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1 GENERAL PRINCIPLES

1.1 Introduction

Design of Small Towns water supply schemes shall be in accordance with the following CWSA Design Criteria and Guidelines. Hydraulic designs shall be carried out by means of design software that is acceptable to the CWSA, and may allow hourly simulation of flows, pressures, etc. Engineering design reports, including drawings, supporting calculations, computer printouts, etc., shall be made available to the CWSA. Engineering designs shall be simple with minimal automation. 

1.2 Water Supply Technologies

The main water supply technologies to be adopted shall include:

a. Groundwater based piped systems;

b. Spring or highland water supply systems (Gravity systems);

c. Surface water/Slow sand filtration piped systems; 

d. Package Treatment Plants;

e. Small conventional treatment plants;

f. Other technologies to be adopted, where necessary.

1.3 Water Source Selection

Selection of water sources shall ensure minimum development costs, and shall be in accordance with the following order of preference:

a. Groundwater abstraction; 

b. Springs; 

c. Relatively unpolluted surface water sources;

d. Polluted surface water sources.

1.4 Energy Source Selection

Selection of energy sources shall be in accordance with the following order of preference:

a. Grid Electricity;

b. Solar Energy;

c. Diesel Generator.

2 DESIGN GUIDELINES

2.1 Participatory Design 

The design of water supply systems shall be done in close collaboration with the beneficiary communities. Meetings shall be held with the communities and relevant stakeholders.  Stakeholders may include the following, among others:

· WSDBs

· WATSANs

· Traditional Authorities

· General Community

· District Assemblies

· District Chief Executive

· Co-ordinating Director

· Planning Officer

· DWST Officials

· Opinion Leaders

· Assembly Members

· Leaders of Religious Bodies

· Leaders of Youth Groups and Co-operatives

· Heads of Major Institutions

· Major Commercial and Industrial Concerns

· Schools, Health Institutions etc.

2.2 General Design Procedure

The design of a typical water supply system shall consist of:

a. Source selection;

b. Design of treatment units and other ancillary structures;

c. Hydraulic and engineering design of storage reservoirs/tanks transmission and distribution networks;

d. Selection of electromechanical equipment.

2.3 Boreholes 

Hydrogeological and/or geophysical investigations shall be carried out to locate water-bearing aquifers and confirm siting of boreholes. The minimum yield of a borehole to enable mechanisation shall be 85 l/min. However, depending on a comprehensive assessment of existing hydro geological conditions, and an adequate technical evaluation of the yield of available boreholes, boreholes with lower yields may be mechanised, particularly for Category I towns.

Existing boreholes shall be developed and pump tested to obtain yield before possible mechanisation. Existing boreholes/wells fitted with Hand Pumps and with adequate yield shall be integrated into the design of new water supply systems. 

2.4 Topographic Surveys

Topographic Surveys shall be carried out to enable hydraulic design of the networks. All topographic surveys shall be done in accordance with standards and guidelines prescribed by the Ghana Institution of Surveyors.

2.5 Basic Design Criteria

The following criteria shall be used in the design process.

	( Storage Reservoir Volume
	35 - 40 % of Average Daily Demand

	( Peak Daily Factor (Transmission Mains)
	1.2

	( Peak Hourly Factor (Distribution Mains)
	2.5 minimum

	(Design software simulating hourly flows may be used for hourly factors.)

	( Residual Pressures (Distribution System)
	10m head minimum

60m head maximum

3 m head at outlets at peak hour flow

20m head max at outlets

	( Basic Design Period

	10 years

	( Pumping Time

	16 hours maximum

	( Pipe Sizes


	75mm - minimum for transmission mains

	
	50mm - minimum for distribution mains.

	
	19mm - minimum for house connection.

	
	uPVC/HDPE pipes to be provided for distribution   mains.

	
	uPVC/HDPE pipes to be provided as minimum diameter pipes leading to standpipes.

	· Galvanised Steel/Ductile Iron to be provided for exposed piping.

	· 600 people per standpipe with two outlets.

	· Maximum Walking Distance to a Standpipe shall be 500m.

	· Isolating valves shall be placed at all major branches and on mains at minimum distance of 500m.


