The above trial estimates were based on the premise that
well water would be horizontally recharged from aquifer, and since it
can be expected to be vertically recharged from the ground surface
during the rainy season alse, the actual drawdown would be smaller

than the trial estimates.

_ Also, since the planned annual discharge of 10,530'1313 (23.84
mslday % 365 days) from four wells underruns the usable quantity of
ground water of 12,000 mjlyéar in the area to be developed, it means
that when the trend of groﬁnﬂ water level is estimated according to a
one year cyelé the water leve! in each year would be réstored to the

level of the previous year during the rainy season in June.
(5) Problems

‘The review ia the preceding paragraph was predicated on the
aquiferous constants obtained by pumping test and the mean vainfall.
However, in the event the water balance is lost, for example at the
time of the abnormal drought im 1983, or when recharging of ground
WAter from the surface cannot be expected, such as durfug the dry
season, there is a high risk that a chronic¢ drawdown will prevail and
that the well water will turn into saline water. (Refer to Ghybeu-
Herzberg's law in Item (7), Pavagraph 3.1.2) -

In other words, it means that the water will have been
“obtained from a level below sea level so that in the long term the

water will fnevitably become saline,
It is therefore important to position the new wells to be
developed only as tentative water sources until the time that a piped

water supply to the Fete area will be implemented in the future.

‘4,4 Water Supplying Facilities

The spécificatiOns for drilling and its ancillary work,

pumps, etc, are as follows.
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1)  Well

Depth _ : W0nm
Diameter of drilling hole: 200 - 250 mm
Diameter of casing : 150 nn
Length of casing : 18 m

Length of strainer (with slit): 12 m
. Material of casing strainer : FPVC pipe

The stratum from which ground water is to be intaken in the
Fete area is the weéthered‘quattzite which is not very good as an
aquifer. The strainer, therefore, was made as long as possible to

improve the efficiency of water intake,

Since the drilling work in the field is anticipated to be
consigred to GWSC, the specifications for materials for casing and

other things were made in order that they would be procurable by GWSC.

2)  Pump _
Type : Hand pump or foot pump
Pump head: 30.m
Diséharge: 800 ¢/hour

The pumps being used in Ghana today were mostly made in -
India. These were supplied under assistance and are not procurable 1in
Ghana, Also, since the target area is close to the coastline so that
the ground water has a high salt contént, anti-corrosive considerations

are necessary.

If pumps are to be incorporated in the maintenance and
administrafion system of GWSC, then the pumps made in India are
desirable. But as the pumps made in Indfa tend to rust and also have .
other problems with respect to quality, the rust-resistant foot pumps

were also taken into consideration. Table 4.4.1 makes comparisons of

the two.
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Table 4.4.1 Comparison of Pumps

Hand Pump Made In India

Gross Weight

{#12mm load, 30m)
Approx. 150 kg

: Pe;cfiptiod-_ . Foot Pump
Lift 30-33 m 20-70 @
Perfoarmance - - :
Discharge 800-1,300 1/bolr 500-1,300 i/hour

Approx, 50 kg

Mounting,
repair

Requires tripod. etc.
as heavv

Easy (can be installed
by two adults)

Material, etc.

Sﬁsceptible to rust as
lifting pipe and connecting
réd are made of iron.

No problem of rusting as
lifting pipe is made of
polyethylene.

.Delivery Term

Tf made to spécial speci-
fications of GWSC, may
take lenger thao foot

pump.

Approx. 1.5 - 2 months
{ex Yokohama)
3 -~ 4 moaths {ex Ghana)

Order to be placed in
Iadia for delivery in

Can pe ordered in Japan,

fications)

drdering Ghana. The intermediaty

of a trading company is

therefore necessary.

$l,SdOIset {ex Ghana) ¥250,000/set (ex Yokohama)
Price {GWSC's special speci-

¥271,600/set {ex Ghana)

Maintenance and
Administration

CWSC can be tdtally
counted on for maiate-
nance aod administration.

fLocal maintenance and
adninistration possible with
spare pump and spare pards.
Because of simple construct--
fon, the inhabitants them-
selves can iospect and
repair them., Periodic
replacement of parts
necessary.
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3)  Ancillavy works

In order to prevent the ground water from becoming polluted
due to ihfiltratiou of polluted water from the ground surface to the
maximum extent possible, a large space shall be reserved for the
platform around each well, and the platform shall be of the construc-~

tion shown in Fig, 4.4.1.,
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FIG. 4.4,1 PLATFORM FOR WELL WLTH FOOT PUMP AT FETE
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4.5 FEstimation of Construction Costs

Ghana has been suffering from ¢hronic ifnflation ever since -
its independence. As the rise in c¢ommodity prices and wages since the
beginning of 1985 has been particularly rewmarkable, it is quite possible
that the construction costs would be quite different at the time of

actual execution,

The rate of rise in prices during the past one year is
estimated to have been about 2.3 times (refer to Fig, 4.5.1), and 1f
prices should continue to rise at the same pace, the increase 1n

construction costs between April 1985 and January 1986 would be 85%.

Costs were estimated on the assumption that driliing and its
ancillary work will be ordered to GWSC and local contfactprs, and that

pumps will be procured outside of Ghana.

The costs of drilling and its ancillary work were estimated
by adding a price rise of 85% to the unit prices and quotations (for
April-June, 19285) of GWSC and loeal contractoré. For pumps, estima-
tions were made for both hand pumps made in India and for foot pumps.
In the case of feot pumps, the quantity was assumed to bejfive sets in

all, including one spare pump.

The itemized construction costs are as presented in Table
4.5.1. The locally ordered construction costs including price
escalation are estimated to be 3,613,000 cedis in all, which is
equivalent to ¥9,211,000 when converted into Japanese yeﬁ as of June,
1985, and if a contingency reserve of 5% is included, the total
becomes ¥9,672,000,

The costs of pumps and other materials, which are in addition
to the above, would be ¥2,075,000 in the case of hand pumps and

¥1,897,500 in the case of foot pumps.

