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PREFACE

The Japan International Cooperation Agency (JiCA),
entrusted with its work by the Government of Japan, has been
extendlng technlcal cooperatlon to the Government of the
Republlc of GHANA on the Project of Research and Control of
Diarrhoeal Diseases and Improvement of Nutrition since 1980.

As part of the above Project, JICA has decided to
conduct a study on the rural water supply facilities and
dispatched a survey team to the Republlc of GHANA in April
1985.

After the field survey, the survey team anal;zed and
evaluated the findings and data obtained, and has ‘completed
this report.

Sequent on the findings and observations of this
survey, I regret to state, that the implementatiqﬁ of the
project would be postponed provided that the water quality
not be improved. -

However, it is my vigorous hope that this report
would contribute to the formulation of other safty water
supply project,

1 wish to express my deep appreciation to the
officials concerned of the Goverument of the Republlc of
GHANA for their close cooperation with and support extended
to the team.

September, 1985

.é%ﬂeojé%k 17’9
Shosuke SUENAGA

Executive Director
Japan International Cooperation Agency
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SUMMARY

1. Objéctive:aﬁd:COntents of Sur#éy

This water supply detailed design’sdrﬁé& was conducted by
the Japan International Cooperation Agency as a part of the'préjéét of
Noguchi Memorial Ipstitute for Medical Research in Ghana University,
and its purpose is to form a suitable plan for the water supply

facilities program in the target model areas of the said project.

The'target areas are the Fete area, which faces the coast-
1{ne,‘aed Ashonman, a pcrely'agricultural village north of Accra.
Here, water source prospecting, a human geographical survey, as
ex13t1ng water Supply system survey as well as electrical prospecting
and a test well drllling survey were carried out on the spot in the

area from April 1 to July 15, 1985.

2, Outline of the Model Areas and the Needs for Safe Water Supply
a) Fete area

The community of Fete (with a population of 2,060 persens)
is located on a height 30 to 50 m in elevation which faces the
seashore. On its north side extends the alluvial plain of the
catchment basin of the Osonko River. The major occupations of the
inhabitants are flshing and farming, and various crops are grown on
the alluvial plain. For domestic water the inhabitants had mainly
resorted to the wells installed in the alluvial plain about 1.5 km
west of the community, but ever siunce these wells dried up as a vesult
of the 1983 drought, they are compelled to purchase the water brought
from Accra 1n water tank-lorries. The purchase of this water
conStitptes'a heavy finaecial burden for the inhabitants. Also, the
quantity of water that a household consumes varies greatly depending
on 1ts financial condition.' There is a plan to supply water to this



district through a pipeline but it is hard to say when it will be

implemented or whethex water will éctually be sﬁpplied at all.

The geology of the Fete area is generally comprised of
impermeable quart21te, and alse because the gronnd water in the zones
close to the coastline has turned into saline water, the only area in
which new water sources can be developed is in the alluvial plain
upstream of the Osonke River. Electrical prospecting and test well

drilling surveys were therefore conducted in this area.

Aquifer was confirmed to be dlstributed from the weathered
zone of the quartzite layer at a depth shallower than 25 m to the
unconsolidated sediments layer, The water contalns a lot of dissolved
components so that its quality is not good, but it is still acceptable
to the inhabitants as domestic water, Ground water whlch was confirmed
at a depth below 30 m is worse in terms of both quantity and'quality
and was therefore excluded from theltﬁrgéts of.ground w;tgr deﬁeloﬁfl

ment,

The existing well Facilities are not only qdite instable in
terms of quantity but have the risk of becoming contaminated from outside
sources because they are artesian wells'open.at the top. Accordingly, by
installing closed wells using as water source the ground water ‘confirmed

by the current survey, it is possible to supply bacteria-free water.

b} Ashonman area

The commuﬁity of Ashonmén (with a‘pﬁbuiation=oft225 ﬁetsoﬁs)
is located in a payrt of the Accra Plaiﬁ'whete the 1aﬁd fotmé a gentie
topography of around 50 m in elevation. Var10us cr0ps are cultivated
in the lowland (difference in elevatian from community being 3 - 5 m)
west of the hamlets. Ponds are scatttred around the hamlets which

serve as the main sources of domestic water for the 1nhab1tants.



“About l km southsouthwest of the hamlets is an abundant surface Elow
(2,000 m /day) from a spring, but because of its distance, water is

hauled from it only during the dry season when the ponds are dey.

As above, the'Ashonman area is favorably endowed with
domestit¢ water in tevms of quantity, but not in quality, for the water

is polluted.

Furthermore, a well with a jammed pump is recognlzcd in the
lowland about 500 m southwest of the hamlets. According to what we
have heard, the well had been in use until the pump broke down in 1983
and the water had been qu1te satlsfactory to the villagers both in

quantity and qualxty

Impermeable ground is widely distributed around the hamlets,
but from the results of electric prospecting, a good'aqﬁifer was
inferred to be distributed from this well toward the lowland in the

southwest,

Based on what we have heard and the results of field survey,
it has been judged best to install a new pump for the well in order to
supply safe water to the inhabitants; this ﬁump is scheduled to be
installed shortly as a UNICEF project,

3. Basic Concerns of the Project

The utilization of ground water as a temporary water source
. for Fete area would cause such problems as dissolved substances and so
on. However, on the assumption that the water quality be improved, the

basic concerns of the project have been set up as follows.

a) Stable domestic water supply shall be secured for the Fete

area from a tentative water source,

b)  The water source shalt be ground water.

¢} The facllities shall be inexpensive in construction cost and
operating expenses. '
d) The facilitfes shall be durable and of the design easy to

operate and maintaia.

e
-
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e) The facilities shall be of the closed type design to prevent

pollution of water source.

£) The estimated quantity of water supply shall be 14
. /day/head.

4. Qutline of facilities
Besides the test well drilled for the survey this time,
three more new: wells shall be drilled. These four wells shall

constitute the domestic water supplying facilities.

The ﬁridcipal specifications of the facilities shall be as

fellows:
Well: Depth :. about 30 m
Hole diameter 150 mm
Punp: Type Hand pump or faot pump _
Capacity Lift: 30 m, Pumping rate 80D g2/hour
Platform: Area 11.7 mz
5. Construction Cost

Drilling and its ancillary works shall be executed by
Chana's domestie organizations and construction ¢ontractors, but the

pumps shall be procured from outside Ghana,

The construction cost {as of January 1986) shall include a
priée-increase of 85% - using the cost escalation rate of the past one
year as a reference - over the unit prices and estimates as of

April-June, 1985,

As Ghana has not had any experience with the foot pump yet,

its quantity was decided to be five units including one spare pump.

iv



The construction cost was thus estimated to be as follows:

Item . Amount
Drilling work, 3 spots £2,625,000
Platform work, 4 spots 988,000
Total ¢3,613,900 {cedis)

Pump (ex Ghana)

In the case of the hand pump, $7,500 {D.5.5)
4 units

In the case of the foot pump, ¥1,697,500

S units {Japanese yen)
Other necessary materials, ¥200,000

1 complete set (Japanese yen)

_ Becauvse of the sharp rise in prices in Ghana and the fact
that drilling work takes a long time the c¢onstruction cost to be
settled in the currency ¢f Ghana will have to be adjusted at the time

of execution,
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CHAPTER 1 OQUTLINE OF SURVEY

1.1 Circumstances that Let to Implementation of Survey

In 1967 the Ghana University requested the Government of
Japan for medical cooperation in order to improve the medical
situation in the Republic of Ghana. In response to this request, the
Government of Japan cormenced its medical cooperation in 1968, This
cooperation project which has been ¢ontinued systematically ever since

is now in its fourth stage.

The fourth stage project intends to cafry out basic,
‘clinical and public hygienic survey on diarrhoea and malnutrition at
the Noguchi Memorial Institute for Medical Research at Gﬁana
_ Universfty and to apply the achieved resulgs to the model areas in

order to.iﬂprové the welfare of the inhabitants there.

Coﬁtinued appeal for improvement of the water supply system
in the model areas had beén made for the reason that the insaunitary
drinking water was considered te be the major cause of diarrhoea in

Ghana which is the principal theme of the project.

It was agaiost such a background that a team of specialists
was dispatched between January 29 and February 11, 1985 for
freliminaty detailed design survey, and that on the basis of the
conclusions reached by the team, a survey mission was dispatched with

a view to realize the drinking water supplying system,

1.2 Objective of Survey

The objective of the survey was to investigate the water
source, human geography and existing water supply systems as well as
" to conduct electric prospecting, test well drilling, pumping test and
other surveys and tests, on the spot, in the model areas, and on the

basis of data thus obtained, to work out the suitable water supply



facilities plan scheduled for implementation in FY 1285 and to work
out a detailed design and cost estimation for the specifications

necessary in implementing the plan in the most appropriate way.

1.3 Target Survey Areas

The Fete and Ashonman areas, which are two of the model
areas particularly in need of clean drinking water, were selected as
the target areas of this survey from among the model areas covered by

the Fourth Stage Medical Cooperation ?roject.

The Fete arca is located on hilly land facing the seashore

about 60 km west of Accra, the capital city of Ghana.

The Ashonman area is located about 15 km north of the

capital eity Accra.

The locations of these two areas are indicated on Fig. L.
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CHAPTER 2 GENERAL DESCRIPTION OF THE REPUBLIC OF GHANA

2,1 Natural Favironment and Scocio-Economic Conditions

2.1.1 Natural Environment

Chana is located approximately in the center of the Western
African countries, It borders on Toge on the east, Burkina Faso on
the nor;h and the Ivory Coast on the West. Its south coast borders on
the Gulf of Guinea along which its shoreline extends for about 560 km,
The territory is rectangular in shaﬁe and lies between 5% - 11° N.L.
and between Ing. 1°F and 3°W and the total area of about 240 thousand

kmz.

The territory corresponds Eo the Eomparatively stable area
called the West African Craton which is subjected to very little
diastrophism, and is mainly cowposed of Pre-Cambrian to Palaeozoic
formation. The whole cbuntry thus presents a peneplain topography
with very little undulation except where the Akwapim-Togo Mountain
Range about 1,000 m in maximum height extends from north of Accra to

near the borderline Togo, (Fig., 2.1.1)

The major river which flows through this country is the
Volta River, and the Lake volta which was created by the completion of
Akosmbo Dam in 1965 by the Volta River Development Project covers an
area of 8,400 kmz. Also, a few streams originating in the Ashante
Region im the center of Ghana flow into the Gulf of Guinea, but these
are all small in scale. (Fig. 2.1.2)

Ghana has a tropical climate with an annual mean temperatuce

of 27°C, 1ts coastal area is damp, and its northern area arid and

hot,

The annual precibitation in the areca extending from the

southwestern coast to the Ashante Region in the Center of Ghana is

-5 -



high, ranging between 1,500 and 2,200 mm, but it is less along the
southeastern coast around Accra and alse in the northern area where it
is around 1,000 mm. Reflecting the difference in precipitation, the
area of abundant rainfall comprises the forest zone, the coastal area
around Accra the savannah zone and the northern area, the arid zone.
The rainy season is between April and September,‘and the month of the
highest rainfall is Avgust in the northern area, and June in the

southern area. {(Figs. 2.1.3 through 2.1.5)
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2.1.2 Administrative Division and Population

The country is administratively divided into nine regions as
shown in Fig. 2.1.6.

