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PREFACE

In response to the request of thé Government of the Republic
of Ghana, the Government of Japan has decided to conduct a basic design
study on the 15140'Ject for Rural Water Supply (Phase-II} and entrusted the
study to the Japan International Coo;ﬁeration Agency (JICA). JICA sent to
Ghana a survey team headed by Mr. Akira KONO, First Africa Diviéion, Middle
'Eastern/African Bu'reau, Ministry of Foreign Affairs, from November 26 to
December 17, 1989. | |

The team exchanged vie'ws with the officials concerned of the
Government of th'e Republic of Ghana_ and conducted a field survey at the
Project Site. After the team returned to Japan, further studies were

made and the present report was prepared.

I hbpe that this re;io_r_'t will serve fOr the development of the
Project and contribute to the promotion of friendly relations be_twéen our

two countries.

T wish to express my sincere appreciétion to the officials con-
cerned of the Government _of the Republic of Ghana for their close cooper-

ation extended to the team.

March, 1990

Kensuke Yanagiva
President
Japan International Cooperation Agency
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SUMMARY

The Republlc o:f Ghana (helemafter referred to as Ghana) lios
almost in the center of the countries along the Gulf of Guinea (the West
Africa Coast), baving a national land area of about 239,000 km® and a
population of about 13.6 million (as of 1988).

‘The Ghana Water and Sewerage Corporation (hereinafter abbrevi-
ated ae CWSC) .under the Ministry ‘of Works and Housing (MWH) is re3ponelble
for Watez supply admuustratlon and for development of water supply to
both urban and rural areas, sewerage drain/treatment, the operation and
maintenance of the related facilities and organization, and so forth.

GWSC has formulated the administrative standards to supply
water by pipe- borne water supply system Tor the urban towns with a popu-
lation of more than 2,808, by borehole facilities" ‘equipped w1th hand-pumps
for those communities w1th a popnlatlon between 500 and 2,000, and by pro-
v1d1ng ponds ‘or. hand- dug -wells for those commumtles with a population
less . than 3@8. GWSC | has been admlmstermg 208  water supply: eystems
Lhroughout the. countrv to supply water for about 4 @ million urban people,
approxmately 38% of the total population of 13.6 million. While for the
rural . population, whlc,h conprises 65% of the total population, only 40% is
provided with water. It means dbout 5.8 million rural people do noi have
access to good drinking. water. -

: In 1985 the Government of Ghana formulated and. launched the
"Plve~year Rehablhtation ‘and Development Programme (1985- 1989)" under the
'Natlonal Economrc Recovery Programme (ERP) to rehabilitate the. existing
facilities and to develop the rural water supply systeme Under the. condi-
tion, GWSC requested the Government of Japan, through the Ministry of
Finance and Economic Planning of Ghana: (M]“EP), to provide. a .grant aid
Wthh places the key points on -the: provision of eqmpment and materials
for the . rehablhtatmn of time-worn water supply facilities and the con-
struction of borehole fd(,ihtles Then, Japan International Cooperation
Agency (JICA) conducted a Basm Design Study based on the decision of the
Government ('I‘he Project. Phase I)

: - The Government, of Japan, with respect to the result of the
_.Study, deeided to cooperate in the Rural Water Supply PrOJect whlch will
constrict 466 borehole.faciht_ies_m 147 . communlt_les. for a rurai populdtlon
of 205,800 at Nanumba '(‘\Iorthern Region), Berekum/Jaman .(Brong .Ahafo - Re-
gion), and Sefwi-Wiawso  District - {Western Reglon) In fiscal 1986, JICA
‘executed grant aid of 889 million yen for the Project’ including provismn



of drilling ri'gs, construction equipment and materials, as well as consult-
ancy .and expertise services for 128 out of 159 borehole facilities with
hand-pumps  to be ¢onstructed in Nanumba District, Northern Region. After
the completion of Japanese cooperation, GWSC continued the Project works
and thus completed 159 borehole facilities with hand-pumps in Nanumba.
Thereafter, GWSC has removed the base camp to Jaman District, one of the
remaining Project Are'as, to initiate the borehole drilling at the area.

Recently, ERP has been - shifted to its phaqe Il stage.  On the
occasmn GWSC has formulated the "8000 Drilled Wells Programme" (1987~1991)
under the new national pollcy to plomote the extension of the rural water
supply syslems, and launched the Pr Qgramme w1th pO‘-Sllee ‘international
assistance and NGO's activities.

. Thus, the Government of Ghand again 1'equested grant ‘aid from
Japan " for the Phase-II ProJect ‘to construct the remaining 387 borehole-
facilities in the said two areas mgently ' In response to the request, ‘JICA
sent. a Project Formation Study Team to Ghana - 1n April, 1989_ Lo -examine
the contents of the request. Based or_1 the Study, the Government of Japan
decided to conduct thé basic design study on the Project Phase-1I. Based
on the decision, JICA dispatched a Basic Design Study Team to Ghana from
26th November to 17th December 1989. The Study Team held a series of dis-
‘cussions on the contents of the 1-equcst wu,h ‘the related officials of the
Government of Ghana, conducted field inspections in the PrOJe(,L dreas, and
collected data/information concerning the Pro_]ect

The Study Tean, dfter returmng to .Iapan, conducted the Bamc
Design Study on water supply and facility plan‘; selection of equ1pment and
materlals, estimation of the Progect cost, 0&M ' plan, et(,, as well as the
examination of the Project based on the field survey The plan is ‘Summa-
rized as follows; - :

- Qutline of the Plan : .

To construct 307 borehole fac111t1es with hand pumps for -~ the

five districts in Brong Ahafo and Western Regions to improve the

rural water supply conditions (.}apan cooperat,es 1n construction of
166 borehole facilities). : :

Major dimensions of the borehole fa'CilitieS'are’ one facility per

400 population, 15 lcd of water demand, 6080 ~ lit/day of standard

withdrawal, = 36e lit/hr of minimum successful yield, and average 56m -

of borehole dep‘ch - : S

- The Project Areas: : : :
The Project areas and planed borehole facilities are shown
below. ‘ SR - ' Sl

-ij-



Project Areas . Former* | Boreholes éggggism
Berekum ' © - 43 -
Jaman Berekum/Jaman 100 83
juabesd—Bia . 89 11
Sefwi-Wiawso Sefwi-Wiawso 12 72
Bibiani-Anhwiaso-Bekwai 3 -

- Total : : 307 166

* : subdivided into five districts in 1988,

- Equipment and Materials: '
(A) for borehole construction

a. Spare parts for Phase-I equipment LS

1
b. Rotary drilling rig 1 unit
¢. Alr-compressor 1 unit
d. Supporting vehicles 1 LS
e. Borehole test equipment 1 L5
f. Siting equipment 1 LS
- g. . Hand-pump . 353 units
h. Casing and Strainers 118
(B) for District Maintenance- Centers _
a. Servicing rig "3 units
b. Motorcycle 9 units
¢. Workshop tools 2 sets
d Spare hand-pumps and parts 1 L8

Expenses to be borne by the Ghanalan government are estlmated
at 25 mllhon yen. The implementation of the Pro,)ect will take 3.5 ‘months
for the detail design and 12 months for the cooperation on the borehole
construction.

The dlrect henefits . generated from the Project are 1) to alle-
vmte the heavy burden of medical expenditure of the rural inhabitants
-through mltigating the high occurrence rate of water-borne diseases, in
particular, infant mortality by digestive discase, 2) to remarkably alleviate
the heavy burden of women and children for water fetching, and 3) to
stabilize and. raise the level of rura] life. Furthermore, the equipment to
be procured u_nd_er the Project will be sufflclently operatlve after com-
pletion of the Project.  The effective operation of the equipment, as well
as the latest technology and knowledge to be. transferred through the
Project, will help to realize the improvement of rural water supply in the
country. = Thus, the Project should be quite feasible as a Japanese grant
aid programmne, ' '

-iii-



: For the r~:uc<‘essful 1mplemenLdLion of this PrOJecL,- it is recom-
mended that the Ghanalan authorities concerned pay attention to the fol-
lowing points; l) the eqmpment and materials to be pr ocured and supplied
by Japanese grant aid should not be concur rently used in any other works
than the subject Project umntil its completion, 2) the proposed 0&M staffs
tor the facilities should be engaged in the construction works as much as
possxble, 3) -the PrOJect beneficiaries should be educated on public health
as early as possible, 4) the Ghanaian authorities concerned should consider
to establish and extend the Village Level Operation and Mamtcnance (VLOM)
Programme as early and efficiently as possible and so forth.

=i
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CHAPTER 1. -I_NTRODUCTION '

The provision of good drinking water for the Ghanaian population is
-a major social’ and health objective of the Government. The Ministry of
Works and Housing (MWI) is responsﬂ)le f01 the administration of the water
sub-sector while the Ghana Water and Sewerage Corporation (GWSC) is re-
sponsible for the development and distribution of pipe-borne and other
sources of good drinking water th_roughout the country.

In 1985, the Government of Ghana formulated and launched the "Five-
yvear Rehabilitation and Development Programme (1985~ 1989)" under the Na-
tional FEcoromic Recovery Programme {ERP), to rehabilitate: the existing
I‘amhtles dnd to develop the rural water supply systems. Under the condi-
tion, the GWSC requestod the Government of Japan, through the Ministry of
Finance and Economlc Planning of Ghana (MFEP), to provide a grant aid
which pla(,ee the ‘key points on the prov151on of equipment and matorlals'
For the rehabilitation of the time-worn: water supply fac1lities and - the.
construction of boreholé facilities. ' The Government of Japan, in response
to the request decided to conduct -a basic design study on the Project,
and entrusted the study to the Japan Interpational Cooperation Agency
{(JICA). <The Progeot Phase-1>

The Government of Japan, with respect to the result of the Study,
de(:lded to cooperate in the Rural Water Supply Project ‘which intends to
construct . 4668 borehole fac111L1es at Nanumba (Northern Region),
Berekum/Jaman (Brong Ahafo Region), ~and Sefwi-Wiawso District (Western
Region). In fiscal 1986, JICA ‘executed grant aid-of 889 million yen for the
Project including provision of drilling rigs, construction equipment and
materials, as well as consultancy and expertlse services for 120 out of 159
borehole facilities to be constructed in Nanumbd District. After the
completion of Japanese cooperduon, GWSC  continued the Project works
ceaselessly and completed 159 horehole facilities in Nanumba under its
“direct management.

" Recently, ERP has been shifted to its phase-II stage.  On the occa-
-sion GW‘%C has formulated the "6000  Drilled Wells Programme"” (1987 1991)
under the new national policy to promote the extension of the rural water
' -supply systems, and launched the Programme recelvmg positively the inter-
na,l,lonal assistance and NGO's activities. ‘Thus, the Government of Ghana
again requested grant ald from Japan for the Phase-11 Progect to construct
the remaming 307 borehole facilities in the said two areas urgently

Responding to the request, JICA sent a Project Formation Study Team

-1~



to Ghana to examine the contents of Request.  And based on the Study
Report, the Government of Japan decided to. conduct a basic design study
on the Project Phase-II. Based on the decision, JICA dispatched a Basic
Design Study Team headed by Mr.A. KONO, First Africa Division, Middle East-
ern/Africa Bureau, Ministry of Foreign Affairs, to Chana from 26th November
to 17th December 1989. o

The Study Team held a series of discussions on the contents of the
request with the related officials of the Government of Ghana, conducted
‘field inspections in the Project areas, and collected data and information
Concerning the Project. The matters basically agreed upon with the
Ghanaian party through. the discussions"ai‘e contained in the Minutes of
Discussions dated 12th December 1989, signed by Mr. A. KONO, Leader of the
Study Team and Mr. T.B.F. Acquah, Managing Director, GWSC.