* §1 = ¢53
$1 = 250
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FIG. 4.5.1 VARIATION OF MARKET PRICE IN GHANA (1984 - 1985)
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4.6 Arrangement for Implementatioa

Price changes are quite fluid in Ghana where even rumours
about a devaluétidn Spﬁrs inflation.on to higher ﬁeights. As a result,
_ ¢ven the construction ¢osts which atlow for inflation are quite likely
. to be dlfferent from the budgeted amount so that in the execution
stage, it would be necessary to adjust the construction costs according
to the situation then prevailing in Ghana. At the same time, as
dr1111ng will take six months or lounger, the rise in prices even

‘ during dr1111ng will become a problen.

The above, however, becore problems only if payment is to be
made in cedis, the currency of Ghana. If payment in some stable
foreign Currenpy is permissibie, no escalation c¢lause is considered

necessary.

A ne?spaper issue (People's Daily Graphic) of Julyjs; 1985
reports that holding of a foreign currency account will become possible

in Ghana.

Devaluations of cedis and changes in the official prlce of
_gasoline enforced during the survey period are as follows. The rate

of rise in prices 1s larger than the rate of devaluation.

Date Exchange rate Gasoline price
- §1 = ¢50 ~ ¢85/gallon
Apr. 17 $1 = ¢53 ¢95/gallon
o (down by 6%) (up by 12%)
Aug. 10 $1 = ¢57 ¢105/gallon
- (down by 7.5%) (up by 11%)

In view of the foregoing domestic situation in Ghana, the
ordering systems at the stage of execution were compared in Table
4.6.1,
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4.7 Impleméntation Plan and Work Schedule

This project is to be implemented by the FY 1985 budget, and
allowing forﬂthe period requived for exchanging notes between the two
governments, the project was'planned to be launched in December of
this year. The execution schedule was planned as shown in Table 4.7.1
with due regard to GWSC's drilling capacity and efficiency and to the
fact that the construction period includes the rainy season of May and

June,

For execution of construction, it was planned that 3
supervisors would be dispatched at the time.of comrencing work and
that 2 resident supervisors weuld be stationed at 511 times during
work execution in view of the fact that rendering of technical
judgeﬁeﬁt during the drilling process would become just as important
as éonfirming the driiling sites, making arrangements with cohtractorsﬂ

and giving instructions on basic matters, etc.

Table 4.7.1 Impleméntation Plan and Work Schedule

1985 1986
Dec. Jan. Feb., Mar. Apr. May June July Aug,
Well Cth _ L
stiuction (2) \
(3) ) e &
Platform - (Test .,
Construction well)
(1) —
(2) ]
Engineering .
Supervision * 3 persens 2 pqrsons
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% If Case 3 on Table 4.6.1 is selected, it is necessary to dispatch
2 people at the time of starting construction (for 1.5 months)
and in the final stage of completion (for one month) and one

person to be stationed throughout the construction period.

4,8 Administration and Maintenance Plan

GWSC's basic policy with respect to the local watexr supply
system is to educate the local inhabitants - the would-be beneéficiaries
of the facilities - to voluntarily participate in the adwinistration
and maintenaﬁce of the facilities so that the pumps might eventually

be left to the care of the inhabitants.

Pursuant to the basic policy of GWSC, the adwinistration and
maintenance of the new water sources in the Fete avea will, as a rule,
be carried out by the inhabitants organization to be established for
the purpose of improving the living conditions of the inhabitants,
including the improvement of the sanitary habits of each individual

Inhabitant.

The role of GUSC 15 to provide education and guidance to the
inhabitants to accomplish the above,
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CHAPTER 5 RECOMMENDATIONS CONCERNING PROJECT IMPLEMENTATION

{1) Water sources in the Fete are

Tﬁe ground water in the coastal zone facing the Gulf of Guinea
is generally to have a high salinity contént and so is the Fete area.
Especially, the ehlorlde content reaches as high as 1400 ppm and it is
.extremely beyond the maximum permlsslble value of 600 ppm fined by WHO.

Furthermore, the ground water in the Fete area is in danger of
haViﬁg a sélinity content through the contineous pump opepétion of
'groﬁnd;dater.from'weiis. Uhder these'circumstances, it concludes that .

ptilization of ground water for drinking purpose would not be favourable.

Therefore, even i{f a new source of water is found out in the
'Fete area, it would be temporary use- and if lasting improvement is to be
pade in the living environment of the inhabitants, it is necessary to
'stably supply water of good quality by constructing the pipeline as soon

as possible.

(2) Maintenance and administration

The wells with hand pumps which can be seen in Ghana are wnot
adequately maintained or administered, and also due to a shortage of

repair parts, they are often abandoned in broken-down condition.

The preconditions for preventing such a situation from
occurring are to make the inhabitants understand the importance of
maintenance and adwinistration and to establish an avtonomous admin-
istretion system. In other words, it is important that a public
organization (GWSC) educates and guides the inhabitants in the proper
use of the facilities anﬂ in the techniques of routine inépection and
simple repair work, and that by this, an organic linkage be estab-
1ished between the two.
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(3) Hygiene education

The supply of safe water is one of the prerequisites for
coping with diarrhoea, but this alone is not sufficient to attain.the
chjective. It_is_necessary that the basic_knowledge of health and

sanitation be disseminated and practiced by every inhabitant.
(4) Arrangement for implementation

Iaflation 13 rampant in Ghana today, and even though devalua—
tions are enforced the prices always rise eéven ﬁore. Accordingly, the
problem is whether the estlmated_amount, throqgh allowing for inflation,
will still be valid at the time of implementatioe.‘ Cur judgement is
that some adjustments in the ordered amounts would be necessary at

that time,

At the same time, as the drilling work is contingent on the
executing capablllty of the contractors, the work is likely to extend
over a leng period._ It would therefore be necessary to elther allow
for price rises in the interim period or adjust the ordered amount by
each well. Too many uncertainties are involyed wﬁeﬂ the-cpnffae;
amount has to be settled in Ghana's currency. An arrangement that
allows for accounts to be settled in a reiatively‘stable'foreign
currency would therefore be desirable. (Case_z or:Case.3'of Table

4.6,1).
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Appendix 2  Itinerary for Work in Ghana