The population is estimated to have been 12.7 million in
1984 with the population density of 52.9 personslkmz. Tﬁe average
annual population growth during the past 14 years estimated on the
basis of the 8.55 willion population at the time of the 1970 Census {s
2.9%.

Its people are composed of various tribes. Breadly
classified, the Ga tribe, Ebe tribe, Akan tribe and Mahpurusi-Bagomba

tribe arée the main ones.

- 11 -
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2.1.3 Economic Situation

"Agriculture is the largest industry in which 61% of the
country's labor force of 2,560 thousands are engaged. What is more,:
one third of the country's arable land is used for cultivating cocoa,
the major ‘export industry which, in export amount, outdistances all
other agribultural éxport products such as coffée, cabbage palm,
Copra, banana and shear nut. Staple food crops are manioc, yam,
cocoyam, plantain and rice. Also, maize, foxtail millet, guinéa corn
are cultivated in the northern area. -The country however is unable to
satisfy its domestic food demand and so food accounts for 20% of its

imports,

- Its mining outputslpioducts ~ exclading the processing of
alumina - are gold, diamond, manganese and bauxite as shown below in

the order of export amounts.

-

Mineral Production Statistics

Units in 1975 1976 1977
Gold 1,000 oz. 523.9 509, 3 481
Piamond 1,000 ¢ 2,323.3  2,470.5 1,851
‘Manganese ore 1,000 tons 408.7 324.5 268
Bauxite S 314.5 260.2 265

Trading Status (in million cedes)

1975 1976 1977
Exports 929.4 952.% 1,105.8
of which Cocoa 551.4 515.5 679.7
Lumber 77.3 75.2 87.1
Imports 909.3 969.0 1,175.9

-13 -



The people of Ghana today are suffering from scaring prices
under poor economic and fiscal conditions due to the nation's foreign
debts issue and the deterioration of its conditien cencerning the

balance of international payments.

In 1982 the Government announced a sharp rise In the cost of
living in terms of indices, with 1977 as 100, to have beén 611.8 in
January 1981 and 1,046.4 in January 1982. The rate of inflation was
116.5% 4n 1977, S54% in 1979, 140% in 1981 and a staggering 180% in
1982. The same trend still persists today.

As a result, the exchange fate of its curfency depreciated
from $t = 2.75 cedis in the first half of 1981 to §I = 53 cedis by
April 1985 due to repeated devaluations, and predictions are that this

trend will continue to prevail.

- 14 -



2.2 Household Watér Supply Situation

The Govérnment of Chana, as a result of 1ts continued
efforts in supplying household water to its people ever since its
independence in 1957, has succeeded in raising the water supply
pervasion rate which at the time was in the range of 5 to 10% up to
59% of its total population of 12.7 million. The population served
with drinking water in the.urbau areas is above 90%, but in the rural
areas the pervation rate is still only 37%. The population served
with drinking water set out items of the size of community is as shown
in Table 2.2.1.

Table 2,2.1

Population Served with Drinking Water in 1984 (in Thousand)

'Popuiation Grdﬁp . (Rural) ‘ Total
Below  101- 200- 500~ 2,000- Rural Urbam Urban
100 109 499 1,999 4,999 above and
' 5,000 Rural
1. No. of | | N |
Communities 35,974 4,449 4,268 2,621 332 47,634 135 47,479
{1970 census)
2. Estimated
1984 pop. (Final - _ -
details of 1984 1,629 816 1,733 3,049 1,231 7,858 4,863 12,721
not yet out) . '
3. Pop. served - o
with drinking - 12 80 300 1,700 860 2,952 4,557 7,509
water in 1984 :
4. % of Pop.
served with
drinking 1.2 9.8 13.7 55.8 69.9 37.6 93.7 59.0
water in 1984

...15..




~ The piped water supply system which 1s installed for
communities with a population of 2,000 o6r more is utilized by five
million people. There ave also about 6,000 wells with a hand pump

which are used by two million people,

Thg Ghana Water and Sewerage Corporation (GWSC) whic¢h has
established in 1966 is the authority responsible for supplying
household drinking water in Ghana.

The poiicy of GWSC for supplying water to commynities with a
population below 2,000 is by means of a well with hand pump, one for
about every 400 people. The actual amount of water supply per head
per day is reportedly between 13.5 and 22,5 litres.

During the past }5 years, a number of large scale well
drilling projects have been carried out in the rural communities of
Ghana with the aid of various governmenté and loeal oréanizations.

The two particularly important projects are:

(a) The Upper Region Water Supply Project (URWSP) carried out by
the Government of Canada (1974 - 1981)

{b) The 3000 Well Drilling Program in Southern and Central Ghana .
set in wotion by the financial assistance of the Government
of West Germany (1978 - 1984)

2,300 wells under URWSP and 3,000 wells under the West
German Government Project have already beeéen completed in seven of the

administrative regions of Ghana. (Refer to Fig, 2.2.1) 3

The wells with hand pumps, until then, had not been
adequately maintained due to various reasons, but both the URWSP and
the 3,000 Well Project place emphasis on plans for maintenance,

administration and upkeep of these wells,

In April 1985 the Government issued its Five Year
Groundwater Supply Development Plan (1985 ~ 1989). This Plan is

- 16 -



mainly concerned with the_festoration of existing water supplying
systems and the new installation of hand pump systems. It is
considering replacing the jammed pumps of existing wells and newly
installed wells with hand pumps.

The restoration of jammed pumps is scheduled at 750

locations, of which 250 are to be implemented as a UNICEF project.

_ The installation of new wells with hand pumps is plamnned at
1,500 locations in the Brong Ahafo Region, Western Region and in the

northern parté of such regions as Ashanti, Eastern and Volta. (Refer
to Fig. 2.2.2) '

- 17 -
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CHAPTER 3 SURVEY RESULTS

3.1 Fete Area

3.1.1 ggsline of the Target Avea

Location : About 60 km southwest of Accra (Refer to Fig. 3.1.1)
Adninistrative division: Central Region
Area t About 6 km2 |
Tribe : Fante tribe (Chief: Nana Abor Ewusi XIX)
‘Population: 349 families, 1,790 persdns'(iQBZ)
2,060 persons (1985)
For age distribution, see Table 3.1.1
Occupation : _ : :
of inhabitants : As the area faces the seacoast, the largest
number of working males are engaged in fish-
eries, follewed by those in agriéulture. As
- for the working females, those engaged in
agriculture and commerce account for the

largest group. (Refer to Table 3.1.2)

Diseases: Major diseases are diarrhoea, malaria fever, scabies
and upper respiratory infection. The résults of the
disease surveillance carried out in September 1983 are

as presented in Table 3,1.3.

The results of tests on faeces samples have revealed
one of the major causes of dlarrhoea to be rotavitus
infection attriubutable to a lack of sanitary habits

of the inhabitants and inferior drinking water.
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Table 3.1.1 Composition of Fete Villages by Age Group (1982)

Age Group Male - Female Tatal
"Up to One 40 L 42 82

1- 4 108 135 243

5- 9 115 104 219

10 - 14 106 120 226

15 ~ 24 119 173 292

25 - 34 57 123 180

35 - 44 52 99 151

45 - 64 61 138 199

65 = 53 95 148

Total 711 1,029 1,740

Table 3.1.2 ©Occupation (1982)
Male Fempale Total

Farming 72 (26.4%) 312 (56.4%) 384 (46.5%)
Fishery 127 (46.5%) 7 ( 1.3%) 134 (16.2%)
Commerce 4 ( 1.,5%) 216 {39.1%) 220 (26.6%)
Teaching . 6 ( 2.2%) 4 (0,7%) 16 ( 1.2%)
Driver 32 (11.7%) 0 32 ( 3.9%)
Manufactoring 19 ( 7.0%) 0 , 19 ( 2.3%)
Others 13 ( 4.7%) 14 { 2.5%) 27 ( 3.2%)
Total 273 (100%) 553 (100%) 826 (100%)

- 23 -




Table 3.1.3 Results of Disease Survey at Fete Village

Pate L/8/83 9/9/83 16/9/83 23/9/83 30/9/83
Malaria Fever 43 30 - 42 30 26
Scabies 8 26 12 15 12
Upper Respiratory 40 '23 23 Y 20
Infection
Ear Pain or Discharge 1 2 2 5 I
Worms - 2 1 1 1
Abdominal Pains 1 1 - 1 1
Eye Discharge - - 1 4 1
Spleen 1 17 28 7 -
Sores 3 - - - -
Voni t 4 3 1 5 -
Palpltation 1 - - - -
Gingival infection 1 - - - -
Headache - 3 - - -
Preumonia - - - - 1
Measles - ' - - - ' O

WEEKLY % OF DTARRHOEAL CASES 1N SEPTEMBER
Pate 2/8/83 9/9/83 16/9/83 23/9/83 30/9/83
Weekly Attendance 155 156 153 133 109
# of Diarrhoeal Cases { 31 23 19 23 2t
% of Diarrhoeal Cases | 20.0% 14.7% 12.4%  17.3%  19.3%
# of Diarrhoeal cases seen in SEPTEMBER 117 (16.6%)

# of children seen in SEPTEMBER 706.
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3.1.2 Hydrogeology
{1} Topography

Along the coastal line southwest of Accra near the Fete.aréa
até many small steams flowing from northwest to southeast. - Fete area
is lo¢ated in a hilly area on the right bank of one of these streans,
the Osonko River, and the hamlets are lqcated on a height, on the
qestérn'tip of a hill facing the Culf of Guinea. The elevation near
the hamlets is 30 to 50 m, and in the hinterland, 70 to 80 .,

. “

This hilly area and the alluvial plain in the catchment
basin of the Osonko River adjoin each other formiug a gentle slope.
The plain is less than 15 w in elevation and forms a flat surface of
500 to 700 m in width, '

The plain is generally used as farmland while the hilly area
is left abandoned as wasteland because a weathered layer of rock bed
is often found distributed directly underneath a thin top soil -

covering,

The eatchment basin of the Dsonko Rivér is small and the
drainage divide is 5 km upstream, The wéter ¢hannel in which surface
water 1s recognized during the rainy season between May and July but
not in any other months of the year, is 3 to 6 m wide. AT the time of
heavy rainfalls during the rainy season, however, the lowlands seem to
béCOme';emﬁorarily submerged, At the estuary of this_rivéf is a
lagodn‘éalled'Kako'Lagoon, and becausé of the gentle river gradient,
seéa water;COmes up to around 1 kam upstream from the coastline during
the dry season. Thé lagoon on the right bank of the estuvary is

therefore utilized for salt farms.