. After their return to Japan, the Study Team carried out. a feasibility
study of the Project, designed water supply facilitie's,.__se}ected cequipment.
and materials necessary for the implementation of Project, made a prelimi-
nary estimate of Project costs, planned the operation and maintenance and
'so forth, based on the survey. ' '

- This report describes the results of the above-mentioned serial basic
design studies. List of the Study Team, Itinerary of the Team, List of
related Organization and Off_ici'als, and cﬁopy of the Minutes of Meeting are
attached to the Repoi‘t as. Appendix 1, 2, 3 and 4 respectively.



CHAPTER 2 " BACKGROUND OF THE PROJECT

2-1. Backgroﬁnd of the Project

~'The lack of potable water supply to such a large population of
the rural communities (65%) adversely affects the health and quality of
life of millions of rural dwellers, and hence their economic produet1v1-
ty. The importance of potable: water supply in national socio-economic
development cannot be over-emphasized. In Ghana, where approximately
78% of the entire population live in the rural areas, which are also the
centers of agricultural produc'tion, the health of the rural dwellers is
the wealth of the nation. '

It is therefore in the interest of national economic growth,
among ‘other things, that potable water be made available to -as many
more rural communities as p0551b1e within .a reasonable period of time.
Approximately 60% of the rural population of Ghana: does not as yet have
access to potable water. Their sourcés ‘of water melude streams, ponds
rivers, etec., which are invariably polluted and hence lead to a high
incidence of water-borne and water-related diseases such as guinea worm,
cholera, diarrhea, sch13tsom1asls, malaria, and other endemic diseases.
Agrlcultural productiwty is impaired and the national medical expendl—
ture increases as a result of these diseases. Useful man-hours ' and
enorgy are also.wasted in traveling long distances to fetch water from
the streams and. rivers. It is foreseen that these efforts will require
an accelerated programme of the magnitude such as to cover 5.9 million
rural people within the s_hortest possible time.

* Thus, the prov151on of good drmkmg ‘water for the (Jhanalan
populatlon is a ma,;or social ‘and health objective of the Government.
"The ‘Ministry of Works and Housing (MWH) is responsible for the adnums— :
tration of the water sub- sector while the . Ghana Water and Sewerage
'Corporation (GWSC) is reeponsﬂ)le for the development and distribuuon of

~ pipe- -borne and other sour(,es of good drmkmg water throughout the
country. Figure 2-1-1 and - 2-1-2- show the orgamzatlons of GWSC Headquar—
ters and Area/Regional Offices. :

GWSC recognizes the aforement'ioned severe situation of the
.rural inhabitants and has thus proposed two major rural water supply
programmes, namely :

(i) 16,9% Hand Dug—well Programme,:'d'ubbed "Operation Dry Throat"
for small rural communities with a population below 500.
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(11) 6,000 prilled Wells Programme, referred to as "Operation Spar-
kling Oroundwater" is aimed at providing potable water to
communities within the population range 566 - 2088,

:The two prégt -ammes are intended to bridge the gap in water
supply coverage between the urban and the rural areas. The latter is
seen as a continuation of the Cmporauonq broad strategy for meeting
the total demand of the populatlon range 560 - 2,000 with- ptowsmn for
258 - 300 people to a well, along one of the highest priority national
project; "Rural Water Supply Scheme II (WTR 008/86)" under Public Invest-
ment Programme (PIP)

"6pe0 Drilled Well Programme” has been initia'ted widely and -
positively, l'ecewing the mtematlondl assistance and non-governmental
assistance activities shown in Table 2-1-1 and I-1gu1e 2-1-3. The Project
Phase-1 was assigned as a component of the Programme, and the request
‘for the Project Phase-II has also been done to further promote the
Programme. :

2-2. Outline of the Reguest

The request of the Covernment of Ghana to Japan on .the
Project was made through MFEP. in April 1989. By the letter, the re-
quest was consisted of' supplemenéal borehole construction materials,
equlpment and tools for District Maintenance Center, additional drilling
rigs (percuss;on type rigs) and consultancy/expertlse services with
construction materials.’

The details of the requested equipment, materials and services
. are shown .in Appendix-5 at the end of'the ‘Teport.

On' 24th May 1989, GWSC sent a letter to JICA with a revised re-
-quest on the Pr03eci. in response to the discussions with and recommen-
dations by the Pro,]ec,t Formation Study Team sent by JICA in April.
The major item rev1s__ed.. in the request was. changing the type of drilling
rigs from a percussion type 'Lo a rotary. 'type The latest list of
equipment and materials requested by the letter is attached as. Appen-
dix-6, and further, the comparison table- of the requests and the re-
sults of the study is bhown as I‘able 3 2-1 (next Chapter, section 3-2).



Table 2-1-1

6000 DRILLED WELLS PROGRAMME

IMPLEMENTATION SCHEDULE

No. of Wells to be Drilled

BPT
ADRA
WL
JICA
CIDA
VDP
CCCE

OTHERS

“project in Brong- Ahafo)

Ty oy b1 1t

“Baptist Church

-Adventist - '
World Vision (Ghana) Internatlonal
Japan ‘International Cooperation: Agency
Canadian International Development Agency
Voradep
Caisse Central de Co-operation Economlque
Include Unicef, Danish, Dutch, Romania etc.

6-

REG ION — _ - TOTAL
1987 1988 1989 1990 1991 B
Ashanti 40 40 80 B0 200
_ RCC RCC RCC RCC | o
Brong-Ahafo | 225 170725 50725143 50/25 50/25 788
RCC. RCC/UVI RCC/WVIZIICA  RCC/WYI  RCC/WVI
25 25 25 25
Central WVI WYyI - WVl WYI
" 300 300 300 1,000
 CCCE CCCE CCCE - _
30 25. 50/25 50725 -25
_ RCC wyV Il RCC/WYT  RCC/WVI WY I
Fastern : — - 1,000
256 257 257 |
Greater 20 25/10  25/17- 25 25 147
Accra WYL WYI/ADRA WVI/OTHERS  WVI WYI
156/30 90/-100/56/25 100/25/50739  100/25/50 25 865
Northern RCC/JICA JIC:\/CIDA CIDA/WYI CIDA/NYL VI ‘
BPT/WVI BPT/JICA BPT
Upper East/ 85 0 40 35 210
Yest RCC RCC : | -
10 95 95/82  15/82 . 15
W1 WV I CWYI/JICA WVI/JICA WY
Hestern . = 882
203 203 202 :
24/120/8 25 25 35 25 _
RCC/VOPZWYL CWYT BVI : WVl WYT ‘ :
Volta 1,000
249 249 250
 ToTAL 758 705 1,814 1,611 1,234 6,09
NB:  RCC —;Cathollc Church (1nc1ud1ng Wench v1llage yater




Figure 2-3-4. INTERNATIONAL COOPERATION_IN GHANA
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2-3. Outline of the Project Areas
2-3-1. Soclo-economic Situation

Admlnlstratwely, the Project area of the former Betekum/.]dman
DlStl‘lCt ‘in Brong Ahafo Regmn was sub-divided into two districts as
Berekum and Jaman Districts, and the former Sefwi- -Wiawso District in
Western Region was divided into following three districts in 1988
Juabesb-Bia, Sefwi-Wiawso and Bibiani-Anhwiaso-Bekwai Districts.

The land of Ghana can be divided into '11_ geographical regions,
and they are also socio-economical regions coincidentally (refer to the
- figure 2-3-1). '

The first Project area, the former Berekum /Jaman District,
belongs to the "Cocoa Forest® region. As the name implies, the region
is the chief producer of the country's most valuable cash Cr'op, COCea.
The region is roughly the shape of a rectangle, and lies across the
northern half of the main forest zone, with its long axis in a south-
east-northwest p051t10n The area includes portions of Eastern Region,
" Central Region, Ashanti and roughly the southern two-thirds of western
Brong Ahafo (see Fig.2-3-1).

0f the primary economic act1v1t1es in the region, cocoa cultiva-
tion is by far the most 1mportant Besides cocoa, the region is also
well known for its cola trees, which yield another = of the country's
agricultural exports, "cola nuts". Other cash crops in the region are
rubber, coffee, tobacco and jute, while the lower end of the reg1on is
the domam of the oil palm tree, which elther grows wzld or is cultivat-
ed, because of abandant rainfall, fertile soils and favorable landSCdpe
{(see the flgure 2-3-2).

H‘owevel, the target Project area, the former . Berekum/Jaman
District, which belongs to this rather b}essed region, is situated at its
northwest end where it is mostly mountainous area bordermg with the
Republic of Ivory Coast, and has been left in a low socio- economlc
condition. :

The second Project area, the former Sefw1—Wiawso Dlstrlct'
belongs to the "Pioneer Fringe" (see Fig. 2-3-1). The: region lles bhe-
tween the Southwest and the Cocoa Forest regions, a- broad ‘belt ‘of
mountainous or hilly land stretching in an arc from northwest to
southeast. The name Pioncer Fringe itself suggests that ‘the regio'n is



little developed and 1t is thl.s general lack of - economlc development
which fTorms the most unporta.nt, characteristic of the region. Others
are the small number of roads and other means of communication, the
small number of towns or large settlements and the generally low
population density. The region is still being opened up.

Figure 2-3-2
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Recently, as eommumcatlons 1mproved 8¢ cocoa farmers moved
in. .Besides cash’ crop farmmg the only major oceupatmn in the region
is tlmber logging. Many the large timber coneessmns in the closed
‘forest are located in the region. Dunkwa, Wiawso, Mim are developed as
' the centers for tmbcr 1ndustry and commumcatlon

Juabeso -Bia, Sefm Wiawso, ‘and Blblam Anhwxaso -Bekwal Distr 1cts
are situated at the west end of this pioneer.fringe, also bordering with
Ivory Coast. The dlStI‘lCtS are still in far low sociceconomic situation
anong the other districts in such  generally little developed pioneer
fringe, mdinly ‘because of its geograplucal situatlon.



2-3-2. Physical Environment

The wide Brong Ahafo Region ‘extends east-west and covers the
Forest Dissected Plateaux and Savanna High Land at its western part
and the Volta Basin at its central and eastern parts.

Berekum and Jaman Districts are In the mountainous western
margin of the Region bordering Ivory Cast. The area Is included in the
"Rain Forest Dissected Plateau" climatically and . physiographically. The
plateaux with ‘elevation from 300 to 66@m above sea level are strongly
dissected by several rivers but form rather flat tops keeping a pene-
plain feature as a total summit level. Dissecting valleys are deep and
their bank slopes arc very steep, although generally they have Tlat
bottoms.

In the western part . of the Brong Ahafo Reglon mcludmg the
Project area, Pre-Cambrian, which is the basement of the country, crops
out directly. The Pre-Cambrian rocks in Ghana con51sts of Dohomeyan,
Birrimian, Tarkwaian, Togo Series, and Buem Formations in  descending
order of age. Among them, the Birrimian occupies the area mainly and
the Tarkwaian ovérljring the former partly.

The Birrimian Formation covers more than three-fourths of the
closed forest zone. So far it has been, economically, the most important
geological formation in Ghana since it contains ‘all the minerals export-
ed from the country. The formation is subdivided into Lower Birrimian,
which consists of such. metamdrphosed sediments as phillites and
schists, and the Upper Birrimian, which- is the younger of the two and
consists of locks of the Lower Blrrlmlan as well as metamorphosed lava.
The Birrimian formation as a whole folded along a southwest-northeast
axis, that is, the folds followed a' southwest to northeast trend.

The Tarkwaldn formatlon orlglnaliy con51sted of sed1m(,nts (,roded
from the Birrimian and dep051ted in a shallow NAarrow basin, and then
folded along the same axis as the Birrimian. The format,ion consists of
schists, sandstone, quart71tes and phillites. A few small patches of land

within the area covered by the formdtlon consists of plutonic or. vol— _

canic rocks. (rofer to the Geologlcal Mdp of Ghana in Appendlx -12).

The whoie area of the Western Region belongs to the Ram
Forest Dissccted Plateau physiographeally. The ~area: of thls region
stretches north-south, in contrast with the Brong Ahafo Region. The
Project areas are situated at the nor_t_hern end of the Region bordering
Ivory Coast on the west and Brong Ahafo Region on the north and east.