2.6 Design Periods

The general design period for construction of Small Towns Water Supply Systems shall be 10 years from the expected time of commissioning. Individual components of the system may have varying design periods determined from the expected time of commissioning as follows:

	· Reservoirs/Tanks
	

	· Volume  (sizing)
	- 10 years

	· Transmission Mains 
	- 10 years

	· Distribution
	

	· Mains 
	- 15 years

	· Branches 
	- 10 years

	· Public Standpipes 
	- 10 years

	· Pumps 
	- 10 years

	· Transformers 
	- 15 years

	· Source
	- 15 years


2.7 Population and Water Demand

The following criteria shall be used to determine design population and water demand.

	( Population Growth Rate
	Per Regional Average (2.5 - 3.5%)

	( Per Capita Water Consumption

	

	
- Standpipes SP
	20 lcd

	
- House Connections HC
	60 lcd

	· Industrial and Commercial Demand
	10 - 20 % of the Domestic Demand

	(To be determined based on actual socio-economic surveys) 

	( Physical losses

	8 - 10 %

	(Losses of 10 - 15% shall be applied where existing pipelines are to be rehabilitated. Adequate engineering studies need to be carried out to enable rehabilitation to be effected.)

	· The share of population having access to standpipes to house connections shall be determined based on socio economic and willingness to pay studies, and in accordance with the following:



	Category
	Category I
	Category II
	Category III
	Category IV

	Population
	2,000 – 5,000
	5,001 – 15,000
	15,001 – 30,000
	30,001 – 50,000

	% SP

% HC
	80 – 90

10 – 20
	75 – 85

15 – 25
	70 – 80

20 – 30
	60 – 75

25 – 40


2.8 Socio-Economic Factors for Design

Each design should be based on socio-economic data obtained through surveys and desk studies. The relevant socio-economic data shall include, among others:

· Pattern and growth of the community;

· Relative role of community in district/regional economy;

· Main occupation of inhabitants;

· Existing infrastructure (hospitals, markets, schools, etc.);

· Existing industrial/commercial activities;

· Previous provision of WSS facilities.

3 SUPPLEMENTARY GUIDELINES

3.1 Electromechanical 

Surge vessels shall be provided where necessary for protection against excessive back pressure including water hammer.

Pump houses shall be provided to house all electro-mechanical and related appliances excluding the borehole head. All Generator Sets shall be housed separately.

Suppliers of all electromechanical equipment shall provide three (3) copies each of relevant operational manuals (in English) to enable adequate operation and maintenance of such equipment.

3.2  Point Source(s)

Piped schemes shall be combined with point source(s) for optimal coverage, where necessary. In such instance, the point source(s) shall have adequate yield and shall contribute to the overall coverage of the water supply system.

3.3 Losses

Losses shall be estimated based on the size and complexity of the water supply system. For all population categories, losses of 10 - 15 % shall be applied where systems are to be rehabilitated. Detailed engineering studies including cost benefit analyses shall be carried out to establish the feasibility and economic viability of rehabilitation of existing pipelines. 

3.4 Fire Hydrants

Fire hydrants shall be provided in all district capitals and in other towns with population of over 15,000. For towns with population below 15,000, provision shall be made for a fire fighting draw-off point.

Industries or premises presenting high fire hazards and requiring flows in excess, shall construct storage reservoirs on their premises and provide necessary fire fighting facilities in accordance with their needs.

3.5 Water Sources

Water sources shall be protected by prohibiting human activities within 100 meters radius of the source in case of surface water, and 50 meters in case of ground water.

The quantity and quality of surface water sources including springs shall be monitored regularly for at least one year and the results analysed. Available hydrological data (historical data for 10 years) including community information on quality and quantity of the sources, shall be collected and analysed to ensure adequate design.

Contaminated ground water sources shall be monitored regularly for at least one year and the results analysed to enable provision of adequate treatment systems.

3.6 Water Quality

Water Quality shall meet the relevant Ghana Standards Board (GSB) criteria for drinking water. Safety chlorination shall be provided for all water supply systems.

As much as possible, no treatment systems shall be required for ground water. Where necessary, simple Iron (Fe), Manganese (Mn), Fluoride (F) and Odour removal systems may be provided. Such systems shall have minimal operation and maintenance requirements.

