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PREAMBLE

Right from the establishment of the Water Resources Commission (WRC) a priority task
has been to introduce the basic principles of Integrated Water Resources Management
(IWRM) at local level in selected river basins. The Densu River Basin was chosen as the
first pilot area for various reasons such as rampant land and water quality degradation,
and occasional water shortages in an otherwise perennial river system caused, among other
factors, by the rapid population increase of the Accra metropolitan area and other urban
centres within the basin.

The Densu River Basin is a classic case of an area in need of a basin-wide planning
approach involving stakeholder participation, awareness raising, public meetings, capacity
building and training, and environmental engineering. It is believed that this approach
could lead to the sustainable implementation of effective measures to improve land use and
watershed management, protection of buffer zones along the river banks as well as
improved management of liquid and solid wastes from the towns and communities within
the basin.

Several activities have been invested over the past few years in creating a basin-based
IWRM structure for the Densu River Basin. The decentralised IWRM structure, which
has evolved through a targeted participatory and consultative process, combines the
following partners: a broadly anchored stakeholder-oriented coordinating body, i.e. the
Densu Basin Board, respective planning officers of the District Assemblies and WRC's
Densu Basin office in Koforidua (serving as secretariat for the Board).

In parallel to the organisational arrangements, activities of a more technical nature have
been ongoing, which eventually resulted in the present Densu River Basin IWRM Plan.
This plan should also be viewed as an integral part of the stipulations in the WRC Act 522
of 1996 to “propose comprehensive plans for utilisation, conservation, development and
improvement of water resources” in adherence with the overall National Water Policy.

The document constitutes the first version of the INRM Plan. Inasmuch as IWRM is a
cyclic and long-term process, the document can be seen as a milestone in this process, in
which the status of the water resources situation is documented — a process that should be
subject to continuation and updates as the need arises in the future.

It is WRC's sincere hope that this plan can be a useful catalyst towards accelerating
concrete WRM activities in the Densu Basin, and importantly - since it is the first of its
kind in Ghana - also can serve as a source of inspiration to facilitate similar planning
efforts in other vulnerable river basins in Ghana.

Prof. Clement Dorm-Adzobu
Chairman, Water Resources Commission
Accra, May 2007
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1.

1.1

INTRODUCTION

IWRM in an international context

At the World Summit on Sustainable Development (\W¥Beld in Johannesburg in
2002, the international community took an importstep towards more sustainable
patterns of water management by including, in t@SI Plan of Implementation, a
call for all countries to develop integrated water resources management atdrw
efficiency plans The “water efficiency plahis considered as an important compo-
nent of IWRM, and hence as an integral part oNdRM plan.

The term integrated water resources managementNIYHs been subject to vari-
ous interpretations, but the following definitiop the Global Water Partnershipas
been adopted in the Ghanaian context:

“... a process which promotes the coordinated dgwelent and manage-
ment of water, land and related resources in orlemaximise economic
and social welfare in an equitable manner withooitnpromising the sus-
tainability of vital ecosystems ...”

Due to competing demands for the water resourcthémworst case resulting in lim-
iting economic development, decreasing food pradogctor basic environment and
human health and hygiene services), the procasgeisded to facilitate broad stake-
holder input in order to build compromise and eajlé access. This is particularly
the case for developing countries like Ghana, whitdcates much effort in address-
ing poverty reduction and in implementing the UNI&hnium Development Goals.

IWRM is a comprehensive approach to the developrardtmanagement of water,
addressing its management both as a resource #md tiie framework of providing
water services.

The Global Water Partnership models the IWRM pre@ssa cycle of the following
activities:

e establishing the status and overall goals;

e  building commitment to the reform process;

e analysing gaps;

e preparing a strategy and action plan;

* improving the legal and institutional managemeatfework; and
e monitoring and evaluating progress.

The goal of preparing IWRM plans as called forhet WSSD has set the tone for a
world wide initiative, which Ghana has adopted wvitie purpose “to promote an ef-

! Global Water Partnership (GWP): Integrated WatezsBurces Management, Technical Advisory
Committee, TEC Background Paper No. 4 (2000)
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1.2

ficient and effective management system and enmieally sound development of
all its water resource$based on IWRM principles.

IWRM planning in the Ghanaian context

In Ghana, IWRM plans are thought initially to beejpared at the river basin level

starting with the most “water stressed” basinshefd¢ountry. At a later stage, this ex-
ercise can provide input to preparation of an IWRWategy/plan at national level

incorporating trans-boundary water resource relagdsdes. The IWRM plans and

strategies shall be prepared with the overall pggpaf addressing major problems at
a river basin level related to:

e water resource availability;
* water quality; and
e environmental/ecosystem sustainability.

Due account shall be taken to water use, and ttialssmd economic implications of
implementing an IWRM plan. Actions to be taken a®asequence of planning shall
be prepared based on scenarios describing diffeggmtoaches for solving major
management problems (that might be described watiral resources, sociologi-
cal/cultural, economic and regulatory, administatand institutional indicators)
within a defined time period.

As such most of the outputs to be provided arerifiged and ranked sets of pro-
grammes/actions that from a political, legal, techl sociological and economic
point of view are considered as the most sustagnabtl efficient solutions. Political
(democratic) aspects of IWRM planning in this regaequire, that plans shall be
elaborated with a participatory approach guidegbtiyciples which are imbedded in
the concept of Strategic Environmental AssessnteiaA].

Generally, SEA is applied with two purposes:

* to evaluate environmental impacts and to rank tihvirenmental effects of plans
and programmes; and

e to evaluate conformity and/or conflicting stiputats between various related
plans and programmes.

SEA tools have in Ghana been applied during fortrariaof the National Water Pol-
icy and in assessing the first Ghana Poverty Remlu&trategy. As a continuation of
these approaches, a SEA Practical Guides been prepared, which presents a num-
ber of SEA tools applicable to the water and séinitasector, including water re-
source planning, development and management.

Key aspects, therefore, in the IWRM-SEA processaiparticipatory approach
involving users, planners and policy makers to d@bmmitment; a holistic view

2 Ghana National Water Policy (final draft, AugustOs).

% SEA of Water and Environmental Sanitation — a ReatGuide. Ministry of Water Resources, Works and
Housing; Ministry of Local Government, Rural Deymitent and Environment; and Environmental
Protection Agency (final draft, October 2006).
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1.3

that calls for cross-cutting interaction within s an integration in terms of
upstream-downstream catchment implications; andgrtion to the fact that water
is an economic good.

As part of a process, the basin-based IWRM plail &ran a widely accepted and

easily understood document describing the currexté ©f the water resources and
outlining strategies that enable basin-specific agament to adhere to the
stipulations given in the National Water Policy.ush the IWRM plan should be

considered a “blueprint”, that describes steps ¢otdken towards realising the
visions.

Purpose and institutional setting of the IWRM pan

The target group of the basin-based IWRM planslasners and decision-makers
operating in the water sector, including the ribasin boards, who are provided with
a tool for “what to do” and for detailing activifieand programmes concerning
specific interventions. More specifically, the pose of the IWRM plan is to:

» contribute to the provision of sufficient supplygdod quality surface water and
groundwater as needed for sustainable, balancedanthble water use;

» prevent further deterioration and protect the statfiaquatic ecosystems with
regard to their water needs;

* protect terrestrial ecosystems directly dependmghe aquatic ecosystems;

» contribute to mitigating the effects of floods afrdughts; and

e provide appropriate water management with efficiand transparent govern-
ance in the sector whether at local, district ifdased level.

IWRM is a cyclic and long-term process. Hence, iIWRM plan can be seen as a

milestone in this process, where the status optheess is documented, and the plan
inevitably will need to be kept up-to-date when rlewawledge surfaces, e.g. related
to changes in the hydrological regime and projestiof future water requirements.

For the IWRM plan to be successfully implementeéds iimparative that the WRC
collaborates with institutions affected by the plahis is because the plan impacts
on a variety of societal aspects, viz. utilisataord protection of natural resources,
social and cultural situations, economics and pcodn, and the legal,
administrative and institutional frameworks. ltegident that there must be effective
collaboration with planning efforts in these areas.

For instance, WRC has to collaborate with —

e MDAs, CWSA and GWCL in water demand projections;

* MDAs, Lands Commission, Minerals Commission, EPAQIA and traditional
authorities in catchment management;

 MDAs and EPA in controlling various wastes into grabodies; and

* EPA, Forestry Commission, Fisheries Department,@Maesearch Institute and
HSD in assessing environmental flow requirements.

The overall institutional setting as it relates the further planning and
implementation of the activities outlined in the RM plan is depicted in Figure 1.1.

May 2007 Page 3



Water Resources Commission

Densu River Basin IWRM Plan

Figure 1.1: Institutional framework for IWRM planni ng
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1.4 Status of IWRM activities in the Densu River Bain

For quite many years Ghana has been planning tbeagaged in the introduction of
IWRM at various levels of society, and as such ddgnced in the IWRM process
resulting in a new national water policy and legfisin facilitating water resources
management and development based on IWRM principlashermore, an enabling
institutional framework has been introduced atorsl level, i.e. establishment of
the Water Resources Commission (WRC) and the Waterctorate under the
Ministry of Water Resources, Works and Housing, ahtbcal river basin level in
the form of creation of river basin boards.

The Densu Basin Board (DBB) was the first created afficially inaugurated in
March 2004. DBB has a consultative and advisorye rak it relates to the
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management of the the Densu Basin’s water resoamggepresents a wide sphere
of interest groups within the Basin, including tineditional authorities. Its work is
facilitated by a secretariat as a decentralisedtyemtf the WRC. The DBB
membership combines the following:

(a) A chairperson appointed by the WRC,
(b) A representative of the WRC,
(c) One person representing each of the followirtgiwthe basin.

— East Akim District Assembly

— Suhum/Kraboa/Coaltar District Assembly
— New Juaben Municipal Assembly

— Ga West District Assembly

— Akwapim South District Assembly

— Eastern Regional Coordinating Council

— Greater Accra Regional Coordinating Council
— Ministry of Health

— Ministry of Food and Agriculture

— Ministry of Women and Children’s Affairs
— Environmental Protection Agency

— Ghana Water Company Limited

— Forestry Commission

- National Commission on Culture

— Orthodox Church

— Prominent Chief within the basin

— Non-Governmental Organisations

(d) The Basin Officer as ex-officio member appoahby the WRC in charge of the
Board’s Secretariat.

Over the past few years quite many specificallgetad studies and related activities
have been completed aimed at providing data andim@rmation of relevance for
the IWRM planning. In the following chapter “Bas®di Description” these various
sources of information and reports are acknowledgeand when used.

Furthermore, in the Densu Basin a number of IWRNivdies have also been
initiated by the Densu Basin Board and WRC as a®INGOs and other partners, all
with the purpose of addressing the reduced wataitadility and the water quality
degradation facing the Basin. Some of these aetivare:

e Holding of four Board meetings annually for therfaration of strategies to en-
hance coordination of the management and utilisatiothe water resources of
the basin;

e Organisation of sub-committee meetings of the DeBasin Board to draw-up
and review work programmes for implementation;

 Promotion and support for target groups’ awarer@estion and education
within the basin (in communities and schools) aedetbpment of educational
materials;
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* Collaboration with agencies/organisations and comitias working towards the
recovery of the ecological health of the BasinJuding activities such as tree-
planting, clean-up exercises, river channel clezgamnd river bank protection;

* Identification of raw water users (to assist in pinecess of registering and grant-
ing water rights/issuance of permits);

« Establishment of links with the Basin’s District #&snblies, traditional authori-
ties/landowners to tackle specific issues relatmgollution and degradation of
the catchment area, e.g. relocation of waste duibegs away from the river
banks;

* Preparation of a “buffer” zone policy; and

* Provision of information services for students dgrpreparation of their special
studies and theses works, consultants, NGOs, CB@sancerned individuals.

Preparation and structure of the IWRM plan

The WRC has elaborated the present IWRM plan ferDknsu River Basin as part
of WRC’s mandate togropose comprehensive plans for utilisation, conggon,
development and improvement of water resouréesith due consideration to stipu-
lations in the National Water Policy.

The IWRM plan is based on a number of dedicatedsasssent studies and informa-
tion reviews all unveiling implications relevant fdecisions made during the process
of prioritising measures forming the IWRM plan. Ged by the newly introduced
SEA procedures, consultative meetings and workshaps taken place during the
course of preparation, specifically targeting thenBu Basin Board members, and
District Assemblies and their planning officers.

Following the present introductory chapter, Chagtg@resents the baseline descrip-
tion, which provides the background against whidh planning and identification of
actions can be made. In Chapter 3 water demanégbiajs are presented based on
district development plans and other informationabty the 2000 census results.
Furthermore, in this chapter a number of scenaralyaes are presented comprising
different development options and strategies fer ukilisation of the basin’s water
resources.

Chapter 4 describes the process followed towareistiftcation and ranking of water
resource management problems and issues as perdgviocal stakeholders and
planners of the basin, and documents the resulteoSEA consultations. The final
Chapter 5 concludes the IWRM planning process legeting an action plan com-
prising of a number of prioritised activities anceasures for implementation re-
quired to meet the IWRM challenges of the DensteRBasin.

4 Water Resources Commission (WRC) Act No. 522 & 199

May 2007 Page 6



Water Resources Commission Densu River Basin IWRM Plan

2.

BASELINE DESCRIPTION

2.1 Physical, demographic and socio-economic feats

The Densu River traverses a highly densely poptilptet of Ghana and it is one of
the most exploited rivers in the country considgrits size. The basin is character-
ised by an accelerating land and water quality albafion, and is marked by occa-
sional water shortages in an otherwise perenniar system caused, among other
factors, by the rapid population increase due txipnity to the Accra metropolitan
area.

2.1.1 Location, topography and river network

The Densu River Basin is located between latitutB0® - 6°17'N and longitude
0°10'W - 0°37'W. The basin is bounded to the eastl north by the Odaw and
Volta basins, respectively. The boundary to thehveest is shared with the Birim
basin and to the west with the Ayensu and Okrudiinsa

The topography of the Basin is diversified. TheiBas characterised by steeply dis-
sected landscapes with hilly and rolling landshe north, and flat coastal plains to
the south with slopes and erosion surfaces thatfvam 30% in the upper sections
of the basin to less than 2% at the coast. ThenBasbordered to the east by the
Akwapim hills and the Kwahu-Mampong scarps. Thehbg part of the basin

reaches about 750 m above sea level and occurg #hen north-western basin

boundary. The topography of the Basin is depictellap 2.1 (inserted at the end of
chapter).

The Densu River belongs to the Coastal River Sygjesup and the basin encom-
passes an area of about 2,600 Kithe river takes its source from the Atewa range
and flows from its upstream sections in an eastéirgction towards the Akwadum -
Koforidua area, from where the river gradually as its course and flows in a
southerly direction into the Weija reservoir - asfethe two main sources of water
supply for the Accra metropolitan area. When thaj&eservoir is full excess flow
discharges into the Densu delta (Sakumo) lagoorsaligpans complex, which con-
stitutes one of Ghana’s internationally recognigemtected areas (Ramsar sites), be-
fore discharging into the Bay of Guinea (Atlanticéan) some 10 km west of Accra.
The total length of the Densu river is about 12Q kamd its main tributaries are the
Pompon, Kuia, Adaiso, Dobro and Nsaki rivers. Tikerrnetwork is shown on Map
2.4 (inserted at the end of chapter).

2.1.2 Administrative structure, population and settement pattern

The administrative fabric of the relatively smakmsu River Basin can be character-
ised as rather complex in the sense that 3 admatiist regions and 13 districts are
represented within the basin, including part of fhecra metropolitan area. Ap-
proximately 72% of the basin (the northern portibe$ within the Eastern Region,
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23 % within the Greater Accra Region and the remgis% within the Central Re-
gion. Among the 13 administrative districts, thetpms of the five districts of East
Akim, New Juabeng, Suhum/Kraboa/Coaltar, AkwapinutS8and Ga West consti-
tute together close to 85% of the basin area. @ontthe portions of Fanteakwa,
Yilo Krobo and Kwaebibirem districts in the northtbe basin constitute only about
1% of the basin area. Likewise, only a small parthe Ga East district is located
within the basin boundary. These features are thpim Map 2.2 (inserted at the
end of chapter) with figures given in Table 2.1dvel

Applying the 2000 Censtisesults, the population size within the Densu RBasin

is shown in Table 2.1 listed for each district andaccordance with the settlement
classification, i.e. whether people live in ruralwban settings. Per definition, the
urban population combines all settlements largan th,000 people. The portion of a
district’s rural population living within the Basis estimated by matching the pro-
portion of the area of the respective district, abhis located in the Basin, and using
this percentage to calculate the rural populatidre population density is also indi-
cated in Table 2.1.

The population increases recorded in the latest-tgnsal period (i.e. between the
censuses of 1984 and 2000) show not surprisinglyyngrowth rates in the areas of
the Basin close to the Accra metropolis, i.e. tleeViEest and Ga East districts as well
as the Accra Metro area itself. Generally, in thessas annual growth rates of close
to 10% have been recorded. This characteristidsis @vident from the settlement

pattern (split between rural and urban populat@s)vell as the population density
figures given in Table 2.1.

Internal migration is the most important determinah this marked population
growth in these parts of the Densu Basin. As tlalites are becoming relatively
attractive for migrants, new waves of migrantsléely to gravitate to the localities
to swell up the existing population. The drivingde behind this vibrant develop-
ment is the urban sprawl phenomenon of Accra. Timbanisation” trend is ex-
pected to continue unabated in the foreseeableefuauind hence, will gradually af-
fect larger and larger areas in the Basin, paditybf the Ga West District.

As an average for the entire Densu Basin, the oipnl density (year 2000) is 387
pop/knt, five times bigger than the national average op@d/knf. The location of a
number of the major settlements/towns within theiB#s also indicated on Map 2.2.

® Ghana Statistical Service: 2000 Population and Hog<ensus (official results on DC-ROM, January
2002)
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Table 2.1: Population in the Densu River Basin (2@Census)

Region District Settlement | Population | Area in basin Density
9 category (2000) (km? (%) | (pop/km?)
rural 800
Fanteakwa 10 0.4 80
urban 0
. rural 1,200
Yilo Krobo 18 0.7 67
urban 0
. rural 27,500
East Akim 334 12.8 223
urban 47,000
I ~0
Kwaebibirem rura 2 0.1 -
urban 0
rural 22,000
Eastern New Juabeng 209 8.0 651
urban 114,100
Suhum/ rural 101,700
Kraboa/Coaltar urban 31,000 763 29.3 174
. rural 19,700
Akwapim North 146 5.6 169
urban 5,000
. rural 53,100
Akwapim South 322 12.4 298
urban 43,000
. rural 10,500
West Akim 88 3.4 212
urban 8,200
rural 125,500
Ga West 546 21.0 854
urban 341,100
rural 2,300
Greater Ga East 10 0.4 870
Accra urban 6,400
rural 2,100
Accra Metro 30 1.2 927
urban 25,700
Awutu/ rural 8,800
Central 122 4.7 154
Efutu/Senya urban 10,000
) rural 375,200
Densu Basin, total 2,600 100.0 387
urban 631,500

2.1.3 Socio-economic profife

The water resources of the Densu Basin contribubstantially to the economic
livelihood of the people living in the basin. Watemsed for a variety of purposes in
the domestic, agriculture and industrial sectors.

Agriculture is the main economic activity in theabareas and it provides employ-
ment for majority of the people. The agriculturatiaties are practiced both com-
mercially and as subsistence farming which togepinevide the food needs and fi-
nancial income of the people. The impact of agtizel activities on the natural re-
sources (land and water) can be attributed to yetem of farming adopted by the

® Water Resources Commission: Identification of M&jaends in the Socio-economic Development in the
Densu Basin of relevance for Integrated Water ResmuManagement. ISSER (February 2003)
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farmers. Majority of the farmers practice the ttadiial bush fallowing with its at-
tendant slash-and-burn method, which contributgsifszantly to deforestation in
the basin. The cultivation of crops along the rigank is a common practice, which
results in the removal of the top soil and expdledand to erosion.

Irrigation systems in the Densu Basin can be foartie Weija, Mangoase, Suhum,
Koforidua and Nsawam localities. The Weija irrigatisystem — although not opera-
tional at present — supplies water primarily foe ttultivation of vegetables. The
Nsawam irrigation scheme abstracts water from thbr® tributary for the cultiva-
tion of ornamental flowers. There are also a nundbendividual small scale irriga-
tion systems either from groundwater or surfaceewapurces for growing of vege-
tables and other crops.

Logging which was originally predominant in the th@rn part of the basin is once
again being pursued in the basin with a numbemubér concessions being granted
by the Forestry Commission to larger timber opesatblarvesting of fuel wood has
also become an important economic activity, paldity for the rural residents
within the basin.

Fishing activities are practiced in the basin esdgcin the upper reaches of the
river system, but also in the southern section.rAfsam the traditional methods of
draw-net and hook-and-line fishing, some fishernuge illegal methods such as
chemicals and explosives with adverse effects emiditer quality.

Small-scale gold mining activities and stone quagyare also common in some
parts of the Basin. The mining activities are iiettd to the Birimian formation in

the East Akim district, whereas the stone quarryng sand winning activities are
carried out especially in Koforidua, Nsawam and ynacalities in the Ga district.