Date i ‘
138? . Content; of Survey
Apr. 1 (Mon) TAKAKU, ISHII  Leave Narita 21:30 KL-868
2 (Tue) Arrive Amsterdam 07:05
3 {Wed) Leave Amsterdam 12:20 KL-577
Arrive Acera 18:50
4 {Thu) Meeting with Japanese experts on Noguchi
Memorial Institute for Medical Research
(N.M.I.M.S.) _
Courtesy ¢all at Japanese Eumbassy.
Courtesy ¢all G.HW.S.C.
_Meeting_with G.W.S.C. Engineers
5 (Fri) Gomoa-Fetteh village.
: Courtesy call Chief of Gonioa
6 {Sat) Purchasing of survey materials on Accra city
7 {Sun) Internal meéting’fbr negotiation of
S agreement with G.W.S.C.
8§ (Mon) Meeting with Japanese experfs on N.M.I.M.R.
a ' Discussed on Technical Survey
9 (Tue) . Exténsion of the Visas'
Meeting with Japanese experts on N.M.L.M.R.
“for the contents of the survey and survey
schedule
Discussed on negotiation of agreement with
G.W.5.C. for the test well drilling work
10 (Wed) Enter into a negotiation with G.HW.S.C.
Collecting several data of Geography and
maps :
11 (Thu) Negotiatins with G.W,S.C. for the test well
driliing work, Meeting with Japanese experts.
12 (Fri) Fleld favestigation at Gomoa-Fetteh
13 (Sat) Field investigation at Ashonman
14 (Sun) Hater quality test and data arrangement



Date

Contents of Survey

1985
Apr. 15 (Mon) Negotiation with G.W.S.C.
Meeting with Japanese experts
1 .

16 (Tue) Electrical prospecting survey at Gomoa-Fetteh.

17 (Wed) Ditto

18 (Thu) Negotiation with G.W.S.C.
Observation of local contractor ia Accra city

19 (Fri)  Negotiation with G.W.5.C.

20 (Sat)  Visit to GWSC-DRILLING UNIT, Kumasi

21 (Sun)  Electrical prbspeéting survey at Gomoa-
Fetteh .

22 (Hoh) Negotiation with G.W.S.C.

23 (Tue) Electricél beSpécting survey at‘Gomoa—Fetteh

24 (Wed) Ditto

25 (Thu) Meeting with Japauese experts on N.M.I.M.R.
To make a revised draft document of agreement
with G.H.S.C.

26 (Fri) Sampling water of the existing wells at Gomoa-
Fetteh. .
Observation of material prices on Acera city

27 (Sat) Fiéld=investigatién at Ashonman

‘ IMAI Leave Narita

28 (Sun)  Survey (1éve111ng) at Gomoa-Fetteh
Water quality test for sample of Ashonman
IMAT Arrive Amsterdam

29'(M6n) Made an agreement with G.W.S.C.
IMAI Leave Amsterdam KL-539
Arrive Accra 18:50

30 (Tue) Field 1nvéstigation_at Gomoa~Fetteh
Fixed boring point for test well

May 1 (Wed) Courtesy call on chief of Ashonman .

Electrical prospecting survey at Ashonman

2 (Thu) The first advance paymént to'G.W;S;C.

Meeting with Japanese edperts on N.M.I.M.R.
Visit to the Japanese Embassy
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Date

Contents of Survey

1985
May 3 (Fri) Meeting with boring crew of G.W.S;C. on the
site '
. Meeting with G.W.8.C. and W.R.R.I.

4 (Sat) Data analysis of electrical prospecﬁing
survey

5 (Sun}  Data analysis of electrical prospecting

' survey

6 (Mon) Meeting with G.H.5.C. and W.R.R.I.
Adjustment of rig and wachine by G.¥W.S.C.
crew on the site
Discusséd an schedule
Boring work _

7 (Tue) Meeting with €.W.S8.C. and W.R.R.I.
Meeting with Japanese experts on N.M,TI.M.R.
Start boring work
Collectlng data

8 (Wed) Meetlng with G W.5.C.

' Mr. TAKAKU courtesy call at Japanese Embassy,
and leave Accra 20: 50 KL-578
Boring vork ‘

9 (Thu) Boring work at Gomoa-Fetteh

10 (Fri) The second advance payment to G.S.W.C.
Pumping test on test well used by bailer on
NSAWAN
Mr, TAKARU arrive Narita 16:55 KI-863

11 (Sat) Meeting with G.W.S.G..
{Spare parts of rig winch)

12 (Sun) Data arrangement

13 (Mon) Electrical prospecting survey at Gomoa-Fetteh

14 {(Tue) Measurement of electrical logglng on test well

15 {Wed) Measurement of electric conductivity on test
well
Electrical prospecting survey

i6 {(Thu) Electrical prospecting survey

17 (Fri) Visit to GWSC-DRILLING UNIT, Kumasi

Discussed on spare parts of rig winch
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Date Contents of Survey

1985
May 18 (5at) Return to Acera
' Data arrangement
. ]
19 {Sun) Field investigation of the existing wells
" on Gomoa-Fetteh :
20 {Mon) Measurement of electrical logging and
electric ¢enductivity on test well
Field investigation of the existlng wells
Boring work restart
21 (TUe)‘ Electrical prospecting survey
Boring work
22 (Wed) Electrical prospeéting survey at Gomoa-
Fetteh
Boring work
23 (Thu) Electrical prospecting survey at Gomoa-
Fetteh
Boring work
24 (Fri) Measurement of eleétrical logging on test
well
Boring work
25 (Sat) Pumping test on test well used by bailexr
Boring work
26 {Sun) Electrical prospecting sutvey
Boring work at Gomoa-Fetteh
27 (Mon) Pumping‘test on test well used by bailer
© Boring work
Electrical prosgecting survey
28 (Tue) Data arrangement
29 (Wed) Electrical prospecting survey and measurement
of electrical logging
30 (Thu) Meeting with €.W.S.C.
31 (Fri) Boring work 1s restarted,
June 1 (Sat) Meeting with G.H.S. C. (recoVery of accident)
Data arrangement.
2 (Sun) Data arrangement?
3 (Mon) Meeting with Japanese experts on N.M,I.M.R,
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Date

