatriate groundwater enperts, all of whom are’helping3rz"

st
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fstQ achxeve the target construct:on rate,of 1 _production
-wells per year: " It is: not likely. that- NDQ would be able

- to sustain this’ Pate w1thout the cont1nuat10n of“s‘ch ‘
f:technzcal ass1stance.A GRS « - R

SIn part;cular, 1t is not likely that NDR mechan1cs would,
‘workxng along, be able to keep the, soph15t1cated dr111 andf
 pump rigs in proper working cond1t1on.‘ Without the ‘
continued services of an expatriate mechan1c, it is w1de1y‘
believed that this equipment would not attain a working f"
life-span of ten years, which is the lifespan assumed in . . °
" the cost analysis. Of course, the earlier and longer the
 periods of equipment breakdown, the higher will be the-
" average per well costs, the lower the productzon rate, and‘
the lower the accrued benefxts. . S

It is also likely that cont:nued assistance to WDAR P
hydrogeologists will be required in order to obtain the ‘“T
high ratio of production wells to exploratory wells that .
‘was assumed in the cost analysis. Finally, as more CGDP -
"wells become operational, WDA may require assistance\in'~{
strengthening its Operating Division, which would be" :
charged with operating, mazntain1ng, and collecting:
revenues from the new wells. o '

In conclusion, the future of the CGDP will probably rely
“upon two kinds of foreign ‘assistance:

'leiyuéééliténsg in the procurement of capital ggulemgnt-n
S To date, about %6 million has been spent on the
procurement of capital equipment, and it is - ,
projected that $7.3 millicn more will be required .
.between 1983 and 1991 to keep the program operating
rat current levels (see Table 3.14). It is not
foreseen that this cost, all of which would be a
. foreign exchange cost to the Somali government, o
-will be recoverable through well-user fees. Unless
- the Somali government appears willing to devote’ éf?*
‘general revenues to the procurement of well—‘v
‘drilling capital equipment, foreign aid will be
required to keep the groundwater project going.
- The projected capital needs are mcdest, however ——fw
~-slightly more than $1 m1111on per year through o
W .1991. : c

(Ey tggbnagal éééiéiéﬂgg-‘ There is no doubt‘that RRE
rongoing technical assistance will be required for
~the CGDP program to operate successfully and cost-—
. effectively. It is not :the purpose of this paper,“
~recommend the necessary technical assistance
Lprogranm, although three areas of need were

;ftmentxoned above.;

Thxs papev has calculated the bas:c coats of the pPOJECt’
‘well drilling activ:ties, taken init:al steps towards‘fzﬁw

,"h"' ‘r. AR ,.».' The 'J‘ﬂ'" Do .‘ft,’” SRS . P
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"estxmat1ng proJect benefxts, ahd estab11shed f1nanc1a1 i
‘targets for the user-financing of well: construet:on eosts;;
It is. hoped that these results will assist the govermment . -
of Somalia and 1nterested donor ageneles, 1ne1ud1ng USRID;;

in. plannxng the upcoming years of: the Comprehens;ve
Groundwater Development pPOJECtr

-
v
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‘;T@‘A;Z"“Commodity Procurements (PIOC"s)  for ,CGDP-T",
- 'A.3 Commodity Praocurements (PIOC"s) for: the Bay
' Region Agricultural Project and the Central-

;“Capital Recevery Factor"

H"iCapital Equipment Pr curement Schedules,
‘V@No mal, Shortened,,and Extended Equipment Life

VYSummary of all CGDP PFDJECt Prncurement

Rangeland Development Project, which were
purchased for.CGDP-I - :

fﬂﬂﬁA:4' LRI Contractor Fund- for Equipment, M'terials,"

and Supplies

‘.;Costs af well Cnnstruqtion andtMaintenance under‘
'¢CVarying Production Rates and Equipment LiFeqpans »

iEApproximate Diesel Fuei Costs fnr Diesel Engine ant:lv‘s
',Helical Rntnr Pumps RSN B

Assuming




f ',‘v‘

EﬁjBay Regzon Rgrlcultural Devel-ff
4..opment PVOJect (USQID #113) ‘

:3;-Centra1 Rangelands Development;
“y;pPOJECt (USQID #108) v

P M
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"“Table A.2 Coamodity Procuresents (PIOCs) for CEIP 1, in Chranalogical Order (USS)