In the urban areas, the economic activities areendlversified and the prominent
occupations include wholesale and retail tradingnafiacturing and other commer-
cial activities. The major industries in the baaie mainly fruit processing and bottle
water production industries. The small scale indestinclude auto servicing shops,
saw milling, carpentry, block making, local soapnui@cturing, black-smithing and
metal work. In addition, there are large commershaps where manufactured goods
are sold, and large markets which form points aftact between rural and urban
residents.

The above outlined socio-economic pattern withnitéiceable differences between
rural and urban settings is highlighted in Tabl2. Z.he figures in the table are de-
rived from the 2000 Census data, and are givereaseptages of the economically
active population (above 15 years of age).

The employment situation generally in the basisush that about 25% are unem-
ployed, 60% are self-employed and 15% are in folketformal employment. People
who work on their own farms are considered selfdeygal. This also shows that the
majority of the economically active part of the ptggion is in the informal sector.
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Table 2.2: Occupation (in %) of the economically aéve population Y

Economic District
activity East | New Suhum | Akwa- | Akwa- West | Awutu | Ga |
(industry) AKIm Jua- | Kraboa pim pim AKIm Efutu | East/ Metro
beng | Coaltar | North South Senya | West

Agriculture 57.7 | 15.9 59.9 50.1 46.9] 598 368 139 3
and forestry
Fishing 0.9 1.4 0.8 0.3 2.1 1.2 10.5 1.9 2.5
Mining and 11 | 07 0.4 0.5 1.4 1.2 0.9 1.9 1.4
guarrying
Manufacturing 8.8 15.2 10.6 9.3 10.5 8.8 13.6 1419 1714
Wholesale and | 1) 5 | 556 13.4 16.7 17.1| 136 16.0 272 339
retail sale
Construction 2.6 6.0 1.7 3.0 2.7 1.4 4.4 10.1 5.5
Hotel and 28 | 4.0 2.8 2.9 3.5 2.7 2.4 3.4 4.6
restaurants
Transportand |, 5.3 2.6 3.6 3.7 2.5 3.8 6.8 6.4
communication
Education 43 6.8 3.1 4.9 4.2 3.0 3.7 8.( 8.0
Other (unspeci-| g, | 154 47 8.7 79| 58 79| 11)8 16k
fied) activity

100.0| 100.0] 100.0 100.d  100.p 100.0 100.0 100.00.01¢

&) Only districts with a sizeable population within thesin are included in this table

2.1.4 Land use pattern and ecological trends

The original ecology of the Densu Basin was mashisdeciduous forest with thick
undergrowth featuring rich flora and fauna. The haomctivities through time, how-
ever, have greatly modified this forest ecologynd at an accelerating rate. Within
the past 10-20 years, the ecological perspectiveh@fDensu Basin has changed
dramatically. The thinning of the forest has iniBed, and at the same time the
marked shift in land use caused by the “urbanigatio the eastern corridor of the
basin from Weija area through Nsawam to Koforidaa its ecological impacts.

At present the Densu Basin is characterized byetliferent types of vegetation
zones. The north-eastern section of the basinresfed land, but with intensive de-
vegetation activities ongoing to allow agricultuaativities to take hold. In this zone,
cocoa farming was predominant until recently whHesngswollen shoot disease caused
land use evolution in the forested area. Cocoaifayias now been replaced by ex-
tensive bush fallow food cropping. The main foodps that are cultivated here in-
clude plantain, cassava, yam, cocoyam and ceraals as maize. Large estate and
peasant-scale oil palm plantations have also bedampertant in the recent past,
which also contribute to deforestation in the Basin

The traditional forest zone in large part of thesiBa middle sections are gradually
giving way for areas - the second zone - charagdrby scattered trees developing
into areas of shrub and grassland. These partseoBasin are characterized by ex-
tensive cultivation of cassava, maize, pineappte\ayetables, and host much live-
stock grazing. The coastal savannah zone in theragtsouthern section of the basin
makes up the third vegetation zone.
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From various perspectives, the Densu Basin andatsr resources are under siege.
The main determinants of this situation are thélaréood crop farming and logging
in the upstream reaches of the Basin, arable fomoscand pineapple farming in the
midstream sections of the Basin, and sand winnimigskéone quarrying in the down-
stream areas caused by the urbanisation phenoneemamating from Accra.

Map 2.3 (inserted at the end of chapter) providegmplified overview of the land
use/cover situation as derived from satellite imaggps produced in year 2000.
From similar image maps representing year 1990|eTal3 summarises the devel-
opment in area coverage of the forested land aner atones described above as it
has occurred during this ten-year period.

Table 2.3: Development in land use/cover of the Den Basin (1990-2000)

Semi-forested area,
Forested area Settlements and
Year scattered trees and .
(dense tree cover) build-up (bare) areas
shrub/grassland
1990 40% 50% 10%
2000 20% 65% 15%

2.1.5 Protected areas

Forest reserves

Protected areas in the basin include two forestrves located in the East Akim dis-
trict, and two small reserves in the Fanteakwa ol Krobo districts. The largest
of these reserves is the Atewa Range Reserve, wimhdes the headwaters (the
source) of the main branch of the Densu River. fbhest reserves are also indicated
on Map 2.3.

Densu delta Ramsar site

The Densu delta and salt pans complex - also kresvthe Sakumo | Lagoon and
Panbros Salt Pans - constitutes one of Ghana'snattenally declared protected
wetland areas (Ramsar site). It is recognisedt$orale as a sanctuary for migrating
seashore bird species utilising the lagoon as irgpand nesting grounds. The Densu
delta Ramsar site covers an area of around S0akmh comprises the salt pans, sand
dunes, the flood plains and lowest part of the Denger catchment south of the Ac-
cra-Winneba road.

Protection activities in the area are undertakethbywildlife Division of the Forestry
Commission, in close consultation with Panbros Saltnpany, who owns part of the
Ramsar site. In the Ramsar declaration it is sttatiexisting land use could be al-
lowed to continue, but future developments werddostrictly assessed in terms of
their compatibility with the Ramsar concept. Attthimne it was further recommended
that the catchment area of the Densu River immagliaiorth of the Accra-Winneba
road, including the Weija dam and reservoir arkaukl be demarcated as a Land Use
Management Zone, which, however, never materialised
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The water regime of the Densu delta, as deternayetie operational strategy of the
Ghana Water Company Limited (GWCL) in managingWeija Water Works, can be
a source of conflict between the GWCL, the ownéth® salt industry and the fishing
communities. As it is, the flow of water into theetlands is fully controlled by the
damming of the river and the releases of water fitofduring the rainy season water
Is released to maintain the right reservoir level #or protection of the stability of the
dam.

Peak salt production takes place when conditioesday and the fishermen's catch
declines when water levels are too high in theaddflooding of the wetlands
interferes with the birds’ roosting and nestingsitand often washes away nests and
eggs. Contrary, during the dry season no wata&lémsed from the dam and the lack of
freshwater inflow to the wetlands impairs the flarad fauna, and the other activities
in the delta. Hence, there is a need to develo@t@rnmanagement strategy which
would be satisfactory to all interested parties atstd would enhance the wetland’s
habitat for birds as stipulated in the Ramsar do.

2.2 Water resources

2.2.1 Meteorological characteristics and impact oflimate change

Data concerning the meteorological conditions @®ioed from the Ghana Mete-
orological Agency, which operates a number of syicognd rainfall stations in the
Basin. The location of these monitoring stationgdicated on Map 2.4 (inserted at
the end of chapter).

The Densu Basin falls under two distinct climatimes, i.e. the relatively dry equa-

torial climate of the south-eastern coastal plaind the wet semi-equatorial climate
further north in the basin. Both climatic zones enaracterized by a bi-modal rain-

fall regime with different intensities. The mainma season extends from April to

July and attains a peak in June, whereas the sedesd intense — rainy season oc-
curs between September and November. These featamdse detected from the fig-

ures in Table 2.4, which presents rainfall datanfthe Nsawam meteorological sta-
tion used as an example.

Table 2.4: Mean monthly rainfall (mm), Nsawam (195€2005)

Jan | Feb | Mar | Apr | May | Jun | Jul | Aug | Sep | Oct | Nov| Dec| Yem

27 56 110 115| 168 221 95 5§ 98 146 1Pp1 B6 131

The rainfall pattern over the year can be class$ifie erratic in its occurrence. The
meteorological statistics show that in average ali@%o of the rainy days produce
50% of the total annual rainfall. The annual rdingd the coastal plains averages
about 800-900 mm and approaches 1,600-1,700 mrhenhigher ranges in the

northern part of the Basin, where the Densu riystesn has its headwaters. Gener-
ally, it can be stated that the rainfall to thethan the basin is more reliable than that
of the southern part. The mean annual rainfaltitistion is also shown on Map 2.4.
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The relative air humidity ranges from an averagé@®60% in the driest months to
80-90% in the rainy season. The mean annual patesNapo-transpiration varies
from 1,700 mm in the southern part of the basialtout 1,500 mm in the north.

The Densu Basin is characterised by uniformly higimperatures throughout the
year with a mean annual temperature of about 2¥A€.months of March and April
are the hottest periods with a temperature of aB2UC. August is the coolest month
with a temperature of about 23°C.

In a study by the Environmental Protection Ag€nttye impacts of likely climatic
changes on river discharges (runoffs) were analjsethe country. One of the ba-
sins included in the study was Ayensu, which bardiee Densu basin to the west. It
is imperative that the impacts and consequenced @it that study report are duly
recognised in future water resource planning aawifor the Densu Basin. The main
findings of relevance for the Densu IWRM plan are:

* There was an observed increase in temperatureésoat 4°C over a 30-year pe-
riod, and reductions in rainfall and runoff in thistorical data sets.

« Simulations using realistic climate change scesafl®-20% change in rainfall
and a 1-2°C rise in temperature) indicated redadtworunoffs of 15-20% over
the coming 20-year period.

« The climate change scenarios also cause reductigroundwater recharge at a
rate of 10-15% during the same period.

* lIrrigation water demand would be affected considigrdoy the simulated cli-
mate change adding some 50% to the base period eaateand.

2.2.2 Surface water availability

The Densu River and its tributaries constituteshdace water system, which for its
size is one of the most exploited in the country.

Water (hydrological) balance

Taking the Densu Basin as a whole, the water (Hgdrcal) balance representing a
full year has been calculated based on the follgwhniteria:

* monthly data series used;

e average basin rainfall based on rainfall distribut{Map 2.4) weighted accord-
ing to representative size of basin area;

e actual evapo-transpiration rates derived from tesufi field research carried out
in the Pompon sub-catchm@of the Densu Basin;

« average groundwater recharge rate derived fronfYeefd other sources, and set
at 14% of rainfall; and

« contribution from groundwater to river flow (badevl) and vice-versa has not
been incorporated.

" Environmental Protection Agency (EPA): Climate Ciavulnerability and Adaptation Assessment on
Water Resources in Ghana (February 2000)

8 A Study of Water Balance in the Pompon Sub-catchai¢he Densu River Basin. PhD Dissertation by
Jacob Waako Tumbulto, Department of Geology, Usitseof Ghana, Legon (January 2005)
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Table 2.5 provides a summary of the water balalhchould be noted that the out-
come of the water balance calculations - in thisecdne amount of surface water
available - has high sensitivity to the actual e+anspiration values used in the
water balance equation. The annual figure of 950inthtated in the table below, is
arrived at as the sum of monthly values, whichuim tare calculated based on esti-
mated rates of daily actual evapo-transpiratioh®rearying from 1.3 mm/day dur-
ing the driest months to 4.0 mm/day during the @gtimonths.

Table 2.5: Annual water balance for Densu Basin

Water balance component Annual amount In pe_rcent
of rainfall

Rainfall 1,230 mm
Actual evapo-transpiration 950 mm
Densu basin area 2,600 knf
Rainfall over basin (volume) 3,198 miillion nd 100 %
Actual evapo-transpiration (volume) 2,470 million n 77 %
Recharge to groundwater (volume) 448 million n? 14 %
Surface water runoff (total for basin) 280 miillion n? 9%

From Table 2.5 it can be concluded that on an drivasas - and taken as an average
for the entire basin - 77% of the rainfall goes k&a the atmosphere as evapo-
transpiration, 14% infiltrates down to the grountlkveor remains as soil moisture,
and the remaining 9% ends up as surface water fruioust be emphasised,
though, that this water balance calculation presamgimplified situation incorporat-
ing assumptions which can be refined, but nevestislis judged to provide a realis-
tic measure as to the relative size of the elem@hritse Basin’s hydrological cycle.

On an annual basis, the average “yield” of the DdBasin (surface water availabil-
ity) amounts to 280 million fh By using this basin runoff, the annual flow voleiat
various points along the Densu River and for sofm@@ main tributaries have been
estimated (calculated on the basis of sub-basm) arelisted in Table 2.6.

Table 2.6: Mean annual flow volume, Densu River sysm

Area of Mean annual
River/locality sub-basin runoff
(km?) (million m?)
Densu at Koforidua 510 55
Densu at Nsawam 1,440 155
Densu at Manhea (Weija Lake 2,300 248
Kuia sub-basin 408 44
Adeiso sub-basin 338 36
Nsaki sub-basin 152 16
Total Densu basin 2,600 280

Runoff statistics

Recorded flow data and information on runoffs apeamed from the Hydrological
Services Department, which operates a number ef gauging stations in the Basin.
The locations of these monitoring stations aredat#id on Map 2.4 (inserted at the
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end of chapter). However, the available data recoaimprise in general short time
series with many gaps. Unbroken records of mora the& years are not available
from the Densu basin gauging stations. Neverthelasalyses carried out on the
available data serigsndicate in many instances clearly detectableetation be-
tween the recorded runoffs at the different gaugigs in the Densu River system
as well as between rainfall and runoff. These r&gjo;m methods have then be used
to some extent to fill in gaps and expand on thadrdlpgical data records.

The flow regime of the Densu River exhibits a mdrkeriability in the seasonal
runoff within the year as well as in the annualv$o These features are highlighted
in Table 2.7 and Figure 2.1, respectively, whichehatilised the measured/generated
runoff datd representing the Nsawam gauging site.

Table 2.7: Densu River mean monthly flow (1970-2000Nsawam (n¥/sec)

Ave-

Jan Feb | Mar | Apr | May | Jun Jul Aug Sep Oct Nov Dec rage

Mean 0.77 0.62 1.70 1.42 3.94 9.89 10.47 5.42 5.88 5{59.79 1.62 4.22

Max. 1.86 1.03 2.68 3.47 6.40 17.80 20.66 1162 11122 .0312 7.50 2.49 8.23

Min. 0.25 0.32 0.97 0.49 2.20 5.29 3.1p 0.15 0.92

N

46 .85 1 0.86 1.62

The average annual runoff of 4.23/sec is equivalent to an annual flow of 133 mil-
lion m®. A comparison of this figure with the value of 1Bfilion m® given in Table
2.6, which was calculated based on another (thenttilance) method, shows a rea-
sonable match within a margin of + 8 %. It can bmted that in the meas-
ured/generated annual flow volume of 133 milliohthe volume of water abstracted
at Nsawam and upstream is not included, whereasatue from the water balance
calculation incorporates all abstractions.

° Water Resources Commission: Water Resources Assas§ools, Elements of a Decision Support System,
the Case of the Densu River Basin (November 2003)
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Nsaw am Gauging Station
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Figure 2.1: Densu River annual runoff (1970-2000)\'sawam (in million m®)

The erratic flow pattern of the daily flows is vadised in Figure 2.2 using the most
recent measured flow data at the Pakro gaugingseitee 10 km upstream of Nsa-

wam used as an example.

16

Pakro Gauging Station

14

12

[
o

Deaily Flow (m3/s)
©

Vo |

5

'

01-01-2005
31-01-2005 1

16-01-2005
15-02-2005

02-03-2005

17-03-2005

01-04-2005 -
16-04-2005
01-05-2005 A
16-05-2005
31-05-2005 A
15-06-2005
30-06-2005 -
15-07-2005 -

30-07-2005 {
14-08-2005 1
29-08-2005 |
13-09-2005 f
28-09-2005 |
13-10-2005 1
28-10-2005 |
12-11-2005 |
27-11-2005 {

12-12-2005
27-12-2005

Figure 2.2: Densu River daily flows (2005),

Minimum/environmental flow considerations

Pakroayging station (in n/sec)

Generally, it is the low flow characteristics okthver that determine its suitability
as source for a year-round water supply, i.e. tiabstraction without a storage res-
ervoir. Furthermore, the flow of the Densu Rived aiis tributaries particularly dur-
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ing the dry season has a significant impact orfltra and fauna associated with the
prevailing aquatic system.

Undoubtedly, the aquatic ecosystems of the DensinEae under a significant pres-
sure due to the increasingly high population dgnsite poor wastewater and solid
waste infrastructure, and lack of environmental rawass. Therefore, in addition to
the direct abstraction requirements, the minimunowm of flow required to main-

tain these vulnerable areas of the basin must fieededownstream of existing and
proposed water intake sites as well as downstrdated/Neija dam. Environmental

flow is an important requirement (a water demanegary in its own right) to take

into consideration as part of the Densu Basin IWR&hning.

In this regard, the environmental flow considenati® not only a matter of maintain-
ing a minimum flow regime, but as importantly atecsafeguard that this flow main-
tains a certain acceptable water quality for thea#ig ecosystems to prevail.

2.2.3 Groundwater resources
Geology and aquifer systems

The geology of the Densu Basin comprises mainlythef Granitoids, the Upper
Birimian formation and the Togo series rocks, whach characterised by little or no
primary porosity. Groundwater occurrence, therefeeassociated with the devel-
opment of secondary porosities caused by fractufangting, jointing and weather-
ing. Map 2.5 (inserted at the end of chapter) dspilte geology of the Densu Basin.

The Birimian rocks to the extreme northwest of Basin are generally well folded,
fissured and deeply weathered, and hence groundweteirrence in the areas un-
derlain by the upper Birimian rocks is rated ashhighe granites are less fractured
and weathered, and subsequently groundwater oocerri@ general terms is rated
moderate to low, though locally, particularly irethorthern part of the granitic area,
relatively productive groundwater zones exist. Hghly folded, jointed and frac-
tured rocks of the Togo series to the southea#iteobasin, coupled with the contact
zone to the granite rocks, provide favourable coas for groundwater accumula-
tion as well as the occurrence of springs.

The development of secondary porosity has givemtostwo distinct types of aqui-

fers in the Densu Basin, viz. the weathered zongerg and the fractured zone aqui-
fers. The weathered zone aquifers usually occuheatase of the thick weathered
layer. The thickness of the weathered zones varieatly depending on the climatic
conditions and the type of rocks. The thickest Wead layers are common in the
forested area of the Basin.

The fractured zone aquifers tend to be more loedlin nature, and groundwater oc-
currences are controlled by the degree of fraaguand the nature of groundwater
recharge. Borehole yields within the fractured zareedetermined by the extent and
degree of fracturing. A formation which combineshack weathered zone with a
well fractured bedrock zone provides the most pctida aquifer situation.
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Hydrogeological data from existing boreholes

Based on data and information available from thistierg boreholes in the Basin,
Table 2.8 summarises the statistical evidenceagltd the occurrence and rate of
groundwater abstraction in the Basin.

Table 2.8: Borehole characteristics in Densu Basih

. Depth of | Thickness Depth to Static Borehole
Geological . :
zone borehole | weathered | aquifer top | water level yield
(m) zone (m) (m) (m) (m*hour)
Granites 9.1-103.0 1.0-32.0 19-720 0.1-13b B0.9
Birimian rocks 25.0 - 40.0 5.0-27.0 10.0- 31.0 0.8-16.9 ®70-
Togo series 28.0-97.0 3.0-36.0 45-59.0 1.1-17.9 Ba-

For the three geological zones, the average yseldund to be as follows:

«  Granitic zone: 2.0 fthour;
«  Birimian rocks: 3.7 nthour: and
« Togo series: 2.8 fhour.

It should be reiterated that the yield values giwvethis section are derived from the
records and performance of existing boreholes -asldell as new ones. In this con-
nection it can also be mentioned that the succates rof drilling in the granite,
Birimian rocks and Togo series have been 50%, 888468 %, respectively.

As stated earlier, relatively productive groundwatenes occur within the northern
part of the granitic area, mainly in the Suhum-Kra!Coaltar and New Juabeng dis-
tricts. These areas are associated with extensatufing and weathering that fa-
vour the formation of thick overburden. The yieldboreholes in these areas can be
expected to be in the range of 8-1%/mour or higher depending on the siting tech-
niques used, borehole design (depth and diameter),

Another notable groundwater zone in the Basin ésdtea that lies west of the con-
tact zone between the granite formation and theoBagies. Prominent areas include
the Nsawam and Medie localities with yields of B)ri*/hour and higher.

In general, the groundwater assessment Stidglicates that considerable reserves
are available and if well developed can producgdamlume of water. To obtain op-
timal utilization of the Basin’s groundwater resces, it is imperative, therefore, that
groundwater schemes are based on state-of-theyaiodeological assessment
methods, efficient borehole siting techniques aBl ase proper design, construction
and development of the boreholes.

\water Resources Commission: Groundwater AssessareRiement of Integrated Water Resources
Management - the Case of Densu River Basin. CSIRAR&search Institute (July 2003)
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2.3 Utilisation of water resources

2.3.1 General overview of water supply situation

The Densu River serves as the main source of veafgply for a number of fast

growing communities within and outside the BasiheTgroundwater resources of
the Basin also serve as an important source ofigdppthe basin’s population, par-

ticularly in the rural areas, but also some pipdshn water supply schemes rely on
groundwater.