-10-



The Project areas; Juabeso-Bla, Sefwi-Wiawso and Bibiani- Anhw1a~
so-Bekwal Districts, which belong to the Rain Forest Dissected Platean,
~are situated at the southern end of the Wet Semi-equatorial climatic
region, and the forest is very dense. The rivers near the Drogect area
cut up the plateaux deeply and form considerably wide valleys with
very steep bank slopes. Elevation of these plateau surfaces are not
very high; mostly less than- 360m above sea level, however. the road
condition is very poor because of an abandance of rain, dense forest
and steep land slopes.

The rocks in the Western Region bel('mg; to Pre-Cambrian Base-
ment Complex. The Project areas are underlain by the Birrimian mostly,
as the same situation with the former Berkum/Jaman District, but the
Granitic rocks also crop out here and there within the areas.

The Plogec't areas are situated in the "Wet  Semi- equato'rial"'
region chmatlcally, and. the mean annual rainfall around the area  is
between about 1,250 and 2, gébmm. The region .has two rainfall maximums
in a year at June and October. Mean monthly temperature is about 25° C
and average monthly relative humldltles are 64 to 7@9' in the dry sea-
son, and 78 to 89% 1n the rainy season.

Hvdrogeologlcally. the PrOJect areas are occupled mainly by the_
Birrimian hydrogeological region and partly by the Granite region
(reter to Figure 2-3-3).  These reglons are called "Pre- Cambrian Base-
ment Hydrogeological - Region" . overall, which has the most dominant
~aquifers in Ghana. However, a rock weathered zone. in" the group is
generally deep, the depth of decompomtlon averages about Jam, some~
times 40m. :

The Blrrmnan hydrogeologlcal region mamly consists of such'
'metamorphosed sedxments as phyllltes, schists, greens‘rones and. grey-
wackes.  The reglon as a ‘whole, .was highly I‘olded ‘and intruded by
quartz vem everywhere " In - the region, although ‘the . decomposed Zone
contains groundwater, the underlymg fresh ‘rock also forms dominant
aquifers in fractures or quartz veins at its, upper portion. The ylelds
in the regmn are generally hlgh redchmg more . than 30@ lit/min at the
fractured or quart/ vein zZones.

The rocks .in the Granite region are also deep]y weathered and
usually the water bearmg zones are found at - the moderately decom-
‘posed zones overlying the fresh part of rock Underlymg fresh rocks
have  also encountered the high ylelds when they have joints, fractures
or intruded pegmatite veins "at their upper portions. Yields as high as
400 lit/min have often been measured at such-aquifers. -

~11=-
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 As mentioned so far, the potential of the Pre-Cambrian basement
rocks can be said to be as good for groundwater development, however,
the depth of boreholes may be -deep because the main aquifers are in
the lower parts of the deep decomposed zones.

_ On the other hand, the water quallty in the Pre-Cambrian hy-
drogeblogical region.is not always favorable, rather troublesome more or
less. Because of the characteristics of the ‘layers and its water bearing
systefn, groundwater in the region usually contains some chemical compo-
nents, mainly heavy metal ions. Furthermore, most groundwater around
there indicates an acid character, ranging in pH value from 6.5 to 5.5,
and sometimes 5.0. The situation was not paticularly serious for huxila_n
health in a direct sense, but caused secondary pollution by rusted iron
in the boreholes. The actual records on the water qualities measured
at existing boreholes in the related areas are shown in the Appendix
together with Water Quality Designation of WHO and Japan (Appendix-9
and 19).
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CHAPTER_ 3. QUTLINE OF THE PROJECT

3-1, Objectives and Contents

The objectives of the Rural Water Supply Project (the original
Project) were to construct 466 boreholes equipped with manual pumps and
to pi'ovide the necessary ‘equipment for the borehole drilling in the
rural area having no suitable water supply system at present, in order
to develop a healthy potable water supply and to improve the standard
of living of the rural population, and further to contribute toward the
development of the local economy and'to the national economy.

The 0r1gma1 Project area was followmg three districts;

(1) Nanumba pistrict of Northern Region .
(2)  Berekum/Jaman District (former) of Brong Ahafo Region
(3) Sefwi-Wiawso District (former) of Western Region

The Pr ogect was phased in two stages for the implementation as
the Project Phase-1 and the Phase-Il, and the Project PhaseI has been
implemented unde1 Japanese grant _ald

‘The first grant aid of Japan' summed to 889 million yen, for the
Project implementation involved procurement and transportation of major
‘equipment, dispatching of seven engineers for the cooperation in 120
. borehole facﬂltles construction, including procurement of materials
required, and a- eonsultancy service including the dispatching of three

. supervising engineers.

The equipment and materials procured under the Project Phase-

1 were shown below, _
No. of Units

1) Truck—mounted Dr11] ing Rig 3 units
2} High-pressure . Air-compressor 3. "
3) Cargo Trucks - 9 "
'4) - Light Vehicles for transportation of '
..~ personnel and materlals 14"
5}  Bulldozer : 1 unit
6) Borehole Test Fqulpment 1 set
-~ 7)  Geophysical Prospecting Eqmpment . 3 sets
8) Engine Welder : : 2 units
9) Concrete Mixer. : 2"
'18). . Permanent Casing Pipe . 6,600 m .
S 1) Hand-Pump o 140 units
~*12) Workshop Instruments =~ . ' 1 set
- 13) - Radio Communication System - R 1"

14} ~ Camping Equipment _ 1 umt
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The obJectivef»; of the Project Phase- II are to c‘onstluct 3e7
boreholes equipped with hand-pumps and to prov1de the necessaly equip-~
ment and materials for borehole construction and maintenance in the
rural area, in order to develop healthy potable water and to improve
the standard of living of the rural inhabitants, which are the same as
those for the Phase-I. :

The Project area for Phase-II is to be the following five dis-
tricts according to administrative modilication by the Government:

1 Berekum District, and

2) Jaman District of Brong Ahafo Region

: (above two are the former Berekum/.]aman Dis-
trict) .

3 Juabeso-Bia District,

4) Bibiani-Anhwiaso-Bekwai DlStIlC‘t and

3) Sefwi-Wiawso District of Western Region
{above three are Lhe former - Sefwi-Wiawso Dis-
trict)

: The location of these Project areas is shown as the LOCATION
MAP OF THE PROJECT AREA at the front of the Report.

3-2. Study and Examination on the Request

The original request from the Government of Ghana Lhrough
MFEP consisted of a) equipment and materials for borehole constructlon
.b) equipment and materials for the District Maintenance Centers, c¢) two
sets of Pc_rcussmﬂ Drilling ngs and d) consultancy and expertlse
services, ' Later, GWSC sent a revised request to JICA through the
Embassy ol‘ Japan in Ghana, In response to the discussions with and
recommendation by the Project Formation Study. Team dispatched by JICA
in April 1989

Table 3-2-1 shows contents/quantities of each item requested in
the latest request, together with the quantity (aﬁd--_itemé) formulated
through the Study. The major differ@nces between these two are a)
number of additional drilling rig {(item 1-3) and b) Supportmg ‘vehicles
and materials for District Maintenance’ Centers.. :

Basmally. the followmg examination - ‘on the request shall be

done based on the latest request (revised one) taking the Study Tcams
recommendations inte an account.
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Table 3-2-1. _
Equipment and Materials requested for Fhase II Project

item No. . Descriptions - Requested Studied

1, EQUIPMENT & MATERIALS

1-1. For the Borehole Construction: _

B o R Casing materials  4"x4m 3377 units | 3100 units
1-1-2 Strainer -ditto- 1689 units 1100 units
1-1-3. Hand~ pump 384 units 353 units
1-1-4 Supplemental drilling tools - 1 1ot 1 iot
1-1-5 Spare’ parts for supplied

. equipment . 3 years 2 years
1-1-6. -ditto- for geoph‘ysical and
E.M equipment : 1 lot 1 lot
1-1-7 - Mud-agencies C 1 lot } lot
1-1-8. Equipment for Borehole Iest - 1 1ot
1-1-9 Equipment for Siting L - 1 lot
1-2. For the District Maintenance Centerf: _
1-2-1. Servicing rig 3 units 3 units
1-2-2, Pick-up truck (4WD) 3 units - -
1-2-3. -Workshop equ1pment & tools 2 lots . 2 lots -
1-2-4, Hand~pump 30 units 30 units
1-2~6. Hand~pump cylinders 30 units 30 units
©1~2-B. " Submersible pump 3 units -
1-2-7. - Diesel generator 3 units -
1-2-8. "Motor Cycles 9 units 9 units
1-2-9, Spare . parts. for above 3 years 2 years
1-2-10. Air—campressor - 3 units

1-3. Additional Drilling ng
1-3-1. Truck mounted rotary drllllng .

: rig . 2 units -1 unit
1-3-2 " Standard accessories & tools 2 lots 1 lot
1-3~-3 ngh-pressure A1rwcompressor 2 units 1 unit
1-3-4. - ‘Cargoe truck (8 ton capacily) 2 units -1 unit
1-3-5. Station Wagon (4WD) ' 2 units’ 1 unit
1-3-6 Plck-up trick (4¥WD 2 units 2 units
1-3-7 Truck mounted water lorry 2 units 1 unit
1-3-8 Spare parts for above 3 years 2 vears

2. . SERVICES

2-1 Consultancy Services
2-1-1, Services for the procurement 4 M/M. 7 M/M
2-1-2. Supervising Engineer ' _ 12 M/M “11.5 M/M
2-1-3 Hydrogeologist o o 12 M/M 6 M/M

S 2-2. Expertise Services S ) '

. .2-2-1, | Senior Mechanical engineer 1 24 M/M 11.6 M/M
2-2-2. Senior Driller L 24 M/M 16.0 M/M

2-3. Constructiun Materials : _ .

-~ .9-3-1, | . Contractor's equipment = = 1 lot 1 lot
-92-3-2. | - Camping. and Transport L 1 16t 1 lot
2~3-3 Materials for constructlon :
(fuels, 0115, cement, etc.) 1 lot 1 iot

-16-




Equipment ;@g Materials for Borehole Construction

On the equipment and materials for ‘Borehole Construction at
first, item 1-1. consisted of two categories; a) borehole construction
materials for remaining 307 borehole fdcrhtles and b) spare parts f‘or
supplied equrpment under the Progect Phase-1.

For the category aj, casing, strainer, and mud agencies shall be
procured in Japan and the quantltlos shall be automatlcally calculated
from the total drilling length Mud-drilling agencies such "as Bentnite
and CMC, however, shall be examined again from the v1ewpoint of effi-
ciency and cost/volume/performdnce Hand-pump may be procurcd from a
third country, but it must fit the new standard of GWSC, -and fu1ther
the underground structures of hand-pump shall be- any kmd of stamlees
type because of an acid gr oundwater qudllty

Equipinent  supplied under the Phase-I Project 1ncluding the

siting equipment, have been on-site more than two years and are.actual- -

ly working now.  Although they ‘have been mamtamed very well by the
Project staff, most of the spare parts for them havc been used. The
' gpare parts for equ1pment mcludlng geophyslcal eqmpment should be
provided for at least two years operation (nntrl the end of all con-
struction works under the Project). '

Equipment and Materials for District Maintenarce Center

This item cOnsiets of a) workshop equipment and- tools and bj
supporting vchicles including servicing rigs. The former shall bé of
' the same contents and quantltles as those procured under the Phase+}
PrOJect (Ior 1'anumba District).

Servicing rigs are the main equipment  of . the "item; and are
studied prudent]y from the cost/performance v1ewpomt beca.use a typlcal_
servicing rig is very costly. Hand pumps and their cylmders,_whlch are
provided as spare pumps ‘when a “hand-pump fitted is under repair, are
newly  requested. Spare hand-pumps are requested for maintenance
works, however, the adequate - niimber of epare hand pumps in each Maln—
tenance Center shall be studied. Supporting vehlcles which were pick~
up trucks originally and revised to both:plck-up trucks and motorcyh
cles, will also 'be examined carefully to determine whether both types
are necessary and if not, whlch type 1s more Surtable

Submersible pumps and diesel. generators were’ 1ncluded in the
revreed request mainly for borehole developmg work For this purpose,

17



a  combination of air-compressor and air-pipe is much simpler, more
portable and more economical.