FOB CIF
A ' ‘ L - Price = Price
“-PIOC & == Date  Itea(s) S { US Dallars )
“JHMMr4mswnmnwmmummumy 59800 66100
e L Spare parts for Koechering Co. Speedstar drill rigs 44900 52900
SREIRRY : Total -- ‘ 104700 119000
72, (M90047)  6/80 3 qeophysical vehicles (EM Suburbansl, logging
’ ' equipaent, and spare tires n/a 239360
3., (490088).  6/B0 Expatriate staff household furnishings .. - ' nla 250800. -
4 (090049)  &/80 7 6M pickups Y 14 [ A\
T 1 6X pickup crewcab : T 1180 - 175270
4 6N Suburban passenger vehicles S e ASB20 M -
hdditional spare parts (est. @ 151) o “ ala 33120
» Total =- L =e= 208390
-5, (800008)  &/80 3 THAO lnqersnll-Rand rotary drill rigs, with -
CiTaor o gtandard accessories, bits, drill pipe, stahilizerl 3 C
and 150 S5-gal. drues of drill foas . nla 1E51580 -
‘b (800002)  6/80 Spare parts for failing Co. drill rigs. . 201450 222200
* 7::(000003)  &/80 Expatriate statf household appliances = . ala 117140
'@, (#10001) - 2/81 4 6M Crewcab pickups 74010 - 85510
I ! 6% Suburban nla 17830
2 GAC flatbed trucks C7D0&4 ool 109490
2 GMC fuel tankers C70042 - 215140 - 105940
1 GNC water tanker C70042 \ $0390
PVC well casing and screen: .
14,763" of 8° casing 43850 48950
2,622’ of 8" screen 22060 34700
Misc. fittings, solvents " “nla 8750
Nyosing Bentenite drilling clay « 17420 50320
30 tires and tubes Ve 2450 20880
Expatriate household supplies and appliances XU 3 [ 7160 -
Total (est.) -- T e SIN0
Total (USAID alloc) == T e== 518970
‘9.;(!00062).~‘ 2/81 1 water and | gas trailer (Gen. En@ihe{to.);‘l 8370 14900
SR ) G lsuzu diesel generators ' -31180 49290
1 2 Airstrean trailers and accesorxes _Sbbd0 93620
" Office furnishings _ 5o " 25800 339008
Total -- ;"‘ ‘1‘;{;“ LL12}990 191710 -

0’ A0
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/8 _Spare_plrts for TH60 drxll riqs 5

5 moom{ :;_-5162 HACH pomme vater quality lab

'l{; (|10019{21:SIB2 Equipnent for water quality analysis lab

113:.(l10024) pb[ﬂ? 1 Gestetner sineograph machine © . o

Welding equipaent, generator, gas, and qas bottles ¢”tf14100;5‘ PRI
Total -- o 16580 223208 ..
18, :(420007) . 7/82 1, Spares for TH&O drill rigs : - 68700
ceeetiesn o], Spares for THAO mud pusps 22480
111, Spares for TH4O IH diese]l engine 12350
" IV, Spares for THA0 Detroit Diesel engine - 14300
V. Spares for 3 BMC trucks 12140
VI, Spares for GNC tanker asseeblies - 1780
VII. Spares for EGMC-Cat diesel engines 2540
VIII. Additional equiprent/tools : :
Drill tools 43380
6M/1suzu generator " 21490
Mech. tools, sopplies, puzps 43620
IX. 2 Chevrolet §-10 light pickups 15180
A. Tools for Detroit Diesel Engines 3400
B. Parts for logging units - 3480
C. Spares for EM/lsuzu generators ‘ 920 |
D. Hydraulic spares for TH&0 drill rigs - 16450
E. Test equipsent for logging units 13850
F. Hydrogeological equipaent o 26050
G. Water Quality lab test equipaent - 14300
H. NMobile and base station radio equipaent 24290
I, Test pumps, starters, and generator = =~ '59230 e
Total (est,) -- 7. Rb9340 - 7509448
- 1031000

Total (USAID allec.) -- - ;,_l'(v' -

'l?;jf 6OQ§iq*J9?82 Diesel generator, compressor, battery charqer,fetél_”k‘:i9(0 o TeS0r

Taols, dies, hoses, belts ..~ ) ”'12480" 1720 -
" Drill press, stean cleaning equiplent« - 3810 . 5110 ¢
i R 23000 300007';I';

L Iotal --‘:ﬂa-g;;;‘n

;lal'}|2¢6lf);}fbiﬁ2 _Specnal petroleua iu rxcants<: ) .‘*n/;;:_ 35000ff}f;f
11?};(200!$)Mt1_(f762 Spare transnnssions, batteries,-tnresni ?:15750 29630j*%” :
12001 ﬁ\u‘\l; f%erld equxplent, letal beds, tents' o 1@;%]; 15000

20822 6HC Pickups St ST
" 71 GMC Suburban 14300 <

-5 GNC Blazers . 66200
~ & GNMC Crewcabs S 96380
1 GHC Pickup with too!. coupartlents,@ .. 18160
| BMC Mechanics service truck C70042 .