{2} Geology

The southern part of Chana 1s comprised of Pre-Cambrian
formations which are divided into several layers from Buem Formation

to Dahomeyan {refer to Fig. 2.1.1). The area around Fete is located
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at the southern tip of the Togo Series which 1s distributed in bele
form from the border with Togo toward the southwest, and fumediately
north of the Fete area are distributions of granites which belong to

Middle Pre-Cambrian.

The hill on which the hamlets of Fete are located is framed
with quartzite of this Togo Series which is seen out¢ropping here and
there, but its top layer is heavily weathered and is as fragile as
sand. Schistocity is recognized in this quartzite, and its strike and
dip are dominantly oriented toward N 60°EfS 70-75°. Joiats of N20°W/90°
and N35°W/S55° are also developed orthogonal to this schistocity.

Unconsolidated alluvial sediments ave distributed over this
quartzite on the plain, in the catchment basin of the Osonka River,
Alluvium is deposited with alternate layers of clayey soill and quartz

sand.

Distributed on the sand beach along the coastline of the

estuary are sand layers of uniform grain size.

(3) Meteorology

"The climate along the coastline near Accra including Fete
belongs to the semi-arid coastal savannah and corresponds to the

Gharian area of relatively small précipitation.

Rain gauge stations are located at Pomadze which is about 18
km west of Fete and also at Kwanyako about 25 km northwest of Fete,
Rainfall data of the past ten years is summarized in Tables 3.1.4 and
3.1.5.
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If we assume the amount of rainfall 1n the Féte area to be

the average of rainfalls observed at the Pomadze staticn and Kwanyako

station, the annual mean rainfall is about 970 ma.

The rainy season is divided into the major rainy season
which is between April and July and the minor rainy seasoﬁ from
September through Cctober, and the rainfall is ﬁarticularly laxrge
during the months of May and June, being about 200 pm/month,

From the trend of rainfall of the past ten years, rainfall
of 1,000 mmlyeaf can be anticipated, but in 1983 it was rather _
reduced, having been only 632.5 mm which is about 2/3.of the énnﬁal

mean rainfall.

The mean temperature is around 27°C throughout the year but

relatively higher during the dry season between November and March,

Table 3,1.6 Monthly Maximum and Minimum Déilf Temperature
During the Past 20 Years (Acera)  (°C) ‘ '

Month : 3 )
o Jaa. | Feb. j Mar. { Apr. | May | June | July | Aug. | Sept. | Oct. | Nov. | Dee.
Mean_daily Co ‘ : -
max. temp. 31.7 _32.0 32,10 31.7 130.9)28.7]27.4 ?7.4 28.7 29.9 | 31.2 ] 31.5

Mean daily ’ ; .
min. temp. 22.9123,5 (23,7 |23.6 226 |22.6 21,821, 4| 21,9 22,4 22,9]23.1
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(4) Conditions of existing wells
a) Distribution of wells and gr0undWater level
" Water intake facilities which use grourdwater as a water

source are located at seven places in Fete, Their principal

particulats and locations are as shown in Table 3.1.7 and Fig, 3.1.2.

Table 3.1.7 List of Wells in Fete Area

No. Name Elev. _ Shage (=) I " Remarks I
(=) Dia. Depth
1 | well (1) 7,30 1.5 3.0 Drilled in 1950 but dried up a3 few
years later. The well Is about to
collapse with sedinent flowing in
_ o . - frqm side walls. ‘
2 0" an 6.62 ] 1.25 4,00 | Constructed 1o 1968 but dried up
: : , | in 1983, -
3 "IN 6.33| 1.30 3.65 Constructed in 1968 but dried up
‘ in 1980, '
4 AR § U3 ] 6,184 1.20 3.95 Cpns@fucted in 1968 but dried up
in 198).
5 " () 6.21 1.25 6.65 Coastructed in 19568 but dried up
. in 1983, ) )
6 Dampréya - 3.7-4.5} 3.0-3,8 | Fissure water from roek bed.
: {Well on the . Used as miscellanecus water.
c¢oastline)
7 | Aboane Well - - - Fissure water from rock bed.
(Spring on the Used for drinking water.
coastline) ’
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Wells (1) through (V) are hand-dvilled wells dug in the .
alluvial ground on the right bank of the Osonko River and are lecated
about 1.5 km westnotthwest from the center of Fete Villate. This
location is about SOOm upstream of the boundary of the t1da1 compart—
ment on the Osonko River. Well (I) was drilled in 1956 but it zan dry

in a few years and has been left abandoned ever since.

Wells (I1) Ehrough (V) were constructed in 1968 and.wéré.
used as precious domestic water by the inhabitants but they ran dry
because of the drought in 1983, However, there has been a sign of
recovery in water level since the start of the current survey (April),
with a little water being observed (water depth 5 - 10m) at the bottom
of well (V). Then, with the arrival of the raiﬁy season in May, watex
has come to be vecognized in all of the wells,'and.theif water level

is still risiug.

The surface water of the Osonko River has also begun to flow
during this perlod and the water level of the river which was
initially higher than the ground water level has since become
approximatély the samwe as that ¢f the groundﬁater ever since June 10,
In other words, it is considered that prior to June 10 when the
groundwater 1eve1 was lower, ground watey had been recharged uot only
from the ground surface by rvainfall, ete. but recharged largely by the
surface water of the Osonko River (Fig. 3 1.3).

As above, the ground water in the alluvial ground, whete
wells (I} through (V) are located, reveals that it is being recharged
by rainfall and surface water and tﬁat there is a close relationship
between the two. It is because of this that the recharged quantity of
ground water at the time of the drought in 1983 is considered to have
been extremely small and to have caused the ground water level to

become low.

Incidentally, the side walls of these wells have partially
caved in and there are signs of sediments having flown inside the
wells. So when the neighborhood becomes submerged due to heavy

rainfall, the surface water will easily flow in,
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Dampraya and Aboan Wells are located at the foot of the
slope of the hill facing the coastline, and both wells are distributed
with quartzite of Teogo Serieé.abd utilize the spring water which wells
up from fissures of quartziﬁe. The guantity of water weliing up in
these two wells is poor. At the time of the survey, there was only
about 10 ¢m - 20 cm of watér_at the bottom of each well because many

of the villagers were drawing up water from them.

b) Water quality

Water quality tests of well water in the Fete area were

conducted, the results of which are as shown in Table 3.1.8.
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The water used by the-viliagers at the time of the survey in
April was from Damptéya'anﬁ Aboano Wells. A comparison of these two
water sources indica;ed Dampraya to be superior in electric conduc-
- tivity, total iren andlﬁH', but bECéuse of the extreme hardness of its
“water it is unsuitable for drinking and washing and is therefore used

only as miscéllaneous ﬁater. Aboanc Well, on the other hand, indicated

. a high_é;ectrictéonductivity value of around 3,000 us/em which

suggested the présence of may dissolved substances, but the water is

nevértheless being used for drinking.

On wells (11} fhrougb (V), electric conductivity was measured

continuously, the results of which are as shown in Fig. 3.1.4.

_ ' When the electric cbdductivity of Well (V) is reviewed, it
lis seen that. the ﬁeaspred value on April 26 was 1,830 ps/c¢m which
changed'to around 3b0 psfem after entering the vainy season in May. o
Ia other wOrds; it can.be inferred even from the aépect of water
'quality that the water in Well (V) is influenced by the surface water

of the Osonko Rivefi(measurement on July 3 was EC = 174 ps/em).

The surface of every well is opened and the people go inside
the well to draw water, The water, theréfore, tends to become polluted
easily. May coliform groups and bacteria were detected, proving the

water to be unsuitable for drinking.

_33..



YINIOD JO NND

3L

=
AT
T

2
A it

1SVIgIHDY
a

™

“BWTA
NINSIN

VIV dldd  T71°¢ vld

=z

_34_



EL 730
EL N0
EL&00
£
o
::.' L
EL500  ghF 1 bsosony-
L4 | WL AO3SMAY-30)
- ML 372 (e )
o3 .34, 335
€L 300
L] Wi 279 _(May-13)
APR-26 L}
Ry APRIG
% oRe
£L.200 i
£.100
ELOO SR S T -
' | barre2e

FIG. 3.1.3 LOCATION OF WELL (I) - (V)
AND VARIATION OF WATER LEVELS

- 135 -



2500+
2000

1000

Conductivity
AR

Lh
]
i

106

50+

@ wenl {1}
e Wil (D
a--co-8 Well ()

—-—:= Vel (W)
- Well (V)

4/2025,5’15'1'0

LA TR AL SUARL I

]—r—lir-llrrv.i—rxrrlr|u||||=(1-a~'r Trvy
5% 5 0 1B 20 > u s

FIG. 3.1.4 VARIATION OF CONDUCTIVITIES AT WELL (I) - (V)

...36_



(5) Electrical prospecting

. Electrical prospecting is a method of investigation to
elucidate the hydrogeologiCal structure of the survey area by directly
linking the results of prospecting with the outcrops of geology and
drilling data. Of the various electrical prospecting methods, the
resistivity method was applied here,

The resistivity method is used to meéasure the apparent
resistivity of the ground.and to cheék its changes and infer the
underground geology by making an integrated study of the results of
outcrop survey and drilling data. Here, the underground resistivity
was measured and interpreted by means of the vertical prospecting

method,
(Survey coverage)

The topographic conditions of the Fete area cén be broadly
divided into the hilly zone of around 50m in elievation and the alluvial
plain in the catchment basin of the Osonko River. As quartzite layer
in which the occurrence of ground water is considered uvalikely is
distributed from the top layer in the hilly zone, the latter, or the
catchment basin of the Osonke River, was chosen as the target area for
prospecting. Also, as sea water travels cleose to around 1 ka upstrean
'from the estuary of the Osonko River, the area downstreanm of this
point was excluded from the¢ survey because of the high risk that the

ground water there may have changed into saline water.

With due consideration to the topographical and geological
conditions as above and the allowable distance for the villagers to
carry water, electrical prospecting was conducted at 41 points within
the range between 1 and 2 km from the estuary in the alluvial plain in

the catchrent basin of the Osonko River.

The prospecting spots are located as shown on Fig. 3.1.5.

- 37 -



(Measuring instrument and prospecting method used)

The instrument used in electrical prospecting and its

spécifications ave as follows.

Instrument used: Model 3244 Ground Specific Resiétivity'
Meésuremcut Instrument made by Yokogawa

Electric Machinery

Type and performance: Megger type,
Explorable depth 150 m

The measurihg method was vertical prospecting by Wenmer's
arrangeﬁent of electrodes, and the target depth of expleration was

100 m.

For interpretation of measurement results, Sundbery's

standard curve and Hummer's auxiliary curve were used.