Cantents of Survey

1985
June & (Tue) Transporting machines
Data arrangement
1 .
5 (Wed) Electrical prospecting survey and water
quality test
Boring work restart
Data collection at G.W.5.C. and UNICEF
6 (Thu) Data collection at G W.5.C., UNICEF and
IGIP/GUSC
7 (Fri) Meeting with.JépaneSé experts on N.M.I.M.R,
- Electrical prospecting survey
Boring work
8 (Sat) Electrical prospecting survey
T Boring work
9 (Sun) Data arrangement
10 (Mon) Data correction at G.4.5.C.
Boring work
11 (Tue) Boring work at Gomoa-Fetteh
12 (Wed) Boring work
13 (Thu) Boring work
o Data arrangement
14 (Fri) " Meeting with G.W.S.C.-Kumashi
Data arrangement of electrical prospectlng
survey
Boring wcrk
15 (Sat) Measurement of electrical logging and water
quality test
Pumping test on test well
16 (Sun) Data arrangement of yesterday's test
17 (Mon) Pumping test on test well at Gomoa-Fettel
i8 (Tue) Bitto
Work to finish well
19 {Wed) Data arrangement of several test

Boring work, cementatien for lower part of
test well
Work to finish well
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Date Contents of Survey

1985
June 20 (Thu) Data arrangement and analysis made
Work to finish well
A
21 (Fri) ‘Data arrangement
Work to finish well
22 (Sat) Work to finish well
23 (Sun) Data arrangement and analysis made
: Work to finish well
24 (Mon) . Meeting with Japanese experts on N.M.I.M.R.
" Data arrangement of several test
25 (Tue) Pumping test on test well by bailer
Work to finish well
26 (Wed} Meeting with Japanese experté
Mr. IMAI leave Accra 20:50 KL-578
Work to finish well
27 (Thu) Meeting with G, H S.C. (Liqu1dation of boring
work cost)
Work to finish well
28 (Fri) Ditto
29 (Sat) Visit to GWSC-DRILLING UNIT =
Discussed on liquidation of final cost of
boring work
Mr. IMAI arrive Narita 15:00 KL-867
30 (Sun) Mobilisation of boring rig and materials
July 1 (Mon) Data arrangement
2 (Tue) Meeting with'G.W.S{C; (Final report)
Mobilisation of boring rig and materials
Measurement of electric conductivity
3 (Wed) Ditto
4 (Thu) LIBATION FOR TEST HELL sponsored by chief of
Gonca-~Fetteh
5 (Fri)  Meeting with GWSC Boring Crew on the site for
mobilisation of equipment
6 (Sat) Data arrangement
7 (Sun) Pata arrangement
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Date

Contents of Survey

1985
July 8 (Mon) ' Boring work, mobilisation 1s almost finished.
9 (Tue) Final payment for G.W.S.C.
10 (Wed) Meeting with G.W.$.C. (Final Report)
 Removing machines for baring
11 (Thﬁ) Receipt the Final Report made by G.H.Q.C.
12 (Fri) Mr. ISHII courtesy call Japanese experts and
leave Accra 20:20 KL-594
13 (Sat) Mr. ISHIX arrive Amsterdam 07:15
14 {(Sun) Mr. ISHII leave Amsterdam 14:15 KL-967
15 (Mon) Arrive Narita 15:00






Appendix 3  Officials Concerned

. University of Ghana

Br. F. C. Grant Director,
Noguchi Memorial Institute for Medical
Research (NMIMR)

Mr. M. F, Robeiro Secretary, NMIMR
Mr. I. Frempong Chief Purchasing Officer

2, Ghana Water and Swerage Corporation (GWSC)

Mr. E. K. Y. Dovle Ag. Managing Director

Chief Engineer
Mr. P. B. K. Agbettoh - TLegal Adviser
Mr. S. Owusu Principal Hydrogeologist,

Planning and Research Department
Mr. A. D. Gyamfi Drilling Engineer,

) Drllllng Engineer's Offlce (KumaSL)

Mr. N. A. Amoh Chief Tech. Engineer,

Drilling Engineer's Office (Kumasi)
Mr. R. K. D. Van-Ess Hydrogeologist,
: Drilling Engineer’s Office (Kumasi)

Mr. E. Gazé Tse Hydrogeologist,
Drilling Engineer’s Office (Kumasi)

‘Mr. €. Wollschied Project Manager, _
Maintenance Unit 3000 wells {IGIP/GWSC)

3. Water Resources Research Institute (WRRI)
Mr. L. G. Quist Head, Groundwater Division

Mr. G. K. Asiaman Hydrogeologist

4. Meteorolegical Service Department

Mr. S. E. Tandoh Ag. Director

Mr. J. E. Dankwa Ist Deputy Director

Mr. M. B. Yelifari Principal Metedrologist

Mr. A. Lamptey ' Meteorologist, Climate Division

5. United Nations International Children's Emergency Fund (UNICEF)
Mr. J. E. Quarm Project Officer
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Yoshimura
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Counsellor

~ Third Secretary
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Appendix 4  List of Collected Data

1. Rural Water Supply - Use, Abuse and Community Participation

2. Five Year Development Plan (1985 — 1989) for Croundwater - Based
Water Suppl?es . _

3. 1984 Population €ensus of Ghana Preliminary Report
4., A New Geogfaphy'of Ghana

5. Volume VIIT Gedphysical Investigations Final Repoft, 3000 Well
Drilllng Programme in Southern and Central Ghana

6. Volume X Water Quality Final Repdrt, 3000 Well Drilling Programme
- in Soéuthern and Central Ghana ' ' :

7. The Task of Renovation and Operation of Water Supply and Sanitation
in Ghana (iith WEDC Conference Dares Salaam 15 — 19 April 1985)

8. Operation and Maintepance o0f Rural Handpump ﬂater.Supply Systems -
“in Ghana, West Africa (11th WEDC Conference Dares Salaam 15 — 19
-Aprilt 1985) :

9, Organization and Participation in Rural Water Supplies Programme
in Chana (11th WEDC Conference Dares Salaam $5 — 19 April #985)

10, Water Supply for Three pistrict Schemes. Feasibility Studies Vol. 4

t1. Republic of Ghana, Water Supply and Sanitation National Action
Plan Vol. 2 1982 ' :

12, Road Map of Ghana {1:1,000,000)

13. .National Atlas of Gﬁaﬁa (1:1,500,000) River quw

14, National Atlas of Ghana (1:1,500,000) Population Demsity 1921 ~ 1960
15. National Atlas of Ghana (i:i,SO0,00D)‘fhysical

16, National Atlas 6f Ghana (1:1,500,000) Network of Meteoreclogical
. Stations

17. Map (1:62,500) Winneba N.E. Sheet 32
18. Map (1:62,500) Winneba N.E. Sheet 33
19. -ﬁép (1:62,500) Nsaba S.E. Sheet 56
20, Map {1:62,500) Accra $.W. Sheet 59
21. Map (1:62,500) Accra S.E. Sheet 60

22. Geological map of the Acera region ; scale = 1/62,500
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23,
24,
25.
.26,

27.