Table 2.9 provides an overview of the existing watgply situation and shows for
each district within the basin, the main sourcelrfking water as derived from the
2000 Census, i.e. with the quoted percentagesseptiag the entire district.

However, to assess the existing water supply stuidor the Densu Basin as a
whole by means of a weighted average figure foheaater source category (last
row in Table 2.9), the percentages for the digtricve been applied against the pro-
portion of the respective district population ligiwithin the Basin boundary.

Table 2.9: Main source of drinking water (in % of households)

Distrct porne | Borehole | Tanker | RTTR S| FEE SECAM
supply and well | supply harvesting dugout
East Akim 19.5 43.9 0.4 5.7 30.5
New Juabeng 66.6 20.9 0.8 2.2 9.5
Suhum/Kraboa/Coaltar 14.2 46.7 0.5 3.1 35.5
Akwapim North 39.7 24.2 1.3 6.8 28.0
Akwapim South 37.3 34.4 1.7 7.2 19.4
West Akim 11.0 48.2 0.3 4.0 36.5
Awutu/Efutu/Senya 43.2 20.6 20.9 1.3 14.0
Ga East/West 57.6 9.8 19.2 2.8 10.6
Accra Metro 90.5 4.7 3.1 1.0 0.7
Densu Basin (average) 47.6 22.2 10.0 3.4 16.8

The figures in Table 2.9 reveal the prevalent diffees between predominantly ru-
ral districts and more urbanised districts congegrpipe-borne water supply versus
the traditional sources (borehole/well and streamd). Taken in its entirety, it ap-
pears that close to half of all households in tlendd Basin receive water from a
piped supply - either in the form of direct housmmections or from public stand-

pipes.

2.3.2 Urban water supply

Presently, in the Densu Basin a total of 8 pipaibawater supply schemes are in op-
eration serving mainly urban communities. 5 of ¢heshemes rely on the Densu
river system as the source, whereas 3 schemesr@radgvater based. Table 2.10
provides a list of these schemes including inforamabout source, intake, treatment
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capacity and abstraction rates as obtained fronmttieidual water plants’ statistics.

The water supplied is used for domestic, industcamnmercial and institutional pur-

poses. The figures in Table 2.10 reveal that ptgsasa much as 95% of the total ab-
straction of water for the urban supply schemdgrithe Weija water treatment plant
alone, and it is also seen that reliance on groateiws only a small fraction com-

pared to the surface water abstractions.

By comparing the figures in Table 2.6 and Tablé@2itlcan be concluded that on an
annual basis utilisation of the water resourcesufin abstractions for urban schemes
presently amounts to less than 3% of the mean anmuaff of the basin at Nsawam.
Likewise, the abstraction from the Weija dam alameounts to about 30% of the
mean annual inflow to the reservaoir.

Table 2.10: Piped water supply schemes in Densu Bag2005)

Treatment Abstraction
Water supply .
Source Intake capacity million

scheme 3 m%day 3

m'/day m°/year

Weija surface water dam 206,000 200,000 73.00
Other schemes:

Adeiso groundwater 3 boreholes - 15 0.01
Apedwa/Asafo surface water weir 436 20 0.01
Old/New Tafo surface water dam 1,080 760 0.28

Koforidua surface water weir 4,545 5,570 2.03
Akwadum/Nankese™ | groundwater 1 borehole - 25 0.01
Suhum groundwater 4 boreholes - 380 0.14
Nsawam surface water weir 4,320 4,050 1.48

Total, other schemes 10,820 3.96

&) Originally surface water based, now converted ingraundwater scheme

Population served by pipe-borne schemes (excludivigija)

By applying the normally used criteria for unit samption figures, which are dif-
ferentiated according to settlement sizes, i.d/&pita/day for settlements less than
15,000, 85 l/capita/day for settlements betweenOQ®,and 50,000, and 105
l/capita/day for a population larger than 50,00® humber of people served by the
schemes can be estimated. Pooled together the wai@n supply schemes in the
Densu Basin (other than the Weija dam water waaks)calculated to serve a popu-
lation of about 110,000, equivalent to 43% of tileam population in the basin (ref.
Table 2.1), i.e. people living in settlements lardan 5,000 (excluding Accra Metro
and Ga West/East districts).

It should be noted, though, that in the above edton of the number of people be-
ing served, the un-accounted water, i.e. leakageo#irer distribution losses, has not
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been duly incorporated in the figures. This wouttply that the proportion of the
population served as given here is somewhat ovan&ed.

The “unmet” demand combines the part of urban du#®lliving in settlements not
yet provided with piped water and people livinghwit existing supply areas, but not
reached by the water scheme’s supply. The reasomot being able to cater for this
“unmet” demand are attributed to various factorg, gechnical-economic and finan-
cial aspects in expanding the systems’ treatmepaaity as well as the distribution
network (the outreach) of the scheme.

However, a limiting factor is also the capacitytioé surface water source, which is
subject to a decline in the low-flow regime (EPAln@ate Change Vulnerability
Study, ref") resulting in a reduction of abstraction or evemtal cease in water pro-
duction during the dry season. This situation idipalarly prevalent in the case of
the water supplies for Tafo and Koforidua. Theretl®refore, a need to provide
storage in order to have access to the resourcaghout the year, to augment with
groundwater and/or to import water from a neighbapubasin as envisaged in the
expansion plans for the Koforidua water supply imal a pumping scheme provid-
ing water across from the Volta Lake at a desige oé 13,600 rifday is being im-
plemented. These aspects are further elaborat#iteascenario analysis presented in
Chapter 3.

Weija Dam Water Works

The Weija dam, brought back into operation aftereiconstruction was completed in
1978, is an earth/rockfill structure with an embaekt height above the river bed of
close to 17 m and with an inundated area (surfee af reservoir) at about 30 km
at maximum water level. The effective storage capas approximately 133 million
m?®, calculated as reservoir volume at maximum dekgal (143 million nf) minus
volume at the intake’s lowest draw-off point (10lmh m°).

Due to the overwhelming increase in water demanthi® Accra metropolitan popu-
lation now expanding up through the Ga West andE&st districts, the Weija Water
Works has regularly been subject to expansion avitharked increase in the abstrac-
tion of water from the reservoir as a result. Cotlseyet another expansion is under
construction, which will bring the abstraction rdtem the present 200,000°fday
up to 268,000 riday.

Most of the water produced at the Weija Water WasK&xported” out of the Densu
Basin as an integral part of the Accra-Tema wat@ply scheme. From Table 2.1
the size of urban population (2000 Census) resiatirige Accra Metro, Ga West and
Ga East districts located within the Basin is founde 373,200. Recent statistics
indicate that some 61% of this population (i.e. k227,000 people) has access to
the water supply services. With an assumed consampte of 105 |/capita/day, it
implies that around 24,000%day of the 200,000 Hday presently abstracted from
Weija reservoir is used within the Densu Basinlfitse

1 GWCL, Planning Department for Urban Investment Reqguents (2004)
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Overall urban water supply coverage

In conclusion it can be stated, that as an ovesdiimate for the whole Densu Basin,
the size of the urban population (settlements fatgan 5,000 people) served by
pipe-borne schemes amounts to about 337,000 peogle227,000 (Weija) plus

110,000 (other urban schemes), equivalent to ab8ut (ref Table 2.1) of the total

urban population within the Basin.

Finally, it should be reiterated that the calcwdatof humber of people served based
on abstraction rates and per capita consumptiandgyas presented above is a sim-
plistic way of depicting the actual situation sirfeetors like production losses, dis-
tribution pipe network leakages, certain industaiatl commercial activities etc have
not fully been taken into account. In any caseés gvident that a sizeable “unmet”
demand exists in the urban areas and that the ssmé=sed situation becomes more
and more pronounced. Prudent water demand manageme@sures need also to be
introduced to be able to utilise the existing watearces and supply facilities more
effectively.

2.3.3 Rural water supply

As can be seen in Table 2.9, the Densu River sysigmits tributaries and many

seasonal streams still serves directly as the vgata@rce for a sizeable part of the ru-
ral population. Increasingly, however, in step wille accelerated programmes to
improve their water supply situation, rural comnti@s are giving up this source in

favour of water supplied through boreholes andgatedd shallow (hand dug) wells.

Boreholes numbering about 600 as well as a numblearad-dug wells (estimated at
200) are the means by which the groundwater ressuwt the Basin are exploited.
Most of the boreholes are for domestic purposesfitted with hand pumps. There
are, however, also places where boreholes are migeldawith motor-driven pumps
for provision of water in the rural communities.

Based on the CWSA borehole design of 200 persong/gker point and an average
abstraction rate of 4.8 #day (i.e. 8 hours pumping per day at 10 I/min)kah be
found that the 800 water points imply a total gmbwater abstraction of 3,840
mday (or 1.4 million nYyear) serving 160,000 people at present. Thisutztion
indicates that about 43% of the basin’s rural papoih of 375,200 (ref. Table 2.1) is
served through improved water points.

It is worth noting, that the groundwater abstrattathin the Basin only constitutes
a small fraction of the estimated annual groundwegeharge as given in Table 2.5,
which - needless to say - is no consolation indbarch for satisfactory yielding
boreholes as and when required at specific loealifief. Section 2.2.3 above).

2.3.4 Water for agriculture
Irrigation

The Densu Basin is not used intensively for iriigat except at Weija, where about
220 ha of irrigable land exist, operated and matdngethe Weija Irrigation Pro-
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ject*?. Originally, 1,200 ha was envisaged for irrigatiarthis area, but the unregu-

lated growth of Accra metropolis has now creatattwation whereby it is not possi-

ble to expand the existing irrigable land furtiétater is abstracted directly from the
Weija reservoir, although it can be mentioned thatwhole scheme is under reha-
bilitation with the result that no abstractions beéng realised for the time being.

In general terms, irrigation water requirementsraported in the WARM study to
vary from an annual amount of about 10,000ha for vegetable produce to around
25,000 ni/ha for rice fields. An average value of 15,008ha/year is adopted for
the irrigation water demand in the Densu Basin i(&dent to approximately 1.5
I/'sec/ha in average per year assuming a 4-mongafion season). It can be men-
tioned that this amount matches well with a simifilgmre which can be derived from
the State of Environment Report 2&t)4ndicating an amount of 14,300%fma/year
as representative for the whole country.

When the Weija irrigation scheme starts operatiggrg it can be assumed that the
220 ha would require a maximum abstraction fromWhedja reservoir of about 3.3
million m® per year.

Another established irrigation scheme which utdifiee Dobro tributary is producing
ornamental flowers drawing water from the Medie dsitnated southeast of Nsa-
wam. The irrigated area is 23 ha with an estimatater consumption 0.35 million
m® per year.

Furthermore, a number of commercial farms pradagidimigation specifically for
vegetable fields and pineapple farming have betndoced over the recent past in
the Densu basin. However, information is rathengcabout these schemes concern-
ing areas under irrigation, irrigation practicester consumption etc.

By adding the irrigation water demand covering ¢hether commercial farms in the
basin, a total water demand of 4.0 milliori per year is estimated to represent the
present utilisation of water for irrigation in tBasin. The potential irrigable area in
the Densu basin is assessed to be 1,500 ha (wsmahunication, Ghana Irrigation
Development Authority, 2006).

Livestock

As generally done for the purpose of estimatingdteck water demand, a percent-
age figure of the rural population water demanapiglied. From the WARM study

it can be derived that a figure of about 15% ofrim@l water demand can be adopted
to calculate livestock water demand. That meangtbsent livestock water usage in
the Densu basin is 15% of 1.4 million*/year (ref. section 2.3.3), i.e. 210,000
m>/year or about 600 frday.

2 The Weija Irrigation Project took over from the thé/eija Irrigation Company some years back, ansl it
now run as a community-based activity with inpud amnagement support provided by the Ghana
Irrigation Development Authority.

Ministry of Works and HousingWater Resources Management (WARM) Study, InfasméaBuilding
Block” Study, Part Il, Vol. 4: Information on theo@stal Basin System. Nii Consult (May 1998)

4 Environmental Protection Agency: State of EnvirontriReport 2004. EPA (April 2005)
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2.3.5 Industrial water use

Within the supply areas of the urban pipe-bornesws the water demand by indus-
tries, manufacturing and other commercial actigsii®included in the schemes’ pro-
duction figures and hence, in future expansiongl&owever, quite a number of in-
dustries and some institutions rely on their ownenvaupply, mainly from boreholes,
which locally can have a sizeable rate of abstacfThese main industries include:

* Voltic (Gh) Ltd (Medie);

e Blue Skies Products (Gh) Ltd (Medie);

e Akwaaba Mineral Water (Medie);

e  Still Pure Water (Medie);

*  Astek Fruit Processing Company Ltd. (Nsawam);
» Cocoa Research Station (Tafo);

e Intravenous Infusions Ltd. (Koforidua); and

*  Brick/tile factory (Weija).

Based on granted water abstraction licences aldifispections (WRC), it is judged
that the current groundwater abstractions for thedastries amount to 1,000,000
m°/year, equivalent to 2,740%day.

2.3.6 Summary of water resources utilisation

Table 2.11 provides an overview of the existindjs#tion (abstraction) of the water
resources located within the Densu Basin as defiosd the above description.

Table 2.11: Water resources utilisation (2005), Desu Basin

Present (actual) Abstraction
Category 3 — 3 Source
m°/day million m*/year
Potable (domestic, indu-
strial and institutional):
- urban water supply 210,820 76.96 mainly surface water
- rural water supply 3,840 1.40 mainly groundwater
Agriculture:
- irrigation 11,000) 4.00 mainly surface water
- livestock 600 0.22 mainly surface water
Lﬁggﬁ%éggfgg&%g 2,740 1.00 mainly groundwater
Total for Densu basin 229,000 83.58

) Out of this amount 176,000%may (84%) is “exported” and used outside the Dehasin
@ Current abstraction is only about 20% of this amodu¢ to rehabilitation of the Weija irrigation works

Groundwater as a source constitutes only a snaadtiéim of the total abstraction - a
resource which undoubtedly has the potential fandp&urther utilised. Contrary, the
Densu basin surface water resources is under stréissa current annual rate of
utilisation approaching one-third of the basin’satanean annual runoff calculated
where the river enters the Weija reservoir (reblé&.6).
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2.4 Water quality and pollution

2.4.1 Water quality monitoring

The first water quality monitoring programme in thensu River system dates back
to the early 1960’s carried out by the then Puldliorks Department, but was rather
short lived due to scarcity of resources. Resutimfthat time showed high level of
dissolved oxygen for most parts of the year — @asibn which persisted also in the
early years after construction of the Weija resgrddowever, by the early 1990’s
the dissolved oxygen values in the Densu Riveresysiere found to have been re-
duced by almost half. A special Weija lake watealiqy survey was conducted in
1996 (ref™), which - among other objectives - aimed at getiregalata to determine
whether stratification had developed in the lak&] also for determining require-
ments related to the water treatment process It bf the degrading water quality
situation.

As part of a Rapid Environmental Assessment Studgieng the Densu Basin under

the Water for African Cities Programfie water sampling exercise, which included
14 locations in the river system, was carried ouR001. The sampling sites were
visited once and thus, the exercise could onlyipe®a “snapshot” picture of the wa-

ter quality situation in the basin as it prevaié&dhat time.

Furthermore, the previous water quality monitoraxdivities related mostly to the
physico-chemical parameters, and the data recomis wcarce with considerable
gaps in time and space. However, a revived watalityumonitoring programme,

which includes the Densu Basin, targeting both am@&fwater and groundwater
sources, was initiated by WRC in late 2004. Thisgpgmme also includes monitor-
ing of trace metals, pesticides and biological pesi@rs as well as phytoplankton
and micro-pollutants as may be detected in biaxigésh).

The surface water monitoring in the Densu Basiornporates four sampling stations
along the river, i.e. at Potroase (representingufigtream section of the river), Man-
goase and Nsawam (representing the mid-streamtam)i and the Weija reservoir
at its downstream end. The stations are visitedveatdr samples collected for labo-
ratory analyses five times per year representirdhfdrological regime, i.e. samples
taken during the low flow and the high flow seasons

2.4.2 Surface water quality
General overview

The Densu river system has experienced a gradutapdrsistent, degradation in wa-
ter quality over the past years, particularly dgrihe last decade or so. This has am-
ply been demonstrated in the previous water quaftignitoring programmes and
studies. The decrease in the water quality has beea pronounced in the stretches
of the river along and close to urban areas.

> UNEP-UN Habitat: Water for African Cities ProgramnfRapid Environmental Assessment and Action
Planning of Densu River Basin. Nii Consult (Jul02p
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The absence of proper land use practices in theaBakich has led to accelerated

erosion of top soil with increased turbidity of thater as a result, has changed the
physical appearance of the water. Chemically, tméase water resource shows a
trend towards increased eutrophication.

Although industrial activities and factories in thasin locally have significant im-
pact on the environment, for the time being themthireat to the ecological charac-
ter of the river is the numerous and diffuse padutsources, such as free-range
defecation, poor disposal of household refuse @hersolid waste, and rudimentary
agricultural practices, including un-checked useagfo-chemicals (fertilizers and
pesticides). Industrial and domestic wastewaten is1any instances discharged di-
rectly into open drainage systems that empty inéoriver system.

The human activities have impacted overwhelminglytiee ecosystem and diversity
of species prevailing in the Basin. There is nomearly total loss of riverine forest,
and where still existing it is much fragmented. Hngh rate of timber logging (albeit
it was practiced more commonly in the past thaprasent) as well as fuel wood ex-
traction has also exacerbated deforestation amiehe/ulnerability of the surface
water resource.

These factors, coupled with over-abstraction amdate (rainfall) variability, have
resulted in dwindling environmental (minimum) flowlost of the species in the
ecosystems found nowadays are those that cantwkutrophication.

Water Quality Index

The Water Quality Index (WQI), adopted by WRC ir030is used to facilitate com-
parison and to classify to which extent the natwater quality is affected by human
activities. The index is used to describe the sthtwater quality as a whole instead
of looking at individual parameters, and can previddications as to the suitability
of the water for various purposes. The methodolaggrporates selected key physi-
cal, chemical and microbiological determinants, agdregates them to calculate a
WQI value at a specific water quality monitoringfgading site.

Based on the WQI value, the index classifies watelity into four categories as
presented in Table 2.12, with a descriptive noteceming the pollution level of the
water body in question. The aim is to protect redturaters from pollution such that
the water falls at least in the upper portion ad<slIl - and more desirable in Class |.

Table 2.12: Criteria for classification of surfacewaters

Class WQI - range Description
I > 80 Good - unpolluted water
Il 50-80 Fairly good quality
Il 25-50 Poor quality
v <25 Grossly polluted water
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Table 2.13 and Figure 2.3 present the result of\W@l calculations for the four
monitoring sites along the Densu river as sampletlamalysed during the two years
of 2005 and 2008. For each year, the parameter values given acelasd as an
average of the 5 sampling rounds/analyses cartieger year for each monitoring
station.

Table 2.13: Calculation of WQI at 4 monitoring sites, Densu River (2005-2006)

Value (lab. analysis) 2005 Value (lab. analysis) 26
Parameter Potro- | Man- Nsa- | Weija | Potro- | Man- Nsa- | Weija
ase goase | wam lake ase goase | wam lake

Dissolved oxygen

) 93.3 80.3 80.8 85.6 96.0 85.1 74.1 114.0
(% saturation)

BOD 304 | 266 | 650| 394 314 364 424 54
(mg/l)

(Ar;”g?lc)’”'a'”'”oge“ 0.615 | 0676| 567 1.03]  0.184 1.04 0641 0.381
pH 7.70 8.05 7.41| 850 6.95 7.0Q 693 8.3
NOsN 1.63 3.13 3.00| 084 0973 0772 0471 0431
(mg/l as N)

Faecal coliform

(counts/100 ml) 308 68 464 48 323 541 1732 25(

PO,-P 0001 | 0057| 0656 0029 0024 0211 0357 0443
(mg/l as P)

Suspended solids| 5 o 17.2 19.2 8.4 45 21.0 19.4 9.3
(mg/l)

Elec conductivity | 5,g 487 590 421 174 256 276 339
(uS/cm)

I,ecr;‘perat“re 24.3 26.0 27.0 27.9 245 26.1 27.8 28la
Total Score - S 83 74 57 77 91 80 67 80
(%)

WQI = S¥100 69 55 33 59 83 64 45 64

The WQI values calculated for the sites along tlemd River clearly reflect the

prevailing situation of the water quality of theeat from its upstream end towards its
mid- and downstream sections and impacts of polttparticularly where the river

traverses urban settlements. The 2005 and 200@s/glartray the same situation,
namely that the upstream Potroase monitoring stat@s the highest WQI value
with a WQI value in 2006 in the lower end of Clésahich indicates a good, almost
unpolluted water. The WOI values then decreaserpssgely from Mangoase to

Nsawam, the latter location with 2005 and 2006 eslim the Class Il range, indicat-
ing a water source of poor quality.

Furthermore, it is interesting to note that theewajuality after entering the Weija
reservoir once again is to be found in the Classategory. Apparently, the water

16 CSIR Water Research Institute: Water Quality Maimii of the South-Western and Coastal River Basin
Systems — 2005 and 2006 Annual Water Quality Mongand Assessment Reports. Prepared for the Water
Resources Commission (January 2006 and February,2@8pectively).

May 2007 Page 28



Water Resources Commission Densu River Basin IWRM Plan

source manages to “recuperate” and to some exdeaver from the heavy pollution
load found at Nsawam. This phenomenon is mostylig#ributed to the effect of the
large water body created by the dam with its wictiba and resulting in some water
circulation, which may facilitate a self-purifyiregfect.