The prospecting results were sumrarized in the form of a

geoiogical section on Fig. 3.1.7.
{Measurement results)

The strata in the survey area, when classified by specific

resistivity, is structured mainly of three layers.

If we réfer to the surface layer as ‘'the first layer,” then

all three layers may be represented as follows:
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Specific ~ Thickness Corresponding geology

resistivity
{n ~ cm) : (m)
lstklayer - 200 - 600 i- 5m Top soil, uncoﬁéolidatéd
sedinents, heavily weathered
_ rock '
2nd layer 10 - 100 10 - 20 m Heavily weathered rock -
weathered rock
3rd layer 100 - 900= 15 -~ 35 m Basement complex, contains

cracks
% Depth from'gfohnd surface to upﬁef'face of 3rd layer;

It is the 2nd layer that comprises aquifer. If the basement
coniplex of the 3rd layer is to be targeted, a fractured zone would
generally be detected by'thé distribution of low Yesistivity sections
in the basement tompiex.’ The specific resistivity of a satisfactory

aquifer is represeﬁted by the following formula.

pa = F Xp whereln: ‘iw specific resistivity of grouhd water,

F=3-6 (F'stands for formation factor)
The specific resistivity of ground water in the upper surface
of the aquifer based on the measurement values in the drilled holes

and éxisting wells, i{s in the range ofp y = 33 215 gme

Frbm the results of electric logging, the gpecific resistivity
of aquifer pa is estimated to be:

pa = 20 - 50 Q-m

As the specific resistivity of ground water tends to fluctuate
in this survey area, the results of electric logging will be used as

the standards for agquifer.
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The range of pa = 20 - 50 g-m in the 2nd layer is where the
occurrence of aquifer can be anticipated. (Fig. 3.1.6}. ‘The low
resistivity section generally indicates layers with low permeability
like clay or silt, but when the geological distribution in this area
is taken into con51derat10n, it is inconceivable that. clay and/or silt
are thlckly.distributed as the 2nd layer. Also, as specific
resistivity becomes lower toward the sea, it is conjectured that
ground water with a high salt concentration is infiltrating the

ground,

When the specific resistivity of the 3rd layer is reviewed,
a low resistivity section is seen to be wideiy distributed, as in the
2nd layer. The results of drilling have revealed the base¢ment complex
of this survey érea to consist of biotite granite and gnéiss, and
these rocks generally have the specific resistivity of at least 200
~m Or more. ConseQuéntly,.the range within 200}2-m is presumed to be
a localizéd deep weathered zome., The low resistivity_secﬁibn wlde!y_
distributed on the side of the sea camnot be chSLdered as a fréctured
zone in view of its range of distribution. Tt 1s.mdre reasdnable_;o _
consider it as the same as the region infiltraﬁed by the grOund water

which has turned into saline water,
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(6) Test well survey
(a) Outline of survey

~ The test well survey, which consisted of drilling a test
well and conducting a punping test and water quality test was executed
for the putpoée of obtaining data for the groun& water utilization
plan in the Fete Village or, in other words, to choose either the
shallow or the deep well and work out the ground water development

plan.

The results of electrical prospecting revealed the allu§131
plain in the catchment basin of the Osonko River to be comprised of
the uppér layer, unconsolidated alluvial sediments, a weathered zone
of quartzite and the basement complex, and the 1éyers in which.the
logging of ground water is possible were seen to be between the-
unconsolidated sediments and the weathered zone, wherein free surface
water may be logged, and in the basement complex, where fissure water
maj be logged. 'If faults and fractured zones are developed, the
logging of a large quantity of fissure water can be expected in the
basement complex, but the results of surface recomnaissance and
electrical prospecting have revealed the distribution of such
structural line to be almost unthinkable. Accordingly, since the
conditions with respect to aquifer were restricted to shallow ground
water, the lbcations where weathered zone and unconsolidated sediments
are distributed as thickly as possiblé,'and wheve the topographic
conditiohs are such that surface water and seepage water tend to
collect easlly, were considered as the targets in selecting the
possible site for a test well. At the same time, areas close to the

coastline, where there was a risk of the water being salinated, were

excluded,

The conditicns for selecting the sites for test well other
than the foregeing underground hydrologic conditions are:

I. proximity to the Fete village
2. freedom from innundation during the rainy season
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3. being on the right bank of the Osonke River, to enable the
villagers to carry water evea during the rainy season so
that the villagers might utilize the test well as their own

well by installing a pump in the future.

The survey was entrusted to GWSC by whom it was carried out

as follows:

Survey location: As shown im Fig. 3.1.5
Survey period:  From May 1, 1985 to July 10, 1985
Survey contents:

(Drilling and finishing of well)
Diameter of drilled hole: 203 mm

Depth surveyed: 60 m

Depth to which casing _

was jaserted: 29 m (cementing between 29 m and
| 60 m)

Casing hole diameter: 150 mm

Depth at which strainer ‘
was inserted: 14.0 - 22.5 m, for 8.5 m
Kind of pipe: Hosing -~ PVC pipe

Strainer - PVC pipe with slit

(Electrical logging) . -
Measurement method: Bipolar method
Electrode spacing: 0.25, 0.5, 1.0 m _
Instrument used: Model 3244 ground specific resistivity

measurement instrument

(Pumping test)
(1) Date measured May 29 Depth 29 m

2y " "o June 15 Depth 60 m
(3) " “ June 17 Depth 60
4 " " July 25 Depth 29 m

(After inserting casing)
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(Water quality test)
{1) Electrical conductivity, water temperature, total iron,
NHA, pH, coliform group, bacteria as necessary
(2) After completion of well, water was sampled on June 28
and examined with respect to items shown on Tables

3.1.12 and 3.1.13 at GWSC?S laboratory.

(Drilling machine)
Peréuséioﬁ drilling machine made by Ruston Bucyrus
(made in 1955)

(b} Drilling survey and electrical logging . .

‘The survey results are as shown in geological columnar

section on Fig. 3,1.8,

. The gteogy is broadly divided into alluvium to the depth of
7.50 m, weathered quartzite between 7.50 m and 18.00 m, and granite
between 18.00 and 60.00 m.

“Alluvium 1s covered with clayey top seil and thé lower part
is comprised of coarse grain size sediments mainly composea of fine
gréﬁu1e and coarse sand. Ground water was not recognized in this
alluviuvm, but éhould the grouhd water level rise, it is to be recognized
that it_is_a_stratum with a large permeability éoefficient which

"allows ground water to be stered adequately.

Quartzite cdmprisés a stratum which bélohgs to the Togo
Series. IE is génerally exposed to strong weathering and many cracks
are seén fo be déyelopéd i:regulérly.i Ground water leﬁel.wag recognized
_at a &epﬁh.of about 9 m in this #tratum, with the ground water being
stqred 1n thése cracks. This stra;dm-comprises the aquifer of ground
wéter'in the catchment basin of the Osonke River. The results of p

| ele‘ctric'al' logging aimed at thi.s stratum indicated low resistivity of
‘= 20 ~ 50 0-m between the depths of 9u to lbm which howevér increased
?to p = 50 - 100 g-m between the depths of l4m to 18m, thus reflecting
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the difference in the degree of weathering. The resiétivity values
are generally low for weathered rock, and this is presumed to be
attributable to the high salt concentration (= low specific resistivity)

in’ the ground water stored.

Pre—Cambrian granite is distributed at a depth deeper than
.18 m, The lithology in the upper section to around 39 m in depth is
biotite granite, but at depths below that, gnelss—like lithofacies
with intercalations of serpentine ate recognizéblé‘hére and there,

The section between 18 to 21 m in depth is considered to be somewhat
weathered, for the value of specific résiérivity here sharply increases
from p = 100 g-m to 450 -m until a rélatively frésh rock bed inter-
sects at'a depth of 21 m. The value of specific¢ resistivity between

2l m to 37 m in depth is p = 450 - 550 9-m and this section is
considered to aﬁouﬂd in reiaéiveiy aumerous fissures. The resistivity
decreases to p = 400 fi-m between 37 m to 41 m, and when collated with
the géqlogiéal.COlumnar section, it corresponds to the séction that
intercalates many soft serpentines. Between depths of 40 to 52 m, the
resistivity value gradually rises from p = 400 Q-m to 750 Q-m, reflect-
ing the gradual decrease in the number of cracks. The réSisEivityxét

a depth deeper than 52 m is a stable p = 760 Q-m from which fresh and

compact base rock may be inferred.

From the foregoing results of drilling and electrical ioéging,
the aquifer in which the occurrence of ground water’ ¢an be exPected is
presumed to be the weathered rock 9 to 21l m deep while granite deeper
than 21 m is considered to be in the category ‘of 1mpermeable stratum,

in view ¢f its lithology and specific resistivity,

Moreover, electrical 1ogging waé:conductéd three fimes;%frdm
which it bécame'épparent'that.the values of ovérlépﬁiﬁg sections
measured each time tended to decline as the drilled dépth'idcreased
and that the épécific resistivity'of'water:declinéd in proportibﬁ to
the depth, ' This, in other words, endorsed that many electrolytes are

contained in ground water.
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FIG. 3.1.8 BORING LOG
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{c} Pumpiug test

Pumping of test wells were tested altogethéer four times =
thiee times during drilling and once after their completion ~ in order
to grasp the permeahility of the shallow and deeper layers. ~ One ‘ 7
pumping test during drilling was couducted at a depth of 29 ®, aiming'
for a shallow aquifer, and the other two tests were conducted at a

depth of 60 m to grasp the condition of aquifers in deeper strata.

The test method empléyed was Eo'pump gfdund water b$ bailer
and Lo measure the discharge volume and changes in water level " The
results obtained during pumping were. systematically compiled according
to the Theis method and the Jacob method and for analysis during

recovery, the recovery method was employed

Test conditions and test results are as shown on Table

3.1.9; the summary table,

When the results of the peﬁping test &uriﬂg drilling are
reviewed, it 1s seen that while the permeabiliﬁy coefficient of K =
2.04 x 10—4 cmfsec was obteined-in:the test down to the depth_oerQ‘m,
it was drastically reduced to K = 1.03 x lO-A-m.l.ZS b3 IO#AICm/sec.-in
the tests at the depth of 60 m despite the fact that the test section
was enlarged to three times as.much;_thus indicating that the permé—
ability coefficient in the order'of:K,= 1078 cmfsec only can be
expected in the section between 29 ~ 60 m, As a reference, the
permeéability cOeffieient of the aquifer is-génefaliy classified as per
Table 3.1.10, and the strata below i? m cannot be expected to have the

permeability of an aquifer at all.