238,

29.

30.
3.
32,

33,

34,

Hydro Geologiecal map of Ghana ; scale = 1/1,000,000
The geology of 1/4 field sheet No. 32
Mean Monthly and Annual Rainfall Maps, May 1974
Probability Distribution of Annﬁél Rainfall in Ghana, 1973
Monthly Rainfall Data (1975 —1984) o
Legon, Pomadzée, Kwanyako, Salt Pond, Agona Swedru, Akropong Akwapin,

- Aburi, Oyarifa, Ashiaman, Pokoase, Tema

Mean Daily Max. and Mini. Temperature (20 years av,) Data
Tema, Accra

Open Water EvabOrétion - Penman's Method Data Accra (1964 — 1981)

Report on Bacteriological Examination of Water at Gomoa~Fetteh,

Ashonman and Ashaley-Botwe, Jan 1985

Report on Parasitological Results of Water from Gomoa-Fetteh,
Jan 1985

Report on Chemlcal and Bacterlologlcal Exam1nat10n of Water at
Gomoa-Fetteh, Jan 1985

. List of Prices of Goods

Data of Open Market Price
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Appendix 5

Rainfall Data

‘Pomadze Monthlf Rainfall Totals {mm)

| oan.| eEmL | war.| mer.| sav| oow.] gun.| ave. | -see. oct. | vov. | bec.
1978| - - - - - - - - - - - -

76| 6.1| 100.3] sei9| 245.3) 05| ea.s| s.ol 33.3| 6.9] 21.2f s9.2| 2.4

77 38,91 9.1} sn2f|10a.4|1onsi el - | 324 3s.5{103.1] 39.7] 0.0

78| o8| 409 7.7} 12800 126.6 f2a0.2] .9 1.2 | 17.2[150.¢] 1.0]17.8

19| 0.0] 41.6| 72.7 75.9 | 193.8 | 468.1] 98.0| 68.0 | 96.2{153.8|138.2] 42

80| 0.5| 15.5] 34.2| 1746 216.6 | 289.9)105.4] -~ [127.1|115.2] s3.4] 3.3
a1l 7.4 22.9] s5.9 47.8 a0.4 | 163.0{111.4] 61.2 | c0.3| 3s.9] sieof -

332 s.1| 25.7| 52.3 [189.7 190.8 | 420.1 e2.9| 0.6 | 1.5 s0.1| 8.7] 14.3
83| o.0) o.0| 18| o.0li07.5] 559 4.2) 0.0 24.7] 2.0| eri0| -
84| - - - - - - - - - - - -
Kwanyako Monthly Rainfall Totals ()

amn. |res. |mar. |apr. | mav  {oum. |ovn. | aue. | see, focr. [wov. | bEc.

1975 0.0 | es.s]144.d 62,5 17,5 | 162.6[156.7[ 13.2| 14.0| 75.4[225.7] 27.9

76| 0.0 |u0.5{130.1is4:9] 929 | es.1| 20.7| 21.2|  e.q| 67.4|124.2] 419

' 7? 62.3 | 72.s| 65.7 1000} 189.7 | 146.2| 64.2] 23.5| 75.5| 83.2| 38.6]| 38.0

78| 55.6 | 7a.0] 2.7 137.6] 217.6 | 194.0] 15.4| 9.1} 105.3] 25.6]107.0] 53.0

79| 0.0 17.3| 54.2 82.8| 195.4 | 393.4|199.7{ 88.4 | 160.0] 205.4 97.6 1.8

0| 6.6 | 41.7] 83.9)143.8] 282,5 | 147.3)111.8( 86.4 | 18,2 251,7] 60.6| 22.6

o1 [16.5 | 45.5] 90.4' 90.1 | 287.1 | 196.6|184.7] 73,0} 75.8315.2] 40.4] 72.0
82| 13.5. | 39.6{255.6] ea.c| 94.7|204.1f203.5| 96| - -1 - -

‘83| 0.0 | o.0] 4.9 o.0|122.8|160.7{103.5| s.9| 2.6 s9.77145.6] 16.7
84 - - - - - - - - - - - -
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Legon Monthly Rainfall Totals

aan.§ rFes.| mar.| apR. MAY | Junf - JUL. ave.| sep,] ocr. _ﬁbv. DEC.

1975 | 0.12| 2.60 5,65 2,29 3.69] 9.7d 3.11] o.30] o.80| 1.63 2,31 2,09
76| & |62.8 |74.9 |157.7 39,6 | 97,2 23.4 | 0.8 |33.6 | a3 | 30.0 | 8.9
722 pis.2 [11.2 [ssa | es.a | ss.7 | .7 9.6 [18.2 {36.4 |146.5 | 10,2 | o5
o0 - | 3612493173 |107.2] 1704 f1100 [23.0 | 378 L8 | 0.6
79 | 0.0 |11.4 3809 | 31.2 iszie 191.1| 26.9 [42.0 [ = [200.8 [101.0 | 0.0
80 3.3 4.6 [42.9 [168.5 |20a.5 [130.0] 201.7 {62.5 |90.5 56.6 | 40.0 |31.1
8r{2.9 [24.9 |47.0 | 20.3 1914 J175.7 | 129.0 |39.4 [ 79,2 38,0 | 24.6 [22.4
82 |35.3 37.2 [67.8 [113.1 [106.2 [302.0 | 84.27] 3.2 0.2 | 1.1 | 15.4 | 0.8
safo.0| 0.0 [1r | 487 76.2 [1ss.9| - |aa3faro | 17| 357100
st f14.0 | 1.3 Jo0.6 | 66.5 |199:4 | 9.9 198.6 | 6.5 § 76.4 | s5.5 | 17.6 [10.0