T a0
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FoB. “CIF
Price ~ Price
A US Dollars ).

Ty

P - ot dal

AT R

;_Vehicle spare parts, batteries qa20 "
318" flltbed trailers ’ 14870 -
1 calpers o 4520
=7 Total lest.) == " 328870 493305!
' Totil (USAlD Illot{) S 515000
72glf(l90136)'ﬁf1183“‘Replac21ent engine fnr GHIIsuzu,generatorgiﬁyja“ L n/!v’ﬂ7n3299?~

lii?;co20624irfiff’f&.,Prucure""‘ caneile ";

“"fﬂs Navxdyne:satellite navxgators and ac ssorie

_j\fIOO tons ceuent

/83 A, Spares for TH80 drill rigs - T - 9500
‘ © " B, Spares for THE0 Detroit Diesel engines -, 2150
- C. Spares for BM trucks S 18900

D. Spares for GM transaissions ' 1350

E. Vehicle workshop tools, equipsent © 28150
F. Spares for ceeent pusp ' S50

G. Tools for THAO drill rigs -+ 4000

H. Field casping equipaent 9850

1. Spares for logging units 21800

J. Hydrageological equipment 13300

K. Water quality lab equipaent . - 1700

L. Cable tool drill rig equipaent - 30300

M. Submersible test puaps 122000

N. Support equipsent e o
Backhoe and backhoe trailer 5 37000
Down-the-hole video van = =~ ~ 45000 .

Total (est.) --

‘215650 3930408
Total (USAID alloc.) ~-

1. 429250

':27.f(|00066) 8183 vaxl works pxpe fittings (for 10 well infa 28!06;

(l30017)v.'9183 Procurelent cancelled '

.,29. (I30016) | q,83; .j; e

w;9183 Vehxcle lubrxcants and special {luid

’isc. (I00072
31, 2 Hindnills, pulps, and pipe fittinqs '{
f€32. (030020) 12183 Civil nnrks construction laterials and flttings

’---- 6023029

g ;qTOtll?testllitld)"';~’i’
| .- 6128010

l ‘l R A‘h‘
[E
|

ta ‘(USAID allocation) - |

ErNotes.' Only PIOC’s 1-7 and 12 were closed as of Dec. 12, 1983. Althouqh sone of the 17 x
T . later prices are actual prices, many are the estimated-(pre-bid) prices. ' Those: a.},ﬁ

q prices marked with an asterisk (#) are either estinmated as a residual of individual
; »_,;‘Plﬂt’s, or are the total USAID allocatxonﬂgg;sed on pre-bid estnnntes. s L




?Qij’Tahle A.S Coenodity Procureeent §(PIOC’5) for the Bay Region Agriculturel Project and the L
e el centralenangeland Developlent Project. uhich'uere purchased for CGDP-I

i .18182 Drxllan bits, tri-cone and haleer ‘

o ~Well casing and screen (for 20 wells)

~Drilling tools and supplies - s 20680
Deep well pusps and spares (20 dxesel 20 hand)\gx_s'ﬁ

- GMC heavy vehicles: R,
1 knuckle crane truck L1345 -
1 fuel tanker _ N 39865
© 2 water tankers SR 79035
2 flatbed trucks - ; . .ho2k0 .
- Seaco pusp rig (uith derrick and eccessorres) ;*7l;,§f bamdo- .
:‘Total -- R A.‘-'" R S 761895 L fan9082
- Drillinq bits, tri-cone and haller 59950
4 o Nell casing and screen (for 10 uells) 30,
. Drilling tools and supplies SORE it 27}80

Deep well pusps and spares (10 diesel, 10 hand) 142570
GMC heavy vehicles:

- 2 knuckle crane trucks '1!4#90
2 water tankers ' 19730 ..
.1 flatbed truck S . 30!30
Spare tires L N 3060
" Seaco pusp rig {with derrick and- accessortes) SRl s2040” . 5
i;Total - T /555080 ©  'B8BO%Le
VfS. Bay 2 12183 Drill bits . - 58P40 -
“Drilling aud additives '12540';,
:Pulp rig tools (for pusp installation) “ - 8800
Pup.spares (for Mono pumps) 396007 . .
Total (est.) -- jlléFOO lBAEEOl
Total (USAID allec.) -- 5 i 210000
[}4. Central 12183 Drxllan aud addntnves : - 6500 Wy
i Ranqe - 2 1“:1(' Puap rig tools (for- punp installation) . sb00. o 60300 .
7 2 Puap spares- (for. Nono punpsl o 2000007 M
Civil works' constructlun leterials o ‘nfa . 55000
Total ek T LR . _.,:--15 115300
R TR S RS Yoo sl Ay v l\ .‘.'1? *1 ”‘, . T;‘" .,:
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Table ﬂ.h LBI Contractor Fund for Equipnent, Haterials, and Supphes (USS
{Wma_.'cW»f
~ Value  Value

B jeej: Station Hagon T - n/a 1202

" Mechanics tools 10000 50500
-~ Spare parts for 6XC light vehu:les © 150008 199500
6MC Suburban (9 passenger) S 15028 19000

Total (US$) — — 272000

=85-



:from th ﬁfollow1ng equat1on.