The permeability coeffieient at a depth shallower than 29 m
is quite small, being to the order of K = 10~4 cofsec. It is because:
groundwater occurs in the weatherad zone of rock bed that the perme-

ability coefficient is quite small as an aquifer.
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The permeability coefficient after completion of the well is
considerably lower than that weasured during drilling at a depth
shallower than 29 m. This is attributable to the quality of gravel
vsed for c6mpleting the well and also to the performance of the

strainer,

With due regard to the foregoing conditions, the hydraﬁlic
constants of the weathered zone (aquifer) distributed at a depth

shallower than 29 m were determined as follows:

Coefficient of transmissibility T=1.8=x 10-3m2fmin

Coefficient of storage 8 = 1.5 x 10“l

Table 3,1.10 Permeability Coafficient'k(cm[sec)

2 -4 -6 -7

10 10 107} 10 10 10
L L i 1 i 1 1
. Sand or . - Fine sand, stlt . )
(Stavatum) Gravel sand and gravel Hixture of find sand and silt fwpetacable soil
Sewd- ' C
Aquifer l:t;:rimpemeable Impermeable layer
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(d) Water quality test

Ground water in the coastline area facing the Guif of Guinea
is known to have a generally high salt concentration, so that when
-waking a survey of ground water it is jmportant to acquire a grasp of
the- changes in water quality at every depth and in every aquifer,
While the test well was being drilled, therefore, the water quality
was checked with respect to the items shown in Table 3.1.1l.

Electrical conductivity, which is one of the test items, is
used as an indicator of the amount of electrolytic contents in the
grbﬁnd water{"Eﬁeﬁ though its value fell below 3,000 ps/cﬂ.temporari]y
during May 13 and May 20 due to an inflow of rainwater while work was
suspended by the breakdown of the drilling machine, it is generally '
3,000 ps/cm or above, indicating that the ground water contalns a
iafgé awount of electtolytic components, Whén the changes In value
‘are reviewed by depth, the deeper the depth, the higher the electrical
conductivity, with the value being above 4,000 ps/cm at a depth below
29 m or thereabout as the div1ding line. '

| Coasideting that this measured value was obtained for‘gfound
water nixed ﬁith water of the upper section, contéining relatively few
dissolved ccmpcnénts, and also that what is more, fresh granite with a
small permeability tdeffiéieht is distributed in the deeper section,
it is judged that ground water with electralytic contents close to
that ¢f saline water 0ccqé; in the deep layers above fresh granite.

For completing the well, a depth below 29 n wheve salt

concentration suddenly rises was cemented, and a ‘strainer was provided
at a depth between 14.0 m and 22.5 m. At first, electrolytic components
of 4,000 us/em or more remalned, but after continuous days of pumping
the ﬁater was c0néiderab1y purified, and on July 10, the water quality
at a depth of around 20 m recovered to the neighborhood of 3,700 ys/cm

in electrical conductivity.

Another item that might pose a problem is total iron. Toatal

iron, which was 0.3 ppm when driliing was commenced, sharply rose as
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work progressed and it now indicates 5.0 ppm or more. As a reason for
this increase, leaching from casing (made of iron) may be considered,
which suggests the considerably high salt concentration of the ground

water itself,

Lollforn group and bacteria were qualitatively analyzed with
test paper. The result was that bacteria was detected in every test.
This is judged to have been caused not by the contamination of the
ground water per se but rather by c¢ontamination via the drilling

machine{

Because of a pressed work schedule, the water quality anal-
ysis at GWSC's laboratory was conducted on sample water ¢ollected on
June 23 when the water still shoued an electrical conductivity of
4,300 usfem. The analytical results ave as shown on Tables 3.1.12 and

3.1,13,

On_the wholc, the water contains a lot Qf diaaolved ccmponents
and exceeds the allowable values of WHO and GWSCV(refer.cc_Appendix)
on many of the test items. Partlcularly chlorine shoﬁcd a hlgh_value
of 1,400 ppm which greatly exceeds the tolerance limit_af 600 ppm
allowed by WHO and GHsC, Electricrconductiﬁlty however has since
declined to a level of_3,700 uslcm_as_cf July 10, and a_stationa;y.
chlorine ion cohcentfation of 1,400 ppm or less is considered

attainable.

In the bacteriological examination, 40 coloﬁles were counted
inl m¢of water, but this is not much of a problem since the Japanese
water quality standard for drinking'water'stlpula;es_that not more
than 100 individuals should be detected In 1 mg of water,

As for the cOliform_group,.the Hinlstry.of Health and Welfare
Ordinance of Japan stlpulateg_that it must notlbe_dctected in drlnking
water at all, but ac¢cording to the report.cf_thc_findings of the
Living Environment Deliberation Council of the Ministry of Health and

Welfare,
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the limit on the number of coliform groups that can be annihilated by
chlorination to make the water safe is deemed to be SO HPN}IOO ml, aand
the test result of 13 MPN/100 m# underruns this safety limit,

As above, the continuous pumping after ¢completion of the
well has considerably purified the ground water, compared with purity
at the time of drilling, and it is judged that there is no bacterio-
logical problem with it insofav as bacteria and the coliform group are

concerned,

Lastly, as there are many areas in Ghana where the 4uality
of ground water is poor, the supply of domestic water by weans of
ground water would become difffcult if the allowable tolerances of WHO
and GWSC were to be strictly observed. Accordlngly, in the 3,000 Well
Pr0jeqt carried out with the assistance of the Hest German Government,
electrical conductivity of 3,000 usfcm is used as a guideline and
Qéter of less than this value is used as domestic water, but even when
it exceeds this value the water is used as the souree of domeétic

water providing the consent of the local inhabitants is obtained.

. In the case of the present survey area, good quality water
cannot be obtained in abundance because the ground water around the
Fete area is duite inferior in terms of both quality and quantity.
Because of this situation, the villagers, after drinking the water
from the test well on a trial basis, gave their consent for it to be
used it as domestic water. (Refer to Appendix) In other words, this
means . that the villagérs wish to be supplied with more domestic water
of the same quality as the test well, and believe that new development
of groun& water will at least make their living environment better

than it 1s today.
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Table 3.1.12 Physical and Chemical Examination Result

.'Physical Examination

Appearance : Slightly Coloured and Turbid

.

Odour

Odourless

-Apparent Colour

e

35.0 Hazan Units

True Colour <5,0 Hazan Units

Chemical Examination

Pl 7.20
Phenalphthalein Alkalinity o Nil

: Total'Alkalinity _ 80.00
' Total Hardness o 540.00
_ CarbOnaté Hardness 180.00
Non-Carbonate Hardness _ 460.00

- Calcium Harbness 26G.00
Mégpesiﬂm Ratrdness 280.00
_Sulphate _ 222,70
Chlorides | 1,400,00
Nitrous Nitrogeén 0.01
Nitric Nitrogen 0.63
Silica 22.00
Total TIron 0.50
Iron in Solution C 0.06
_'Héﬁgaﬁese ‘ - Ndil
Caleium . 104.00
'} Magnesium. ' _ ' 68.04
" Suspended Sollds (105°C)* $05.00
Oxygen Absorbed (37°C for 3 hrs) | 0.80
 Total Dissolved Solids (180°C) 3,135.00

* At sampling time, the sample used for water analysis is white turbid and
réached as high as 505 ppa in the suspended solid (SS) content. However,
subsequent to the contineous pumping, the sample has turned to be almost clear
and it is expected that suspended solid content would be valued at less than

10 ppm.
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Table 3.1.,13 Bacteriological Examination Result

" Brilliant Brilliant Indole Type of M.P.N.

Source of Presump- 1 mf L ,
Samples tive Test Total Green Green Produc- Coliform per
Gomoa MaCkonkey's Plate Bile Bile tion6 Organism 100
Fetteh Broth Count Broeth Broth 44°C  Isolated mis
37°C 37°¢  37°¢ 44°c ‘ '
10 w2 + + 4+ F + 4+ + -+ -t m—mee Irreg. 1
1 my -—- - 40 I3
0.lma -~ -~

FIG. 3.31.9 Variation of Conductivities at Test Well
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(7} Mode of occurrence of ground water

Eléctrical prospeéting and test well survey have confirmed
the weathered rock (with unconsolidated sedimants in part)'in which
free surface ground water is stored to be distributed in the 1owland
in the catéhment basin of the Osonko River. The layer thicknéss of
this aquifer is influenced by the thickness of the weathered zone of
the basement complex, and its boundaries undulate rather wildly. The
weathered zone in the vicinity of the electrical prospecting point E~5
1s the deepest and is distributed to the neighborhood of EL ~ 29 m,
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The capacity of an équifer is greatly influenced by the
number of cracks in the rock-bed, but here, it indicated quite a low

permeability coefficient on the order of K =-10—4 cmfsec.

The ground watér that océurs im this aquifer is anticipated
to have cémpletely turned into saline water up to around 1;300 m
upstream from the coastline so that the area in which ground water of
.rélatively good quality can be expected is confined to the lowland in
the upstream of the Osonko River.

. Recharging of ground water is ﬁresumed to be mainly by raim
water, but changes in the water level of existing wells (I) through
(V) prove that river water of the Osonko River also plays a large part

in recharging ground water.

The grohnd‘water level around the test well is estimated to
vise close to EL 45 m of the presént river bed toward the end of the
rainy season and gradually begin to lower from the middle of July and
become the lowest around April of the fellowing year. It then rises
again whén the rainy season beings in May. However, the drought in
1983 has upset this water balance and caused the water in Wells (I)
through (V) to dry up. ' '

The land around the test well on the right bank o the Osonko
Riﬁer'éomprisés a slightly dissected topography from where it descends
from the hilly zoné and forms the ground water recharging zone. It is
tﬁerefore‘cdhsidétéd to be the optimum site in the Fete area for
ground water development., The uncousolidated sediments in the top
layer of this zone are in a d¥y state and relatively porous so that
evén when rainfall intensity 1s fairly high, most of the precipitation
séeps directly into the ground to be recharged as ground water instead
of fldwing {nto the water course. And, considering that river water
‘is fed undergrbund from the Osonko River whem not vaining, the
quantity of ground water replenished fron the.waterway i3 presumed to
approximately offset the amount of run-off into the waterway. Based
on this premise, the'duantity of ground water replenishment in this
area can be obtained from the following formula.
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{Amount of ground water replenishment) = ({amount of rainfall) -
{Anount of evaporation loss)) x area
in which: Amount of rainfall = 970 mm {(from meteorological data)
Amount of evaporation loss = 900 mn
(based on “The World Natet Balance" by
A. Baumgartner/E. Reichel)
_ Area = 250,000 m {based on the topographical map)
Hence,  Amount of ground water replenishment = (0.97 -~ 0.90) x
250,000 = 17,500 m’/year

If we assuze a yield of 70% as the quantity of water available
for use in relation to the quantity of ground watex replenished, the
available quantity of ground water is about 12,000 m Iyear. This
available quantity of ground water is strictly in relation to the mean
rainfall, and in the years when the rainfall drastically underruns the
quantity of evaporatiqntloss, as in 1983 for example, the ground water
cannot be expected to be replenished; instead, the groﬁnd water level
will keep on decreasing and even expose the upstream districtqto thg

risk of its ground water becoming saline,

Regarding the balance between the fresh water layer and
saline water layer, a relationship of H = 42 h holds, due to the
difference in specific gravity of sea water and fresh water, (In
accordance with the Ghyhen-Herzberg rule.) 1In the case of the test
well, the ground water level is at around ElL +1.5 m so that occurrence
of fresh water can be expected to the depth of around EL -60 m; bﬁt.
from around 29 m in depfh, salt concentration becomes high, which is
considered to suggest that saline water has risen to a fairly shallow
depth due to the effect of the 1983 drought. o

As the grouand water level is only about 1 m higher than the
sea level in the areas around the potential site for ground water
development, there is every risk that ground water may become saline,
in the event that the water 1level becomes lower due to chronie pumping

of ground water from well and other reasons.
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FIG. 3.1.1Q0 . Fresh- and Salt-waﬁer Distributions
in an Unconfined Coastal Aquifer

SEA WATER

3.1.3 Water Use Conditions

-

(1) Water supply schene

. " The water supply scheme for the district including the Fete
afea. which 1s one of GWSC's local.watér supply schemes, was launched
in about 1965 és the Winneba-Kwanyaku District Water Supply Scheme.
The purpose of the scheme is to establish water conveyance stations at
two locations, one at about 25 km northnorthwest of Fete {Kwanyaku)
and another at about 18 km west on the beach (Winneba), and also to

establish water ¢onveying and distributing systems therefron as outline

balow!