Potroase

Mangoase

Nsawam

Weija Lake

0 20 40 60 80 100

2005 WQI Water Quality Index (WQI)
M 2006 WQI

Figure 2.3: Improvement of water quality in the Dersu Basin

It is also worthwhile to note as visualised in Fgy2.3 that the water quality at all
four stations has improved from 2005 (with an ager&v/QI value of 54) to 2006
(with an average WQI value of 64). This is a sigattthe various IWRM activities
initiated during the past few years, e.g. relocaid solid waste dump sites, river
bank protection, tree-planting and public awaremagsng activities, begin to have
an impact on the state of the Densu River.

Trace metals and micro-organic pollutants

The screening of trace metals at the four statagdosg the Densu River in 2005 and
2006 indicates that most of the metals are foundomcentrations close to the ex-
pected levels normally seen in freshwater withaauy pollution loads, particularly
from industrial activities. Furthermore, the tranetals concentrations in Weija Lake
comply with the National Target Water Quality RarigeDrinking Watet” and the
WHO Drinking Water Guideliné&

A screening for micro-organic pollutants was alseried out with focus on pesti-
cides and derivatives of DDT. Values higher thapeeted were observed. However,

7 CSIR, Water Research Institute, Ghana Raw Watee@iand Guidelines, Volume 1: Domestic Water
Use. Report for the WRC, August 2003.

18 World Health Organisation: Guidelines for Drinkinfater Quality, Volume 1: Recommendations. Third
Edition. 2004.
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no specific conclusions can be drawn related taorpollutant level at this juncture,
and hence the monitoring will be continued and aded also to include detection of
these compounds in sediments and biota.

2.4.3 Groundwater quality

As mentioned in Section 2.4.1 above a revived waktity monitoring programme
was initiated by WRC in late 2004. As part of tipogramme, the groundwater
monitoring incorporates sampling from a total of toreholes well distributed over
the Densu Basin. All monitoring boreholes are eitwice a year to download wa-
ter level data from the electronic divers and ttect water samples for laboratory
analysig®. In general, the quality of the groundwater resesris rated as good with
some exceptions as described in the following:

* On the whole, the pH level of the groundwater falithin acceptable limits ex-
cept for parts of the northern area of the basiere/tthe pH is approaching
slight acidity levels.

* There is a distinct delineation in the occurrentehtoride: to the north of Nsa-
wam the groundwater is associated with relatively toncentrations and for ar-
eas to the south chloride concentrations increasa@dout 500 mg/l, and even
higher at certain localities. The salinity undoulbyes caused by seawater intru-
sion due to lowering of the groundwater table asilteof locally over-pumping
from certain boreholes.

* In general, turbidity, taste and discolouration doieron in the water is not a
problem, except in the northern part of the Basinere locally relatively high
iron concentrations are found, which facilitate wtio of iron-bacteria in pump-
parts and pipes.

* The concentration of nitrate is often used as dicator of groundwater pollu-
tion. The nitrate levels in most parts of the bédsaih within the recommended
guideline value. A noticeable departure from thendl is the area between Man-
goase and Tinkong in the Akwapim North district,endrconcentration of nitrate
in general is higher, although not excessive.

* The concentration of fluoride and arsenic in theugdwater does not seem to be
a concern as both parameters fall well below tbermemended guideline values.

In conclusion it can be said that the groundwatethe Densu Basin is generally of
acceptable quality and hence suitable for mostqaep including domestic, indus-
trial and agricultural uses. There are, howevew, &eas particularly within the Ga

West and Ga East districts where the levels ofotlissl solid material (mineraliza-

tion) exceed the recommended value, thus makingvtter less potable. The same
thing can be stated concerning the chloride costenareas of the southern part of
the Basin.

19 CSIR Water Research Institute: Annual Reports (22086) on Groundwater Monitoring in the Densu
River Basin for the Water Resources Commission ¢Man06)
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2.4.4 Sources of pollution and sanitary condition
Causes of water pollution

Degradation of the water quality of the Densu rigeses a range of threats, includ-
ing eutrophication, algal toxicity with related M&ahazards, resulting from indis-
criminate disposal of waste, flooding, improper aéagro-chemicals, illegal fishing
methods, leaching from waste dumps, effluent digghand accidental spills from
industries. A potential risk related to furthentmmination of the surface water sys-
tem would be the impact of a likely exploitationi@ng) of bauxite in the Atewa
range where the Densu takes its source. Lumbeitigitees in the Densu Basin
causes sheet and gully erosion as well as leadtiagil nutrients - all of which end
up contaminating the water sources.

The Densu Basin is generally suitable for vegetahbé pineapple farming, hence the
river is getting increasingly polluted due to urecked use of agro-chemicals. It is
evident from the ongoing water quality monitoringpgramme that agro-chemicals
indeed are present in the river system and mayubedfin concentration levels of
concern.

In recent times, the Densu Basin has increaseldeimtimber of industries within its
boundaries. Though there seems to be no immedigiadts of concern, occasional
reports from GWCL indicate some industrial pollati®f importance is the growing
number of food processing companies and how thastevis treated and discharged.

The collective impacts of these adverse effectslres

* high water treatment cost;

* loss of biodiversity;

* loss of livelihoods and income;

* high disease prevalence rate and associated hiditatheost;
« diminishing water availability; and

» water use conflicts.

Overview of the sanitary situation at basin level

Generally, the sanitary and waste disposal faeditare inadequate leading to dis-
posal of domestic sewage and garbage into the sixg@em. At Nsawam, for exam-

ple, an estimated 30-40 metric tons of waste anergéed annually much of which

are disposed of in farms sited on the fringes eftdwn and close to the river.

Furthermore, toilet facilities are inadequate farabitants living close to the river in
Nsawam, Koforidua and other communities, henceetieopen defecation along the
river banks and directly in the river. Most of teecreta collected from pan latrines
are dumped directly into the river. However, thpag latrines are being phased out.
Some schools and small communities within the b&sine been provided with
KVIPs by CWSA.

The waste water treatment plant serving Koforidsidocated close to the river. For
lack of proper operation and maintenance, untregficents from the sedimentation
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tanks find their way directly into the river. Likése, the old waste treatment facility
at Nsawam Prisons is out of order.

Some health facilities in the basin have septikgahat are emptied from time to
time. Incinerators are also used for other wasteegged. The regional hospital in
Koforidua has a biogas treatment plant, which is working properly at present.
The Blue Skies Company Limited, a fruit processingipany, has a waste treatment
facility on site at Nsawam.

Garbage collection and disposal is very poor aia yp in huge heaps and as such
leaching from the heaps drains into the river @mugdwater aquifers. Landfill sites
are most often not managed properly and pose atttwethe river, as garbage and
leach end up in it.

2.4.5 Trends in pollution load

In step with further urbanisation and industridiisa, coupled with an increase in
water supply coverage in the basin, the likely ytadh load and its impact on the
water quality is bound to increase markedly. Irs ttdnnection it can be mentioned
that an increase in the total water abstractiomvofto three times during the plan pe-
riod from the present abstraction rate (ref. TaéBin Chapter 3) could imply an in-
crease in waste water discharge to the river sysfamp to 10 times the present load.
Undoubtedly, introduction of waste water treatmsstiemes on a broader scale will
be required in parallel with further improvementiaxpansion of the water supply
infrastructure.
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3. WATER DEMAND PROJECTIONS AND WATER
AVAILABILITY

Based on the demographic/socio-economic figureso#met information given in the
Baseline Description, this part of the IWRM plamydes information on projected

water demands and assesses the balance betweea fetuirements and water
availability.

The demand projections versus water availabilityadgglressed in a two-pronged
manner in this chapter, i.e. firstly, an assessnoérthe overall basin situation is

made (ref. sub-chapter 3.3 below), and secondgmaio analyses are presented,
which highlight various options related to utiliset and management of the

available water resources (ref. sub-chapter 3.dvelThe water demand projections
are made covering a plan period ending by year 2020

The scenario analyses capture some of the key tiatare’ water resource planning
iIssues associated with the Densu Basin, namelylysopgions for the major demand
centres including Koforidua and Nsawam, and impord export of water to/from
the basin, including continued and increased supplccra from the Weija dam.
Also the impacts of any likely climate change, eonimental flow requirements and
groundwater abstractions are included in the saewcatculations.

3.1 Demographic and socio-economic development trés

The assumptions used in calculating water demamdtife supply of potable
(municipal/domestic) water and to meet water remuents for the main socio-
economic activities, notably agriculture (irrigatjcand industry, are outlined below.

3.1.1 Assumptions for projection of potable water dmand

The requirement for potable (municipal/domesticyeras determined based on es-
timates of per capita water demand and future @jom growth. The unit water
demand (daily per capita demand) figures appliedadiapted from the design values
commonly used in Ghana (GWCL), which are differatail according to settlement
size and time horizon as depicted in Table 3.1.

Table 3.1: Unit water demand (litres/capita/day)

Settlement size 2005 | 2010 | 2015 2020
< 2,000) 200 persons per water point
2,000-5,000 30 30 35 35
5,000-15,000 55 65 75 85
15,000-50,000 85 85 90 95
> 50,000 105 110 115 120
Densu Basin, rural 35 35 35 35
Densu Basin, urban 95 100 110 120
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For the purpose of projecting water demand fonthele basin as a unit, an average
set of unit demand figures have been defined faal i@and urban settlements as also
shown in Table 3.1. The daily per capita deman@f/c/d indicated for the rural
communities is set relatively high to reflect tlaetfthat some water from the point
sources (boreholes/wells) also is used for subgistéarming purposes.

With departure point in the 2000 Census populatigares presented in Table 2.1,
annual population growth rates as given in thevidldial District Poverty Profile re-
ports? have been used to arrive at the 2005 populatiessor each district repre-
sented within the Densu Basin. The same annual throates have been applied
throughout the plan period to estimate the futwputation except for a few adjust-
ments as explained below.

In the case of Ga West and Ga East districts,gperted growth rate of 8.7% annu-
ally has been lowered during the plan period to witd a 5% rate. This is done in
recognition of the fact that it is anticipated thlaése districts in 10-15 years will
have achieved a certain level (saturation) of “oration” built-up. In this regard it

can be noted that the Accra Metro area by now shamv&nnual growth rate of
around 4%. Likewise, the Akwapim South districgigen an increasing growth rate
during the plan period to reflect the anticipatezhtl that the Accra metropolis ur-
banisation phenomenon gradually will reach thigridisalso as witnessed in the Ga
West and Ga East districts in the recent past.

Against this background, Table 3.2 presents theulatipn forecasts per district and
accumulated for the entire Densu basin. In thestairowth rates are given for each
five-year period. It can be noted that the variDistrict Poverty Profile reports pro-

vide one growth rate only, which means (it mustadssumed) that the indicated
growth rates represent “average” values combinmwity bhe rural and the urban set-
tlements of the respective district.

From the figures in Table 3.2 it can be seen thattbtal population of the Densu
Basin is expected to increase from the 2000 Cehguee of about 1.0 million to
some 2.7 million twenty years later in 2020, eqlemaito an average annual growth
rate of around 5% (with a decreasing trend duringgdlan period). In year 2000 ap-
proximately 50% of the basin’s population was reggjdn the Ga West, Ga East and
Accra Metro districts. In year 2020 this proportisranticipated to increase to about
70% of the basin population. It can be noted thasé¢ three districts together area-
wise occupy less than one-quarter of the totalnbaisa.

%0 As part of the second generation Ghana Poverty BextuStrategy (GPRS I1) activities, the National
Development Planning Commission (NDPC) directedhdaistrict Assembly to prepare poverty profiling,
mapping and pro-poor programming reports. Theseabex available during the latter part of 2004.
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Table 3.2: Population projections per part of disticts within Densu Basin (2005-2020}

Settle- 2000 2005 2010 2015 2020
District ment popula- | p.a. | Popula- | p.a. | Popula- | p.a. | Popula- | p.a. | Popula-
type tion % tion % tion % tion % tion
rural 800 1.4 858 1.4 920 1.4 986 114 1,05]
Fanteakwa
urban 0 14 0 1.4 0 1.4 0 1.4 0
. rural 1,200 14 1,286 1.4 1,379 1. 1,479 1.4 1,584
Yilo Krobo
urban 0 14 0 14 0 1.4 0 1.4 0
. rural 27,500 14 29,480 1.4 31,604 14 33,877 1.4 6,316
East Akim
urban 47,000 1.4 50,383 1.4 54,010 1.4 57,898 1.4 2,066
New rural 22,000 2.6 25,013 2.6 28,434 216 32,332 P.6 6,750
Juabeng urban 114,100 2.6 129,724 2.6 147,449 2.6 167,486 .6 |2 190,649
Suhburgj rural 101,700 | 1.4| 109,022 14 11687 14  1252B7 .4 1 134,307
Krabo
Coaltar urban 31,000 | 1.4 33232 14 35624 14 38190 1.4 0,939
Akwapim rural 19,700 1.8 21,538 1.9 23,547 1/8 25,744 1.8 8,145
North urban 5,000 1.8 5,466 1.8 5,976 1/8 6,534 1.8 7,144
Akwapim rural 53,100 | 1.6| 57,486| 2.3 64,408 33 75,760 5.3 8,08D
South urban 43,000 1.6 46,552 2.8 52,15] 33 61,340 5.3 9,426
) rural 10,500 1.4 11,256 1.4 12,064 1{4 12,93 1.4 3,86/
West Akim
urban 8,200 1.4 8,790 1.4 9,423 1{4 10,101 1.4 210,8
Ga West rural 125,500 8.7 190,468 8. 279,86p 7.0 392,508 .0 5 500,964
a Wes
urban 341,100 8.7 516,318 8.0 758,649 1.0 1,064)03A.0 1,358,003
Ga East rural 2,300 8.7 3,477 8.0 5,109 7.0 7,164 5.0 9,146
a Eas
urban 6,400 8.7 9,670 8.( 14,209 7/0 19,929 5.0 4355,
rural 2,100 4.3 2,592 4.3 3,199 4.0 3,897 3.0 4,51p
Accra Metro
urban 25,700 4.3 31,722 4.3 39,154 4.0 47,638 3.0 5,225
Awutu/Efutu | rural 8,800 2.1 9,764 2.1 10,833 2. 12,01p 21 33,
ISenya urban 10,000 2.1 11,095 2.1 12,310 2.1 13,638 .1 5,151
rural 375,200 462,240 578,23 723,994 878,0[72
Densu Basin
urban 631,500 842,953 1,128,992 1,487,015 18304
Densu Basin, total 1,006,70p 54 1,305,1'93 54 71205 5.3 2,211,009 4.3 2,722,942

)" Growth rates are given in per annum (p.a.) perceesa@r each 5-year period

3.1.2 Assumptions for projection of agriculture andindustrial water demand

Agriculture

The agricultural water demand category includesewédr irrigation and livestock
watering. It can be concluded from Section 2.3at the present land under irriga-
tion in the Densu Basin is around 250-270 ha oftwi2i20 ha is located in the down-

stream part of the river system adjacent to thga\teservoir (although at present no

water is abstracted due to rehabilitation actigittarried out under the Weija Irriga-
tion Project). In realistic terms, it is assumedt tfor the basin as a whole, the period
up to year 2020 will see an increase in irrigatdrup to one-third of the potential
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irrigable land identified in the Densu Basin. Thigplies that 500 ha could be under
irrigation at the end of the plan period.

The livestock watering demand constitutes only alkmortion compared to the
other uses in the basin as shown in Table 2.11 tlaadsituation is not expected to
change drastically. Looking at the present usdge,future livestock watering de-
mand can be estimated in average to be at a rdfe%6fof the rural population’s pro-
jected water demand.

Industry

The water demand for industrial, commercial anditutsonal purposes, which fall
within the urban piped schemes’ supply areas, ¢hided in the projected potable
water demand, and thus is accounted for in thefignites given in Table 3.1 above.

Additionally, as explained in Section 2.3.5, a nemobf industries outside these sup-
ply areas have their own supply facilities (mogffpundwater based). These indus-
tries abstract a volume of water which is about@%he present urban water usage
within the Basin, i.e. excluding the water “expditeut of the Basin from the Weija
water works. It is assumed that this percentagebeamsed also to estimate the future
industrial water demand. This industrial demanesismated separately.

3.2 Water demand projections
By applying the various assumptions and figuregmiin the preceding section, the
future water demand covering the Densu Basin has balculated with results given
in Table 3.3. It should be emphasised that therégin the table represent the “ulti-
mate” water demand as required by the whole poipulatf the Densu Basin, i.e. as-
suming 100% service coverage. Not surprisinglymfrbable 3.3 it can be seen that
the urban water supply sector is by far the largieshand category, which in year
2020 according to the projections will constituteoat 75% of the total water de-
mand, with the rural population and water for iatign accounting for close to 11%
and 7%, respectively.
Table 3.3: Water demand projections, Densu Basin (®5-2020)
User 2005 2010 2015 2020
category | m¥day | 18m¥yr | m¥day | 1Fm*¥yr | m¥day | 1Fm3yr | m%day | 18m3yr
Urban 80,100 29.2 112,900 41.2 163,640 59.7 221,400 808
population
Rural 16,200 5.9 20,200 7.4 25,300 9.2 30,700 11
population
Irrigation 11,000 4.0 12,300 4.5 16,400 6.0 20,500 7.5
Livestock 2,400 0.9 3,000 1.1 3,800 1.4 4,600 1.7
Industry 6,400 2.3 9,000 33 13,100 4.8 17,800 6.9
Densu 1 116,100 423 157,4 00 57.5 222,200 81.1 295,000  .7107
Basin, total
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3.3 Water balance assessment for whole basin as anet

Groundwater demand vs. occurrences at basin level

It is implicitly taken for granted that improved tga supply to the rural (area-wise
scattered) population also in the future by anddawill depend on groundwater ab-
stracted from boreholes and wells. Additionallyceatain number of the urban set-
tlements to be provided with pipe-borne supplylfies will also be groundwater-

based. In this overall basin-level evaluation iassumed that 20% of the future ur-
ban population will fall in this category. Likewisedividual industries (not served
by pipe-borne schemes) will also to a large exteht on boreholes, tapping water
from suitable aquifers, which in some areas withmbasin can be high-yielding.

Thus, by the end of the plan period, the total deshfar groundwater (ref. Table 3.3,
year 2020) will be (20% of 80.8 + 11.2 + 6.5) naiflinT per year = 33.9 million fh
per year This amount shall be weighted against the groatelmwesources available
taken as an average over the Basin. In Table 2.5ub-surface water retention and
groundwater recharge rate is stated to be 14% ahrpeecipitation, which gives a
gross infiltration/recharge rate of 172 mm per yieaaverage. If it is assumed on the
conservative side that only about 15% of this anh@inonverted into available (ex-
ploitable) groundwater, it would on a basin basmply a sustainable groundwater
yield of 67.1 million niper year.

In Section 2.2.1 it is stated that a likely imp&om climate change, i.e. reduced
rainfall, may result in a 10-15% reduction in grdumter recharge. Even with this

scenario taken into consideration, it appearsttfebasin’s groundwater resources in
general are ample to sustain the envisaged futwstragtions. This does not mean,
however, that locally there will not be problemsfimding suitable groundwater oc-

currences.

As also pointed out earlier, to obtain optimalisétion of the Basin’s groundwater

resources, it is imperative that groundwater sclseane based on state-of-the-art hy-
drogeological assessment methods, efficient boeebiting techniques as well as

proper design, construction and development obtireholes. It is also implied that

future groundwater schemes may have to depend epeddoreholes than usually

drilled to obtain the required amount of water, andonger pumping mains to bring

the groundwater to the point of utilisation.

Suhum groundwater-based supply scheme

The water supply scheme of Suhum, which also seadgscent settlements, is the
largest pipe-borne groundwater-based scheme iB#sin. At present, abstraction
takes place from 4 boreholes, which provide 38May (ref. Table 2.10) with the

largest pump capacity rated at 1&/mour. In the context of this plan and with refer-
ence to the description given in Section 2.2.3s iassumed that new constructed
boreholes in this part of the basin in the futurk be able to be developed to a safe
yield of at least 15 fihour.

The urban portion of the whole Suhum/Kraboa/Coaltsirict (within the Densu ba-
sin) is projected (ref. Table 3.2) to have a popoia(year 2020) of 40,939. For cal-
culation purpose it is assumed that the Suhum ghoater-based supply scheme in
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the future will serve half of the district's urbaopulation through a mix of individ-
ual connections and public standpipes. If it isHfar assumed that this mix in service
level can be characterised by an average unit cgpison figure of 80 I/c/d, it im-
plies a year 2020 groundwater demand for the Sulatar supply scheme of about
1,640 ni/day. To this amount should be added an allowaoceystem losses (leak-
age, etc), say of 25%.

Against this background it can be stated that arehwle pumping for 12 hours per
day can provide at least 18CG/dmy, which indicates that the 2020 water demand of
Suhum and its environs will require a total of @112 boreholes. To put this number
in perspective, it means that in average some 1p80fle would be served per bore-
hole — nearly ten times more than the design aif@rescribed in implementing the
various projects under the national rural wateipsuprogramme.

Surface water demand vs. total runoff at basin leve

When the demand for groundwater (year 2020) israated from the total water
demand of 107.7 million Aper year (Table 3.3), a value of 73.8 milliofimer year

is found to be the demand for surface water talftiie requirements of the whole
basin at the end of the plan period. Also in tlasecshould be added a 25% allow-
ance for “un-accounted for” water (losses).