(9.81 hv) * 0.33 % P

3500 *e o

_where.i

7fC = operat1ng cost ($) RRRE e ot
ffhv=;tota1 dynamic head required (m), assumed. to be
¢ ., equal to D, the depth of the well - ' . i
~v:.= volume of water required (m3) -

e = diesel input to water output effzancy ratxo
-assumed = @.55 .

price of diesel ($/liter)

P

The equation simplifies to:
Xcg#‘o;0015357*ﬁn~* vv*,gf

The pumps used in this prOJect pump approxzmately 12 m33
per hour at an average well depth of 100 meters.sA~vv,'
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Table Dt

it Esipuant rairnent, St = g o

‘1991 1994-1991 <

tealear

Drill'rigg« . "
% of vehicles . S Y

‘Cost of new veh:cles"*ﬁ'h 52
. Spare parts s

_ Punp rigs L
¥ of vehicles * ¢ 0
Cost of new vehicles'ﬁvk ;_

Spare parts

- Heavy trucks R

¥ of vehicles (1) .- . 18-
'Cost of new vehicles 170
Spare parts 320

Light vehicles L
# of vehicles (2} Y T
. Cost of new vehicles .- 836" - 202"
Spare parts ‘280 030

Other light equip. (3}
Value of equipaent -
"Spare parts

m w

' Total (000°s USB) T h0g

NG

*?,NOtEs. (l) Includes ths backhoe and tra:ler, ‘and 3 flatbed traxlers. The total nunber uf heavy,trucks~ j
) ‘ s projected to decrease by one, froa 18 to 17, as per Table 3. 2. i e
(2) Includes the down-the-hale video van, The total nuaber of light vehx:les !s :
projected to decrease by five, froa 40 to 32, as per Table 3.2. [ o
(3) Includes all generators, welders, test pusps, and ldgging, hydruloq:cal, qeophysxcal,
water quality analysis, radio, office, workshop, and field equxpaent.vﬁ-j b 3




.. Value of equipment

S BRI L ER e T T e T Y
oo .‘ \‘,‘ ety ’,,‘ -
Table 0.2°
- Sy

:r?iﬁsh/lear‘gﬂha_

o ‘Drxll rxgs .
S bof vehlcles o

Cost of new vehiclesg;
, Spare parts ‘

Puap rxgs B ;.T“
¥ of vehicles
- Cost of new vehlcles
Spare parts

Heavy trucks .
1 of vehicles (1) .

" Cost of new vehicles A70:
Spare parts ﬂ;\~jf ST 3200

. Laqht vehicles 0
4 of vehicles ¢2l e

+. Cost of new vehicles -
Spare parts RN

ﬂa;éﬂther light equxp. (3) f TR "i

,355; Spare parts,

okl t000’s USS) . 40ee

lflncludes the backhoe and traxler, and 3 flathed traxlers. The total nuaher of heavy trucks _'
‘is projected to decrease by one, from 18 to 17, as per Table 3.2, AR ST
(2) Includes the down-the-hole video van. The total nuaber of light vehicles is
projected to decrease by five, froa 40 ta 32, as per Table 3.2,
(3) Includes all generators, welders, test pueps, and logging, hydrolegical, geophyslcal,
water quality analysis, radio, office, workshop, and field equxplent. 5

G

B9
SR S e



 Table 0.3 Cap

‘ffffei/eed

Dr1ll rlqs
4 of vehicles S 5
" Cost of new veh.'.i -
Spare parts

PUIp rlgs -7* "%
% of vehicles . R
~~ Cost of new veh.,
Spare parts
«He,avv tmtks: R )
4 of vehicles (1) ..
“Cost of new veh, - -
Spare parts

Light vehicles G
- # of vehicles 2.
- .Cost of /new veh., S
Spare parts

; uther equiplent (S)Lf;iﬁ:,p
~Value of equip,. ,
-Spare parts <

Total (0007s.Us bh S4BT 152 T

;.(l) Includes the backhoe and trailer, and 3 flathed trailers. The 'otal nusher of heavy tru:ks:
! " is projected to decrease by one, fros 18 to: 17, as per, Table 3.2. Sl ke ‘
. (2) Includes the doun-the-haole video van, The total nuaber of light vehicles is ;}g@ 3