Services

Because geologic'al and hydrogeological conditions of . the
Project areas are quite different from those of Nanumba District (Phase-
I Project area), GWSC requested consultancy and expertise services on
the cooperation for comstruction of borehole facilities under the
Project.

~ The Project areas, Western and Brong Ahafo Regions, are under-
lain hy Pre-Cambrian basement complex, in contrast to Paraeozoic -sedi-
mentary roclks in Nanumba District, so the siting theory ‘and drilling
method must be different from the ones they leaned and practiced at
the Phase-1 Project, e.g. full mud- ~-drilling. is required Iin the areas.
Further, the setting of District Maintenance Center at each Project
area is one of the major Project components.

Thus a hydrogeologlst and a supervlsmg engineer as the con-
sultancy services, and senior drlllers and mechanic engineers in the
field of expertlse services shall be reguired on the cooperation for
borehole construction in the areas. The period and work volume of the
cooperation shall be studied in line with the contents of technoiogy
transfer and implementation schedule.

Additional Drilling Rig(s)

Tow . percussmn rigs in the original réquest then two rotary
rigs in the revised one, both with standard accessories and tools, were
requested by GWSC. :

' Necessity of additional drilling rig depends on the Project
period '(_the critical pass of the actual Pf_oject works is always drilli-
ing work). However, it must be considered from the economical point of
View too whether it can ‘he effectwely operative or not by GWSC's own
_ budget after comple‘uon of the Project, because it will be procured
. under the Japanese grant- aid programme ' .

For ‘the work schedule, the (‘Olnpletlon ‘of Project works will be
'delayed until the la’ce third year In the case that only the equipment
-already supplied are ‘mobilized. Primarily, the request _from the Govern-
ment of Chana for Japanese assistance has been done: aiming to -arrest
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3-3.

the further delay of the Project. GWSC already gave up prog_i‘essing
the Project on schedule (to be completed by the end of this year, but
still intends to complete the Projéct by the end of the second year by
when the superior national project of "6888 Drilled Wells Programme"
shall be completed.

Considering this situation, although it is very hard to complete
all Project works by the end of 1991, at least one additional drilling
rig shall be supplied to complete the works within the planned period,
or not long after the targeted completion time .

With regard to the financial burden for GWSC, it is concluded
that GWSC can bear the expenses for operation (and maintenance) of. the
supplied rigs after completion of the Project, because GWSC's finahcial_
base was already improved under ERP Phase-II, GWSC itself adjusted and
rehabilitated the organization and its capacity on the new development.
programmes, and further, the:rur_éﬂ.water supply scheme was appointed
as one of the "Super-core" Projects;'_t'he first priority national project
in PIP. It is quite conceivable that GWSC shall continue their own
programme for rural water supply along the national development plan,
using the supplied drilling rigs by Japanese grant after completion of
the Project,

‘Based' upon the exa'mihation_mentioned above, 'it. is appropriate
to supply another one  or two drilling rig(s) ‘under the Project.:
However, it shall be reasonable to supply one drilling rig from the
general consideration on the adequate Project implementation term,
mobilization capacity of the various stalfs, and the economical situation
of GWSC which has just recovered from a severe decline.

In the case of four drilling partlies,' the.éritical_ pass shall be

shifted to Borehole Test work, so another set of borehole test equip-
ment should be supplied to provide two borehole test pa_rties..

Project Description

3-3-1. Execution Agency and Opera't'idr_lal Structure
The main body to execute the Project is to be the GWSC.

The GWSC shall secure the personnel required for the imblemen- :
tation of the Project, procure materials necéssary for the implementa-
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tion of the Project other than those procured by Japan, and bear the
expense incurred therein.

© Because. .the Project .areas expand over two regions, it is de-
. sired . that the direct responf;lblllty of this Project be borne not by
regional office of GWSC but by the Drilling Unit. The Headquarters and
¢each regional office of GWSC shall support the Drilling Unit in connec-
tion with the implementation of this Project.

On the ba51s of the annual implementation plan of this Project,
the GWSC Headquarterq shall make el‘fm ts to continue securing the
annual budget 1nclud1ng the fozelgn currency allowance for the . pro-
curement  of import materials and to support each Regional Office .con-
cermng coordination between the Drilling Unit and Regional Office .and
between the Regional Office and government agencies concerned. The
d1v1510n directly responsible for the Project shall be the "Rural Water
Development Division” (refer to Table 2-1-1, previous Chapter).

‘ ]:,ach Rc,glonal Office shall support the Drilling Unit for commu-
nication or coordination with local councils and communities and oper-
ate a District Mamtenanee Cenfter, and has a responsfmhty “to 08M for
the completed borehole facilities. The orgamzation of each Regional
Office is shown in Section 2-1 Table 2-1- -2,. and the offices associated
with the PrOJect are Brong Ahafo and Western Reglonal Offices.

The organization and: staffs of the Drilling Unit is’ shown as
Figure 3-3-1. = As shown-in the table the Drlllmg Unit has already
' eqtabhshed an jndividual work section for the Pro,]ect -0 that the
section can be directly in charge of the Project implementation. . The
field .operation - structure shall be orgamzed systomatlcally with the
staff of the section almost the same as for the Phase-I Project (refer
to the Figure 3-3-2, shown at next page).

' 3-2-2. Plan of Operatlon

a) The Project is to constl uct 307 borehole facilities equipped

: with  hand-pumps for the rural people 1n the former

._Berekum/Jaman Dlstrlct and Sefwi- Wlawso ‘District in Brong Ahafo

and Western Regions, almmg to provide healthful potable water
economlcally to the mhabitants.

b The PrOJect ‘shall be planned linkmg in with the "660@ Drilled
Wells Programme" (1987~ 1991) of GWSC
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Filgure 3-3-2

FIELD WORKS ORGANISATION FOR RURAL WATER SUPPLY PROJECT
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Xa. 1 .\'n._;i LIS [Nu.l. l I.‘ca,z
- —_ H.G.:  Hydremeologise o Magnecro-téllurl  Parcy

E.5.: Groslactric Soundlag Paxcy

The target commumtles of .the Project are to-be those having a
populatlon of more than 400 as of 1999; 82 communities (about
98,000 people) 1n the former Berekum/Jaman and 85 communities
(about 67,090 people) in the i‘ormer Sefwi-Wiawso Dmtrlct for a
total of 147 communities with 165 000 people.

Design water deniend is to be 15 lit.cd, standard and maximum
pumping rate are to be 6600 and 9980 lit./day respectively.

Criteria of borehole allocation is as follows;

Communltles with 499 - 599 populatlon : 1 borehole
600 - 999 " : 2 boreholes
" more than 1060 " : additional 1 borehole
' per 40¢ people ex-
ceeding the popu-
: R ~lation above.
more than 2000 " : 5 boreholes

Borehole facilities are to be equipped with hand-pump = and
appurtenant facilities such as concreteé slab, drain condult etc

-are to be installed to keep the facility clean and healthy

The constructien will be commenced at the former__Berekum/Jaman
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District followed by the former Sefwi-Wlawso District.
h) The Project is planned based on the premise that the following
Japanese grant aid programme will be implemented;

i) Provision of spare parts and equipment/materials for
borehole construction (for 387 facilities),

ii) provision of equipment and materials for District
Maintenance Centers (for -three Centers), and

iii} Provision of services for the implementation of the
Project (for 186 out of 3087 borechole constructions).

3-3-3. Tocation and Con"dition_ of Project Site

Location of the Project areas is shown in the "Location Map 0]‘.‘
the Pro;ect Areas" at the front of the Report. The target communities
are scattered widely in the five Project 'areas, and the locations of
these communities are attached in. Appendix-8, together with a detailed
list of the target communities (Appehdix—’f}.

As shown In the location map, most of the target communities
are loc,ated along the main recad except some * small commumtles., 50
drlvmg‘ a car and transporting materials will be rather easy in- the
dry season. However, the areas in the Wet Semi- Equatomal climatic
'reglon have a considerably abundant rainfall and a long. rainy season.
Therefore, the utmost care must be paid to Lransportatlon Just before
and after the Shut-Down period.

_Oi;hér physical conditions on the Project  areas, especlally

geological and hydrogeological situations, are already explained in the
previous section (Chapter 2, Section 2-3). :

3-3-4, Outl_ine of Equipment and Materials

Major equipment and materials required for the -implementation
of the Project are listed below; '

Borehole Construction Materials .

a} Casing materials

b) Strainers

¢} Hand-pumps

d) Supplemental drxllmg tools
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e) Mud-drilling agencles
f) Fuel and lubricants
g) Cement#

h} Gravel and sand=

i) Otherss o
% : these are avallable in Ghana

Spare parts

a) -Spare' parts for driliing rigs and vehicles
h) Spare parts for geophysical equipment

Additional Drilling Rig

a) Rotary type drlllmg rig
b} Standard accessories and tools for DTH drlllmg
‘) Standard accessor ies and tools for rotary drilling
d) High-pregsure air- compressor
¢) Supporting vehicles
(Cargo-truck, pick-up, station wagon, water lorry, ete.)
f) Borehole-test equipment and tools
g) Mobile radio telephone system
h) Spare parts for above

Lqulpment and tools for DlSLI'lCt Mamtenance Center

a) Servu_,lng rigs .

b} Supporting vehicles

¢) Workshop equipment and tools
d) Spare hand-pump and cylinder
e) Air-compressor and pipe

f) Spare parts for above

3-3-5. Operation and Maintenarce Plan

In the Project, the operation and maintenance services will be
rendered. to the borehole facilities, 'drilling rigs - and the related
supporting equipment/vehicles., The GWSC shall be responsible for
cafrying out the @&8M services as 1t has been practicing at present.

Drllling UIllt

The Drilling Unit oI‘ ‘the GWSC is fully responsn)ie for -operation
-and maintenance of the dnllmg rigs, their supporting equipment and
' vehicles that are or w111 be supplied for the PrOJect 1mplementatxon by
the Government -of Jdpan ‘

The equ1pment/t:ools and spare parts provided by Jdpan in the
Project shall be delivered to the workshop or warehouse of the Drill-
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ing Unit, and the Drilling Unit should be responsible for ad'equate
stock control and their utilization. '

In other respects, since the provision of the spare parts as
Japanese aid in the Project will be limited in kinds and quantity, those
which will be required additionally Tor the successful completion of the
Project and for effective operation and maintenance after completion
of the Project shall be procured and supplied by the GWSC. at its own
axpense.

Regional Offices

- The 0&M services for ‘the respective borehole facilities In the
Project area shall be the responsibility'_bf'each Reg_i{)na_l Office of
GWSC, and a District Maintenance Center shall be established at “each’
Project area. The Maintenance Centers shall be responsibie for O&M
services for the hand-pump of ihe boreholeq, dnd the Drﬂlmg Unit of
GWSC shall repair any serious breakdown of the borehole famlltles in
response to requests from each Center through Regional Offices.

District Maintenance Center

The staff of the District Maintenance Center should be employed
in the following way, but it is desirable to assign- those who would be
engaged in the construction works of the borehole facilities to the
civit work party.

a). Chief of the Center

_ 1 person
b). Head of maintenance crew 1"
cl). Crew member 3 "
. TOTAL 9 persons

The chief of the center should beé responsible for general
administration of the center, regular inspection of the facilities espe-
cially their exposed portions, the operation of them, and the colllection. '
of maintenance fees and claims made by beneficiaries, ete. And when
any trouble is found with the facilities, the chief shall dispatch the
repair group to the site along with -his judghent of the trouble, and
furthermore, shall maintain an inventory of the spare parts to famh»'
tate stock control. :

The mainténance 'c'réw should repair t'roubl'e' and ' replace . the

parts for maintaining effective water: supply accordlng to the instruc- -
tions given by the chief of the Center.
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The Maintenance Senter shall provide the workshop for repair-
ing mainly the hand-pumps and the warchouse to store the spare hand-
pump as well as the necessary spare parts, and also a servicing rig and
three motorcycles shall be deployed with the Center for hand-pump
repa1ring and regular patrol or inspection.