3.7 Surface Water Treatment

Simple, robust and easy to operate treatment units shall be provided to treat water from surface source(s). These units shall include Roughing (pre-treatment) and/or Slow Sand Filtration Systems to improve the physico-chemical and biological quality of the water. Package Treatment Plants or Small Conventional Treatment Plants may be adopted in cases of high turbidity.

3.7.1 Roughing Filters

Roughing filters for pre-treatment shall be up flow or horizontal flow depending on the turbidity. The following shall be adopted for selection of the filter media:

Upflow Roughing Filters

	Turbidity : Up to 150 NTU
	Filtration Rate : 0.3 – 1 m3/m2.h

	Filter Material Characteristics
	Size of Filter Material (mm)

	
	1st fraction
	2nd fraction
	3rd fraction

	Coarse RF (<20 NTU)
	18 - 24
	12 – 18
	8 - 12

	Medium RF (20-50 NTU)
	12 - 18
	8 – 12
	4 - 8

	Fine RF (50-150 NTU)
	8 - 12
	4 – 8
	2 - 4

	Depth (mm)
	750 -1250
	400 - 700
	300 – 600


Horizontal Roughing Filters

	Turbidity : Above 150 NTU
	Filtration Rate : 0.3 – 1.5 m3/m2.h

	Filter Material Characteristics
	Size of Filter Material (mm)

	
	1st fraction
	2nd fraction
	3rd fraction

	Medium RF (150-250 NTU)
	12 - 18
	8 – 12
	4 - 8

	Fine RF (250-1000 NTU)
	8 - 12
	4 – 8
	2 - 4

	Length (m)
	2.5 – 3.5
	1.5 – 2.5
	0.75 – 1.25


3.7.2 Slow Sand Filters

Slow sand filters may be preceded by roughing filters. The filter media shall be selected based on the following: 

	Gravel fraction
	Diameter   

(mm)
	Depth

(mm) 

	1st
	5 - 8
	100 - 150

	2nd
	1.5 - 2
	75 - 125

	3rd
	0.4 – 0.6 
	40 - 75

	
	
	

	Filter sand
	0.15 – 0.35
	750 - 1500

	Supernatant
	
	750 - 1200

	Freeboard
	
	200 - 300

	
	
	

	Filtration Rate
	0.1 – 0.2 m3/m2.h
	


3.7.3 Pressurised Filters

Pressurised filters may be used, where necessary. The manpower requirement and duration for washing are relatively limited. These shall consist of two layers of crushed silica in pressurised containers with semi automatic cleaning system. The use of such filters shall be in accordance with the manufacturers specifications. The filter media shall be selected in accordance with the following criteria:

	Layer
	Thickness
	Grain size (mm)
	Head loss (bar)
	Uniformity Co-efficient

	Inferior
	25%
	1.2 – 2.4
	0.2 - 0.4
	1.5

	Superior
	75%
	0.4 – 0.8
	0.2 – 0.4
	1.5


3.7.4 Packaged Treatment Plants

Packaged treatment plants shall be installed and operated in accordance with the manufacturers specification. Stock of chemicals for treatment shall cover a minimum period of two weeks.

3.8 Sterilisation of Tanks and Pipelines

All storage tanks and distribution pipelines shall be sterilised before commissioning. The following procedure shall be complied with to ensure adequate sterilisation:

3.8.1 Tanks

After testing for leakages, the tank is filled with potable water containing free chlorine (at least 50mg/l concentration) and left to stand for at least 24 hours, after which samples are taken to measure the residual chlorine. The measured concentration of the residual chlorine should not be less than 10mg/l.

3.8.2 Pipelines

After pressure testing, water shall be made to run out of the pipes until clear. The pipes shall then be refilled with potable water containing free chlorine (at least 50mg/l concentration) and left to stand for at least 24 hours. All outlets shall be opened at least once in this period. The residual chlorine at the point farthest from the point of injection shall be measured. If the measured concentration of the residual chlorine is less than 10mg/l the process shall be repeated till it is achieved.

3.9 Chlorination

During normal operation of the water supply system, water in the distribution network shall be chlorinated (disinfected) to maintain a measured concentration of residual chlorine of not less than 0.2mg/l after 10 minutes of injection.