With reference to Table 2.6, the average annuaffuri Densu River as it enters the
Weija reservoir is given as 248 million*per year. With the inclusion of a 15-20%
reduction in annual runoff due to the effects dikaly continued climate change
(ref. Section 2.2.1), it appears when considefmggltasin as one unit that the surface
water resources can cater for the future requirésnen

It should be emphasised, though, that the abovensémt is made to provide an as-
sessment and judgement concerning the overall res@vailability on an annual

basis for the Densu Basin as a unit considering trd water requirements of the
population residing within the basin boundaries #mel associated socio-economic
activities.

However, in this overall, basin-wide assessmenérotequirements should also be
included, viz. the amount of water “exported” frahe basin to other areas of the
Accra-Tema metropolitan water supply area, whichrenily amounts to some 64.2
million m® per year (ref. footnote in Table 2.11), as welleasironmental flow re-
quirements. When these other requirements are denesi the indication is that a
general water-stressed situation for the basimadwuglly emerging.

3.4 Scenario analyses of water availability vs. regrements at demand
sites

3.4.1 Introduction to scenario analyses and modebaumptions

Irrespective of the water resource overview andeganconclusions presented in
Section 3.3 above, it is a well known fact thasithe low-flow regime of the Densu
River, which determines its viability as a souroe d year-round water supply (run-
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of-the-river scheme), i.e. direct abstraction withan-stream storage capacity pro-
vided.

To examine the consequences and extent of futudagfes in step with increased
demand, the low flow regime — as determined by ffudata series long enough to
reflect the hydrologic/statistical features of tiinver flow — has been introduced in
the analysis utilising data referred to in Secfidh? (ref?).

Water requirements at main water demand sites

The following demand sites, which at present appked through piped systems re-
lying on the Densu river system, are assumed tdraonto be supplied by surface
water from schemes to be expanded in step witreas& in water requirements in
and around these supply areas:

- Apedwa,

- Old-New Tafo,

- Koforidua,

- Nsawam, and

— Weija Dam with abstractions for (i) the Weija tmeant plant requirements, (ii)
the irrigation farms, and (iii) an environmentall to the Ramsar wetland site.

Additionally, in the future, other urban settlemerftommunities above 5,000 in
size) will also need to abstract water from thesrigystem or to be included in ex-
pansion of the “old” schemes to cater for their ewakquirements. For reasons of
simplicity, in the water accounting and scenari@lgses presented below, these
various “other urban” surface water requirements iacluded in the above listed
demand sites within the respective districts.

It should also be noted that conclusions reachaded on results of the scenario
analyses, only consider coverage in term of watailability as a source for meeting
the requirements, and does not take into accoentdhous technical aspects as pre-
condition for attaining the coverage, e.g. appmeness and efficiency of water in-
take structure, expansion of transmission mainsdsstdbution outreach.

As far as the Suhum groundwater-based supply scieomncerned, it is assumed -
as also mentioned in Section 3.3 above - thatenfdkure it will supply half of the
population of the Suhum/Kraboa/Coaltar districsideng within the basin) with wa-
ter, whereas the other half is proposed to be sgpgtom a new surface water
scheme, e.g. abstraction of water from a site erKilia tributary near Asuboi.

The water requirements of the southern portiorheflensu Basin, which combines
parts of Ga West, Ga East, West Akim and AwutuliZfsenya districts, and a por-
tion of Accra Metro area, are assumed to be menh f@NVCL Weija scheme cur-
rently under expansion. When the ongoing expangfahe water works and trans-
mission system is completed, the volume of watecgssed will increase from the
present 200,000 ffday to approximately 268,000%day. During the remaining of
the plan period, the future abstractions from theijgVreservoir is assumed to be
maintained at this level, i.e. no new expansiomhef physical “infrastructure” (raw
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water pumps, treatment facilities and transmissi@ins from the Weija plant) is
foreseen beyond the facilities being put in plase.n

Utilising the projected urban population figuresf(rTable 3.2) and the unit con-
sumption rates as given in Table 3.1, the 2020 mggeand situation for these de-
mand sites is summarised in Table 3.4. Other serfaater based demand sites
(mainly for irrigation purposes) in the basin astablished and introduced in the cal-
culations as explained in Section 3.1.

Table 3.4: 2020 projected water demand at surfaceater abstraction points

Abstraction point/demand site 2020 population to be served 2020 water
(portion of district within basin) (residing within basin) demand (n¥/day)
Apedwa
(part of East Akim) 8,716 741
New/Old Tafo
(part of East Akim) 53,351 6,402
Koforidua
(New Juabeng + Akwapim North) 197,793 23,735
Nsawam
(Akwapim South) 79,425 9,531
Suhum
(Suhum/Kraboa/Coaltar) 40,939 3,889
Weija Dam
(Ga West, Ga East, West Akim, 1,464,646 175,758
Awutu/Efutu/Senya and Accra Metro)

System losses (un-accounted for water)

It is a fact that the existing piped water suppjgtems in Ghana generally suffer
from unacceptable high rates of un-accounted fdemvae. physical losses, notable
in the transmission mains and distribution netwdvkpresent, it is estimated that in
average some 40% of water produced can be cated@ssun-accounted for water.

It should be noted that a high rate of un-accouftedvater not only implies a non-
efficient way of using the available water sourdag, also results in extra costs re-
lated to water treatment, pumping (energy) andratperational aspects.

As part of the alternative water resource utilmatoptions presented below, it is

opted in this plan to assume that system losségamitl must) gradually be brought

down to a 25% level, which also is considered &stgaaim to achieve over the plan

period. The un-accounted for water percentage digaiadded to the demand figures
as presented in Table 3.4 to arrive at the actaéémrequirements at the various ab-
straction points.

Minimum flow requirements

To sustain river flows for environmental ‘maintenah minimum flow requirements
have been introduced downstream of the water afbistnapoints and dam sites. The
assessment of the minimum flow requirements haen lb@ased on a low-flow fre-
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quency analysis on the monthly flow data fefind determined as the 95-percentile
flow (i.e. the 20-year minimum flow return periad)each calendar month. This cri-
terion is also used in the case of Weija dam taena minimum flow downstream
of the dam for the benefit of the aquatic ecosystamthe Densu delta and lagoon
(Ramsar site).

The WEAP computer model

The computer-based &ter Evaluation_ad Hanning (WEAP) Model is used to carry
out scenario analyses to facilitate the understanend description of different wa-
ter resource development choices, and to estatbleshconsequences. It operates on
the principles of water balance accounting and éxesnalternative water develop-
ment strategies in form of scenario analyses toigeoanswers to various “what if”
questions.

For each model run (scenario), the various watguirements covering the whole

river system are taken into consideration, andridaced upstream-downstream in-
teractions and their consequences are being aasmbdot and results shown in a

number of optional ways to be chosen by the useh as graphs, in table form or as
histograms. Also the percentage of requirements(coeerage rate) at each demand
site is calculated with increments of one montldighout the plan period.

The starting point of the basin modelling is tcabtish and define the basic water re-
lated elements of the Basin and their relationthag currently exist. This overview
of the existing situation is called the “currentawnts”. The “current accounts” in-
cludes the specification of supply, demand anduesodata, including information
on dams and reservoirs, as extracted from thernrdton and figures presented in
the previous chapters/sections and other sources.

As an example, Map 3.1 (inserted at the end of telnpprovides a schematic over-
view of the Densu river system and the basic satfupe river basin model compo-
nents as extracted from one of the WEAP applicatidine map depicts the main
elements such as abstraction/demand sites (urbian swgpplies, irrigation schemes,
etc), dam sites, locations for minimum flow reqments, and other main features,
like transmission lines, used in the scenario aeay

3.4.2 Results from the scenario analyses
Introduction

A number of scenarios, comprising various assumptrelated to availability of wa-
ter and different development options and stratetpe the utilisation of the Densu
water resources have been analysed with resukemed in this section. It must be
emphasised, though, that the presented scenarbshamassociated water resource
development options should be regarded as a “pbidéparture” from which the ba-
sin modelling coupled with requirements for detaylican be further developed as
the need for planning and decision-making at varimvels (basin-wide or project
specific) arises.
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In the context of this plan, the results from therario analyses are reported on and
compared with each other by highlighting the leseservice coverage as calculated
at the different demand sites towards the endeptan periotf-

In harmony with progress towards fulfilling the Mhnium Development Goals
(MDG), it is adopted that the general water summolyerage rate should at least reach
90% by the end of the plan period (2020) for thepsysystem to be rated as provid-
ing a reliable and satisfactory service. This cagercriterion constitutes the ‘yard-
stick’ by which the future water supply situatioaldnced against availability of wa-
ter can be judged using the results generated tlmmcomputer-aided scenario
analyses.

It should be reiterated that in these scenarioyaralthe withdrawal from the Weija
reservoir is determined by the given capacity (wWtienongoing expansion works are
completed) of the physical infrastructure, i.eestd dam/reservoir, intake structure
and water treatment capacity of the GWCL water wpr&ther than the ultimate wa-
ter demand within the area serviced by the expamdista-Tema water supply

scheme.

For calculation purposes, it is further assumed tiina expanded Weija scheme with
a capacity of about 268,000 uay will be operational from year 2010 and fultj-u
ised by 2015, and that future withdrawals will lEpkconstant at this rate, i.e. no
further increases in the abstraction rate is faegsbroughout the plan period.

Furthermore, the Weija irrigation farms will wittev up to 9,000 riiday from the
Weija reservoir after the irrigation project’s pusnpnd other infrastructure have
been rehabilitated and brought back into operation.

In the following, a total of 7 scenario analyses presented. The first 5 model runs
(scenarios 1-5) provide information about the éxgssituation and assess to which
extent, e.g. climate change and more result-oreetforts towards reducing system
losses (un-accounted for water) impact on the waipply coverage rate expected
towards the end of the plan period. Against thiskgeound, the last model runs
(scenarios 6 and 7) provide results of two altéveaivater resource utilisation op-
tions identified to address the projected wategssied situation of the basin.

Basic scenarios for water resource assessment

Scenario 1: Unchanged (“do nothing”) water resougccapacity situation

This scenario assumes a futgtatus quacsituation regarding the resource capacity,
which implies that no new dams or additional sosineéll be introduced. However,
the existing water abstraction and other facilitngd be expanded in step with the
increase in water requirements up to the limithef present source capacity.

% The indicator used to represent the coverage mttds the end of the plan period is calculatednas
average “% of requirements met’(as generated fréime WEAP model applications) during the water-
stressed months of the three last years of the pdaiod, i.e. 2018-2019-2020, for each demand kitether
words, the coverage rate defined in this way presid measure for the general water supply situadios
demand site during the low- flow periods at the ehthe plan period.
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In the water requirements for this “do nothing” sago, the amount of un-accounted
for water (system losses, leakages etc) at eaclmtsite is included at the prevail-
ing rate of 40% of the projected “normal” demandnivhum (environmental) flow
requirements meant for aquatic ecosystem proteetieralso included as explained
in Section 3.4.1 above. In this scenario, the jiledfect of climate change with lower
runoff as a result is not taken into considerafref. scenario 3 below).

Result

Not surprisingly, as can be seen from the percestag/en in Table 3.5 below, a fu-
ture “do nothing” scenario results in pronouncedewnahortages during the dry
months for all upstream demand sites, i.e. Apedwa#y and Koforidua, whereas the
runoff of the Densu river at the Nsawam demand isitsufficient to meet the re-
quirements also during the low-flow periods throogithe plan period.

It can also be mentioned that towards the end eftan period, only less than half
of the Weija reservoir storage capacity is utiliseden with due consideration given
to releases of the environmental (minimum) flowuiegments downstream of the
dam. Hence, it can be deduced that the Weija resestill has a sizeable “reserve”
storage capacity, also after the current abstraitteatment expansion works are
completed. Therefore, based on the model run isr“tto nothing” scenario, it can

be concluded that the question about water avétiaftapacity of the river source)

poses a problem primarily for the demand sitesénnorthern portion of the Basin.

Scenario 2: Introducing transfer of water from Vtd Lake

At the end of 2006, GWCL has commissioned the exeging works for final design
and construction of a pumping scheme, whereby wailebe transferred from the
Volta Lake to supplement the supply from DensurrieeKoforidua water scheme.
Hence, the second scenario examines to which ettiennhtroduction of this inter-
basin water transfer scheme will improve the Kafoa water supply situation. It
should also be mentioned that the transmission fpgre Volta Lake also will bene-
fit various demand sites en route.

In the analysis, the transfer scheme’s design dgpat 13,600 ni/day is used and

assumed to be operational by year 2010. It candbedrnthat in operational terms,
GWCL is given priority to the utilisation of watéom the Densu River before sup-
plementary water is pumped across from the Volitelta Koforidua.

Result

This second model run has shown that the transf@nse as intended alleviates the
situation with a full coverage rate for Koforidupg to around year 2015. At that
juncture, in step with the increasing demand forewashortfalls in the supply of wa-
ter to the expanded Koforidua supply scheme wiljilheo be experienced once
again with the result that water requirements aatrbe met in a satisfactory way to-
wards the end of the plan period. With referenc&dble 3.5, it can be seen that the
introduction of the water transfer scheme lifts tozerage rate for Koforidua and
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environs from 59% to 67%. In this scenario, thaaibn will not change for the up-
stream demand sites of Apedwa and Tafo, which raiairthe “do nothing” (Sce-
nario 1) results.

As explained in footnofd, it should be reiterated that the percentagessepting

requirement met (coverage rate) refer to the sugiplyation during the low-flow pe-
riods only (typically 2-3 months per year) at tmel @f the plan period.

Table 3.5: Coverage rate, existing situation (Scenas 1 and 2)

Demand site (by end of plan period)

Scenario Apedwa Tafo Koforidua | Nsawam VLV:|LJ§

1. Unchanged (“do nothing”)

Lo o 44% 38% 59% 100% 100%
water resource capacity situation

2. Transfer of water from Volta
Lake to Koforidua water supply 44% 38% 67% 100% 100%
(works commissioned)

Scenario 3: Impact of climate change

As explained in Section 2.2.1, the effects of alljikclimate change can be quantified
in terms of an anticipated decrease in surfacerwateff. The study referred to in

that section indicates that a climate change steoansidered realistically to occur,

1..10-20% change in rainfall and a 1-2°C riseamperature, will reduce surface
runoff in the range of 15-20% over the coming 2@syperiod. Furthermore, irriga-

tion water demand would be affected considerablyheysimulated climate change
adding some 50% to the present water demand fgaied agriculture.

The reduced runoff caused by a likely climate cleahgs been imposed on the data
series used in the calculations, and an alternaigdel run was made for the “do
nothing” situation to compare and get an idea alleit‘order of magnitude” of a
climate change impact on meeting the future waguirements.

Result

Table 3.6 depicts the result of the model run fer ¢limate change scenario present-
ing the percentage of requirements met (coveraigg daring the low flow periods
towards the end of the plan period in comparisoth ihe Scenario 1 results ex-
tracted from Table 3.5.

From the figures presented in Table 3.6, it is rctbat the effects from a climate
change would reduce markedly the ability of the fenver to act as a source to
meet requirements in any satisfactory way withoutader augmentation/alteration
scheme introduced. The impact of the climate chamiealso be felt at the down-

stream demand sites. For instance, at Nsawam tlezage rate falls from the 100%
coverage level to 80%.
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Table 3.6: Coverage rate, impact of climate changé&cenario 3)

Demand site (by end of plan period)
Scenario Apedwa Tafo Koforidua | Nsawam Weija
Lake

1. Unchanged ("do nothing™) | 44, 38% 59% 100% 100%
water resource capacity situatior
3. Unchanged (“do nothing”)
water resource capacity situation  40% 34% 44% 80% 99%
— with impact of climate change

In addition to the decline in service coverage,rittalel runs further show - not sur-
prisingly - that the impact of climate change agsolongs the period (number of
low-flow months) during which shortfalls in wateralability will be prevalent.

It goes without saying, that in tangible termssinbt known to which extent a likely
climate change will impact on the surface runofjimee, but it is, nevertheless, ad-
visable to think in terms of introducing some fooflong-term “contingency plans”
in this respect. For this purpose, the alternatraéer resource utilisation options pre-
sented below as Scenarios 6 and 7 incorporateffé ef a possible climate change
as quantified above.

Scenario 4: Sensitivity to improvements in watelidery system losses

In this scenario, the result of efforts towardsuadg the physical losses is high-

lighted. As an example, Scenario 1 has been s@lojdot another model run with a

reduced rate of un-accounted for water from theglieg 40% to the targeted 25%.

In principle, this set of model runs can also beduo make a judgement about the
effect of introducing water demand management nmreasas a means to use water
more efficiently. The outcome of this analysisiigeqp in Table 3.7.

Table 3.7: Coverage rate, response to changes irs@m losses (Scenario 4)

Demand site (by end of plan period)
Scenario Apedwa Tafo Koforidua | Nsawam Weia
Lake

1. Unchanged (“do nothing”)
water resource capacity situation 44% 38% 59% 100% 100%
— with 40% system losses
4. Unchanged (“do nothing”)
water resource capacity situation = 55% 48% 74% 100% 100%
— with 25% system losses

Result

The table values clearly provide an indication feé impact (sensitivity) to an im-

proved efficiency in water delivery, i.e. by redugithe amount of un-accounted for
water and/or by introducing water demand managemedsures. As a matter of
fact, a targeted and well organised programme amheeducing water losses, and in
general towards using the resource more efficeni|d “save” water to such an ex-
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tent that it would counteract in a sizeable marther effects of a likely climate
change.

Scenario 5: Priority in utilisation of water from Bnsu River and Volta Lake

As mentioned under Scenario 2 above, when the wedasfer scheme aimed at
pumping water from the Volta Lake to Koforidua slyppcheme is brought into op-
eration, the GWCL stated strategy — for rather obsieconomic, operational reasons
— will be to give first priority to use water frothe Densu river before supplementary
water is pumped across from Volta Lake.

The consequence of changing this priority settmglacumented in this scenario,
whereby the water transfer pipeline’s capacity 600 ni/day should be used more
fully, i.e. giving first priority to the Volta Lakevater for Koforidua water supply
rather than the Densu river. The aim is to takeeramlvantage of the given invest-
ment already made and to retain the Densu riverceoas much as possible for
downstream uses, in particular for expanding thawdsn water supply scheme.

For the purpose of this comparison, the schemérdossfer of water from the Volta
Lake to Koforidua water supply (Scenario 2) hasnbsgbjected to two model runs,
both with the effect of climate change and 40% eystosses included, but with
changed priority in source utilisation (5a and Espectively). The results are given
in Table 3.8.

Table 3.8: Coverage rate, Densu and Volta Lake prrdisation (Scenario 5)

Demand site (by end of plan period)

Scenario Apedwa Tafo Koforidua | Nsawam VLV:Es

5a. Transfer of water from Volta
Lake to Koforidua water supply 40 36 67 80 100
— first priority to use Densu Rive
5b. Transfer of water from Volta
Lake to Koforidua water supply 40 36 67 98 100
— first priority to use Volta Lake

Result

The results indicate that to use the Volta Lakeewatith associated high pumping
costs as priority over the Densu river will providerelief to the supply situation
downstream, to such an extent that the Nsawam droam be satisfactorily sup-
plied at the end of the plan period. Further sowssessments coupled with eco-
nomic/financial analyses have to be carried outldofy how the Volta Lake water
pumped through the 13,600 alay capacity transmission main most beneficiady c
be used as part of meeting the water requireméntedensu basin rather than the
Koforidua water supply alone.

Alternative water resource utilisation options

Faced with the challenges to meet future waterireaents, particularly when the
impact of a likely climate change is taken into sideration, two possible water
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source “infrastructure” development options haverbecluded in the WEAP model
application as follows:

— introduction of a second (additional) transfer pifmen the Volta Lake; and

— construction of a new dam a few kilometres upstredirthe present Koforidua
water intake site.

It should be reiterated that in the projected wagguirements for these scenarios,
the following “extra” demands are also included:ui-accounted for water (system
losses, leakages etc) at each demand site at 2p¥bjetted “normal” demand, and
(i) minimum flow requirements for aquatic ecosystprotection in all river sections
below the various abstraction points.

Scenario 6: Additional transfer of water from Volthake

In addition to the water transfer introduced byry2@10 with priority given to use
Volta Lake water before Densu river towards meetimg requirements of the Ko-
foridua demand site (similar to Scenario 5b), is 8tenario it is assumed that a sec-
ond, supplementary water transfer pipeline fromt&/dlake will be introduced by
year 2015, which is around the time when shortagdsoforidua is being realised
again as documented in the scenario analyses peedsapove.

As an integral part of this scheme, it is propasedonstruct a transmission line from
this new water transfer pipeline to the Old/Newodldémand sites to curtail the se-
vere water shortages experienced in this part efotsin. When the new transmis-
sion line is operational, this scenario calls floradbandonment of the New Tafo water
abstraction at the present intake (New Tafo DamherBeira tributary.

Result

A sequence of model runs were made aimed at finthegppropriate pipe capacity
required to fulfil the future water requirements fois expanded (combined) scheme.
The outcome of calculations indicates that to atéasatisfactory coverage level, the
proposed second transmission pipe from Volta Laksetve both the Koforidua and

Tafo areas, and hence reducing the abstractionreagents from the Densu river it-

self, should be some 2.5 to 3 three times the dgpaicthe transmission main pres-

ently being designed.