~ projected to decrease by five, fron 40 to 32, as per Table 3.2, S

(3) Includes all generators, welders, test pusps, and logging, hydrological, geophysi:al, o

water quality analysis, radio, office, uurkshup, and field equxpnent. . bt




‘~Table E. l Costs of Hell Construction and Haintenance, assuainq Norsal EquipaeanLife and High Productxon Rates
18 Hells per- Year: ,,,Ci thousands of.constant i983‘dollars) BT AR :

Net Present o PISAR PR )
w10 e 10 om0 1990 e 1o s

1S e

L | (i??;lszr
i. Direct Costs L S

A._Construction Costs
© = Diesel Nells o I B S s
Nuber of wells 45 " 10°" :
Cost 22017 ‘
- Hand-puap wells A
Nusber of wells +. ""36 - .8
Cost BRSSO
- Exploratory and
Failed Nells .~ ' . o
Nuaber of wells - 54 <120 12
Cost . 3N ¥ 83 J :
-- Subtotal o '35325ff17571ﬁ; 87,

2. 12
83, 8383 - 8383

B. Operating and Main-
tenance Costs
- Diesel Nells Lt el T Sy
Nusber of wells = 227 . 5
Cost i 2043¢\fj ‘
=~ Hand-pump wells - .. - . =
- Nuaber of wells V;‘j 182f, AT
e Cost '?";ngfgf»i,f 3B/ 20
- == Subtotal ' fg;'ﬂ*2110f;;uf B L

o - 60, 75"" ;o tf"
736‘ o0

f64 ) 64'r?‘60f,
® N mins
“:7§5iji765,' . o

1L Overhead Costs

- Indirect Costs (La- e e My e IR e
bor and Materials) ~ 1535 342+ 342.°
. = Sunk Capital Costs 4046
- Recurring Capital o R et
Costs 1058 542 BT MS2. 7771272 77T AR
-- Subtotal : 11658: ‘?984 1219 l794'flll9 1014 2054 RILASS

I, Total Costs - ,rg17301 1708 2103 RIS 2241 2231 3367i‘i

IV AVerage Costs

| Average Construction Cost pcr uell, including sunk capital costs ?],'g;zstéa,ooo
j Average Construction Cost per: uell, cxcluding sunk capxtal costs o $113,000

’e*' 342,0004‘

fAverage Total. Cost per Year of Well Service, including sunk costs
iAverage Total Cost per. Year of Hell Servxce, excluding sunk costs




"Table E 2 Costs of Hell Construct1on and Haxntenance, assuoinq Nornal Equ:plent L1fe and ngh Faxlure Rates .
12 Hellsjper_year e (1n thousands of . constant 1983 dollars) ‘ v o

.NetfPresent;e;’> T v ;
_Value 1984 1985 1986 1987 1988 1989 1990 1991 ‘1992 1993 1994 1995 1996 ,“E

L Direct Costs ~ = o .

* A, Construction Costs
-~ Diesel Wells .~
Nuaber of wells
Cost . |
- Hand-pusp wells -
Nusbet of wells AR EEakt T I
Cost o R 106 106
- Exploratory and - 7 7 7 7 o
Failed Wells . ) . , S
Nusber of wells - 81*3ir518=?5 1818 18 18 18. 18 - 18
Cost ShLU125° 125125 125 125 125 125 1250
- == Subtotal . 2715 . b05. 605 605 805 405 405 6055”f60523

106 106 105105

B, .Operating and Main-.
tenance Costs
= Diesel Wells L T
Nuaber of wells 16y .- 4 ll':; 18 725,532 39 03 06 Bb
Cost S L1 LB B :69w‘1166 ¢ 230 294fﬁA 39423 S 1L
= Hand-puap vells - SR e TR O LI L g e e
Nuaber of wells - 1153 SR SRR BE 13 s.lB 23&;: 28:°33 038 40 40 37 32 27“
Cost. 80 1 ';‘2‘*?"6 S Sals [ RS K RS L RS 0 AORONS [ RN |- S v S U 2
== Subtotal . c1495 By B RN ¥ 238 305w 31438 505;-'533?{‘53313;435 428 362a;

.'ijsldverhead Costs

- Indirect Costs {La- O e Tl T B
© bor and Materials) 15357 D32 3420 320 32 32 M2 M2
* ~ Sunk Capital Costs. 6066,;f? R e u?
= Recurring Capital o
“iin Losts . 4058
- == Subtotal: ' 11658"‘

428771452 - 777 Y/ 3RY ﬁew777 E es
~‘1219,‘1794 1119 1014, 254 1119 :

L. Total Costs g éxse§9a;;;5;5;;1e9s 2 192 19 30 2162 19357 533 SN A% AZB. 343

'IV. Average Costs

~ $267,000

fAverage Construction Cost per well, 1ncludan sunk capital costs :
v,3154~000

fAverage Construction Cost per well, excluding sunk capital costs

tAverage Total Cost per Year of Well Service, includinq sunk- costs
'Average Total Cost per Year of Nell Service, excludlng sunk costs

s57 ooo;;
435,000 °

=92-



4;‘;;{"' R R g . 4'.\. ’:; .