Area covered: About 2,2ﬁ0 km2 between Senya Beraku and River
Ochi Nakwa
Population covered: 491,400 persons {1995 estimate. As of 1978
_ 350,000 persons)
Quantity of water supply: Stage I 20,565 m3lday {1980}
Stage 2 31,931 m3fday (1985)

This the year that Stage 2 is scheduled for completion, but
the pipeline between Kwanyaku - Senya Beraku and others have not yet

been completed., Instead, temporary branch pipes outside the scheme
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have been connected one after another which, as a result, are c¢ausiag
pressure drops and other obstacles, Also, the ekisting water convey-
ance facilities ave insufflicient to convey the necessary quantity, and
to'do so, water must be preséurized by installing new storage tanks.
The Head of the Project Divisfon of GHSC is also of the view that even
if the bipeline should be laid toward Senya-Beraku, there is little

chance that water would ever be conveyed.
Judging from the aforestated situation,_the chance of tap

watevr beiﬁg supplied in the direction of Senya~Berake (including Fete)

in the near future seems quite renmote,
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FIG. 3.1.11

EXISTING WATER SUPPLY SCHEME
(Winneba Kwanyaku District)
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(2) Vater use conditions

As above, the Fete avea is included in the area planned for
supplying water by pipeline, but no one can tell when that water can

be actually ¢onveyed,

The presént ground water sources 1n_the Fete area are Wells
(1) through (V), and Dampraya and Abgano Wells as described in Sectien
3.1.2'(&). But, the water of ﬁe113'(11) through (V), on which the
villagers had relied upon most, ran dry due to the drought of 1983
while Dampraya and Aboano Wells near the seacoast also pose problems
both in terms of quantity and quality, so that the water supply from

the water sources in Fete is on the whole quite unstable.

Wells (I1) through (V) were installed fu 1968, énd'although
they are about 1.5 km away from ihe center of the village, they had
been used as preclous sources of water for the villagers until} they
ran dry in 1983, The villagers have since beed depending exclusively

upon GWSC to carry domestic water in water tank lorries from Accra.

The capacity of the water tank lorry is 10,000 gallons which
makes trips to Peté at a rate of three to four times a week. As the
population of the village is 2,060 persons, this is equivalent'to il.4
2/day when converted into mean water consumption per head per day,

The water rate charged is 10 cedies per bucketful (4 gallons) of

water.

The quantity of water whiCh'eaéh householdrputchases from
GWSC seems to vary considerably depending on‘ifﬂ_gcénbmic condition.
Since the villagers were unwilling to disclose information about their
family budget, they could not be solicited té cooperate in our survey.
on the quantity of water purchased by each household. Accofding to
the estimate of one reliable inhabitant in Fete, the gquantity of water
purchased by a typical family, assuming a famlly size of 10 persous,
is around 24 gallons a day, which 1s 10.9 #/day when converted into
per head per day consuaption,. This means that a family spends 60.
cedis a day on purchasing water which is quite a heavy economic¢ burdén.
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3.1.4 Needs for Safé Water Sﬁpply.Faciiities

It had been pointed out that dlarthoeal virus, an infection
that had widely spread in the Fete Village, was attributable to
drinking water. The bacterlologlcal éxamination of water sources from
1983 to 1984 confirmed this, for quite a lot of coliform group and

general bacteria were detected.

Evety one of these water sources are either the.0pén surface
type wells or springs, which are easily susceptible to contamination
via buckets or the human body at the time of drawing water. Not only
that, the water in Dawmpraya and Aboan Wells, which are closest to the
hamie;s, is fissure water from the vock bed, and because its quantity
isrsﬁéil‘aﬁd thete ars'hamlets in their recharging area, it is quite
possib}é‘tbat'thé ground water itself constitutes the source of con—.
tsminstidn. Wells (1) thtdugh (V) which are 1.5 km away from the '
hamlets have run dry since the drought of 1983, s0 that the quantity
of water available from them is instable and, what is more, their
structure is such that surface water of Cthe Osonko River can easily
flow into the,ﬁells before it is adequately purified, so that the

possibility of contamination from surface water is also conceivable,

As aﬁova, the water sources in the Fete area pose problems
in both quality and quantity, and while Wells (I) through (V) continue
to be dry, the villagers must depend on the water being carried from
Accra by GWSC., The water from the water tank lorry, however, is not
being distributed equaliy among the inhabltants. Instead, the pur-~
chasing of this water is proving to be a heavy economic burden for the
inhabjtants while the quantity being purchased by each family also

varies greatly depending on its econoric status.

 Water supply and distributi&n through pipeline from Kwanyaku
1s not being carried out as scheduled either. Nor is it likely, under
present conditfons, that water will be supplied in the near future.

when we consider the poor domestic water supply conditions

as described above, it is judged that if the spreading of water-based
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infectious diseases like diarrhoea is to be prevented it is of the
utmost necessity to secure safe water for domestic use from some

tentative water source at least for the duration until water begins to

be distributed through pipeline.

The test well survey this time has confirﬁed the océurrenee
of ground water which can be developed, “The quallty of that water is
not good because it contains wany dissolved components, but it is at’
least better than the water quallty of the existing water sources and
acceptable to the v1llagers as domestic water. This ground water is
also judged to be uncontaminated by the collform group and other

bacteria which are the causes of water—based infectiocus diseases.

Therefore, should a problem of water quallty be solved thlS
ground water must be sought as the source of domestlc water in Fete,
and as far as fac111t1es are concerned it is necessary to install a well-
structured system, precluding man and water from comlng into dlrect

contract with each other in order to preserve water quallty.

3.2 Ashonﬁan Area

3.2.1 Outline of the Target Area

Location ¢ About 15 km north of Accra-tRefer to

Fig. 3.2.1) :
Administrative division ! Great Accra Region
Area : About 7 km2
:Tribe ! Ga tribe (Chieften Aryee Anang)
Population : 41 families, 225 persons {as of Deeember 1984)

For age distribution, please refer to
Table 3.2.1

Cccupation of inhabitants : Mainly agriculture. Principal
crops are cassava, yam, cocoyam, plancain,

banana, etc, (Refer to Tables 3.2, 2 and 3.2. 3)
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FIG., 3.2.1 LOCATION MAP OF ASHONMAN

- 67 ~.



TOILET
m :

q LHURCH ..
el T

oo
TOILETY

°0

1 -

FIG. 3.2.2 ASHONMAN VILLAGE

- 68 -



Table 3.2.1 (}lassification of Males and Females by Age Ground
' in Ashonman Village

MALE FEMALE - TOTAL % TOTAL

TOTAL VILLAGE % TOTAL  TOTAL VILLAGE X TOTAL _ _
0-4 17 13.9 17 16.5 34 15.1
5-9 19 15.6 15 14.6 a4 15.1
10-14 14 11.5 5 4.9 19 8.4
15-19 15 o 12.3 14 13.6 29 12.9
20-24 14 11.5 10 9.7 24 10.7
25-29 12 9.8 S 4.9 17 7.6
30-34 4 3.3 9 8.7 13 5.8
35-39 5 4.1 7 6.8 12 5.3
40-44 3 2.5 1 1 4 1.8
45-49 5 4.1 o o 5 2.2
50-54 0 0 4 3.9 4 1.8
55-59 1 0.8 3 2.9 4 1.8
60-64 4 3.3 4 3.9 8 3.6
65-69 3 2.5 5 4.0 8 3.6
70-74 1 0.8 2 1.9 3 1.3
75-79 4 3.3 1 1 5 2.2
80-84 ] 0 0 ) 0 )
85 1 0.8 1 1 2 0.9
TOTAL 122 103 225
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Table 3.2.2 Economic Activities of Males 20 Ygars and over

NO. OF NO. OF

MAIN PERSONS SUBSIDIARY PERSONS

ACTIVITY ENGAGED ACTIVITIES ENGAGED
IN. IN.
FARMIKG 42 FARMING 11
TEACHING MASONRY 2
CARPENTRY 1 CHARCOAL MANUFACTURING 1
_ & SELLING 1
DRIVING s EVANGELIST 1
TAILORING ] HERBALIST/FETISH 1
FARM ASSISTANT 1 CARPENTRY 1
BASKET WEAVING ] HORTICULTURE 1
CATECHIST 1 AKPETESHIE MANUFACTURING 1
DRAUGHTMANSHIP 1 GOLDSMITHING 1]
BLACKSMITHING ] LABOURER i
BASKET WEAVING 3
TOTAL 56 22

Table 3.2.3 Economic Activities of Fermales 16 Years and over

MAIN

I T A o o
ERGAGED ENGAGED
IN. IN.
FPARMING 35 TRADING 19
KENKEY SELLING 9 FARMING 7
TRADING 14 KENKEY SELLING 2
SEWING H BAKING 1
WARD ASSISTANT 1 SEWING 1
HOUSEWIFE 1 MIDWIFERY 1
LABOURER H
TOTAL 62 TOTAL 31
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3.2.2 Hydrogeology
(1) Topography

- The Ashonman area is a part of the Accra Plains (around 50 m
in elevation). A mountain range (Akwapin Mountains) of around 200 m
in elevation rises in its west and extends from northnertheast to

southsouthwest.