The percentage of requirements met (coverage f@tehis scenario is presented in

Table 3.9 below. The figures obtained are frommiezlel run in which the second

transmission pipe has a capacity of 37,000day and as mentioned earlier is as-
sumed to be operational from year 2015.

Scenario 7: New dam on the Densu River upstreanKoforidua

As an alternative to constructing a second waserstier pipeline from Volta Lake, it
Is in this scenario proposed - in addition to tingt fvater transfer from Volta Lake as
outlined in Scenario 6 above - to build a new danthe Densu River a few kilome-
tres upstream of the present Koforidua water intatee Like above, it is envisaged
that this dam should be operational from year 2015.
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Result

The result of the model run for this scenario iatks that to attain a satisfactory
coverage level towards the end of the plan petloelKoforidua New Dam should be
sized to create a reservoir of about 8 milliohstorage volunté. Water abstractions
for the water demand centres of Koforidua and Odéa¥Nrafo will both take place
from the new reservoir. When the new dam and nawstnission lines to the two
demand sites are in place, the existing Tafo atistrasite as well as the water in-
take for Koforidua water supply on the Densu Riz@n both be abandoned, whereas
the existing Koforidua treatment facilities appriagely can be maintained for proc-
essing of raw water now to be delivered (pumpeahfthe new reservoir.

The percentage of requirements met (coverage fatebhis scenario is also pre-
sented in Table 3.9.

To get an indication about the required size ofrtee dam (impact on the storage
volume) in relation to a different river runoff iiete, a model run was also made for
a situation where a likely climate change will wotur. In this case, a much smaller
dam of about 3.5 million fhstorage volume would be required to provide 1008 c
erage at the two demand centres towards the etine @lan period.

Table 3.9: Coverage rate, alternative options (Scamnos 6 and 7)

Demand site (by end of plan period)

Scenario Apedwa Tafo Koforidua | Nsawam Weija
Lake
6. Additional water transfer from 43% 94% 97% 100% 100%
Volta Lake
7. New dam on the Densu River
upstream of Koforidua present 43% 98% 99% 98% 100%

intake

3.4.3 Overall assessment based on the scenario asak

Considering availability of water only, i.e. withiotaking into account the various
technical infrastructure requirements in abstrgcind transmitting and distributing
the water to consumers, and not the least the esicnand financial consequences,
the scenario analyses have highlighted that iariqularly in the northern half of the
Densu Basin, where water resource utilisation measoeed to be put in place to
meet future requirements of the people residingha Basin and to maintain the
growing socio-economic, industrial and agricultuaelivities being realised.

If a climate change impact is not taken into coasation, the analysis also indicates
that downstream of the Kuia-Densu river conflueneater availability appears suf-
ficient for the projected requirements of the Nsam@emand site and other urban

22 A preliminary field reconnaissance revealed that thaximum size of a dam (reservoir) to be constrict
at this upstream site on the Densu river is abdutrillion .
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communities in the Akwapim South district withoatroducing any specific water
resource utilisation schemes. Furthermore, the@gecapacity of the Weija reservoir
is large enough to provide for the water requiretha Weija Water Works, also af-
ter the ongoing expansion works are completed thighpresent water abstraction of
200,000 n¥day to be boosted to 268,000/day (and then kept constant at this rate
throughout the plan period).

As mentioned previously, in the alternative wagsaurce scenario analyses, which
provide the basis for making assessment about iohwdxtent water requirements

are met, minimum (environmental) flow requirememiater scheme and distribution

losses, and importantly, impacts of a likely climahange are all included.

Based on the scenario analyses, an assessmert gérkral situation at each major
demand site suggests options concerning utilisam@hdevelopment of the water re-
sources, as follows:

The Apedwa demand site and adjacent future urbanmumities in parts of East
Akim district will have to rely on piped groundwafspring supply, which for
best yield conditions should tap water from aqusifer the Birimian geological
formation located relatively close by in the nowhsterly part of the Basin.

The various demand sites within and adjacent toNee and Old Tafo areas
(including future urban communities in the easteant of East Akim district)

and Koforidua town (including future urban commiestin the western parts of
New Juabeng and Akwapim North districts) are prepom the future to be

supplied by one scheme. The water requirementssdich “dual” expanded

scheme can be met either (i) by adding an extr@mtaansfer pipeline from

Volta Lake to be laid in parallel with the transeis line about to be con-
structed, or (ii) by construction of a new dam lecbka few kilometres upstream
of Koforidua on the Densu River. The idea is toreeet both the Koforidua and
Tafo areas with transmission pipes (pumping mamahching off from the sec-
ond transmission pipeline from the Volta Lake aedily from the new reservoir
site, depending on which alternative scheme cordignn will be decided on.

As far as the Nsawam demand site (including futul&n communities in the
western part of the Akwapim South district) is cemed the water availability
situation needs to be looked at cautiously whenmagmhing the latter part of the
plan period. Firstly, it is recommended to charfgedtated operational policy in
which the Densu river will have precedence oveitbka Lake water (when the
13,600 ni/day capacity pumping scheme is operational) tiratesyy whereby
the Densu river rather will be used to supplembatwater pumped across from
Volta Lake. This will “save” water in the Densu evfor the benefit of the Nsa-
wam water supply scheme too. Secondly, it is as@mmended to introduce
piped groundwater-based supply schemes to suppteandnhence, alleviate the
stress on the river source in this part of therbasi
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» The favourable prospects for groundwater explaitatin the district of Su-
hum/Kraboa/Coaltar points to a scenario in whicli diathe district population
can be assumed to be served appropriately by pgvedndwater supply
schemes and the other half from surface water avighoposed intake site on the
Kuia tributary to be located in the vicinity of Asoi.

e Concerning the southern heavily populated parhefBasin it is assumed that
the Weija dam/treatment facilities — after the dngoexpansion works and
gradual extension of the distribution network aeeng realised — to a large ex-
tent will serve the sprawling urban population soot the Akwapim South and
Suhum/Kraboa/Coaltar districts (within the basinfdaries). The Ga West dis-
trict alone is projected by 2020 to host about %he total urban population
residing in the Densu basin. Also in this partleé basin it is recommended to
introduce piped groundwater-based supply schemsspplement and thus alle-
viate the stress on the Weija reservoir as thesmlece.

* Finally, is should be mentioned that in the uttisa of the Basin’'s water re-
sources, it is assumed that the rural populatisa @ the future to a large extent
will continue to be supplied from groundwater thghunon-piped handpump
equipped boreholes or through piped (mechanise@hlote supply schemes.

In parallel to these developments, it is paramdbat efforts are being introduced
more vigorously to bring down the unacceptable magk of un-accounted for water
(water supply system losses). A number of measexes to assist towards the re-
duction of physical losses, some of which can bplemented by the service pro-
vider (GWCL), e.g. leakage detection/repair ancbvation of old distribution net-
work, and other measures which direct themselve® twothe consumers, that be in-
dustrial, institutional and individual users. Instltontext, the number of illegal con-
nections needs also to be addressed.

The introduction of water demand management megassi@so an important aspect
in curtailing the otherwise ever increasing demdndhe water demand projections
presented above, the departure point in the calookis a list of pre-set unit con-
sumption figures (ref. Table 3.1). The aim mustd&alt the continuously increas-
ing trend as reflected in the table values throoggasures, including public aware-
ness raising, which should address e.g. behaviaahges towards being “water-
wise” individually and collectively, and being camsus about water (ab)uses.

Other measures which should be considered inclbdages to building codes to
make it mandatory to install water-saving devicadf{closing taps, low-flush toilets
etc) particularly in public buildings, boarding sdfs, military barracks and other
large building complexes. Additionally, the intradion of roof catchment systems
for rainwater harvesting meant for washing, gardeatering and other “grey water”
purposes should be promoted.
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Map 3.1: Schematic overview of main elements in Densu WEAP model
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4. CONSULTATIVE PROCESS

4.1 SEA applied in the IWRM planning process

This IWRM plan is based on hydrological and otlemhnical data, socio-economic
trend analysis, and population census informatian dnly partly has been presented
earlier and not as an integrated assessment vatputpose of describing the present
and future situation within the Densu Basin conggyithe availibility and quality of
the water resources.

In parallel with the technical assessments andriggien of the water resource-
related challenges as presented in Chapters 2 ,amd@sultative process has been
carried out with the involvement of basin-basedet@lders aimed at capturing the
local perception and actions required in addresiegdentified water management
issues and problems areas.

In the Ghanaian context well anchored procedurast exhereby plans and pro-
grammes are elaborated and vetted following a qaatiory approach allowing for
thorough public discussions — often in workshopirsgs — guided by principles
which form part of the concept named Strategic Emmental Assessment (SEA).
SEA procedures and to6fshave been adapted and applied as part of the [Basu
sin IWRM planning process.

A SEA approach for planning is defined as:

“A systematic process of evaluating the environnheftacts of a policy, plan or
programme and its alternatives, including documgataon findings to be used in
publicly accountable decision-making”.

Furthermore, the application of SEA proceduresVitRM planning means that the
evaluation of environmental effects has an addilicocial dimension, viz.:

“...to safeguard the future sustainable use of waésources aimed at maintaining
the economic and social welfare within a basin aithcompromising the preserva-
tion of vital aquatic ecosystems”.

The district-based planning by District Assembligghe cornerstone of the decen-
tralised governmental approach for which the ovdegjal framework and institu-

23 Support and Capacity Building to apply SEA Principdend Tools in preparing IWRM Plans at River Bdséwel.
WRC (October 2006)
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4.2

tional delegation of responsibilities are proved anderstood - although gaps in leg-
islation, overlapping responsibilities, lack of eafty/resources and enforcement still
exist.

An IWRM plan for a basin addresses the basin-wideewmanagement problems to
be taken into account to achieve a future sustemalinagement of the basin’s wa-
ter resources, and as such provide a frameworloéat water management planning
at district level.

Consequently, the effects of the IWRM plan showdtl lme restricted to a description
of broad existing and projected future environmkeatal social impacts, but should
also try to describe the effects of the IWRM plangnon other existing plans and
programmes. The IWRM plan may entail legal anditumsbnal consequences that
might cause conflicting management structures, khen need to be coordinated
and adjusted to ensure an efficient implementadiche plan.

IWRM issues and problems as identified by stakelders

In adherence with the SEA principles and embra@nparticipatory approach, a
number of stakeholder meetings with planners fronstridt Assemblies,
governmental departments, Densu Basin Board andrweser organisations were
convened by WRC during elaboration of the IWRM Plan

Table 4.1 presents the identified issues and pnabMeithin the Densu Basin as per-
ceived and ranked at a stakeholder workshop abtiset of the IWRM planning
process. The information in the table reflectsdahswers as provided by four work-
ing groups, which the workshop participants wekedgid into.
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Table 4.1: Ranking of IWRM problems as formulated a initial stakeholder workshop

Planners from
Akwapim North and Ga West
Districts

Planners from

Akwapim South, Akim East and

Akim West Districts

Planners from

Suhum-Kraboa-Coaltar, Atewa and

Awutu-Effutu-Senya Districts

Members of
Densu Basin Board

Ranked list of problems (11)

Ranked list of problera (10)

Ranked list of problems (10)

Ranked list giroblems (15)

Clearing of vegetation along river
banks, which affects the run-off
pattern.

Dumping of solid and liquid waste
Use of chemicals and other
undesirable methods of fishing.
Building beyond the buffer zones
Water vegetation, which disrupts
smooth flow etc.

Lack of alternative livelihoods for
communities.

Conflicting activities in various
districts, which may work against
integrated development of the
basin.

Sand winning close to the
riverbed, which affects river flow.
Water borne diseases, e.g. buruli
ulcer, bilharzias etc.

Lack of access between commur
ties on both sides of the river, e.g.
risk of children crossing to school.
Low level of women’s involve-
ment in water management activi
ties.

10.

11.

10.

Lumbering and indiscriminate

farming activities in the watershed.

Dumping of liquid and solid waste
into the river.

Water pollution due to activities of
small and medium scale miners.
Lack of community support to
watershed management.
Pollution from stray animals.
Proliferation of aquatic weeds in
the watercourse.

Expansion of residential housing
developments close to river banks
Use of unauthorized fishing
methods, e.g. use of chemicals af
explosives.

Health hazards from onchocerchiy
asis and bilharzias.

Periodic flooding caused by
siltation.

D

nd

10.

Bush clearance and burning whig
expose the land to soil erosion a
silting of water channels.
Dumping of solid and liquid wast
into streams and rivers.

Farming along riverbanks.
Felling of trees for charcoal
production.

Pollution from domestic animals
especially cattle drinking from
rivers.

Non-implementation of physical
plans by District Assemblies
leaving most towns and villages
with poor drainage systems.
Surface mining and washing of
minerals with poisonous chemi-
cals in streams polluting the wate
Land tenure problems especially
in connection with acquisition of
suitable sites for water facilities.
Weed growth in the river that
causes pollution and reduce vol-
ume of water in basins.

Use of poisonous chemicals for

hi.
hd

Improper solid and liquid waste
management.

Farming close to the river banks.
Use of unapproved agro-chemicals

Indiscriminate felling of trees.
Encroachment of reserve areas.
Lack of harmonized buffer zone
policy.
Lack of institutional capacity by
DA’s.
Lack of awareness among resident|
about water management.
10.Lack of political will to enforce
development control.
11.Deforestation in the upper reaches
the basin.
2r.12.Building/construction activities neaf
the river banks.
13.Mining sites, e.g. bauxite mining.
14.Discharge of industrial waste in
water course.
15.Inadequate water resources (water
availability) in the basin.

NoouokowndN

9.

fishing.

Use of harmful chemicals for fishing.
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It can be concluded from the table that:

a diversity in opinion exists among stakeholdersoathe main problems to be
addressed and how they should be prioritised; and

main issues to be addressed are based on indipeuedptions of problems in
everyday life without a view to implications foretBasin as a whole and future
development trends.

For compilation of the findings from the SEA megtn the following categories
were applied in accordance with commonly used reaiteor description of the sus-
tainable development in Ghana with reference wweis®n:

natural resources,

social and cultural conditions,

economy, and

regulatory, administrative and institutional coratis.

In summary, the problems to be addressed can hgeggoas shown in Table 4.2.
The numbers indicate how often a specific categdmyroblem was counted among
individual members of the working groups (ref. Tea#l1).

Table 4.2: Main categories of identified problems

Category of problem No.
Natural Resources 46
Protection of river banks 8
Forests and protected areas 7
Farming and farming methods 6
Inappropriate fishing and fishing methods 6
Waste disposal 6
Effects of mining 3
Water pollution and quality 3
Water weed 3
Domestic animals 2
Flooding 1
Availability of water resources 1
Social cultural conditions 5
Water-borne diseases 2
Alternative livelihood, land tenure and land use 1
Women'’s participation 1
Crossing of streams/rivers 1
Economy 0
- 0
Regulatory, administrative and institutional 5
Lack of resources and capacity 2
Enforcement 2
Prevention and resolution of water related corslict 1
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Based on the summarised presentation of the ideshiiiroblems in Table 4.2, it can
be concluded that:

* most attention is paid to problems related to mansmnt of natural resources,
but the availability of water within the basin, whiis one of the main focus ar-
eas of the IWRM planning, is not perceived as eomapncern;

* the awareness of existing regulating instrument$ delegated responsibilities
are not obvious, as a number of problems propasde taddressed falls within
already existing management structures;

e economy as the main tool for initiating any newadditional management ac-
tivities is not addressed as a problem at all; and

e lack of resources and capacity, lack of enforcensatt lack of coordination
among institutions are to some extent seen aset®on for management prob-
lems within the basin, but not as described abasea consequence of insuffi-
cient economic resources.

4.3 Existing legal and institutional framework

Implementation of the IWRM plan should address fthdings from consultations,
but additionally, will need further assessmentsoinelythe articulated (local) percep-
tion of the IWRM issues.

For this purpose, the existing legal framework &l s already established institu-
tional responsibilities and enforcement practicesaatlined in Table 423 (6 pages)
below to help in identification of procedures amti@ns needed for an efficient im-
plementation of the IWRM plan, particularly asetates to role of various involved
partners (institutions, agencies, departments. &tbg description in the table below
is listed in accordance with the identified watemnagement problems as given in
Table 4.2 above.

%4 Based partly on: Assessment of Water Governancédhan& Meta-Meta Research and Nii Consult (draft repo
January 2006).
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Table 4.3: Existing regulatory framework and institutional responsibilities in IWRM

Category of

Planning authorities and coordination

Controlling activities and responsible

nd

ow
en

as

L

problem No. Existing regulatory mechanisms with other plans and programmes institutions/agencies
Natural 16
Resources
Protection of 8 There is no official policy on river banks protectj even if | Protection of river banks does not necessarilpy WRC an Inspectorate division exists (as
river banks the problem is a matter of much concern and disooiss require planning when legal requirements | per Water Use Regulations 2001, LI 1692)
Land Planning and Soil Conservation Ordinance 1€%® | and guidelines for protection of river banks| but it is not operational. When the
32) mandates a Minister to designate areas foegtioh of | have been established. Control and Inspectorate Division is made operational 4
the environment including river banks, rivers amdhg. enforcement of regulations will be the mairnl guidelines or more legally binding
Regulations for river banks protection will need th issue regulations for protection of river banks are
involvement of the Lands Commission. The Lands introduced agreements must be made on H
Commission Act 483 1994 mandates the Land Comnmissio to segregate the controlling activities betwe
to manage public land vested with the presidenttand WRC and controlling activities in district
advise authorities at all levels of public admirgtibn, administrations
traditional authorities and private land owner origations
on land use planning.
Forests and 7 Land Planning and Soil Conservation Ordinance {2%® | Protection and establishment of forests angd When land use planning will be introduced
protected areas 32) mandates a Minister to designate areas foegtion of | protected areas may in the future be a part of IWRM planning it must be
the environment including river banks, rivers amadd planning tool for protection of ground and | coordinated with the activities of the Land{
generally and also to designate areas for refdresta surface water resources as well as water | Commission and the Forestry Commission
Forests Ordinance 1927 (Cap 157) delegates thetdgh quality. In that case protection of forests and
establish forest reserves to safeguard water swyighiyn the establishing of forest reserves may be
Districts. considered as a special case of land use
Lands Commission Act 483 of 1994 mandates the Land | planning within IWRM planning to be
Commission to manage public land vested with tlesigent | coordinated with the Lands Commission
and to advise authorities at all levels of pubtionnistration
and traditional authorities on land use planning.
WRC Act 522 of 1996 (Section 31) provides for spkci
measures to be introduced by the Minister for mtita of
water resources by declaring an area to be a peadtec
catchment area.
Farming and 6 Ministry of Agriculture teaches farmers farming meds With Lands, Forestry and Minerals MOFA, Extension Services, EPA, at Distrid
farming methods that reduce land degradation Commissions and District Assemblies level.
Inappropriate 6 The Fisheries Law PNDCL 256 of 1991 and the Figlseri | Irregular fishing does not require planning WG the overall responsibility to advic

A%
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f
ES.

and pollution

pollution. The EPA Act 490 empowers EPA to stipalat
standards on water quality issues, and to be irgehat
issuance of waste discharge permits. The WRC A2t 52
appoints WRC to advise control agencies to prescrib
acceptable levels of water pollution.

The NDPC Act 479 of 1994 mandates NDPC to provide
guidelines for district planning on water and satiii.
Local Government Act 462 of 1993 delegates planoing

Category of - . Planning authorities and coordination | Controlling activities and responsible
No. Existing regulatory mechanisms . N .
problem with other plans and programmes institutions/agencies

fishing and Commission Act 457 of 1993 provide for the reguiatand | or coordination with other plans and on regulation of water impacts within the

fishing methods management of the utilisation of the fishery researof programmes but control for enforcement of basin.

Ghana and the coordination of policies in relatmthem, regulations. WRC Inspectorate Division in WRC is not

and hence, to some extent regulate fishing methonds yet operational. When resources will be

environmental effects from fishing. allocated for controlling activities of the
Inspectorate it will still be needed to agree
with the Districts and Fisheries Commissio
on how to distribute responsibilities for
controlling fishing methods.

Waste disposal 6 The National Development Planning Commission A@ 4% | It is under the mandate of the District It is the task of WRC to advice on control 0
1994 provides the legal background for NDPC to ev Assemblies to provide waste disposal plans impacts from waste disposal on water bodi
guidelines for district planning including planninfwaste | and to allocate waste disposal sites. Controlling activities of districts on waste
disposal. disposal for protection of water bodies nee
The Local Government Act 462 of 1993 delegatesmitan coordination and clarification, when the
responsibilities on waste to District Assemblies Inspectorate Division in WRC is made fully
The WRC Act 522 of 1996 appoints WRC to advise i@nt operational.
agencies to prescribe acceptable levels of poiiutiso from
waste disposal sites.

Effects of mining 3 The Minerals and Mining Law PNDCL 153 of 1986 Irregular use and pollution of water from Should be regulated through campaigning
stipulates some regulation of environmental effacts use | mining does not require planning or and awareness creation mining compa-
of water for mining activities. Water to be used riaining coordination with other plans and nies/miners and controlling of licenses.
activities requires a license. programmes, but rather compliance The role of WRC concerning control of
WRC is expected to issue licenses on water user Wdter | monitoring for enforcement of regulations. | impacts from mining activities on water
Use Regulations 2001, LI 1692. bodies needs clarification.