L

S .

N Construction Costs -
- = Diesel Wells

Number of wells
Cost
- Hand-puap wells
Nuaber of wells
Cost
- Exploratory and
Failed Wells
Nuaber of wells
Cost

-- Subtotal

" B. Operating and,Hain-l

" - Subtotal
Y

:’:‘}i}.lndiract Costs (La-.

" - Subtotal

‘.

tenance Costs
- Diesel Nells

Nuaber of wells ";-

Cost
- = Hand-pusp wells

Nusber of,uells.f; |

Cost
Ooefnead'Costs

- bor_and Materials)
- Sunk Capital Costs

S Recurring Capital

Costs

Total Costs

s

L1535

e 1452_ . ) b "
,_*1219 1

Table E. 3 Costs ot Rell Construction and Haintenance, assuoing Noraal Equiplent Life and Low’ Productxon Rate. E
L 10 uells per year (1n thousands of constant“l983 doilars) R fj;g :J§‘;., A
Net;Pre nt R 15 RS 5 il
bl 198 (198571986 1987 . 1988 1989 ~1990.°1991 " 1992 1993 1994 19957199 -
ST ‘;,J(;z«aﬁlsz),._s IR
Dxrect Costs PSR

fLTE

1.

;Averaqe Construction Cost per nell includxng sunk capxtal costs
,VAverage Constructxou Cost per- uell, excludinq sunt ta

ﬁfAverage Total Cost per Year of Hell Service, including sunk costs
' Averaqe Total Cost per Year of Hell Servace, exclodinq sunk costs =

Avanage Costs

9307 000

'al:?coists_'.{ ,-_;fmz 000

g‘966,000\

Vleas



- Table E 4 v Costs’of-Nell Constructlon and Maintenance, assuming Shortened Equipment Life and ngh l

Productlon ‘Rates: =~ 18 nellslyear {in thousands of constant 1983 dollars).

'ct,Present - ‘ - :
“;Value 1964 1965 1986 1987 1988 1989 1990 1991 1992 1993

e uir'ec't‘costni_j_ SSPE

A.‘Constructlon Costs
-~ = Diesel Wells
Nuaber of wells
Cost
= Hand-puap wells
* Nuaber of wells
Cost
" = Exploratory and
Failed Wells
Nuaber of wells -
R Cost
7., == Subtetal

B, Operating and Main-
tenance Costs
- Diesel Nells
Nusber of wells
Cost
= Hand-pusp wells
Nuaber of wells - -
Cost '
-~ Subtotal

. Overhead Costs

- = Indirect Costs {La- SR
bor and Materials) 1144 =

- Sunk Capital Costs - 4064

= Recurring Capital S

. Costs i 29é2;;_ ULy T
o == Subtotal ”_10135.€g§884 1219 1794 1233:'

UL Total Costs  © i I002008 200 2% 200 A8 4 A MG o

?Ib: Averooe Costs

Y §212,000

fAverage Construction Cost per nell, 1ncluding sunk capxtal costs

lAverage Constructton Cost per nell, excluding sunk capltal costs ; tlll 000
1}Rverage Total Cost’p r\ ear"of Hell Servlce, lncludinq sunk costs = . 050 000
3 T ’29,000

giAverage Total Cost per Year of Hell Service, excludlng sunk costs

: '\’..;Z'»f "3 . '." S

-



Tabte £.5 7 Costs of Hell Constructxan and Halntenance, assuaang Sﬁortened Equxpnent
EREE N ailure Rates -12 uells/year ;Ll(an thousands of constant 1983 dollars

"'_"i_9o4 19651986 1987 1980 1989° 1990 " 1991 1992 1993

u - 151)

I Direct Costs _”
) A..Constructiooafosts 5
- = Diesel Hells
Nusber of wells 23 .27 %07

Cost o155
~ Hand-puap wells =~
Nusber of wells 17" .5 7§
Cost 354 '
- Exploratory and b
Failed Wells L
Nusber of wells - 40. 18, -
Cost S M
-- Subtotal P 2028¢1;

B. Operating and Hain-ff}f‘
tenance Costs
- Diesel Wells TR
Nuaber of wells - .-
Cost '
= Hand-punp wells
Nuaber of uells
Cost
-~ Subtotal