The topography of these plains is very gentle with only
sllght undulatlons, but in the east and west of Ashouman village are
lowlands with a northnortheast - southsouthwest strike. ' The
difference in elevation between the village and the lowlands is around
.37t6 5 m,) The lowland on the west forms a very gentle slope - so
'gentle'that it can hardly be called s slope - which seems te bécome
inundated during the rainy season, and except for the stream (ONTASI)
which originates from the spring which will be described later, there
seem to be no other topographic depression in the form of a valley
that seems likely to become a real stream. This lowland on the west
side is covered with unconsolidated sediments which have generally
turned into soil, and it is used as farmland by the Ashonman

villagers.

On the other hand the lowland on the east forms a valley
which is even entered on the topographic map (on the scale of
1/62, 500) published by the Goveranment of Ghana. At the time of the
survey during April and May, no surface water was recognized but the
valley has a fairly large catchment basin. This valley directly
dissects the basement conplex, and since only a little of the
unconsolidated sediment i{s distributed in the area near Ashonman, 1t

i{s left abandoned as wasteland.

(2) Geology

The southern part of Ghana consists of a Pre-Cambrian system
which is classified into several formations from Buem-Formation to
pahomeyan. (Refer to Fig. 2.1) These formations are distributed in
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belt--form from northnortheast to southsouthwest, and the basement
complex distributed underneathrthe Ashonman area is a Dahomeyan
formation of the Lower Pre-Cambrian Period. The Akwapin Mountains in
the west of Ashouman are framed by the Togo Series, which ave mainly
composed of metamorphic rocks such as quartzite and phyllite. The

area including the Dahomeyan and Togo Series ﬁhich is near the .
boundary forms a lowland, Its surface is covered with unconsolidated

sediment, but fissvures like fractured zones are believed to be

penetrate beneath {it,

The area_in which Ashenman village is located rises 3 - 5 m
above the surrounding lowlands, and the top layer is covered with
lateritic soill of reddish brown color. This weathered zone howevef is
thin, and abandoned quarries called TEBU afe seen scattered everywhere
around the village. Rocks indicating distribution of extremely hard
siliceous acidic gneiss are seen outcropping in these TEBUs. The
strike and dip of the schistésity of.this acidic gnelss are mostly
N4O°E/30S and are approximately in agréement with the geologicél

structure of this area,
(3) Meteorology

The climate of Ashonman area belongs to the same semi-arid
coastal savannah as the coastal area of Accra, and the annual

precipitation is relatively small at around 820 mm.

Rain gauge statioas are installed at Pokoase which is about
8 km west of Ashonman and at Legon which is about 8 km southeast of
Ashonman. Tables 3.2,4 and 3.2.5 summarize the rainfall data for the

past 10 years.
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The rainy season is divided into the heavy rainfall season
which is between April and July aud the light rainfall season between
September and October. The amount of rainfall is psrticularly large
in the months of May and June during which heévy rainfall of moré than

lSOImm a month have been recorded.

The record on annual precipitation of the past ten years
shows considerable dispersion, Particularly the amount of rainfall in
1983 was quite small, having been about half the mean aanual

precipitation.

The wonthly mean temperature ranges between 26°C and 27.7°C,
and the area is haracterized by the small changes in temperature

throughout the year.
(4) Electric prospecting

Groundwater is c¢onsidered to occur either in the
unconsolidated sediments which generally have a large perﬁeability
coefficient, or in rock bed areas, in the weathered zone or fractured
wherein cracks have developed. In the case of Ashonman area, the area
which extends from a height on which hamlets are distributed down to
the lowland which lies on its east is distributed with a relatively
fresh rock bed with 1ittle cracks at shallow depths so that the

occurrence of groundwater can hardly be expected.

Accordingly, electric prospecting with the target éet on the
analytical depth of 30 m to 50 m was conducted in the lowland which
extends on the west of the village.  The prospecting method employed
was the Wenner's four pole method, and for analysis, Sundbery's
standard curve and Hummer's auxiliary curve were used, Eight boints
were used altogether, five points of A-l through A-5 in the lowland
southwest of the village and three points, B-1 through B-3, in the
lowland of the village. (Refer to Fig. 3.2.3)
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~ (Results of prospecting along survey line A)

Point A~1l is closest to the village, and adjacent to this
point is an old, abandoned pump well with a jammed pump. Point A-5 on

the other hand is close'by the woods where there is a spring.

The analytical results of prospecting along survey line A
are as shown in Flg. 3,.2.4, Geological Section by Resistivity Survey.

The geology can be classified into three strata in the light
of the values of resistivity, The topmost stratum indicating p= 6 to
1350 -m at a depth of 1.3 m to 2.7 m is considered to be clay-like

layer in which the occurrence of groundwater 1s almost hopéless.

The middle stratum distributed to the depth of around 10 m
is judged to be either a strongly eathered zone of siliceous acidie
gneiss or unconsolidated sediments like sand, gravel, etc., and
indicates a resistivity value whiéh‘suggests the occurrence of
grﬂundwaté%. The acquifer which comprises the source of the spring
near point A-5 is considered to correspbnd to this stratum. - The
resistivity value of this stratum is p= 63 - 116 9q-m, and judging
from its layer thickness, the areas around point A-3 and point A-5,

are conslidered particularly promising for groundwater development.

_The lowest stratum which generally indicates high
resistivity values is judged to be unweathered rock so that the
occurrence of groundwater can hardly be expected. In some parts,
however, like at point A-1 near the old pump well and at point A-4,
the resistivity is low at p= 900 - 1,200 ¢-n which strongly suggests

that a fractured zone with well-developed cracks may be penetrating it

locally.
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{Results of prospecting along survey line B)

The analytical results of prospecting along survey line B

are as shown below.

B-1 B-2 B-3
Depth Resistivicty Depth Resistivity Depth Resistivity
(m) (q-m) (m) (Q-m) (m) (g-m)
Ist stratun 0-0.5 20 0-0.82 37 0-0.42 . 53
2ad stratun 0.5-1.7 8 0.82-12.5 4 0.42-9.0 7
3rd stratum 1.7-10 32 12,5~ 26 9.0~ 17
4th stratum 10- 95 ' - - - -

Along survey liﬁe B, layers of generaily quité low resisti-
vity values continue down into the deeper parts, which suggest that
impermeable clay-like sediments are probably thickly deposited. Any
stratum with a resistivity value High enough to suggest the éxistence
of an acquifer could not be identified. The stratum that shows P = 95
G-m at a depth deeper than 10 m at point B-1 is considered to be the

weathered zone of the basement complex.
(5) Mode of occurrence of groundwater

The acidic gnelss of Dahomeyan formation which is the
basement complex of Ashonman area and the quartzite of Togo Series
distributed in the Akwapin Mountains are ¢lassified.as iapermeable
rock beds. This unweathered basement complex is dis;tibuted from a
depth close to the surface layer in the village and int he lowland in
its east so that the distributfon of any aqﬁifer is quite uniikeiy.

Meanwhile, as a vesult of electric prospecting conducted in
the lowland which extends on the western side of the village, a
stratum with a layer thickness of less than 10 m and satisfying the
requivements for the occurrence of an aquifer was confirmed to be
distributed at a depth of 10 m or less in the area around the spring
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of “Fetish Grove" in the southwestern side of the village. This
stratum is probably eifhef strongly weathered rock with developed
cracks or partly intercalstiﬁg allﬁVial basal sand and gravél layers.
As this area happens to correspond to where the boundaty.lies between
Dahomeyan and Togd Series, the distribution of fissures originating

. from the fractured zone full of cracks is also conceivable,

‘ Considering that aquifer‘was‘fouhd distributed only along
survey line A where eiectric prospecting was conducted and not along
survey lione B, it is more proper to consider this quifer as being a
localized structural crevice rather tham as one widely distributed 1in

the lowlands on the western side,

Also, we are told that the quantlty of wvater from this
spring is approximately constant throughout the year regardless of the
rainy season or the dry season. It is therefore probably subsoil
water and not surface water or groundwater which is directly affected
by the amount of-rainfall. " In other wo;ds,-the extensive area that
lies west of the village and which includes the Akwapin Mountains is

where the gfoﬁndwater is built-up.

.3.2.3= Household Water Situvation

(1) Conditions of existing water sources

The sources of houschold water in Ashonman'atea can be
broadly classified into the reservoirs which collect meteoric water,

and groundwater,

In Table 3,2.6, the reservoirs were grouped into A and B.
‘All of TEBU (1) through (5}, POKA and QUASHIETONO whicﬁ:wefe grouped
.as A are the caves of abandoned'quarries of roadbed apgregates which
had been operating in the early 1960s, and geologically they are
located in the rock bed zone distributed with latertftic soil in the
surface layer, As for distance from Ashonman 'vill.ége. TEBU (2) is
only 150 m away, but the other reservoirs at the abandoned quarries
are about 500 m from the village. The capacity of each reservoir is

around 500 m3.
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On the other hand, the reservoirs grouped as B are at BUKO,
KONKRON and NMONGBE. These reservoirs were avtificially buiit in the
lowlands distributed with unconsolidated sediments and had served as
thé.precious water sources for the villagers since long befpfe the
Group A reéervoirs came Into use. The capacity of eﬁery Group B _
reservoir is smaller than any of the Group A réservoirs, being arcund
190 m3 each. As for distance from the village, BUKO is the ciosest,
being located about 100 m from the viilage while the others are about

500 m away.

As for groundwater, there are woods of 200 ﬁ square at abQﬁt

1 km southwest of the village..and in the woods is a spring from which
groundwater wells up. These woods are kaown as “Fetish Grove" to
which human access is tabooed. The water from this spring forms a
waterway and flows southeast. At about 1;050 ﬁ south of the viilage
ié a épot called QNIASI wﬁiéh is where this water can be taken in,
The dail§ dischérge is said.to be approxiﬁately constant regardless of
the rainy season or the dry season. On April 27, it was about 2,000

lday. | |

‘We were told of the existence of a spring called TENSHIE
near NMONGBE but due to lack of precise 1nformat10n as to location and

other details we were unable to identify it.

There is also a well with a jammed pump (Ol& ?ump Well) in
the lowland about 400 m southwest of the village., This pump, which
was made in England, is now abandoned because its parts were
uncbtainable in Ghana, This well was drilled by an Englishmaﬁ in 1958
and had been in use until the packing of the pump failed in 1983.
Since the wellhead is closed at present there is no way of knowiang
what the condition Is like inside the well, but it is presumed to be a
wetl 10 cm {u diameter drilled by a boring machine.

While the pump was in operation prior to 1983 it is said to
have supplied the villagers with adequate water,
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{2) Water guality of existing water sources

Water quality tests were performed at the water surces in

Ashonman area, the results of which are as shown in Table 3.2.7.

According to visual observation of the condition of each
water source, the water which was either green in color or unclear due
to suspended mud suggested the mingling of a large amount pf'
impurities in all reservoirs, The water of ONIAI, on the other hand,

was clear and.even smal)l fishes were found to be living im it.