Pokoase Monthly Rainfqll Totals {mm)

JAN, | FEB.| MAR. | APR. | MAY JUN. | JUL. | AUG. | SEP. | ©CT. { Nov.| DEC.
1975 19.1 | 47.2] 37.9 | 74.9 120.1 | 269.5 | es.9| 31.9] 45.2| ss.0 [121.7] 42.4
74 0.0|75.0| 94,0 115.6] o1.2[166.9| 6.2| 6.6] 10,5 165,8 | 38.1] 1.8
77 18.8] 48.7[ 55.9| 86.3[150.1 [ 102.8 | 18.8[ 38.4| 28.4 | 122,4 | 15.0] 39.2
7d 6.3 51.6] 74.71103.2] 285.7 124,6 | 18.0) 15.7[ so.2 | s2.3| 74.6] 0.0
7% 0.0[53.9| 41.2| s4.3| 47.6]288.1]103.9] - [127.3 246.6 98.1| - oiq
od 3.6]47.8] s8.9[100.4| 194.6 [ 216.9 | 126.4[114.3 202,01 77.0| 102.3] 24.0
o1 16,4 41.4| 33.0| 30.4 184.9} 240.7 [ 120.0] 39.2| 47.9| 97.1| 91.1] 6.7
81 3.5|s2.7[2e1.3( 37.1) 135.9| 124.8) s2.8| 23] o.0] 16,3 I

83 0.0 0.0f ‘0.0 28.6{ 87.6[133.8] 2.1| 5.4 83.0] 34.5| 32.7 38.0-
84 34.2] 14.6| 42.0 - - 61.7| s2.2{150.8l132.1 123,2] 33.d 1s.0
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Appendix 6 Electric Prospecting Data
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Appendix 6a p - a Curve (Fete)
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Appendix 6a p - a Curve (Fete)
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Appendix 6a

P ~ a Curve (Feta)
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Appendix 6a

p - a Curve (Fete)
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Appendix 62 p - a Curve (Fete)
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Appendix 6a p - a Curve (Fete)

(o)

10 [ I LJ

5004

o
R
N~
L~
-t
o
3

250 ' dyie? ! 25 30

A-24



Appendix 6a p - a Curve {(Fete)
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Appendix 6a p - a Curve {Fete)
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Appendix 6a D — a Curve (Fete)
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Appendix 6a p - a Curve (Fete)
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Appendix 6a p - a Curve (Fete}
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Appendix 6a p ~ a Curve (Fete)
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Appendix 6a p - a Curve (Fete)

. L] . X
200 . * .
100 .
SO" .. . ] .'l
* s esa® X
>
'20..
{n-m)
1 3 2 L 50
a tm
240 24 a7 | m
A
2001 B
1001 .
50 . .‘.‘
* [ ] .. * )
20 .
x
LRy |
i > g 0 0 50
a ()
210 14 - 136 .

A-31




Appendix 6a p -~ a Curve (Fete)
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Apﬁéndik 6a @ --a Curve (Fete)
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Appendix 6a p - a Curve (Fete)
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Appendix 6a p - a Curve (Fete)
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Appendix 6a

0 ~ a Curve (Fete)
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Appendix 6a P - a Curve (Fete)
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Appendix 6a p - a Curve (Fete)
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Appendix 6c p - a Curve {Ashonman)}
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- Appendix 6c p - a Curve (Ashonman)
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Appendix b¢

p - a Curve (Ashonman)}
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Appendix 6c p - a Curve {Ashonman)
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Appendix 7. Pumping Test Data

pata of Pumping Test (Recovery Method)

: , Date 27 May 19285
. Time (minute) : )
- Static Water Level 8.97m
Start from| Stop after T -
Pumping -Punping log (t/t') | Water Level: Residual |
(t) (e*)y from Ground SurfacelDrawdown | Remarks
21 5 0.62 19.5 10.53 | 0=0.18
: — - m>/min
26 10 0,41 16.5 7.53
1 15 0.32 15.0 . 6.03
46 : 30 1 0.8 11,88 } 2.91
76 ‘ 60 | o0.09 9.%0 0.93
136 120 - 0.05 : 9.18 0.21
196 180 1 o0.04 9,10 0.13
12
L ] : B
lo . ) T= 01!535)( 0.1& KLOQ (“Av)
- 0183=018 x056
10
S 8 1 ’ 3
() = 184 x107 (Mhin)
6 - .
4 .
2> J
-
'. 7 F T ¥
0 02 04 . 06 08 10
LogCtp
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Draw down (m}

pata of Pumping Test (Drawdown Method}

pate 15 June 1985
Tire (min.) Diameter -
2r = 20.32ckm | Static Water Level 8.66 m
N r2/t Water Level Residual
. from Grouad Surfacé { Drawdown Remarks
_ ” ) .
2 5,16 x 10 9.0 0.4 ¢=0.0575
— — {mn3/min.}
4 2,58 x 10 9.7 1.04
6 1.72 x 1677 10.3 1.64
3 1.29 x 1077 16:3 1.64
10 1.03 % 107° 10.5 1.84
12 8.60 x 1073 11.7 3.04
14 7.37 x 107 12.0 3.34
16 6.45 x 10°° 12.0 3,34
26 .97 x 10~ 13.0 4.38
34 2.95 x 1079 13.66 $.00
50 3.06 x 1077 14,47 5.81
60 | 172 x 107 14,70 6.04
Jacobs Method
] o
2 4 eis? ;
0 Theiss Method
> 51 e eh oo
= Malch point
Tea,
4 T ' “\
€ 2 o
5 o "N
10' “\
6 - )
051
¥ T .‘
T ¥ ¥ ¥ ¥ T il T T
2 5 10 20 SO 100 10t 2 5 100 2 5 107
Time (minute) : ‘ ( 5'/{')
T- 230 _ 23 x00575 _QxWwn . 00575%30
4n-as A x45 4ANS~ T 4x X S50
= -3 m. + : ‘ <3
233 %107 (Wrin) = 275 x 10" (Mfin)
. ATy 4x275210%30x10"
S 1 50x 1074
= 650x 10"
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Data of Pumping Test (Recovery Method)