11, Overhead Costs
£ 7~ Indirect Costs (La- |
¢ - bor and Materials) ¢ {14477 34
# = Sunk Capital{Costsisc'bobb‘u 2

o4t

S ,Afr“f"?i';“'?fff.{t

', = Recurring Capital’ PR
o Cests . el
e Subtotal rsﬂg""‘f‘ 10094 ;

.f'.'a o 651
8B4.. 1219 1794 1161_993

m. Tatal Costs e -!-~x‘l§154_*;,~§~15,!5"‘-"1395“ _,257_1 ‘-?094. 1

!V. Average Costs

Averaqe Construct:on Cost per uell includan sunk capital costs a
Average Constructaon Cost per uell, excludan sunk capxtal costs

Ie

Averaqe Total Cost per Year of Hell Servzce, includlng sunk costs i= fj: 368 000?
Average Total Cost per Year of Nell Serv:ce, excludxng sunk costs" "*:_337 000;

‘=952



.f Costs ofblell Constructxnn and Haantenan:e, assuexng Shnrtened Equiplent Li{e and’Lun
Prnductaon Rates -~ 10 uells/year iR thousands of constant 1983 dollars) Lt

Net Present ,
Value 1984 1985 1986 19...,,1 ;;.;

, h = 151;
1 Direct. Costs « © - :

' " A Construction Costs
-~ Diesel Mells
" MNumber of wells’
- Cost
- Hand-pusp wells .
Nuaber of wells
Cost s
- Exploratory and -
Failed Wells i
Nuaber of wells
Cost ‘
-~ Subtotal

B. Operating and Main- -
tenance Costs
- Diesel Wells o
~ Nuaber of wells
Cost
- Hand-pusp wells
Nusher of uells
Cost L
- == Subtotal

11" Ovérhead Costs

-.Indirect Costs (La- =
bor and Materials} 1146 - 342,
- Sunk Capital Costs - 6084 . . .
- Recurring Capital = . ' - 2’
. Costs. 2081 .. 5
== Subtotal 10094 - B84

o 1452{{; 19: 451, -

S

.-,m Tntal Costs . 1265 1379‘.1‘1752_,}24;; 1835172

o '__'_ . . . o 5 R S B
N : : s NS )

fIV. Average Costs

‘Averaqe Construction Cost per uell, 1nclud1nq sunk capatal cnst
'Averaqe Cnnstructinn Cost per lell, excludan sunk capxtal cnsts
‘Averaqe Total Cost per Year of Hell Servxce, includ'nq sunk cnsts

VAveraqe Total Cost per Year nf Hell Servzce, excludxng sunk :osts 2




Table E.7 COSt _of lell Constructaon and-Main enance assuainq Extended Equlpaent Life and Haqh Production Rate
) & 18 lells per Year (in thnusands of constant 1983 dollars)' i REETRR b,

i
IS

Net Present s e LR NS Sl z
Value 1994 1985 1996 1997 1999 1999 1990 1991 1992 1993 199441995 1996 1997 1998 1999 2000’ 3

(a ) 151)

5K“I. Direct Costs ;‘

.’ ““

A Construction Costs
- Diesel Wells 07
- Nuaber ‘of vells Lo 5
- .Cost 29
- Hand-puap wells
Nuaber of wells -
Cost
- Exploratary and
- Failed Wells - =
Nuaber: pfdvalleif =
- Cost . ‘
L - Subtotal

B, Uperatinq and Hain-f L
" tenance Bosts L
= Diesel Nells
Nuaber of wells 250 = '§°~
Cost Lo
- Hand-pusp wells =
‘Nuaber of wells
~ Cost’ .
-~ Subtotal

‘;1a75f}:85?_195A ‘w’ ( 080
690 ;782 874 920 920 GZG,ﬂA -

w0 276807 80 T2 s, e
S LAR TR TR T TS 72 L I T JUN T TN
M7 B3 908 956 956, B60,,765 /49 574»?479;;

 fII._Uverhead Costs

~=.Indirect Costs (La- o T T e
bor and Materials) 1854 342 342 342 AR %342,i343g‘

- Sunk Capital Costs 4086 = . - - IR L :

- Recurring Capital L B

Costs 3048 542 8 1452 777 672 1712 777 672 1712 777 672

-- Subtotal 12908 - 884 1219 1794 1119 1014 2054 1119 1014 2054 1119 1014

;Jii.iTotal,CqsteA , 19594 1704 2103 2820 2241 2231 3367 2528 2518 3654 2814 2757 2757 ‘860 765 669 574 478

;?Ivvféverade‘Coste

s
s 1000;::

“Average Construction Cost per well, including sunk.capatal costs -
Average Construction Cast per uell, excludinq sunk capital custs

Average Total Cost per Year of Hell Service, xncludinq sunk costs a 944,00 :
Average Total Cost per Year of Hell Service, excludan sunk custs 3 2; 330 0007?