_ The Center shall be equipped with the following building,
equipment and vehicles to the extent of the basic design;

a) Bu11ding of the Center (46 m2) 1 building
_ consisting of office, workshop and warechouse.
b) Vehicles

Servicing rig 1 unit .
‘Motoreycles 3 units
"¢) Spare hand-pumps 18 units
d)} Spare cylinders 12 units

Operation and Maintenance Cost

Summing up the maintenance costs {the basis and calculation -
are attached in Appendix), the total operation and maintenance cost for
the District Maintenance Centers are estimated below. - In’ the estimation,
however, the consideration on a contingency as an allowance for the
price escalation during the construction period is not involved.

(a)_. 0&M cost until completion of construction

Construction cost £2,000,000.-
Equipment/materiais ¢ ‘0.~ {to be supplied)
TOTAL £2,000,800.

{b). Annual 0&M cost after completion

Remuneration £ 1,898,136,
Building ¢ 150,000
Equipment/materials £10,135,400.
Fuel = ¢ 1,707,408,
" TOTAL  £13,890,940.-

Among the_m, the cost for equipment and materials will be of a
foreign currency portion and the rest are of local currency.
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CHAPTER 4. BASIC DESIGN

4-1. Design Policy

The Project  is Phase—I_I of the Rural Water Supply Project
already commenced by GWSC with Japanese grant aid. Project areas are
five districts which - were two. districts in a former administrative
division, and. are situated in the. ‘most remote area bordering to Ivory
Coast. -The physical conditions such as. geology, vegetation, climate, etc,
of the districts are quite different from those of the Phase-1 Project
area.

Smce the Project would be implemented under grant ald from
the Government of Japan, the same as the Phase-I Project, institutional
limitations of the aid system ought to be a premise for the basic design.

_ The bagic design for the Project"is. therefore, to be conducted
under the following basic policy and concept taking the aforesaid condi-
tions of Ghana, Project areas and systém of Japanese aid into account;

D) to conform wu:h the Phase I PrOJect because the PrOJect shall
be the consequent Phase~1I stage:
(2) to meet the national pollcy, regulations and criteria of water
supply sector of Ghana.
(3) to design a standardmed and econonncal famlity applicable for
all Project areas.
(4} _to ‘make the constructlon plan taking the regional climatic
condition -and present situation and customary work system of
 the Drilling Unit of GWSC into account.
{5) to select the equipment and materials from views of not only
' economy but apphcablhty_and avallablllt_y for farther rural
water supply schemes by the:Government of Ghana.
(8) to provide those equipment and materials indispensable to
implement the Project in addition to those'requcsted. provided
they fit the purpose and object of the grant aid. o
(M- to formulate the- dlspatchlng plan of Japanese experts based on
the conception that the major tasks of those experts are to
complete the technology transfer in the different physical
cond1t1ons than the Phase-1 area so that the Ghanaian staff can
make a plan and conduct project works by themselves through-
out the country.
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4-%. Study and Examination on BDesign Criteria

(1). Criteria of successful boreholes

The maximum pumping capacity of the standard hand-pump is 968 .
lit/hi and the efficiency concerned with the pumping head and opérati_on
is usually fixed as 70% (WHO standard), it means usual pumping rate of
standard hand-pump shall be of 638 'lit/hi:‘ or less. Then, the standard
borehole facility in the Project is available for a pumping rate of
6,000 1lit/day (in day time) normally, which means ‘the required yield
‘capacity of borehole will be enough with 608 lit/hr. S

. However, it is not always reasonable economically and adminis-
tratively to discard all boreholes whose yield is less than 600 lit/hr.
This is because, if the water sources is remote enough. or extraordinari-
ly unhecalthy, even a borehole which fails to reach the standard yield
will not be so unavailable. '

In this Project, therecfore, a borehole whose yield'is 300 lit/hr
and over available for covering a water supply p'opulation of 200 is
decided to be successful. However in such case of low yield borehole,
additional boreholes would be considered (count as a half ‘borehole).

{2). Successful rate of boreholes
The successful rate of existing boreholes in the related two
regions are summarized as follow, based on. the actual drilling records

of "3000 Wells Programme” and GWSC's own drilling in the Project area
(Tab. 4-2-1);

Table 4-2-1. SUCCESSFUL RATE OF EXISTING BOREHOLES

_Numbér of Number of Number of = Successful

Region drilling success dry hole -~ _ rate Remark -
Brong Ahafo 126 84 : 42 0.67 - In case 3 gpm and
Western 513 - 383 130 0.75. . OVer are successful -

Total/Average = 639 467 172 0T

Because the geological and hydrogeoclogical conditions of the
Project areas are almost same as these of the above-listed areas, the
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design successful rate of boreholes is to be 8.75 based on the data.

(3). Number of boreholes to be drilled

Taking into consideration the number of borehole rlacilities
allocated to each Project area and the successful rate of borehole
. drilling .in the foregoing section, the proposed ‘number of boreholes to
be ‘drilled in each areca is shown in the table below;

Table 4-2-2 NUMBER OF BOREHOLES

. : Allocated Successful Boreholes to
Region : Plstrict Boreholes rate be driiled

Brong Ahalo  Berekum 43 0.75 58
Jaman ‘ 100 " 134

Western Juabeso-Bla 89 " 119
Sefwil-Wiawso 12 " 96
Biblaai-A.-Bekwal 3 " 4

TOTAL / AVERAGE RIS 0.75 411

{(4), Borehole design depth

Borehole depth of -existing hand-pump equipped borehole facili-
ties are summarized in Table 4-2-3.

Table 4-2-3. _
EXISTING . BOREHOLE DEPTH
Rl . GWSC 3000 WELLS AVERAGE
—~ERIOM __ Number < av.Depth Number av.Depth Number av.Depth
Brong Alafo 20 47.0" 76 - 54.0° 96 52.5™
Western - - 50 36.8 50 36.6
TOTAL 20 410 26 470 146 A7.1

As shown in the table, the average depth of hand-pump equipped
boreholes in the related regions was 47.im. Further, the minimum' depth
of borehole is to be more than 30m to prevent the facility from pollu-
“tion by domestic water, and boreholes more than 76m deep are not
suited to the hand-pump equipped facility. '

Thus, the borehole depth is designed to be more than 30m and

less tha_n 70m, 56m on average, which is the same as the conditions
designed in the Phase-I Project.
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(5). Quantities of drilling and casing

The total linear lemgths of borehole drilling and casing by the
arca are estimated as shown in Table 4-2-4.

Table 4-2-4.

LENGTH OF DRILLING AND CASINGS

L Total Casing

Districts Drliling rotal e
T T - Length Length- Blank Screen
Berekum 2,900 ™ 2,150 1,634™ 516"
jaman 6,700 5,000 - 3,800 1,200
- Juabeso-Bla 5,950 . 4,450 3,382 1,068
Sefwi-Wiawso 4,800 3,600 2,736 864
Biblani-A.-Bekwai 200 50 . 114 36
TOATAL - 20,550 15,350 11,655 3,684

{6). Siting

‘Most groundwater in the Project area is contained ‘in a thick
weathered rock zone and/or cracks and joints' aL the 'uppermost parts
of fresh rock, in contrast with the Phase-1 areca in- where groundwater
is contained at fissures or cracks in the hard rock. Accordmgly, the
main points of groundwater investigation shall be dLrected to grasp the
depth of weathered zone and the conflguratmn of fresh rock surface,

. In consideration of .the a‘nove—'mentioned qituation this Project
also introduces the following siting method but different mvestlgatlon
strategy,

a) Analysis of Landsat :image_ry,'

b) Interpretation of aerial-photo,
¢)  Electromagnetic prospecting, and
d) Geoelectric prospecting.
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" 4-3. Design of Facilities

The drilling depth of designed boreholes varies from 3dm to
7om, and is 56m on average.

The hand—pump installed in the borehole must have a pumping
capacity of 988 lit/hr at maximum according to the water supply plan,
and the cylinder diameter of this class hand-pump is usually 50 - 90 mm.
Consequently, the minimum diameter of permanent casing shall be 106 mm,
“and thus, the minimum drilling diameter shall be 150 mm.

The geological condition of the Project area suggests that a
decomposed and collapsible layer lies down to the depth of arcund 30m.
Therefore, temporary casing works to prevent holes collapsing  during
drilling is requlred In this case, a drﬂlmg diameter of 216 mm is
needed to insert the temporary casing with more than 172 mm 0[‘ diame-
ter which can pass the 156 mm diameter bit through

. In the case where there is very thin. weathered zone at the
drﬂhng site, there’is no need Lo use a temporary casing so the 216 min
" drilling can be continued to the bottom of the hole,

_ ‘Thus, two types of borehole  afe designed as shown in the
figure 4-3-1, although the boreholes belong to the Type-II structure
are estimated as’ few as 20% of total drilling.

As appurtenant fa0111t1cs which prevent borehcles from being -
polluted by waste water, such as concrete siab, dramage conduit, cattle
waters, - fence, - laundry, ete., are desirable. “However, the former two
facilities and dram pit are planned accordlng to the actual condition
and tradition - of - Chana in the Report, and the other facilities are
expected to be provided by beneficiaries themselves In future as the
necessity arises. = . o

The cen('rete slab is 2.6m by 26111 and the drain pit is set at a

point about m apart from the center of borehole connected by the
concrete drain COIldLHt Design of the facilities is shown in Fig.4-3-2.
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Figure 4.3-1
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- 4-4, Construction Plan

4-4-1. Constfuction Basis

(1). Baslé policy

- The Project is to be under the in direct management of GWSC,
and Phase-I of the Project has been already implemented. However, the
work progress is seriously delayed in the total Implementation schedule,
and - now it cannot be expected to. complete all project works within the
orlgma} project ‘implementation tern (by the end of 1998). Under the
situnation, the work plan studied herein should be the most efficient one
to complete all of the remaining prOJec,t works within the shortest time

_possible.

{2}, Quantities of construétion

The qucmtlues of construction for the Project 1mplementatlon_
are summarized as the table 4-4-],

Table 4-4-1. SUMMARY OF CONSTRUCTION WORKS

Required Drilling . Casing
Bore- Lengeh Length -

District holes (m) {m}
Berekum 43 2,900 . 2,150
- Jaman 100 6,700 5,000 .
Juabese-Bia 89 5,950_ _ 4,430
Sefwi-Wiawso - 72 4,800 3,600
Bibian;’._—-A.-Bekwai 3 200 150
TOTAL 307 20,550 15,350

(3). Organization for the construction

The constructmg work for hand-pump equ;pped borehole Facili-
ties is sub-divided into eight sectors as described below. The work ' of
each sector shall bhe carrled ~out by professional and individual working
parties for smooth and. effective progress of the construction (refer to
Fig.3-3-2 in the previous Chapter) : :

a). Project’ mana'gement
'b). Site management
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¢). Siting .

d). Earth work
a). Drilling .

). Borehole test
g). Civil work
h). Maintenance

(4) . Working days

Working days in a year for the construction work, is estimated
as follows, in accordance with customary work conditions and the climatic
environment of Ghana.

- Working conditions 8 hours per day
6 days per week
30 days of national holiday per
year, including X'mas and -
_ Easter holidays _
- Climatic condition 8 weeks of shut-down per yedr
(mid. Aug. - Sep.)

By the above-mentioned cOndiﬁon, total holidays and shut-down
period in a year are to be 118 days as calculated below;

Weekly holiday 52 week x 1 day = 52 days -

National holiday = 38 days
Shut-down period 6 week x 6 days= 36 days
TOTAL ; _ 118 days -

- Thus, thé annual working c_lay is estimated "as 247 days (365¥
118=247), and it is con_vefted_ to 20.86 working days per month. (Average
working day in a month excluding the Shut-down period is about 22.8
days). :

4-4-2. Works Prdgres’s

The works progress ~of the aforementloned works sectors shall
be studled herein as a base to formulate a construction schedule.