Time 7(_minu.te) I?ate 15 June 1985
o Static Water Level 8,66 m
Start from| Stop after
Puniping Pumping log (t/t*) | Watexr Level Residual
{t) : (t')_ from Ground Surface} Drawdown | Remarks
61 Y 1.78 14.1 5.44 0=0,0575
(m3/min)}
62 2 1.49 12,99 4,33
66 6 1.04 11,91 3.25
70 10 0.85 11.58 2.92
75 15 0.70 10,90 2.24
90 30 0.48 9,93 1,27
120 60 0.30 9.35 0,69
150 .90 0.23 9.18" 0.52
180 120 0.18 9,10 0.44
T = 083 XSO(}S?S » Log (l'-/{.)
- 0183?(00575 %2033
: 3
= 347 x10° (Wi
8
S
(m>
[ | L T L} 14 T ¥ ¥
4] 02 04 06 4} 10 i2 14 16 18
Log (44D
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Draw down {m}

Data of Pumping Test (Drawdown Method)

Time {(min.] biamétet Date 1‘.’. June 1985
2r=20.3260 1 gratie Water Level .93 m
N rzlt Water Level Residual ‘Remarks
from Ground Surface Dy awdown
_ -2 * s}
1 1.03 x 10 10.47 © 0.84 _
3 3.44 x 1073 10.85 1.22 §=0.0515
=3 ‘ (m3/min}
5 2,07 x 160 11,35 2.92 .
7 1.48 x 1073 11.76 2,13 *Ground
=3 . Surface
9 1.15 x i0 12.35 2.72 30 70
il 9,4 x 107° 12.37 2.74
15 6.9 x 1079 12,61 2.98
21 4.9 x 1074 1321 3.58
n 3.3 % 10°° 14.13 4,50
45 2.3 x 1074 14.77 5.14
59 1.8 x 1071 15.16 5.53
75 1.4 x 10'4_ 15.53 5.90
89 1.2 x 1077 15.76 6.13
119 8.7 x 107> 16.25 6.62
o Jacobs Method -
| ]
2 R
0 Theivs Method
3 .
g | ---.,,y:tch Point
i T
~ b LW
Eq ] .
5 "’ s
1 e
6 1 e
7 T ¥ 1 } T L] L) ¥ ) I_' £}
t 35 0 20 S0 100 20 10 10 10"
Time Cminuted {4) '
T= 239 |, 23%005725 _ Own o 005152420
4mn-aS 4Tl x 345 T 4N X 58
) - :
= 305x10° (Phin) = 372 %10 (Wi
ATy 4x372x107%5a10”
S 1) 15 x 10
= 124 x 107
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(m)

Data of Pumping Test {Recovery Method)

Time (minute) Date 17 Jm.'!? 1985
- . - Static Water fevel 8.93 m
Start from | Stop after —
Pumping Pumping log {t/t*) | Water Level _ Residual Remarks
13] {t") from Ground Surface] Drawdown
121 1 2.08 15.68 6,08 Q=0.0575
e — (m3/min]
122 2 1.79 15.20 5.57
123 3 1.61 14.69 5.06
125 5 1.40 13.82 4,19
126 s £.32 13.46 . 3.83
R 1
130 10 1,11 12,61 2.98
141 21 0,82 11.42 41,79
150 30 0.70 16.78 1.15
180 60 0.48 10,29 0.66
210 a0 0.36 10,09 0.46
240 120 ’ 0.30 9.99 0.36

T= 0183;0575 xLog (L)

= 0183 gO,ﬁ?S X018

=379 x10" (Mfin)

’
10

Log (4D
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Draw down ¢

Data of Pumping Test (Drawdown Method)

Drameter Date 25 Juhe 1985
Time(nin}} 2r = 15.0cm Static Water Level B.86 m
r réft watei’ Level Résldual Remarks
from Ground Surface | Drawdown
-3 * sy )
2 2.8 x 10 11.33 1.3 0=0.0146
3 {m3/min)
4 1.4 x 10 12,07 z.11 .
- 3 - *Ground
6 9,38 x 10 13.48 3.52 Surface
+1,10m
8 2.04 x 107* 14,65 4.69
10 .63 x 1077 14.46 4.50
12 4.69 x u_i“_" 14,57 4.61
15 3,75 x 1077 15.35 5.57
18 3.13 x 10! 15.25 5,29
21 2.68 x 1071 16.32 6,36
26 2.17 x 10 Y 17.39 7,43
16 1.56 x 1077 20,88 10.92 -
a6 1.22 x 1077 25,48 15,52
56 1.01 x 1074 38,23 18.27
60 8.38 % 107> 28,03 18,67
o Jacob's Method
2] - Theiss _Method
eiss Me
4 . 20 L
G 4 AS * . *
8 A 10‘ \t‘
10 — ..‘t.‘ .
12 . E g4 -‘xﬁ;’:@t‘(‘th Point
t4_ W . “.‘
16 . 2] .
18 “
L] L3 T L3 7. L A 1 L3 Li L L '
i 2 5 10 20 50 100 o* 2 .3 1¢° 2
Time ¢minutes (%)
T= 239 .. 0183 x00146 T“ OWu _ 00146x18
4n-as a1 4RS 4N % 52
- . -4 .
6.51 x 10" @sin) = 402 x10"* (%4
S“ 4Ty _ 4x402x10"%10x10"
GO 40x107
= 402 x10?
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Appendix 8 Standard of Water Quality
WHO - Highly GWéC -~ Max. | WHO - Max. GWSC ~ Max.
Parameter Desirable Acceptable Permissible | Allowable
Temperature - - - -
Odour o vo vo Uo
Turbidity 5 5 25 25
Colour 5 5 50 50
PH 7.0 - 8.5 7.0 - 8.5 6.5 - 9.2 6.5 - 9.2
Conductivity - - - -
Aggr. COy - - - -
Total Hardness 100 - 500 -
Alkalinity 80 0 400 -
Nitrate 45 - 50 45 100 45
Chieride 200 200 600 600
Flouride 0.7 1.5 0.8 1.5
Iron 0.1 0.3 1.0 1.0
Manganese 0.05 0.1 0.5 0.5