Electrice conduttivlty shows the quantify of dissolved
constituents contained in water. In the reservoirs, its values were
in the range of EC = 100 ~ 400 ps/cm which are relatively small
compared to the 715 uslcm.of ONIASHI,

However, the analytical results of total iron and ammonia in
reservoir waters were 4 - 5 ppm or more for total iron and 0.6 - 4 ppm
for ammonia whereas the water of ONIASI indicated quite small values

of G.1 ppm for both.

Both escherichia coli and general bacteria are contained in
large amounts in every source of water so that none of them are quite
satisfactory in quality of water, but when the degree of discoloration
of test paper was compared, the water of ONIASI was found to be the
most hygienic of all. The water from ONIASI was sampled at a polint
about 500 m away from the'origin of spring and it probably became
contaminated by the bacteria contained in the soil during the course

of {ts flow.

As above, stagnant water is inferfor to the water of ONIASI

both chemically and biologically.
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(3) Water consumption by inhabitants

For the purpose of grasping the amount of water consumption

of "the inhabitants n Ashonman area, four families were interviewed,

Interview Survey on the Status of Water Consumption

Family size

Family A 17 persons

B 10 persons
C 12 persons
D 4 persons

in Ashonman Area

Water consumption

300 g /day

Drinking: 23.8 /3 days

Cooking, bathing, ete.:
167 2 /day

Drinking: 90.9 £ /4 days

Cooking, bathing, ete.:
218 2/2 days

Drinking and cooking
only: 109 1/7 days
(Bathing and washing

. done at the reserveir)

Average for the three.
families of A, B and C

Hateér c¢onsumption

per head per day
17.6 2 /day

13.1 2 /day

11.0 2 fday

3.9 ¢ /day

13,9 £ /day

Every household generally separates the water for drinking

from the water for cooking and bathing.

On the whole, the average

amount of water consumption per head per day is presumed to be 13,9 2

/day,
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(&) State of the use of water

Altogether 12 exiéting sources of water méy be ¢ounted in
Ashonman area, of whigh BUKO reservoir, which is nearest to the
village, is exclusively used for bathing and washing while the water

~of the other 11 sources is for drinking and cooling.

w#;er usage prior to 1983, when the old pump well was still
iIn operation, is described below,

I) During the wet season from May to September or December, the
-water from the reservoirs in the vicinity of the village was

used.

2) When the quantity of water in the reservoirs decreased, the water

from the old pump well was used,
35 =Surfacé water from OﬁIASI was-seidom used és it was too far away.

" The following lists the different waters in the order of the

viilagers’ preferénce.

1) | 'rle.ll'}::at‘.er from the old pump well
2)“ Surface Water from ONIASI

3) Water from reservoirs

4) Water from the spring of Tenshie

1t is clear from the foregoing data obtained by interview
survey, that the water sources for bathing and washing are clearly
distinguished from those for drinking., However, when the state of use
of all household water is reviewed, we see that it is not necessarily
in ag}eemént with the prefefence of the villagers. Thelr preference
and sense of hygiehity carry oniy small weight whereas the weight of
labor looms large, In other words, for the women and children of the
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village the scooping of water and carrying it home, which happens to
be their job, is a heavy workload and this seems to have resulted in

theivr preference for the reservolr which requires less work.

3.2.4 Needs for Safer Water Supply Facilities

With 10 reservoirs diétributed around the village and
surface water (ONIASI) which néver dries up being available at a place
1 km away as are the sources of water for the Ashonman area at
present, the village fs comparatively well endowed insofar as the
quantitative aspect of water supply is concerned. However, all ;hese
water sources contain much eéscherichia coli and general bacteria which
are proving to be the cause of diarfhéca, an infectioﬁs disease.
communicated through water, so that the water frem these sources

cannot be claimed to be safe as household water.

The water of the reserveir which ié the nost frequently
utilized by the inhabitants is the rainwater which has been collected
frompthe ground so that it is susceptible to contamination by the
bacteria contained in the soil. Furthermore, as the villagers use a
bucket or such-like to scoop water from the reservoir while their feet
are immersed in the water due to the fact that the reservoir is gently
sloping at the bottom, the water source has every chance of beconming
contaminated by both bucket and feet. In‘the case of the surfacé
water of ONIASI, too, 1t is likely to become contaminated even before

it reaches the point of intake which 1is 500 m away from the spring.

Thus, as far as the water sources, as concerned, it is
desirable to develop groundwater which satisfies the requirements of
safe water in terms of both quantity and qua}ity. Conicerning
structure of the water supplying facilities, one which does not open
the water source, a structure which severs contact between water

source and people and animals is required.

Fortunately, in Ashonman area, there is a well with a jammed
pump at a place about 500 m away from the village, and since this well
is said to have been supplying water satisfactorily to the inhabitants
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in terms of both quantity and quality until 1983 when the pump went
out of order, it should be able to supply safe water to the villagers
if installed with a new pump.

The inhabitants of Ashonman tend to prefer the use of the
réservoirs to spare themselves of the labor of pumping, but it is
judged that the broken pump ocught to be replaced on the condition that
the villagers be educated in the hygiénic use of water and the use of

groundwater at least for drinking.

As a result of negotiations held by UNICEF and GWSC late
June, it was decided to include the pump repiacemént work of the old
Pump Well in the Rehabilitation Project of the existing wells being
implemented by the URICEF (Refer to 2,2).

The inspection of the wells and the water quality test, as
well as the installation of the hand pumps, will be carried out in an
early date under the supervision of the person in charge ¢f the UNICEF
project of GWSC-Kumasi, with the expenses borne by UNICEF.

That being so, it is regarded as better to entrust the whole

project for supplying potable water in the Ashonman area te the UNICEF

project,
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CHAPTER 4 WATER SUPPLY FACILITIES PLAN

4.1 Basic Policies for the Project

_ ~ Upon an overall study of the characteristics_of=the project
areas, national scheme, prevalent state of water'use, local Hydrogeo—
logical conditions and other relevant fac(ors,.it has been décided
that the water supply scheme in Ashonman area shall be carried out as

a DNICEF project.

Should a problem of water quality be solved, the basic policies
for the water supply project in the Feke area would be represeﬁted as

follows.

1) Uatil the time that distribution of water shall be implemented
through pipe, a tentative water source of a quaiity acceptable to

‘the inhabitants of Fete area shall be seccured.

"2} The water source shall be ground watet and be sﬁpplied from
shallow wells of 30 m in depth.

3) The wells shall be of the closed type to’pfevént pollution from
external sources, and pumps shall be installed as the water

lifring équipuent.

4) The pumps shall be of simple and durable design in consideration

" of cost and ease of operation and maintenance,

5)  Maintenance and administration of facilities shall be undertaken
by the beneficiaries and GHWSC.

6) Coustruction materials shall be procured locally as a rule, but

those which are difficult to procure locally, such as pumps,

shall be procured frem scurces outside of Ghana,
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4.2 Design Criteria

(1} Estimated population to be supplied_with water

Sinca the water source is only tentative, the present popula-
tion of 2,060 persons in Fete area was deemed as the estimated popula-

tion to be supplied with water.
(2) Estimated quantity of water supply

Because of économic reasons {domestic water must be puréhased
from the water tank lorry of GWSC), the inhabitants of Fete area
consume only about 11 2%/day/head of water which is the bare manimum

for them.

Although the distance that the inhabitants of Ashoaman have
to walk to the water platform is only about 500 m, thgj_gon§umg only
about 13.9 i/day/head'beCause the work of carrying water is_ha:d_ﬁn
them, Considering that the candidate_site_for'water source deyélopment
in Fete area is about 1.5 km away from the ceantex of the village,'it
is judged unlikely that their water consumption will exceed the virtual

unit water consumption of the inhébitants'of Ashonman area.

GWSC also reports that the actual record of water consumption
of the inhabitants in local areas ranges between l3 5 and 22.5
2/day /head. '

Under this project, the original intent of which is to
secure the minimum amount of safe drinking water for the inhabitants,
the quantity of water to be supplied per head per day was determined

to be 14 ‘4 in consideration of the aforestated conditions,

The daily quantity of watex that will be supplied.in.the
Fete area as a whole Is therefore 28.84 mglday.
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(3) ¥ater QUality

Ground water in and around the Fete area generally has a
high salt concentration and therefore cannot be claimed to be a water
source of good quality. Accordingly, the consent of the inhabitaats

wust be obfaihed‘prior to devélﬂpingAa water source.
To prevent water poilution, the wells will be closed in
construction, but to bé doubly sure, disinfectants such as bleaching

powder shall be kept ¢n hand.

4,3  Selection of Yater Source

(1) Water source development area

Based on the results of hydrogeological survey, the alluvial
plain on the right bank of the Osonko River about 1.5 km westnorthwest
of Fete Village was determined as the area in which water source

should be developed.

(2} Discharge per well and number of wells

The discharge per well was established on the basis of the
pumping capacity of band pump currently adopted by GWSC as follows:

Assuming 10 hours of puup operation a day based on a pumping
rate of 800 - 1,000 %/hour, a discharge of at least 8 m /day of water

can be safely estimated.

in view of the fact that 28.84 m3/day of water supply is
required, four wells will be needed with the average discharge per
well being calculated to be 7.21 m3/day.

(3) Selection of well sites

Of the four wells, one will be the test well drilled {n the
current survey. The other three will be newly drilled.
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The candidate sites of the new wells were selected as shown

in Fig. 4.3,1 with due consideration to the following:

1)
2)
3)

4)
5)

that the ground water.has not tuvrned into saline water.
that aquifér is thickly distributed, _
that wells shall be arranged so that they do not interfere
with each other as to cause abnormal drawdown.

that wells are located close to Fete Village.

that wells shéll be 10cated on thé right bank of the Osonko

River.
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(4) Verification of pumping conditions

The trend of well water level was estimated on the basis of

hydraulic ¢onstants obtained by pumping test of the test well,

The conditions for estimation are as follows:
Pumping rate ¢ = 7.21 m3fday ‘
Coefficient of transmissibility T = 2.59 mzlday
Coefficient of storage § = 1,50 x 107}

Radius of well r = 0,075 m

By substituting the above conditions inte the Theis'

non-equilibrium formula, the following relationships hold:

S AT W{u) 0.222 W(w) (D)
S-r2 '-5'
4= gopeg = 8.16 % 10 (2)
wherein s: drawdown (in m)

W(u): the well function obtained from the
relationship with u,

Drawdown of well water after continuous punping operation of
1 day, 30 days (one month), 180 days (6 months) and 365 days (one
year) respectively was estimated 6n a trial basis from equations (1)
and (2) as shown in Table 4,3.1.

Table 4.3.1 Continuous Pumping Operation Time and Drawdewn

Contlaucus pumplag
operation time t (days) u W(u) | Drawdown s (in m)
1 8.14 x 1070 | 8.9 1.98
30 2.7t x 1078 | 12.1 2.69
180 4.52 x 1077 | 13.5 3,00
365 2.23 x 1077 | 14.2 3.15
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