(1). Siting

Siting work is to be carried out by field reconnaissance survey
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and by geophysical explorations such as electromagnetic (EM) prospect-
ing, geoelectric resistivity souading, ete., as well as pre-study of Land-
sat Image, aerial photo and topo-maps. '

A hydrogeologist reconnoiters the proposed borehole sites
(about 5 sites per day) including the access routes, and points out the
EM prospecting fileld of about 0.25 Km? (580m x- 500m). The field is
prospected by E.M within a half day on an average, and six detail survey
points are &.élected out. These detail survey points are prospected by
geoelectric resistivity sounding and the final d11111ng‘ gite 1s pointed -
out. It takes about 0.6 day on an average,

_ Accordingly, the sitin'g work takes about 1.8 day per sité, pro-
vided one E.M party and two Igeoelectric resistivity parties are mobilized.
Farthermore, it will be converted to average progress rate of about 1.4
days when the successul rate of 0.75 is taking into consideration.

(2). Earth Work

The sites requiring the arrangement or repair of access route
are approximately one-fourth of total drilling sites. The earth work
volume to be removed per'siiie is presupposed as 698 mS (200m x 3m x 1m),
- and a bulldozer of D41A-3 class, which was supplied under the Phase-I
Project, is to be adopted in the earth work.

The work éapacity-of the b'ulldozer can be Calculated by the
following formuls;

Q= {686 x q x E)/Cn
Q : hourly work capgcn:y (m3/hr)
q : unit capaclty (m
E : workability.
Cm: cycle time (hr)

Given that a 12-ton bulldozer as'menti'o'ned above will be used,
and that a rather hard overburden such.as laterite will be removed the
work capacity per hour is calculated as follows;- : :

(6@ X 2319 X 9 55)/1.36
53.14 m¥/hr

" Then, work time for each site is "to be -approﬁimate].y 11.3. hours
(600/53), and the average work time for bulldozer work is to be 3.0 hours
because three-fourths of the sites do not require the earth work (11. 3 x

1/4).
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Therefore, the total time required for the earth work is to be
4.5 houls (0.6 days), including 1.5 hours for mounting/dismounting the
bulldozer and moving: in and out time besides the above mentioned w01k
time. And it is converted to. average progress rate of 0.8 day/site,
because the successful rate of borehole drilling is 6. 75 (0.6:0.75=0.8).

(3}, Drilling

Drilling tlme'for-the designed boreholes - as shown in Fig.4-3-1
is calculated below, provided the drilling and other work speeds of:

6 m/hr for rotary drilling by 270 mm bit.
¢ m/hr for rotary drilling by 216 mm bit.
18 m/hr for air-hammer drill by 152 mm bit.
12 m/hr for 254 mm casing work.

15 m/hr for 191 mm casing work.

Then, the work time requ'i:r_ed-to drill in is:

#2708 mm rOtary; drilling 6 m+ & m/hr 0 hr
$#216 mm rotary drilling 24 m . 6 m/hr 8 hr
#152 mm airhammer drilling 20 m +10 m/hr = 2.8 hr

$254 mm casing work . 6 m 12 m/hr = 8.5 hr
#191 min casing work 3@ m =15 m/hr = 2.0 hr
TOTAL . 9.5 hr

_ _ Since the work time in a day is 88 hr, the pure drilling work
takes about 1.2 days. Consequently, the work day requlred to complete
one borehole is estimated as follows, :

- moving _in, erecti,on and

_ preparatory works. 1.0 day
-~ drilling ' ‘1.2 days
- geoelectrm ‘logging, cas-

ing, gravel-packing and -
‘developing 1.5 days

- dismounting, moving out 0.5 day
TOTAL 4.2 days

In the case of dry holes the requ1red work day is to be 2.7
dﬁs hecause. whether it 1s dry or successful has been judged during the
drilling and followlng casmg. gravel packmg and developing works can
be neglected. And in the ‘case of Type-TI drilling, it can be expe(,ted to
driil out a little earlier than ‘the Type-l, however. the consideration on
‘this matter. will be negligible becduse the volume.of this type drilling
will: ‘be very little. “Thus, the total average progress rate of drilling is
- caleulated as 5.1 days/successful horehole as shown below.

(4.2 days x 3 sites + 2.7 days x 1 site) +3 sites = 3.1 days
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(4). Borehole Test

Borehole tests, - i.e. pumping test and water qual'ity teét, take
1.5 days as estimated below:

a). Pumping test

- moving in/out 0.5 day
- pumping test 0.5 day
sub-total 1.6 day

b). Water quality test
- water quality test 8.5 day

TOTAL 1.5 days

{5). Civil Work

Civil work for completion of borehole facilities takes 2.8 dé}gﬁ
per borehole as estimated below: :

- moving in/out o 0.3 day
- hasing, form & reinforcing 6.7 day
- concrete works ‘ 9.5 day
- pump- installation 0.5 day

TOTAL 2.8 days

(8). Moving of Base Camp

The Project areas in Brong Ahafo Region (fofmer_ B_erekum/"Jaman _
District) and in- Western Region (former Sefwi-Wiawso . District) are more
than 10@ km apart, therefore, the Base Camp is ‘to be set up at ‘each
Project area. The Base Camp is already set up at Drobo, Jaman District,
so it will be removed to the Project area in the Western Region within
the implementation period. ' '

For the removing -of Base Camp, from Brong Ahafo to Western
Regions, two weeks (14 days) will be required. :

(7). Withdrawal

_ After the completion of all: Project works, the Base Camp must
be wound up and withdrawn to. the Driiling Unit, Kumasi, together with all
equipment, vehicles and remaining - materials. - It will take about three
weeks (0.7 months).including the transportation. : -
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4-4-3. Construction Schedule

(1). Total work plan

~ The total work plan is estimated based on the basic work days
of each.sector mentioned above. Table 4-4-2 shows total work days for
each sector to complete the quantities shown in the table 4-4-1, in- the
condition that only the equipment already supplied under the Phase-I
Project are mobilized amd the works progress by GWSC in these two years
is neglected. : :

‘As’ shown in the table, -the critical pass of works among all
project ~works ‘shall be Drilling Work and it will take about 26 months.
Then, the total implementation term will be about 27.4 months adding 0.5
month for Base Camp moving, ©. 2 month for Tinal Borehole Test (1.5 daye)
and Civil Work (2.0 days), and ©.7 month of withdrawal, it means about 2.3
years.

Table 4-4-2. Total Work Plan

Sectors Work Work . Progress Required Period

Volue Party Rate ‘days months
- Siting : ao7 1 1.4 430 2¢.9
Earth Work 307 1 8.8 246 12.9
Prilling. _ 367 3 5.1 522 26.0
Borehole Test - 307 1 1.5 534 22.4
Civil Work et 2 2.9 461 14.9
"Camp Moving: "1 all i4. 14 ¢.5
Withdrawal 1 ail 21. 21 @.7

(2) Works Progress by GWSC

Presumably, the equipment and materials to be provlded under the
Project will arrive at Ghana at the end of the first: year and the actual
Project works start in the early second year, even if the offlcral proce-
dures on the Project are undertaken most emoothly (the: implementation
schedule wlll be dlscussed in- the. following se(,i,ion). '

however, GWSC has already removed Lhe Base Camp for the Pro;ect in
Jaman District after completion’ of the Phase-I Project at Nanumba, and
initiated certain Project works, diverting’ construction materials from
other projects. As for the field survey term by the Study Teanm {December
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1989), they drilled-over 28 successful borehcles (bﬁt did not complete them
as borehole facilities because of a lack of hand-pump).

Furthermnore, GWSC and 'Driliing {nit have planned to drill 48 more
boreholes during the 1990 fiscal year, as well as 60 points of siting work,
also diver tmg tentatnely the mat,erlcxls from the other progect‘; such as
German Aid Plogramme or UNICEF. :

. Thus, the actual work volume, at the time when the Project works
will be commenced under Japanese asmstance, will be 247 holes of drilling
and 307 facilities for a civil work

(3). Construction Schedule

L Based -on the aforementioned examinations and studies, such as the
guantity of total construction works, works progress rate, ete., the total
c-onc;tructlon schedule is formulated as Table 4-4-3 and ilhistrated as
Figure 4-4-1.

As shown -in the figure “and the Lable all of the: PrOJect works
will be completed in the middle of the fourth year (1992) even though the
successful rate of drilling will. be at 0.75 as designed. If the rate is
improved to the same rate as Phase-I, the delay from the end of the third
year will be minimal. The siting work will take a little longer than the
drilling work, therefore, the Japanese'hy_drogeologist‘will be dispatched
to accelerate the siting work earlier than the other experts concerning to
the construction works.

Table 4-4-3.  Construction Schedule

Sectors Work  Work Progress Requlred Perlod
Volume Party Rate days ‘wonths

- Siting 247 1 1.4 346 - 16.8
Earth Work 247 1 ¢.8 -187 - 9.8
Drilling 247 4 5.1 315 15.3
Borehole Test 247 2 1.5 185 9.9
Civil Work 307 2 2.0 461 14.9
Camp Moving -1 all 14. 14 3.5
Withdrawal 1 all - -21. 21 8.7
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Figure 4-4-1.

CONSTRUCTION SCHEDULE
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(4). Japanese Cooperation on Construction

The Project includes cooperation on the ‘construction works by
Japanese experts to transfer technology through the actual construction
works, complementary to the Phase-1 Project.

Although the details shall be described later, the Japanese ooop~
eration period will be just enough to complete the technology transfer, and
‘the quantity of construction works subjcct to cooperation from Japan will
depend on the cooperation term:. The required technology to be transferred
to the Ghanalan staffs through the Project are mainly on drilling in the
collapsible layer, and on opération and maintenance of equipment.

For the drilling, transfer of technology on mud- 'driliing to the
ex1sL1ng drilling parties is expected to be completed w1th1n two months
(the perlod to drill about 50 holes) if JdpaneSe experts teach them one to
on However, it will take ebout a half year to teach such technology to
the three-parties by only one Japanese expert. And for the newly organized
party, it will need one full year to transfer the technology from the
beginning by ‘another Japanese expert.

In the Project, 1'epaifin'g and r:eplacement of parts of t}ie rigs and
other equipment will be emphasized for technology transfer by the mechani-
cal engineer on operation/maintenance aspect Although it will take rather
a long time to transfer all technology on repair or replacenment of rig or
vehicle parts the transfer of most of: these technlques to Ghanaian staffq
can be expected through full one year of cooperation, including an inten-
sive maintenance period in the rdmy season.

Based on- the discussmns the mmlmum required technology w111 be"
- transferred to Ghanalan staffs through at least one year of cooperatlon
although the request from GWSC was for two years' cooperation.

Of the one year cooperation period, one 'm()nth_, 8.5 month for
preparation at the beginning and 9.5 month for moving the Base 'Camp, must
be excluded from the construction period, so the Cooperation period on the
actual construction works will be 11.8 months. And if the Japanese cooper-
ation were to start vfhen the Project materials arrive in Ghana, only the
existing three rigs are avallable in Lhe constructlon works for the first
two. months, :

As mentioned before, it takes 4.2 days .and - 2.7 days to drﬂl a
successful borehole and dry hole respectively (refer to Table ‘4-4- 2) it
means that an average 16 boreholes and 21 borcholes can be drllled by three
and four drilling rigs ‘rebpectlvely, therefore a total of 221 holes (166"
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holes of successful) are expected to be drilled in the eleven months (by
three rigs during the first two months and by four rigs through the remain-
ing nine-month period).

Thus, the quantity of Japanese cooperation on the construction
works is to be as follows;

Boreholes drilling : 166 holes 8,300m
(successful drilling) _
Siting for 6 months
Civil works for 11 months
Maintenance - for 11 months, and

Supervising of all works sectors for 11 months.
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4-5, Eq_uipment Plan

4-5-1. Selection of major Equipmént and Materials

(1). Equipment and materials required

In the implementation of the Project, two categories of major
equipment/materials are required, namely, equipment and materials for
borehole facility construction including - additional drilling rig and
equipment, and materials for the District Maintenance Centers. The major
' equipment and materials in those are listed below.