The effluent discharges have to be approved by &ifter
LI 1652 of 1999.
Water quality 3 No specific laws regulate water quality and contrfol WRC is the advising and planning agency piThe WRC and EPA collaborate as stipulats

water pollution control and of water quality,

and through a Memorandum of Understand-the role to monitor compliance with waste

ing collaborates with EPA on issuance of
waste discharge permits.

In conjunction with NDPC to provide
guidelines for planning of water supply
facilities to local communities, there is also|
need for coordination of plans and

in a Memorandum of Understanding to fulfi

discharge permits.

When the Inspectorate Division under WR
is fully operational, the distribution of
controlling responsibilities must be agreed
aand segregated from similar activities in
districts.
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water and sanitation and implementation of plarts an
programmes to District Assemblies and other local
authorities. The Public Utilities Regulatory Comaiis
(PURC) Regulations (LI 1651 of 1999) mandates PUW&RC
regulate the activities of public water utilitieopiding
water to consumers.

GWCL is working under the jurisdiction of PURC, kplans
the availability of water for all major piped watarpply
schemes, including the use of water from the W2égen for
the Metro Accra area. Under the Water Use Reguiat{LI
1692 of 2001) of the WRC all agencies or waterralogbrs

service providers.

NDPC provides the guidelines for planning
and use of water resources in the districts
There is a need for coordination of
guidelines, plans and programmes on wate
use between organisations concerning wat
availability.

must be registered and their abstractions grantdiddnce.

Category of - . Planning authorities and coordination | Controlling activities and responsible
No. Existing regulatory mechanisms . N .
problem with other plans and programmes institutions/agencies
water and sanitation to District Assemblies ancotbcal programmes with activities of WRC and viga
authorities. versa.
Water weeds 3 A National Water Weeds Control Committee is hosted Regulation of water weeds does not require The role of WRC on regulation of water
EPA. However, regulation of water weeds is expettdze | planning, but monitoring and initiation of | weeds in relation to local executing
a special case of regulating water quality andrcbof actions and measures to curb the infestationauthorities needs clarification
pollution, and as such to be regulated throughNRC Act
522 of 1996.
Domestic 2 Water pollution effects from domestic animals skarg for | Regulation of the behavioural effects from | Water effects from stray animals should bd
animals drinking water is a special case of water pollutioat in stray animals needs no planning regulated through campaigning and
principle should be handled under WRC Act 522 andal awareness creation of owners of animals b
Government Act 462 as described above. district authorities, MOFA extension officerg
etc.
Flooding 1 WRC Act 522 assigns WRC to regulate and managerwatg Planning of flood control should be an Control of flood and implementation of floo
resources within river basins. integral part an IWRM plan to be provided | control measures need clarification among
Standard Engineering code of practice requires that by WRC and coordinated with GWCL, WRC, CWSA, GWCL, IDA, HSD and
provision be made that part of a dam'’s storagedgpia set | CWSA, IDA in rural settings and HSD on | MDAs.
aside for flood control. Hence, IDA, GWCL and athare | primary drains in urban areas. Also
mandated to make such provision. HSD by admiriga | coordination with metro-, municipal and
arrangements is responsible for flood control impry district assemblies over secondary and
drains in urban areas. tertiary drains in urban areas is needed.
Availability of 1 WRC Act 522 of 1996 assigns WRC to regulate andagan WRC is responsible for IWRM planning District Assembly plans address water use
water water resources within river basins. within the basin to ensure the availability of but these plans are not yet linked to the
resources Local Government Act 462 of 1993 delegates planoing | water in cooperation with districts and waterbasin-based IWRM planning.

Licensing of water permits is the tool for
regulating water use and, hence, for water
resource management.

Densu Basin Board under WRC constitute
rbroad spectrum of representatives of
estakeholder organisations within the basin,

including district and regional authorities,

water service providers (GWCL and CWSA

NGOs and ministerial departments.

However, as a new planning approach, the

is a need to clarify how IWRM planning as

o)

basin-wide activity shall be addressed in
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streams/ rivers

for crossing water courses should be an integralgia

and planned facilities are included in

Category of - . Planning authorities and coordination | Controlling activities and responsible
No. Existing regulatory mechanisms . N .
problem with other plans and programmes institutions/agencies
district planning, and for that matter in
connection with planning by other
organisations. The planning in districts is
based on coordination and guidelines of
NDPC, which also has a unit to monitor
implementation of district plans. As it is noy,
IWRM planning by WRC is not coordinated
and monitored by NDPC, and the same gops
for GWCL planning activities.
Social cultural 5
conditions
Water-borne 2 Local Government Act 462 of 1993 delegates regurtadif Planning of measures to prevent water-bormn€ampaigning on behavioural change is the
diseases water hygiene and sanitation aspects to Districefblies | diseases is addressed in local hygiene and controlling tool and compliance monitoring
and other local authorities. sanitation planning. of regulations is the task of local authoritieg.
Alternative 1 Lands Commission Act 483 of 1994 mandates the Land | Land use planning to regulate water use for The Lands Commission has only an advisdry
livelihood, land Commission to manage public land vested with the irrigation and other heavily consuming waterrole on private owned land. At present the
tenure and land president, and to advise authorities at all leeélsublic activities, protection of the environment and existing traditional administration of land ag
use administration and traditional authorities on larse pollution from industries in specific areas | well as land use practices may conflict with
planning. may be an instrument to include in future | public land use planning and traditional
Land Planning and Soil Conservation Ordinance 1@%%® | coordinated IWRM planning activities. private property rights. A control system on
32) mandates a Minister to designate areas foegtioh of land use and land use planning does not ekist
the environment, including river banks and surfaegers in at present.
general, and also to designate public land forestation.
Presently, the EPA Act regulates general environaten
protection, the WRC Act was enacted to manage skeofi
water resources and river catchments, and the tFpres
Commission to manage the activities in relatiofotests,
their conservation and reforestation.
Women's 1 It is part of the National Water Policy to promdtite Women'’s organisations are as stipulated in Campaigning on women'’s participation in
participation participation of women to meet their needs andsmtheir | the Act represented in WRC and in Densu | water management at all levels of public
experience in water supply/management, specifiedllgcal | Basin Board. administration is the tool used for women’s|
level. participation in water management practisgs
Crossing of 1 Planning and management of minor infrastructurdities Procedures to ensure proper access to ney Users of new facilities in everyday life are

the controlling actors to ensure proper
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resolution of
water related
conflicts

tive organisations are presented on the Densu Basnd
and in the WRC in accordance with requirements RGNV
Act 552. WRC can for discharge of its functionsabish

Category of - . Planning authorities and coordination | Controlling activities and responsible
No. Existing regulatory mechanisms . N .
problem with other plans and programmes institutions/agencies
district planning and is regulated through Localv&oment | guidelines to local planners to ensure a services.
Act 462 and NDPC guidelines on planning. coherent implementation.

Economy 0
The WRC Act 522 of 1996 delegates the right for WBBC | For implementation of the IWRM plan there WRC, PURC, GWCL, CWSA and IDA will
generate revenue from issuing of water use peliiter is at the moment no financing capacity have to agree on a common system for
Resources Management Account). The PURC Act (LL16B except for revenue from issuing of permits jrfinancing of activities within the basin.
of 1999) delegates the responsibility to the Pubtitities WRC. The IWRM plan addresses problems

) 0 Regulatory Commission to regulate urban waterfteates | to be solved within the whole basin.
and structures. CWSA Guidelines of 2005 providesddff | Accordingly, the availability of resources and
settings for water services in rural areas and coniim capacity will require financial resources
ties/small towns. At present, resources for capdmiilding | based on either additional consolidated
within the water sector is predominantly made adéd budget allocations and/or other water user
through donor funding. contributions within the basin.

Regulatory,

administrative 5

and institu-

tional

Lack of 2 Lack of resources and capacity is considered mastly See above under economy See above under economy

resources and consequence of the economic situation within theexva

capacity sector - existing regulatory mechanisms are as such
described above under economy.

Enforcement 2 Lack of enforcement is partly considered as a aquesece | IWRM planning is a new activity. It is the | A scheduled and prioritised set of actions t|
of not sufficient resources and capacity, and fezrty scope of the IWRM plan to describe the solve possible conflicts with other planning
demarcated delegation of institutional respongiegithat impact on other plans and programmes, arjdand programmes is part of the IWRM
needs clarification. consequently to plan and coordinate planning aimed at ensuring a stepwise and

activities to solve possible conflicts within | long-term implementation of the plan in clo
existing legislation, and to clarify delegation collaboration with other stakeholders in theg
of responsibilities. water sector.

Prevention and 1 All major stakeholder authorities and water useresenta- | The IWRM plan is not only intended for For resolution and clarification of specific

water management, but also for coordinati
and conflict resolution with other plans and

prproblems, WRC can establish sub-
committees with specific mandates for

programmes to ensure an efficient

discharge of its functions. Such sub-
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Category of
problem

No.

Existing regulatory mechanisms

Planning authorities and coordination
with other plans and programmes

Controlling activities and responsible
institutions/agencies

sub-committees as stipulated in the Act.

implereigon of the plan.

committees may be the basisdoflict
resolution and clarification in relation to
IWRM planning and water resource
utilisation.
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4.4 Prioritisation of problems and delegation of reponsibilities

The actions and mitigating measures required taesddthe variety of problems
identified during the consultative process needdomplemented by different actors
(“who does what”). For that reason, a ranking pdoce based on scoring tables with
the purpose of making a separation and delegafiorsponsibilities was prepared
and subsequently used at a consultative meetirigseiected stakeholders including
the Densu Basin Board. The procedure used quesii@snapplied in working
groups to make a distinctibtbetween -

* management of basin-wide problems that need toddesased with a holistic,
coordinated and integrated approach, where theduattion of mitigation meas-
ures interacts with problems to be solved elsewlherthe basin (addressing
measures targeting such problems is part of WR&Spansibility); and

< management of local, but commonly encountered problwithin the basin,
where the introduction of mitigation measures preghantly has a local effect
(measures targeting such problems are part of itb&id Assemblies’ imple-
mentation responsibility, but may need coordinatitmough activities supported
by WRC and/or Densu Basin Board).

In preparing the questionnaire and scoring taldectitegories of problems identified
at the initial stakeholder workshop were revisitgl in some cases supplemented
with additional information, for instance in ligbf the results generated from the
water balance scenario analyses, to clarify angmxghe problem formulation for
the stakeholders.

In Table 4.4 below the results from this SEA-guidstond stakeholder consulta-
tions are summarised with the scores obtained fiorifisation of problems to be
managed either using a basin-wide or a local didased approach.

Some general conclusions from this phase of caatsuis can be listed as follows:

e the distinction between basin-wide and local protdevas not immediately un-
derstood and needed clarification and discussion;

» the present and future availability of water wassidered as a major problem to
be addressed on a basin-wide basis (contrary td was the case at the initial
stakeholder meeting); and

* the promotion of good governance, democratic ppiesi and transparency in
decision-making in water management was considarediued supplementary
aspect to be included as and when found appropinatee IWRM planning
process.

%5 Procedures for making a distinction between crossimyibasin wide problems and local problems areegiin
Reference 23 (see Section 4.1 above).
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Table 4.4: Result of tool application to identify e&legation of responsibilities

Initial categories Clarifying formulation
Score
of problems of problems
Natural Resources
-The availability of water to Metro Accra arga 14
The availability of water resources -The availability of surface water 12
-The availability of groundwater 7
The quality and pollution of water -Management of waste Watgr discharges 8
-Management of water quality 8
Forests and protected areas —Protec'uon_of red list” species 7
-Reforestation 7
Flooding -Including flood management 7
Protection of river banks -Including rehabilitatiofriver banks 7
Farming and farming methods -Including soil degtiafa 7
Waste disposal See under quality and pollution atew 6
L . -Including fishing methods and effects on
Fishing and fishing methods . g g met 5
environmental conditions
Water weeds See under quality and pollution of wate -
Small-scale mining See under quality and pollubbmwater -
Social cultural conditions
Water borne diseases _—Includmg need for attitudinal and behav- 8
ioural change
S -Traditional and benign cultural and gender
Women'’s participation . 9 9 6
practises
Alternative livelihood, land tenure .
: -Land use and land use planning 6
and land use planning
Economy
-Distribution of costs for initiation and 12
implementation of basin wide planning
Economy and financing of basin- | -Assessment procedures and tools for 12
wide initiatives prioritisation and financing of measures
-Procedures for efficient collection of 6
payments for water services
Regulatory, administrative and
institutional
-Enforcement of decisions for initiation of
basin-wide initiatives 11
Enforcement and good water - Enforcement of rights and obligations of
land owners 7
governance :
- promotion of good water governance,
transparency in information sharing and 14
decision-making
Prevention and resolution of watef -Institutional collaboration and capacity 11
related conflicts building
Lack of resources and capacity See under economy -
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Based on experience from similar applications &f thol, it can be stated in general
terms that scores falling in the range of 7 andvahadicate basin-wide problems,
whereas problems with scores below 7 can be casegbto be of local nature, al-
though rather commonly encountered in the basin.

Therefore, the scores as presented in Table 4vider@ means to distinguish be-
tween the two levels of planning, and where resipdiies should be placed and
tasks assigned in addressing the identified IWRbBblams. Nevertheless, in some
instances, it is also evident - regardless of twes - that both planning levels in
one way or another will be involved. The resultto$ exercise is given in Table 4.5.

Table 4.5: Prioritisation of water management probéms

Priori- Problem/issue Magnitude (extent)
tisation to be addressed of problem

1 Water availability Basin-wide management problem
Prevention and resolution of water related_ . .

2 ) Basin-wide + local management problgm
conflicts

3 Enforcement and good governance Basin-wide mamaigieproblem

4 Economy, fmapcmg and lack of re- Basin-wide management problem
sources/capacity

5 Water q_uallty, pollution of water and Basin-wide management problem
waste disposal

6 Water-borne diseases and sanitation Local maragegmnoblem

7 Forests and protected areas Basin-wide + locehgement problen'

8 Farming and farming methods Basin-wide + locahaggement problerrl

9 Protection of river banks Basin-wide + local ngemaent probleny

10 Flooding Basin-wide management problem

11 Water weeds infestation Local management problem

12 Small-scale mining Local management problem

13 Women'’s participation in water manage- Local management problem
ment

14 L|vellhood, land tenure and land use Basin-wide management problem
planning

15 Fishing and fishing methods Local managemertilpro

The next step in the process is for each of theahsted IWRM problems/issues to
define specific actions to address the specifieass This part of the IWRM plan is
elaborated on in the following Chapter 5.

May 2007 Page 70



Water Resources Commission Densu River Basin IWRM Plan

5.2

ACTION PROGRAMME

Introduction

The Densu River is arguably a highly stressed wsterce and one of the most
exploited rivers in Ghana. As highlighted in thepous chapters, the environmental
health of the basin and the river’s role as ansipeinsable source for supply of water
are threatened in various ways such as:

— indicriminate harvesting of wood from its source lielow midstream of the
system,

— farming along the banks of the river and at itsdvesters,

— use of agrochemicals in mechanised farming and fosdchemicals in fishing,

— infrastructural development and urbanisation whinhbated evade large portions
of the basin without physical/land use plans orirgmprinciples being followed,

— inappropriate disposal of solid and liquid wastenfr domestic and industrial
sources into the river course,

— sand winning, quarying and other smale-scale mimirge basin, and

— ever increasing water abstractions for domestiewstipply, industrial purposes
and irrigation to the extent that dry season flm@ase in certain portions of the
Basin.

It is against this background that the Densu RiBasin IWRM Plan has been
prepared and in line with stipulations in the WREt 522 (1996) to “propose
comprehensive plans for utilisation, conservatgvelopment and improvement of
water resources.”

During preparation of the IWRM plan, two concurtgntunning — and equally
important — paths have been followed, i.e. (i) aseasment with scenario analyses
incorporating technical water resource (hydrologitgracteristics to highlight water
availability versus future requirements, and (ii\SEA-driven approach aimed at
identifying the water management problems from airbhased stakeholder
perception. In the present chapter both informatmurces have been used in
bringing together an action programme comprisingaohumber of prioritised
activities and measures for implementation to nmaabus of the IWRM challenges.

At this stage, the required resources (concernmman€ing and institutional capacity)
to implement the IWRM plan and its associated & have not been addressed.

Actions identified to address the IWRM problems

For each of the fifteen IWRM problems/issues listedTable 4.5, a number of
specific actions (measures) have been defined nistitote the core of the IWRM
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plan implementation (the action programme). Thed®@s are presented in Table
5.1 below (5 pages).

The table also provides information related to Wwhiaostitution, agency and/or
authority should be involved, and which one shobk responsible partner in
initiating and overseeing imlementation of the @as$. This latter information is
derived from the consultative process as explainede previous chapter.

In addtion to the action programme outlined in €abll, other more localised
IWRM activities need to be carried forward supparét DA level, but initiated and
implemented at lower levels, e.g. by institutions/ar communities. Specifically the
following three activities can be grouped in thagegory:

— More systematic introduction of rainwater harvegtithat be from naturally
occuring improved mini-catchment and constructibnoof harvesting systems at
schools, barracks or other larger buildings (indes}.

— Construction of dug-outs and/or small earth embaskmto store water primarily
for farming purpose, that be for small-scale irtig@a or cattle watering.

— More vigorous promotion of sound environmental &ditn practices at
household level, e.g. by encouraging building oPMatrines, and promoting
modern technology to dispose of liquid waste arelaidiogas toilet systems.

It can be seen that the action programme includa®ad range of activities, which
all — in one way or another — facilitate and asistards achieving the main aim of
bringing the Densu River Basin and its water resesiback to an acceptable quality
level, and to a state in which an ecological anteweesource utilisation balance ex-
ists for future sustainable socio-economic develepmvithin the Basin.
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Table 5.1: Proposed actions for addressing identdd IWRM issues/problems

Actions/measures

Purpose

Involved
parties

Responsible partner(s)

Issue/problem: Water availability

Use results from the water demand/ water avaitgbili

-to be taken into account in future distric

WRC, GWCL, IDA

General, basin-wide issue, i.e.

water) and promotion of rainwater harvesting system

scenario analyses to prepare strategy on how totiiee| planning; and others responsibility of WRC to address and
future water requirements of the Densu basin. The - to be applied as a framework for WRC initiate action on.
scenarios take into account stronger emphasis on licensing of water permits;
groundwater utilisation, environmental flow require - to engage in a dialogue with particularly
ments, possible impact of climate change, inteirbas | GWCL, and larger irrigation and industrial
water transfer, new storage (reservoir) facilitgtupam | enterprises.
in the Densu basin and additional abstractions fifzen
Weija reservoir.
Through further studies provide evidence for insegh | - to argue for and justify the strategy that WRC, WRI, General, basin-wide issue, i.e.
reliance on groundwater (geographical locationighh | groundwater should be used increasingly GWCL, CWSA responsibility of WRC to address and
yielding formations, aquifer vulnerability, etc). in water supply schemes for urban initiate action on.

communities.
Prepare guidelines on institutionalising water dedna | - to find alternative means and ways of | WRC, GWCL, General, basin-wide issue, i.e.
management measures (to reduce un-accounted for | reducing the reliance on the Densu river] CWSA, DAs responsibility of WRC to address and

initiate action on.

Review and amend as required NDPC guidelines to
reflect IWRM requirements in district planning.

- to ensure that IWRM principles are take
well anchored in the district planning
process.

:'WRC, NDPC, DAs

General, basin-wide issue, i.e.
responsibility of WRC to address and
initiate action on.

Intensify public awareness raising activities ondant
use of water and its conservation, including acwopdf
traditional knowledge and cultural practices.

- to educate and drive towards “a water-
wise” society.

Densu Basin Board
DAs, NGOs and
traditional
authorities

- General, basin-wide issue, i.e. resppn-
sibility of WRC to initiate action on.
- DAs responsibility with traditional
authorities to carry out the activities
accordingly in respective districts.

Issue/problem: Prevention and resolution of water related contic

Establish a sub-committee under Densu Basin Baard
be the focal point for discussions and negotiations
between stakeholders in case conflicting interasse
on new water management issues and mechanisms
during implementation of the IWRM plan.

t- to create an agreed procedure and fixe
venue for lodging concerns and holding
discussions aimed at preventing dispute
and in case solve conflicts through

dWRC, Densu Basin
Board, DAs and
5 other stakeholders

coordination and collaboration.

- General, basin-wide issue, i.e.
responsibility of WRC to initiate actiof
on.

- Densu Basin Board responsibility to
carry out the activities accordingly.
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Actions/measures

Purpose

Involved
parties

Responsible partner(s)

Issue/problem: Enforcement and good water

governance

Work towards ensuring that the WRC Inspectorate is
properly staffed and well functioning to carry oo
tasks and services as required in WRC Act 522.

- to have a well functioning unit to overseeNRC, Densu Basin
Board, DAs

compliance by water abstractors of their
granted licences, and to ensure that
transparent decision-making and
democratic principles are adhered to in
decisions related to water allocation etc.

General issue, WRC to initiate action

Review NDPC Act 479 (1994), Local Government Ac
462 (1993), PURC Regulation LI 1659 (1999) and ioth
pertinent legislation to identify gaps, overlaps or
discrepancies related to the practicing of IWRM.

- to facilitate policy making on harmonise
edistrict and IWRM planning;

- to identify legislative amendments in

form of district bye-laws to regulate wate

use and introduce effective enforcement

procedures.

=

dWRC

General, basin-wide issue, i.e.
responsibility of WRC to address and
initiate action on.