U0 = Unobjectionable
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Appendix 10 Data of Construction Cost
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Appendix 10a

Construction Cost Data,; Open Market™ (June 1985)

Unit
Cement Bag
Iron Reod Ton
Stone (3/4") Ton
Stone (1 1/2"™) Ton
Sand Ton
Sand C.Y.
Timber c.ft
Binding Wire {coil) kg
P.V.C. (6" x 10'0")
P.V.C. (4" x 106'0")
Carpenter
Mason
Operator
Driver
Steel Bender
Welder
Labourer
Electrician
Plumber
Surveyor
Foreman
Labourer Head
Concrete (240} cM
Formwotk SM
Blinding Concretez (2") CM
Screeding M
Plastering SM
Excavation (Soil) cM
Excavation (Laterite) cM

CM

Back Filling

A-62

at Accra (¢) at Fete (¢)
400,00 500.00
84,000.00 95,000,00
2,200.00 2,500, 00
1,920.00 2,000.00
500.00 $80.00
900.00 1,200.00
800.00 920.00
12,000.00 12,200.00
5,000.00 5,200.00
4,500.,00 4,700.00
134.24 184,24
134.24 184.24
134.24 184,24
134.24 184,24
126.30 176,30
126,30 176.30
121.94 171.94
134.24 184.24
134, 24 1864.24
134,24 184.24
194.78 264.78
124,94 174.94
10,300,00 10,450.00
600. 00 620.00
550.00 600.00
565.00 585.00
250.00 260,00
500.00 520.00
1,200.00 1,320.00
200,00 240.00



Appendix 10b

‘Price Schedule (April 1985)

for 1 No., 6" Borehole, Dept

1) Labour Cbst

Crew Wages & Salaries for 6 Weeks

Overtime

Night Allowance

20%7 Housing Allowance
127 Social Security
Other Allowances

2) Material Cost :
Galls Diesel 0il

500 @80 p/fgal

4 Galls Engine 0il @500 p/gatl

2 Galls Kerosene @50 p/gat

5 Ibs Crease @48 p/Lb

6 Ibs Cotton Waste @45 p/fLb

1 No. Wire Brush @3s0

1 No. Hacksaw Blade @xgo

4 Lengths of 6" P.V.C. Pipe (Plain) 36,000 p/L
. 2 Lengths of 6" P.V:C. Pipe (Slotted) @7,000 p/L
~ 5 No. 6" P.V.C. Couplings @500 each

1 Tin Tangit Cement @2,500

2 No. 6" Plugs @600 each

4 Cub Yrds Filter Media @2,000 p/Cu yd

4 Bags Cement @435

Cost of Stationery
Cost of Use of Rig

3) Transport Cost

Use of 7 Ton Truck for 14 Days
Use of Pick-up for 3 Days
Moving 15 Ton Rig for 2 days

4) Pumping Test & Water Analysis

SUMMARY

‘Labour Cost
Material Cost
Transport Cost

Pumping Test & Water Analysis

15% Corp. Charges

@5,000 p/dy
@2,500 p/dy
@5,000 p/dy

sub-total

GRAND TOTAL

h 30 m (Approx.)

55,900.00
24,750.00
63,750.00
11,200.00

7,300.00
13,100.00

¢ 176,000.00

40,000.00
2,000.00
100.00
240.00
©270.00
350.00
100.00
24,000,00
14,000.00

2,500.,00 " °

2,500.00
1,200.00
8,000.00
1,740.00
- 1,000.00
20,000.00

¢ 118,000.00

70,000.00
7,500.00
10,000.00

¢ 87,500.00

¢ 30,000.00

176,000.00
118,000.00
87,500.00
30,000.00
¢ 411,500,00
61,700.00
¢ 473,200.00
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Appendix 10c

Earth Work:

Concrete Work:

Plastering Work:

Sub-total

Contingency

Total

Overhead

Grand Total

ITreanm Quantity
Preparation Work 1 L/S
Excavation 4 w3

Foundation (Cobble Stone) 1 m3

Cement Concrete (1:2:4) & w3
Form Worl 14 m?
Iron Rod 11 w2
Plastering (1:3) 7.2 m?

A-b4

Price Schedule for Platform Construction

Unit Amount
Price ()

© 3,000

600 2,400

5,500 5,500

13,650 54,600
750 10,500
900 9,900
400 2,880

88,780
19,500

108,280

25,000

..... ¢ 133,280.00



Appendix 11  The Letter from Chief of Fete

NANA ABOR EWUSI XIX

Twafohens Of Goutoa Agmpun Tladltlonal Araa

Ohene of Fetteh
Your Ref Abeafic
) ' P.O.Box 1
My R No. NANA AR BISI X1 X/GF.001 /85 Gomea thcg

July 10, 1985,

Dear Gir,

GUR SRATELL TA S

I, the undersigned, my elders and the enilire cilizens of Coroa Petteh in the
Cential Region of the Republic of Grara, do hereby eypress our grateful thankfulnsss
10 the vhole tean of the tm{;,'\:chi Institute of Japan, for the most remarkable work dor -
done to us for the building of a Healtnh Contre and the rostoration of good drirking
water t‘or the entlre populace of the hwn.

we stiil nsed three (3) rore tore holes, w*uch we tope will be most benehcial

16 us and we do anhmpate your co-operaticn to that efl‘e:,t.

ha.nk !.he Govermment of Japan, and wa do cherish that the name of

wWe do b
mJ AP AN, ®wiil ever remain in the iips of ths presmt sericration of Comod

Fetteh, and onr chlldren yet untorn, ft is 2 lime lit,.at of never Yo be foryst en
history to us, a '

T!’\an‘(ing you nost sincrely for your unflme'ﬂz g eo-operation at all tires,

Yours ve faithfully
% :
*

IR R XS NN nedasddsssgpansstygyesnss

A ASOR  EAISY ALK,

THE DIRECTOR,
THE MWFICHT HEMICAL RESTARCH 1ESTITUTE,
LACCRA ) '
ccy r. The prbassudor,
Japan Babassy in Ghana,
.0, Box 1637,
Acciz,
2, fhe civil pngineer,
he Maguchi Medical
Reaearch Insiitute, Acera,
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