For Borehole Construction

a). Major equipment
i). Drilling rig
ii). High-~pressure air-compressor
iii). Supporting vehicles
iv). Engine welder _
v).  Borehole test equipment
vi). Siting equipment
vi). Radio-telephone systenm
vii) Spare parts for the above and equipment already supplled

b). Major Materials

i) Hand-pump

i1}, Casing and strainer
iii).. Mud-agencies

iv). Fuel and lubricants
V). Cement

vi). Sand and gravels

For District Maintenance Centers

i) Servicing rig

ii}).  Vehicles

iil). Workshop tools .

iv). Spare parts for above
V). Spare hand-pump and parts
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(2}. Selection of majeor equipment

The eq11ipment is selected in the following sections:

Equipment _{jgt_' Borehole Construction

a). Drilling rig

As mentioned in the cons;truc,l,mn schedule, an additional drill-
ing rig will be required. The rig should be the same type as the one
supplied under the Phase-1 Project from the viewpoint of conformability
with the éxisting equipment.and the geological condition of the Project
area.

Thus, the rig shall be a truck-mounted rotary rig with DTH; and
the drilling capacity shall be a maximum of 158m at a drilling diameter
of 150min.

b). High-pressure Air-compressor

- The highpressure air-compressor is necessary to drive the air-
hammer and air-circulation. As for the air-hammer @ drive, the alr-
pressure capacity of the compressor is to be 17kg/cm2 or more, with an
air delivery of 21m3/mm Oor ‘more. '

_Same as the one ‘supplied, the comprcssor must be trailer-mount-
ed considering the transporting condition of the site.

). oupportmg Vehicles

o ln line with four drﬂling and two borehoie test parties, the
following additional vehicles will be required.

i.- Cargo truck

“Cargo. truck of eight- ton'pajfload capacity is neéesséry to
transport drﬂlmg tools such as dl‘lll plpes, casmgs, drill bit,
ete.

A crane of three-ton capacity is to be mounted to the
truck to handle heavy steel pipes during the works.

ii. Water lorry

A water lorry will be requlred because four drﬂhng rigs
will be operating at the same time and most of the drilling will
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be mud-drilling. The lorry shall be of 6.5m3 capacity, which = is
the same as the one supplied under the Phase-l,

iii. Light Vehicles

To support the additional drilling party, a station wagon
for mobilization of personnel and a pick-up truck for materials
and equipment transportation will be necessary.

While, for the new borehole test party is also to be
procured with one pick-up truck. : :

d). Borehole Test Equipment

'_In"additioh to that already supplied, the following -equipment is
required for Borehole Test Party;

- Auto-recording electric logger
- Submersible motor pump

Diesel generator

Water mefer

Water analysis kit

e). Siting equipment

One set of new E.M equipment shall be procured in. the Projec_t-
because the existing one has already passed its mechanical life time.
Besides the EM, two sets of Landsat Imageries covering the Project
areas and a stereoscope for air-photo interpretation are required.
f}. Radio-telephone system:

For the additional drilling party, at leaslt one mobile Lelephone
station must bé provided.
g). Camping facility

The size of each party for drlllmg and borehole test works
will be increased under the Project, therefore camping I'acﬂltles for
these addltloqal personnel are requlred
h). Spare parts

Since the spare parts for the existing equipment supplied under
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the Phase-1 Project have been used already, spare partS for all equip~
ment including the ones to be supplied this time shall be provided.

The volume of spare parts must be cnough for at least two

years operation, when GWSC's own ecofforts after completion of the
Project are taken into consideration.

Equipment for Bistrict Maintenance Center

a). Servicing rig

_ For routine maintenance of b'orehole facilities, a servicing
rig or an "alternative w111 be required for each District Maintenance
Center.

In the Project,: 1nstead of the spe(:lal servmmg rig, a
eargo truck of 4-ton payload capacity with 2-ton crane shall be
selected as .an alternative from the consxderatlon ‘of performance,
avallablhty. casiness of operatlon dud economy And for the bore-
hole developing, a combination of air- oompiossor and air-hose shall
be equipped to each truck.

. b). Vehicles

_ ‘ For patrollmg the borehole fac111t1e<: 0. check Lhelr
condltlon and for collectlng the mamtenance fee from the communltles
having a borehole facility, three motorcycles shall be prov1ded
instead of a light vehicle from the consideration of mobitity and 0O/M
cost.

¢) Tools

One set of workshop tools has already been supplied to

,Lhe DlStI']Ct Mamtenance Center at Nanumba. -So two sets of workshop

‘ tools w1th the same contents as the previous one shall be provided

. for. Dlstnct Mamtenance Centers dL Lhe former Berekum/Jaman and
' Sefwi—ihawso DlStI’lCtb
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(3). Selection of major materials
a)., Hand-pump

Recently, GWSC decided that its standard hand-pump would be
the "India Mark-I1", and intends to unify all hand-pumps under GWSC's
management to the type. The hand-pump to be procured under the
Project, therefore, should be "India Mark-I1", which is not produced in
Japan.

Furthermore, GWSC has already started to change the riser pipe
and rod of. the cx1st1ng boreholes from galvanized iron to stamless
steel because of acidic groundwater around Brong Ahafo and Western
Regions. In this connection, the hand-pump to be provided under the
Project should be’ stainless type at least for the underground struc-
tures. Spare hand-pumps to be delivered to the Maintenance Center are
also involved in the con81derat10n

Quantity of hand- pumps shall include a 15% allowarnice  for
boreholes counted as 9.5 boreholes (a half well) and for breakdowns or
accidents during transportation and handl_mg.

b). Casing and Strainer

Permanent casing pipe shall be of PVC pipe with 100mm (4") -
diameter the same as -the one supplied under the 'Phase-l, from the
viewpoint of easiness and stainlessness. - Stralner pipe (screen pipe)
shall also be of PVC, and the volume of the strainer shall be 30% of
total casing length

The quantity of the pipe shalil iﬁ'clude'an additional 10% as
spares in case of loss during transportation and handling.

c). Mud agencies

Agencies for drilling liquid, especially for mud-drilling-water
in the ‘rotary drllhng method, are required for drlllmg works Volume
of the agencies shall be enough for 12,352m of rotary drilling and -
8,2860m of air-percussion drilling. In the Project, ‘chemical agencies
which make the developing work easy and efficient shall be selected.
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4-5-2, Specifications
Specifications and quantities of equipment and construction

materials to be procured are described below, based on the examinations
mentioned before:

(1). Equipment/Materials for borehole construction

(a). Drlllmg rig ' o 1 set
i). Borehole speczficatlon .
brilling diameter : 2780 - 152 mm
Driliing depth ¢ ave, b8m, max. 150m

Casing diameter : 100 mm (4")

ib). Drllllng type :
Both mud-cireulate rotary and air-hammer drill

iii). Rig '

Truck—mounted type '

Truck : Water-cooled diesel engine, left-hand drive
Drilling capacity : 3-1/2" drill pipe x 150m
Mud-pump : 5eg lit./min

iv). Standard accéssory and consumables
- Drill pipes, shock absorbers, bits, drill color,
stabilizer, handling tools, water: swivel, manifolds,
wire ropes, fishing tools, down-the-hole hammer and
bit (8" - 8"), tools, work casings {7", 18"), portable
water tanks, and others.

(b). High-pressure Aif—com’pré_ssor ' | 1 set
’I‘-ra_j_ler—moﬁnted ‘ o
-Capacity : 17 kg/cm2 x-21 m3/min or more

-Accessory : line-oiler, injector, high-pressure
. delivery_hose,_ ete.

(¢). Cargo truék with crane ' 1 unit

i). Truck _ N
Engine = : Water-cooled diesel engine
Type © + Left-hand drlve

Payload K 8 ton

- ii).  Crane o
' Loading . :.3 ton
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(d). Water lorry I unit
i} Tank capacity : 6.5 m3
ii). Truck
Engine : Water-cooled diesel engine
Type ¢ Left-hand drive
(e). Light vehicle 1 unit
Engine : Water-cooled diesel engine
Type : Station wagon type, 4 x 4,
left-hand drive, long bedy
(f). Light vehicles 2 units

Engine
Type

: Water-cooled diesel engme
: Pick-up type, 4 x 4, left hand drive,

long body

(g). Engine welder 3 sets
Dies_el engine
- DC max. 240 A
AC max. 8 KVA, 200 V/50 1z
with Welding bar {4mm) 5@ kg, tools and accessory
(h)*: Permanent casing 'pipe _ : 1 LS

: Polyviny!l Chloride

ii). Diameter ! Outer 1l4mm, inner 109mm
iii). Connection : Socket and paste

iv). Unit length ;4

v). Screen 1 8lit type perforation 5:6 .

i). Material

vi). Quantity : Blank pipe - 12,488m (3,100pcs)
Screen pipe -~ 4.400m (1,108pcs)
Socket . .- 4,200pcs '
Bottom plug - ~340pces

Paste - 1 L.8
(i). Hand-pump 353 sets

: Manual type

D. Type
ii). Yield _ : 15 1it./min, 46m Head
iii). Casing diameter : 100mm

iv}). Accessory ¢ Pump head, withdrawal pipe, dte.

(parts underground must be stainless type)
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(j). Radio telephone system 1 sets

Mobile station

Power output T 25W
Accessory
(k). Electric logger 1 set
Measurement . Resistivity and S.P
_ (long. normal and micro)
Record : Auto-recording
Cable . : 100m with cable dram

Standard accessory

{1}). Pumping test equipment ' 1 set

1). Submercﬁble pump (198 lit./min, 6ém H, 56mm pipe)
ii). Diesel engine generator (50 Hz, 220 V, 1@ KvA)
iii).” Water meter (180m cable, 1 set)

iv). - Standard accessory

{m). Water analysis kit (for 500 sampies) 1 set

i) Type : : Portable type for field measurement

ii). Items of analysis : Turbidity, color, odor, taste, consump-
tion of KMnO4, pH, nitrate, ammonia-N,
nitrite-N, Cl, Cr, total hardness, chlo-
ride, bacteria, colon bacillus.

(n).. Siting equipment 1 L.S

i). Electric- magnetlc prospectlng equipment
portable type, 20ém of prospectmg depth
ii). Landsat Imageries )
- ‘covering the two Project areas
... each three. theme -analysis .
'111) Stereoscope
Handy type

(w). Agencies ' ' ' LS

i). Mud-circulation agencies (chemical type)
i), Foaming agency '

(o). 'Spare_ parts - o - 1 1.§
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i). Spare parts for supplied'equip'ment (for 2 years operation)
ii). Spare parts for supplied geophysical equipment (-ditto-)
iii). Spare parts Tor newly supplied equipment (-ditto-)

1 LS8

(p). Camping '1’acility
i). Tent (for 6 men) ( 4 sets)
ii).  Camping bed (16 sets)
iif). Temporary shower bath, toilet unit ( 3 units)
iv). Wiring/piping materials ' { 1 LS)
V). Others
(2). Equipment and Materials for District Maintenance Center
(a). Servicing rig (Carg'o truck with _créne) . 1 unit
i). Truck '
Engine : Water-cooled ‘diesel engme
Type : Left-hand drive
Payload 4 ton
in).  Crane _ _
Loading : 2 ton
(b). Motorcycle 9 sets
Engine 125 - 175-cc -
Type : Off-load type with carrying bag
(c}. Hand-pump 30 sets
Type : : Manual type .
Yield a ~15 lit/min, 40m Head -
Casing diameter : 160 mm
Accessory : Pump head, withdrawal pipe, etc

(parts -underground must be stamle'ss. type}

(d). Cylinder of Hand-pump 30 _sefs,_:

Same type as above

(e). Air-compressor 3 sets

Type : stationary type
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Capacity c 7 'kg/(':m?,, 3.6 m3/min or more

Accessory . delivery hose (1", 100m), and standard
acCessory
(). Workshop equipment and tools 2 sets

each set includes;

Vice -

“Wood . hammer
Portable pipe threading machine
10. Pipe cutter

11. Monkey wrench
12.. Calipers

13. Steel scale

14. Tape measure '

1.3 : no
2.- Wrench set (Hexagonal) set
3. Driver set sets
4. Pipe wrench pair
5. Spanner set set
6. Hammer set
7. Chisel " - set
8.