D e


http:Number:.of

o ?'12 Hells per year_ (in thousands of tonstant. 1983 dullars)

Nt Present e N SRR R APt
Value 1984 1995 1986 1997 1999 1999 1990 1991 1992 19

L O R A . D O A

a0 SRR ¢ 3 15:)
,51, Direcf Costs B R

. iiA. COnstructlun COsts
: :y vniesel Wells e R e e
K Nuuber of uells T REEy A : 3

: c“t 1 B 2030 , k - : ‘ )
:r‘Hand-puep wells- - o bt R TR
" Nusber of wells 275 .

< ‘Exploratory and .. i
CFailed Wells

‘Nasber of wells’ " 3,99 SR TR ‘W 1818 18 195187
5 Cast S et ss 1S5 1515 15 15 125 1250125 425 125
< Subtotal " 0. L6057 605 405405 ‘405 605405 405 hOS" 405 . 605405

-B. Uperatxng and Main-

*“tenance Costs

:'- Diesel Wells A TN e
Nuaber of wells ;177" 182

Cost ‘

- Hand-pusp wells -

Nuaber of wells ”

, . Cost '

e Subtotal

\4

;II. Gverhead Bosts f': -

e Indlrect Costs (La- o I T e S
", hor.and Materials) - 1854::-342 - 3 ) \
./ = Sunk Capital Costs . 6066;}5'”' o

= Recurring Capital .- -
¢ Costs = 5068
Ty Subtatal o 12988

542 877 1452: ?777 672'1712 777 672 1712
884 1219 1794 1119 1014 2054 lll9~1014 2054

L Total Qostsefg'

08 8.5 §§ 5§
408106 106106 106

W5 0 0 J0. 63 SN a
o520 G o 0 515 Lk

43 "'48'* so;I R ) 5
72323 0
571 sse Lfa7*”667 600 533 A7 400°333.

18 1614 01,

illv. Averaqe Cnsts |

eAverage Construction Cost per well, including sunk capital costs =~ $250,000
fAveraqe Construction Cost per well, excludxng sunk capital costs = i $157,000

”Averaqe Total Cost per Year of Well Servzce, 1nclud1ng sunk costs s 359,000 ,
Average Total Cost per Year of Hell Service, ex:ludlnq sunk costs 2 339 000’.
SO ‘ ’ d{ e ,‘ﬁ ! o ‘Eﬂwf : o ff}'* C

IS

| =981/



http:ithousands.of
http:Squips.nt

"L Direct Costs

;QF Subtotal

Net Present

Value 1784 1985 1986 1987 1988 1989 1990 1991 1992 1993 1994 1995 1996 1997 l998vl999,2000v1?

(i = 151)

5 A;.Cnnstfuctioﬁ Costs

" = Diesel Wells
Nuaber of wells
Cost
- Hand-pusp wells
Nusber of wells
Cost .
- Exploratory and
- Failed Nells
" Nuaber of wells
Cost

B. Uperating and Hain- A 1 

_,:;-- Subtotal

; II. Overhead Costs

* 7'~ Recurring Capital

e e

3;f§§é}age Cnnstrﬁction Cost ﬁét &éll;’including sunk cabital costs -
© Average Construction Cost per uell, excluding sunk capital cnsts ‘

* tenance Losts :

- Diesel Hells
Nuaber of wells
Cost

=~ Hand-puap uells S
Number of wells . -
Cost ..

’i

'» = Indirect Costs (La~ = T e S PO T
bor and Materials) 1834 342 342'>3{2;1342 ;}42-‘342ﬁ{§j?{3§§2_.§42',342523j?i‘

.- Sunk Capltal Costs 0B~

S T
552. 552 "1 L

R 257;1314; 371 425 s se ;.‘TTM

LIV, AVergge'Costs

,,;‘Average Total Cust per Year of Well Service, including sunk costs €
L Averaqe Tntal Cnst per Year of Nell Service, excludinq sunk cnsts

N

} sze7 ooo'
-, 000

" 448,000
© L $44,000

" Costs 5068 542877 1452 777 WML e M T 6T
- Subtotal 12386 6641219 1734 1119 1014 2050 1119, 101 2054 1119 tot4 o
"’111 Totdl Costs 14957, 1378 1752 2411 1793 15 2042 1984 1916 3013 2135 2059 2059 5 5, 399; 2 5

T R T e

20360 30
i 2761

7o 513 455 399' 342 295