Issue/problem: Economy, financing and lack

of resources/capacity

For the highest prioritised IWRM actions preparstco
estimates for their implementation and identifydiny
(consolidated funds, internally generated fundstridi-
based common funds, IWRA, donor funding or specif
local levies).

- to generate revenue for financing of
proposed IWRM activities.

c

IDA,

WRC, PURC,
GWCL, CWSA,

WUASs,

MFEP

General issue, WRC to initiate action

Basis for negotiations is the PURC A¢

LI 1651, the Water Use Regulations |
1692 and CWSA tariff regulations.

Issue/problem: Water quality, pollution of water and waste dispbs

Prepare basin map which depicts the “hot spotsiglo
the river system and outline activities on how the
pollution hazards can be abated.

- to provide input to the individual district
planning exercises.

WRC, EPA, DAs

General, basin-wide issue, i.e.
responsibility of WRC to address and
initiate action on.

Operationalise and bring into practice the Memotend
of Understanding (between WRC and EPA) on the
issuance of waste discharge permits.

- to use the permitting system as intende
as a mechanism to reduce pollution of th
Densu river.

D

dWRC, EPA, DAs

General, basin-wide issue, i.e.
responsibility of WRC to address and
initiate action on.

Prepare guidelines for location of waste dump siteb
prescribe remedial activities on how to minimise tisk
of groundwater and surface water pollution fromteas
disposal sites (waste management strategy).

- to provide input to the individual district
planning exercises.

WRC, EPA, DAs

- General, basin-wide issue, i.epoes
sibility of WRC to initiate action on.
- DAs responsibility to carry out the
activities accordingly at district level.

Intensify public awareness raising activities ostbe
waste disposal practices in local communities.

- to raise awareness on why and how to
avoid pollution from waste disposal local

yDAs

Densu Basin Board

DAs responsibility to carry out the
activities in respective districts.
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. Involved .
Actions/measures Purpose parties Responsible partner(s)
Prepare technical discussion paper on the econanits - eventually, the future piped water suppy\WRC, EPA, General, basin-wide issue, i.e.
technical viability of introducing water-borne sewage | areas will also to a large extent have to heGWCL, DAs responsibility of WRC to address and

and treatment facilities in urban settings of thsib.

serviced by piped sewer/treatment
systems.

initiate action on.

Institute mechanisms to control in-stream actigisech
as washing of vehicles, bathing/washing with se#p,

- to prevent water pollution from activities
directly in the open water bodies.

5 Densu Basin Board
DAs, NGOs.

DAs responsibility to oversee that
control mechanisms are introduced.

Issue/problem: Water-borne diseases and sanitation

Intensify public awareness raising activities conggg
water-related contracted diseases and good hygienic
practices in local communities.

- to raise awareness and hence reduce
incidences of diseases among the

population fetching water directly from th
river.

Densu Basin Board
DAs, MDAs and
eNGOs.

DAs responsibility to carry out the
activities in respective districts.

Introduce local monitoring of hygienic parameters.
through schools.

- to raise awareness and introduce local
control of water quality standards.

Densu Basin Board
DAs, GES, NGOs.

DAs responsibility to carry out the
activities in respective districts.

Issue/problem: Forests and protected areas

Review previous tree planting programs, and plan fo
and initiate tree planting programs and forestqurion
activities.

- to learn lessons from successes and
failures, and factors contributing to them
- to arrest deforestation trend and increa
the areas with protective land cover.

Densu Basin Board
Forestry Commis-
ssion, DAs, NGOs

DAs responsibility to carry out the
activities in respective districts.

Identify areas in the basin vulnerable to bushsfaad
prepare guidelines for protection.

- to protect land area against erosion an
thereby reduce siltation of the water cou
with improved water quality as a result.

I Densu Basin board
sBAs, NGOs

DAs responsibility to carry out the
activities in respective districts.

Issue/problem: Farming and farming methods

Plan for and initiate a campaign to promote prattic
guidelines on best available agricultural practices
small-scale farming or introduce modifications to
existing methods.

- to raise awareness of the adverse effe
from inappropriate farming methods

cBensu Basin Board
DAs, MDAs and
NGOs

DAs responsibility to carry out the
activities in respective districts.

Carry-out a basin-wide survey concerning use of
fertilizers and pesticides in the agriculture secand on
that basis introduce regulatory activities for cohbf
identified inappropriate farming methods.

- to provide procedures for supervision
and introduction of protection measures
be applied by districts.

f WRC, EPA,
tMOFA, DAs

- General, basin-wide issue, i.e.
responsibility of WRC to initiate actiof
on.

- Densu Basin Board and DAs
responsibility to carry out activities.
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Actions/measures

Purpose

Involved

parties

Responsible partner(s)

Issue/problem: Protection of river banks

Based on the buffer zone policy under preparation,
prepare LI on establishment and maintenance oébuff
zones, and prescribe control activities for protecof
river banks.

- to protect the river system against effe(ijt@ensu Basin Board

of soil erosion (siltation) and uncontrolle
pollution, and to increase the retention o
water in the river system.

DAs and NGOs
f

- General, basin-wide issue, i.e. resppn-
sibility of WRC to initiate action on.

- Densu Basin Board and DAs
responsibility to carry out the activitie
accordingly.

o7

Intensify public awareness raising activities conggy
protection of river banks in local communities.

- to raise awareness of the need of river
banks protection.

Densu Basin Board
DAs and MDAs

DAs responsibility to carry out the
activities in respective districts.

Issue/problem: Flooding

Prepare monograph for Densu Basin, including mappin to make available an up-to-date WRC, HSD,IDA, General, basin-wide issue, i.e.
of the actual flooding situation with demarcatidrflood | background document on which to make GWCL responsibility of WRC to address and
prone areas, potential for dredging, etc. further decisions among key players abgut initiate action on.
“who does what - and when”.
Formalise procedures with HSD, IDA and GWCL on | -to establish a system to facilitate WRC, HSD,IDA, General, basin-wide issue, i.e.
how to incorporate flood control warnings/measw®s | implementation of measures. GWCL responsibility of WRC to address and

part of the water management initiatives in thdrbas

initiate action on.

Issue/problem: Water weeds infestation

Carry-out a survey along the entire Densu riverseto
delineate the scope of the water weeds problem and
prepare guidelines for remedial activities.

- to provide up-to-date facts about the
extent and nature of the water weeds
problem and how to move forward with
curative measures.

WRC, Densu Basin
Board, Das and
MDAs

- General, basin-wide issue, i.e.
responsibility of WRC/Densu Basin
Board to initiate action on.

- DAs responsibility to carry out
activities in respective districts.

Issue/problem: Small-scale mining

Enter into a campaign/dialogue for prevention lefgal
or inappropriate water use and pollution arisirapfr
small-scale mining activities.

- to raise awareness and to reduce effec
from small scale mining activities in
affected areas.

t<Densu Basin Board
DAs, Minerals
Commission.

DAs responsibility to carry out the
activities in respective districts.

Prescribe guidelines and control activities for bipeale
mining

To provide procedures for monitoring
small-scale mining activities to be applie
by districts.

Densu Basin Board
dDAs, Minerals
Commission.

DAs responsibility to carry out the
activities in respective districts.
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Actions/measures

Purpose

Involved
parties

Responsible partner(s)

Issue/problem:Women'’s participation in water management

Ensure women'’s participation at the various lewéls
water management.

- to enforce a policy of women'’s involve-
ment in all aspects of water managemen
This issue is cross-cutting and must be
incorporated in most of the various

problem areas and the associated action

Densu Basin Board
t.DAs and MDAs.

Z

DAs responsibility to carry out the
activities in respective districts.

Issue/problem: Livelihood, land tenure and land use planning

Identify conflict areas concerning traditionally oed
land and publicly owned land in relation to Land
Planning and Soil Conservation Ordinance 1953 (Caf
32) and the new Lands Commission Bill as it relébes
IWRM.

- to facilitate long-term policy making on
land use planning as a mechanism for

) protection and preservation of water
resources and ecological fragile areas.

WRC, Lands
Commission, Town
and Country
Planning Depart-
ment, other MDAs

General, basin-wide issue, i.e.
responsibility of WRC to address and
initiate action on.

Issue/problem: Fishing and fishing methods

Prepare guidelines and carry out a campaign for
prevention of illegal fishing and inappropriatehfisg
methods.

- to raise awareness of fishing and fishin
methods in local communities.

gDensu Basin Board
DAs, MOFA

DAs responsibility to carry out the
activities in respective districts.

Prescribe control activities for fishing and fisgin
methods.

- to provide procedures to monitor fishing
methods.

) Densu Basin Board

DAs, MOFA

DAs responsibility to carry out the
activities in respective districts.
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5.3 Prioritisation of actions

5.3.1 Actions included in first phase implementatio

At a third broad-based workshop, the SEA procedubsch have been guiding all
through the IWRM planning process, also providednethodology (“tool”) for
stakeholders to assess the importance and relewdribe various actions in Table
5.1 above. The application of this tool resultechiranking of the proposed actions
according to their relative performance and effébis in turn provided the means to
prioritise the actions and subsequently be ablddntify a sequence for the various
activities to be initiated and carried out.

Out of the total 32 actions listed in Table 5.1slort-list” was drawn up containing
the 10 actions/measures perceived by the workslaojicipants/stakeholders to be
the most relevant and important to embark on iihytidhese 10 highest ranked ac-
tions are listed in Table 5.2 below. The table gisavides information and some ex-
planatory remarks to be taken into consideratiorrwthe planning is further de-
tailed towards implementation of the actions.

Table 5.2 Prioritised list of proposed actions/meases

adoption of traditional
knowledge and cultural
practices..

Ran- . Explanatory remarks related to
. Action . . -
king implementation of actions
Intensify public awareness The goal is to facilitate public educational adtes
raising activities on prudent and promote behavioural changes towards creating|a
use of water and its “water-wise” society.
1 conservation, including Activities will incorporate specially targeted ciaula

development for schools, use of the public media,
NGO spearheaded campaigns, public meetings and
facilitation by traditional authorities.

Work towards ensuring that
the WRC Inspectorate is
properly staffed and

Although the unit exists, the Inspectorate needseto
properly fitted to oversee compliance by water raust
tors of their granted licences.

minimise the risk of ground-
water and surface water
pollution from waste
disposal sites.

2 operationalised to carry out WRC needs to employ additional staff for this pued
the tasks and services as and to introduce guidelines for the work and field
required in WRC Act 522. monitoring activities by the Inspectorate.

Waste management plans (strategy) should be
developed and implemented specifically covering th
Prepare guidelines for densely populated sections of the basin.
location of waste dump sites ¢ DAs to acquire landfill sites for disposal of solidiste
and prescribe remedial in “safe” distance from river banks, and adopt made
3 activities on how to methods to dispose liquid waste, e.g. composting.

]

Provision should be made to introduce adequatseeju
receptacles at vantage points, and regular callect
waste to the final disposal sites should be nosadli
Eventually, waste treatment facilities should be
constructed along side the introduction or expaneio
piped water supply scheme.
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Based on the buffer zone
policy under preparation,
prepare LI on establishmen
and maintenance of buffer
zones, and prescribe contrq
activities for protection of
river banks.

WRC to facilitate that the LI preparation proceagg
momentum ending with an LI enactment.

Existing buffer zone bye-laws, sector specific piel
and guidelines, and other regulations for protectib
river banks must be harmonised for effective imple-
mentation.

Building laws/regulations need to be enforced, and
public education to sensitise people on buffer sone
and their demarcation should be intensified. The
educational activities must in particular targetir
tional rulers.

Use results from the water
demand and water availa-
bility scenario analyses to
prepare strategy on how to
meet the future water
requirements of the Densu
basin

The scenario analyses carried out at this staga use
planning period ending year 2020. The calculations
provide “water balance” results in which future emat
requirements are balanced against water avaikabilit
taking into account impacts of possible climatende
inclusion of environmental flow requirements and
stronger emphasis on groundwater utilisation. Watef
source alterations/augmentations are also analyged
the inclusion of an inter-basin water transfer scaer
alternatively construction of a new dam upstreaitinéen
Densu basin.

Based on the scenario analysis, a strategy sheuld b
mapped out by WRC aimed at outlining the futurdppt
to be taken concerning water source utilisation and
development in the basin. The strategy paper shmail
discussed with and fine-tuned in a dialogue with
GWCL, and larger irrigation and industrial entesps.

L

Operationalise and bring
into practice the Memoran-
dum of Understanding
(between WRC and EPA) o
the issuance of waste
discharge permits.

The purpose is to use the permitting system agdieie
as a mechanism to reduce pollution of the Densarri
caused by uncontrolled dumping of liquid and solid
waste into the river system.

A Joint Technical Appraisal Team shall be set up by
EPA and WRC, and the modalities, application form
etc shall be made ready for receiving waste digehar,
applications and subsequent granting of waste dis-
charge permits.

7]

Review previous tree
planting programmes, and
plan for and initiate tree
planting programs and foreg
protection activities.

—

Over the years many tree planting activities haaenb
carried out in Ghana, the latest larger scale @rogne
is the “Greening Ghana Initiative”. It is important
learn lessons from successes and failures, anor$act
contributing to them, and how to uphold forest post
tion laws/regulations.

A basin-wide plan with demarcation of areas in most
need of afforestation programmes should be prepared
and eligible NGOs should be approached to spearhpad
implementation of such activities.

The plan should also identify areas in the basin
vulnerable to bush fires, and guidelines for pridec
should be prepared.

Vet existing legislation in
relation to practicing of

IWRM, including:

The purpose is to facilitate long-term policy makin
and harmonisation of regulations on land use plann
as a mechanism for protection and preservatioheof t
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(i) identification of conflict Densu river system.
areas concerning tradi- | « Provision should also be thought about creating
tionally owned land and alternative livelihood support systems for peo-

publicly owned land in ple/communities living close to the river system.
relation to Land Plan- | « DAs should more vigorously follow-up on implemen}-
ning and Soil Conserva- ing physical plans for towns and communities, and
tion Ordinance 1953 enforce bye-laws on granting of building licences e
(Cap 32) and the new |« The intention is to facilitate policy making on
Lands Commission Bill; harmonised district and IWRM planning, and to ider]-
(i) reviewing NDPC Act tify legislative amendments in form of district bigavs
479 (1994), Local to regulate water use and introduce effective eefor
Government Act 462 ment procedures_

(1993), PURC Regula-
tion LI 1659 (1999) and
other LI's to identify

gaps or discrepancies.

4

e A basin-wide survey should be conducted to providg
overview of the use of fertilizers and pesticidestie

Plan for and initiate cam- agriculture sector.

paigns to promote practical| « The intention is to raise awareness of the adverse

guidelines on best available effects from inappropriate farming methods, and to

9 agricultural practices for educate/train farmers on the use of environmentally,
small-scale farming or friendly agro-chemicals.
introduce modificationsto | « Dugouts or other water retaining structures shbeld
existing methods. constructed for the exclusive use of domestic alsimdg

(cattle) to prevent pollution from stray animalstiod
open water bodies.

« A monograph should be prepared for the Densu baj
including mapping of the actual flooding situatioith
demarcation of flood prone areas, potential foddre
ing, etc.

« On that basis the involved parties should establish
collaborative procedures to facilitate implemetatof
measures to alleviate the risk and minimize damaggs
due to floods.

n,

Formalise procedures with
HSD, IDA and GWCL on
10 | how to incorporate flood
control warnings/measures
in IWRM planning.

The above prioritised list of actions and measatémmpts to address a broad spec-
trum of the water management issues identifiedtierDensu Basin, such as water
availability and water quality/pollution as well #g “enabling” environment in re-
viewing and improving on the institutional and kgtive framework aimed at put-
ting IWRM high on the agenda at the various plagnamd administrative levels
within the basin.

It should be emphasised that the remaining 22 metoutlined in Table 5.1 of Sub-
chapter 5.2 above are all an integral part of W&M Plan’s action programme and
as such should be considered for implementatiomvapportunities concerning ad-
ditional capacity and availability of resources, ffinancially and institutionally, are
becoming evident. During annual reviews and updatéabe IWRM Plan these as-
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pects must be assessed with the aim of “upgradmy’presently non-prioritised ac-
tions to be incorporated in subsequent implementgihases.

5.3.2 Sustainability test of IWRM plan

At a last workshop during this planning phase,dbgon programme was subjected
to a test (using a pre-designed SEA tool) aimembagssing the overall sustainability
of the IWRM plan by the concerned decision-makers @ther stakeholders. Appli-
cation of the tool provided a visual and quanti&atmeasure as to which extent the
proposed actions are capable of supporting an @amwientally sustainable develop-
ment. For this purpose, a number of pre-definedaswebility criteria (aims) were
considered, and the outcome of the test (score®aled whether the action pro-
gramme when implemented “supports the individudaeca (aims)”, “has a neutral
effect” or “works against the stated criteria (a)ins

As previously explained, the term “environmentai’this context includes both (i)
natural resources conservation, (ii) social-culteoanditions, (iii) economic aspects,
and (iv) the regulatory, administrative and ingidoal setting in which the IWRM

plan is to be implemented.

The outcome of the test showed a uniform and cobhg@mup of answers among the
participants with scores indicating that the acfioagramme in general is perceived
to support the various sustainability criteria withly a few cases where the scores
pointed to the category of “has only neutral effeBased on the results of the sus-
tainability test, the relevant actions in Table arid 5.2 above were revisited and
amended to respond to these findings accordingly.

5.4 Towards implementation of the action programme

5.4.1 Way forward
Economic and financial aspects

Implementation of the actions listed above needslig. Some of the activities can
be initiated directly through current (rolling) kgt allocations at DA level, through
allocation from the WRC grant-based donor supportl through proceeds from the
water abstraction licence fees lodged in the WREsources Management Account.
The further detailing of the action programme \glve to incorporate ways and mo-
dalities of the financing.

Furthermore, where relevant, the actions shalliadyaed for their economic impli-
cations and/or value. The contribution from an ecoic analysis can well be incor-
poration of additional considerations, which weog directly included during prepa-
ration of the present plan, and hence, could #hiepriority (desirability) of the ac-
tions in the action programme.

Implementation of major water infrastructure prégesuch as a dams, inter-basin
water transfer scheme, new or expanded water siggblgmes, waste disposal and
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treatment facilities etc. will be decided on andafices negotiated at other levels
based on financial viability analyses, and henoe bayond the scope of the IWRM

plan at this stage. Implementation of such acésitare expected to serve the inter-
ests of the population of the basin, but the camion, planning and assignment of
tasks, including the involvement of WRC, is expdcte take place in accordance
with time schedules required for investment in majfrastructure projects and to be

coordinated with the financing capabilities of domgencies, the government and
external investors.

However, except for investments in larger infrastuce projects (ref. Action 5) most
of the actions are concerned with institutionalazagy building, adjustment of legis-
lation, and clarification of institutional and depaental responsibilities, which can
be initiated within relatively short time and witlitamajor investment requirements.

Role of WRC, Densu Basin Board and other partners

It is important for proper implementation of the RM plan that the Densu Basin
Board is mobilised with a clear mandate from WRG@ddress common problems to
be solved through interactive collaboration betwten Board and the District As-
semblies. The mandate of the Board shall in additeo coordination activities in-
clude obligations to initiate campaigns and to gbaote towards elaboration of best
practice papers and guidelines on water demanceandonmental management as
required during implementation of the action plan

Another precondition for successful implementataomd enforcement of the plan is
that a platform for inter-institutional governmentaoperation is established to solve
a number of specific tasks outlined in the IWRMmI&uch tasks should not only be
addressed as part of the agenda for regular msetintpe WRC or the Densu Basin
Board, but within the framework of sub-committe8sich sub-committees should
have clear mandates, including specification ofglefessional profile of the mem-

bers and a time schedule for making recommendatmmiecision-makers in WRC

and the Densu Basin Board.

Preparing “project/action summary sheets”

An immediate first activity required to spearhehd tvay forward towards initiating
some of the actions in the IWRM plan is for WRCclonse collaboration with the
Densu Basin Board and other involved partners épgme concise descriptions of the
portfolio of the prioritised actions (Table 5.2)hi$ should be done in a structured,
easily understandable way using a pre-scribed atdniorm (“project/action sum-
mary sheet”) providing information about the actamfollows:

— main objective;

— components/main activities;

— expected outputs;

— milestones and benchmarks;

— modalities for implementation and involved/colladtomg partners;
— time duration;

— inputs and estimated costs; and

— mode of financing/funding.
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5.4.2 Monitoring and regular reviews of the plan

As part of the further detailing and preparation dommencing implementation of

the prioritised actions, the milestones and bencksnmentioned above should be
detailed and expanded to provide information almogress indicators and sub-
outputs to be achieved. It is against this backgiahat progress towards commenc-
ing and carrying out the actions’ activities camenitored.

It is proposed that the Densu Basin Board at igsilegly convened quarterly meet-
ings as a fixed agenda item will be given a “pregreeporting” and discusses the ef-
forts made in carrying the IWRM plan forward towsaction implementation. Ad-
ditionally, once a year the IWRM plan — or rathisraction programme — should be
reviewed, and as found necessary be updated. ttigadterms it would entail a re-
vision of and/or amendment to the project/actiomsary sheets.

The present document constitutes the first versiothe Densu Basin IWRM Plan.
Inasmuch as IWRM is a cyclic and long-term proc#ss,document can be seen as a
milestone in this process, in which the statush&f water resources situation is
documented — a process that should be subjectntnoation and updates as the
need arises in the future.
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