9.

el Bl B e e e R e N e
R
o
o

15. Portable electric drill set
16. Saw:. sets
17. Pliers _ no
18. Wire brush 19 nos
19." Brush’ : 10 nos
20, Sling wire 2 nos
23. Sand paper 1 set
24. Handing -grinder 1 set
26. Bolt clipper. 1 no
27. Water pump pliers 2 nos
28. Tool box 2 nos
29. Electric saw 1 set
© 30. Electiric grinder 1 set
' 1 set

‘31. Engine welder
- : - DC-welder - max. Z09A
AC generator- output max. 3.2 KVA
with diesel engine, standard accessory,and
welding rod (6mm, 59kg)

{g}). Spare parts - 1 L.8

i).  Spare parts for equipment mentloned above (1 I.S)
i), - Packing for hand-pump cylinder - (1990 pcs)
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4-6. Tmplementation Plan

4-6~1. Implementation System

(1). Apportionment of the Government of Ghana and Japan

Undertaking of the Government of Japan

a). Procurement, transport and hand-over of the major ecquipment and
materials.

b}. [. Dispatching of the construction engiheers and transfer of technol-
ogy to the Ghanaian sté.ff, and
ii.  Procurement of the local materials for the:construction of 168
borehole facilities. '

"¢). Design and supervising services covering the items mentioned above
including a dispatching of concerned engineers.

Undertaking of Egg Government of Ghana

a). To complete the Proaect thwughout.

bj. To provide the necessary number of. Ghanalan personnel for the
Project imp'lementatlon and to bear all the expenses.

¢). To bear all expenses necessary for ' the Project other than those to
be borne by Lhe J apanese grant, :

d). To acqulre land space and the ru,ht of-way for . the PrOJect works

e), To ensure the tax exemption and customs clearance at a port in
Ghana -of import equlpment and materlals supplled under the Japanese
grant for the’ Project

). To ensure the exemption of Laxes and duties on all personal goods
equipment and effects which are to be brought mto Ghana by Japa-
nese personnel related to the Project.’ :

g). To do everyt}ung possible to secure the safety of Japam,se personnel
related to the Project during their stay. in Ghana. :

h). To Gccord Japanese personnel related to the Project such fa0111t1es
as may be necessary for their entry and/or re-entry into Ghana a.nd
stay therein for the Ploject

i). To bear the following commissions to the Japanese foreign exchange
bank for the banking services based upon the Banking Arrangement;

(1) advising commission of the Authorization-to-pay,
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(2) payment commission.

j). To maintain and use properly and effectwely the equipment and
borehole facilities pr ovided under the Japanese grant and to arrange
and secure necessary budgets and personnel for the maintenance and
operation, after the takeover of those equipment and facilitles.

(2). Executive agency

The execﬁtive bo_dy: for the Project is to be '_GWSC, and the con-
struction works shall be undertaken by GWSC force account basis.

GWSC shall construct the borehole facilities with the personnel
nobilized under'thelr own responsibility, and the egquipment and materials
both procured at their own expense and provided under the grant aid
asgistance of Japan. . Further GWSC -shall estabtish Dlstrlct Mamtenance
Centers, strengthen the repairing functions of each Reglona] Office and
- Drilling Unit, and operate .and maintain the borehole facilities completed
and equipment appropriately. ‘ '

" Besides those, GWSC shall make necessary measures for the grant
aid programm(, of Japan, such as Exchange of Note (E/N),. Bank Arrange-
ment, tax exemption, etc., in cooperation with the Government agencies
concerned. ' '

(3). Field Operetion System

Sectors of - construction work :and working parties required for
the Project implementation as well as their ma,]or tasks are described
below.

a). Project Management (one party) .
- Coordination and communication wﬂ:h the government dgenmes
concerned,
- Coordination and ‘communication with the communities concerned,
. - Management of the total. construction programne, .
- General supervision of the constructlon sectors.,
- Siting, , .
- Judgnent of’ the successful borehole,
- Recording -of the Project. 1mplementation,
- Managemeént:-of ithe: personnel, . .
- Stock management of the stand by equlpment materlals and spare
parts,
" = Accounting, and
- Qthers.
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b).

Site Management (One party)
- Management of the Base Camp,
Management of the borehole sites,

Management and ‘coordination of each constmctlon sector,

Stock management of the construction materials,
Procurement and delivery of the local construction materials,
Management of the pereonnel engaged in the constructlon

_works,

Recording and reportmg the construction works, and
Others.

. Siting (one group with 3 geophysical prospecting crews)

Pre-studying the borehole siles,

Geophysical prospecting and analysis,

Judgment of the proposed site and reporting to the Pl‘OJeCt
Manager,

Selection. of the access mute,

Judgment of the earth work quantities,

Instruction the borehole sites and access routes to the earth
work party, and etc.

. Farth work  (on¢ party)

Arrangement of the access routes and borehole 51tes

. Drilling (four parties)

Drilling the boreholes,
Electric legging of the drilled boreholes,
Casing,'gr_avel packing and developing the boreholes.

. Borehole Test (two parties)

Pumping test,

Water quality analysis,

Analysis of the borehole tests above mentioned and reporting
to_ the Project Manager. '

. Civil work (Two parties) '
- Construction of appurtenant fac111t1es for the complei,ed

boreholes,
Inetallmg the hand pump

. Vlamtenance of equ1pment {two parties)

Daily maintenance of equipment and vehicles, . and
Repairing the equipment and vehicles.

. Operation and maintenance (one party for each distrlct)

Regular check of the borehole facilities,
Repairing broken down facilities, and
Collecting the maintenance fee.

. C‘xtock managing (at Drllllng Unlt)

Managing of the stand-by. equipment and the stock of spare
parts in the warchouse of Drilling Unit, Kumasi.

-56-



(4) Ghanaian personnel plan

Ghanaian peraohnél to he éng’aged in the Pro'jcct implemcntation
totals up 116 persons - (105 person«; are Tully assigned to the field

works), covering all construction sectors mentioned above.
neration and wages for the Ghanaian workers are to be borne by GWSC.

The remu-

The allocation of pefsonnel to the each construct'ion sector is

shown in Table 4-6-1.

Table 4-6-1.

Profession / Sector

Base capp Siting Drilling Eorehole rest

GHANAIAN PERSONNEL PLAN

Farth work Civil work Haincenaace

Total

Project Mamager (1)
" Site Hanager 1
Eydrnge.nlogist 3
~—dicto- Assistant 3

Hech, Engineer
~ditto- Assistant
Civil Engineer
Driller Chief
Assistant Driller

Stock clerk (2}
Accountar 1

Sub=Total 2 (D 5
Foreman

Driver _(haavy)
Driver (ligat)
Typist/secretary
Cook
Guard/waccher
Labour

R L

12

b

Sub--Total =2 12

TOTAL (3 _i8

(5). Consultant services

H

8

39

11

i3

= (1)

[£8) 1 (1)
[(83] 2 (1)

3

4

4

«~ {(2)

1
() 2% _(7)

3

10

2

1

2

10
(&) 51 (&)
) T8 (4)

105 (11)

. The consultant will make a contract w1th the GWSC for following
consultant services immediately after t,he Lxchange of Notes for the

grant aid agsistance to the Project.

'a).:' : Preparatlon of detail demgn and tender documents for the pro-
curenent of equipment and materials and ‘for the construction works

to receive cooperation from the Japanese government
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c). Witnessing and advisinlg on the negotlation between _'t'he Govern-
ment of Ghana and the successful bidders,

d). Supervising of procurement and transport the equipment and
materials, and supervising of dispatched Japanese engineers,

e). Transfer of technology including siting technique, and

f). Others.

(6). Supplier

The contracted supplier shall procure the equipment and mate-
rials specified in the contract, transport them to the site designated
by GWSC, dispatch the engineers to Ghana for the contacted period, and
procure the local materials required to construct ~the 166 horehole
facilities. '

4-8-2. Japanese Cooperation on Construction Works

(1). Dispatching plan of Japanese Engineers

Japanese engineers join with the Chanaian staff to coopera"te' in -
the construction for one year under the Grant Aid: System Dispatched
Japanese engineers transfer the technology, e‘spe(:lally for the following
items according to the characteristics of new "Project areas, to the
Ghanaian personnel through the actual works, as well as adwsmg and
assisting them to enable smooth and effective Pro,]ect 1mplementatlon

a). Borehole sn:lng,

b}. Design of borehole facilitles,

a). Site Management,

d). Drilling by rotary rig with mud water,

a). Borehole test, : :
f). Maintenance and management of rigs supportlng equlpment,

and .vehicles, .
g). - Stock.management of equ1pment and materlals, dﬂd
h). Installation, maintenance and management oi hand pumn

To achieve the above- Inentloned obJe('tlves, the Government of '

Japan w111 diq;patch the engineers shown ‘in Table 4 6 2 at Japans own
expense, ;

_58.,.



Table 4-6-2. R
JAPANESE ENGINEERS AND_PROFESSION

. Sectors -

Field Profession in charged of Person
Design and & Hydrogeologist Siting 1
Supervision Supervising Supervising, Design 1

o Engineer of borehole
Sub-total ' ' 2
Cooperation Drilling Engineers - Drilling 2
i?r construc- Mechanicat Maintenance and i
ton Engineer management of
) equipment, Stock

managemeit
Sub-total 3
TOTAL 5

Scope of work for the Japanese engineers dispatched are to be
as follows: : '

A. Design and Supervising Group (Consultant)

a). Supervising Enginéer

i. . Advismg',‘ asmstmg and transferring Lechnology to the
_Ghanalan Progect i\’lanag(,r and Site Manager for the items con-
cerning Proae(,t managm borehole construction and supervising

such as; : _ _
-~ Management of the implementation schedule,
- Supervision of the construction,
- Design of boreholes,
- Supervision of bor ehole test,
- Supervision of appurtenant facility constructmn
and installation of hand-pumps,
- Recording the Project implementation, etc.
i Superviéing'- the :tasks of Japanese engineers concerned

with the construction works.

b) Hydrogeologlst

L. Adv;sing,_ 'a',ssisti_ng and transferring technology to . the

'-Ghanalan ‘staff in charge of bore_h_ole__si_ti_ng for the items “such
~.-as;.
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B. Engineering Group

Selection of borchole sites,

Geophysical prospecting and analysis,

Judgment of pr oposed borehole sites and reporting
technique,

Selection of access routes,

Instruction of earth work to the work party con
cerned, etc.

(Contractor) -

a). Drilling Engineer

i. Advising, assistihg and transferring technology to the
Ghanaian staff for the items concerning drilling such as;

Ilandling and- operation of the drilling rig and

_supporting equipment,

Drilling technology, especially mud-drilling,
Casing and gravel packing,

Developing of borehole,

Recording and reporting the work record, etc.

b). Mechanical Engineer

i). Advising, assis’tin:g'. and transferring technology to the
Chanaian staff for the items concerning maintenance of the

equipment and

stock management such as;

Daily maintenance’ and management of the rigs,
supporting equipment and vehicles, :

Stock management of the stand -by equipment and
spare - parts,

Maintenance and mcmaglng of the hand—pumps

ii. Procurement of -local mater1als and delivery to the bore-

hole site.

4-6-3, Implementation Schedule

The Project wﬂl actually start when ‘the Exchange of Notes is

mutually confirmed by

the Governments of Japan and- Ghana. Then GWSC

should immediately conclude a contract with the Japanese consulting

firm for services -of
the contract is sign

designing and super_vi'_sing of the Project. - After
ed, the Consultant should" prepare the detailed

design and the tender document for Japanese suppliers regarding the
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