4 EQUIPMENT AND MATERIALS SPECIFICATIONS

4.1 General

Generally, equipment and material specifications shall be in accordance with internationally accepted codes and standards, notably, the British or ISO codes and standards. Where necessary, codes and standards accepted by the Ghana Institution of Engineers shall be adopted. 

The strength of general construction materials such as cement, iron rods, etc. shall meet specified engineering standards.

4.2 Pumps 

Pumps from reputable manufacturers shall be used in all systems where pumps are required. All pumps shall be provided with the following protection:

· Protection against lightning strike;

· Protection against dry running;

· Protection against pump motor stalling;

· Protection against high pressures in transmission pipe;

· Protection against voltage fluctuations;

· Protection against phase failure;

· Protection against corrosion.

All electrical connections to pumps shall be to the specification of the Electricity Company of Ghana and/or the Volta River Authority.

4.3 Pipes

Pipes to be used in construction shall meet the following requirements. 

	Pipe Material
	Distribution
	Transmission

	
	Min. Pressure
	Min. Pressure

	uPVC
	9 bar
	15 bar

	HDPE
	9 bar
	15 bar

	Galvanised (exposed)
	10 bar
	16 bar

	Galvanised Steel/Ductile Iron (High pressure areas)
	To be specified to meet requirements.


Pipes used should be generally available on the local market.

Minimum depth of buried pipes shall be 1000mm

4.4 Concrete

Concrete used in civil works shall have the following strengths:

	Classification/Grade
	Minimum Strength (N/mm2)
	Maximum aggregate size (mm)
	Use

	
	28 days
	7 days
	
	

	I
	30
	20
	20
	Water tight reinforced structure

	II
	25
	17
	20
	Support tower, tank foundation, chamber covers, pipe line markers

	III
	20
	14
	40
	Standpipes, building foundations, chambers, thrust blocks etc.

	IV
	15
	10
	40
	Blinding


CWSA Engineers shall ensure that consultants provide adequate supervision of all civil works contracts. 

4.5 Valves

The following valves shall be provided, where necessary: 

· Air valves

· Washouts 

· Stop valves

· Pressure reducing valves

· Non-return valves

Other valves may be provided as specified in the design. All valves shall be robust, simple and easy to operate, and shall be provided with adequate anchorage.

Valves provided shall conform to the respective pipe diameters.

4.6 Meters 

Flow meters shall be provided on all water supply networks. At least one bulk flow meter shall be provided on the pump head. Water meters shall be provided for each draw-off point (i.e. standpipes or private/institutional connections).

Manometers shall be provided on pump heads and at other relevant locations, and shall have a face of 75 mm diameter minimum.

All meters shall be calibrated in S. I. or metric units.

4.7 Storage Tank

Storage tanks shall be provided with the following:

· Shut off valve.

· Aluminium access ladder in the tank.

· External ladder.

· Safety cage and valve/rest platform on external ladder for high level tanks.

· Protective handrails (at least 1.2m high) at the top of tanks.

· Water level gauge (calibration in meters).

· Internal waterproof coating.

· Lightning protection. 

· Rubber water bars at all joints (where there is a break in construction).

· Ventilation on tank covers (mosquito proof).

All concrete storage tanks shall be tested for water tightness by filling with water for a minimum of three days, during which period drop in water level shall not exceed 3mm/day.

4.8 Chambers

Chambers shall be provided to house appurtenances on networks. Chambers shall be covered and provided with a gravel base. Chambers shall be sized to provide adequate working space for maintenance. 

ANNEX A GSB WATER QUALITY CRITERIA
Basic Parameters

	Parameter
	Units
	GSB Standard

	Appearance (Odour & Taste)
	
	Must not be objectionable to most consumers

	Colour Hazen (True)
	TCU
	0 - 15.0

	Turbidity
	NTU
	0 - 5.0

	Total Suspended Solids
	mg/l
	0

	Total Dissolved Solids
	mg/l
	1000

	Conductivity
	mS/cm
	400

	PH
	
	6.5 - 8.5

	Total Hardness
	mg/l
	0 - 500

	Calcium (Ca)
	mg/l
	0 - 500

	Iron (Fe)
	mg/l
	0 - 0.3

	Manganese (Mn)
	mg/l
	0 - 0.1

	Chloride (CI)
	mg/l
	0 - 250

	Fluoride (F)
	mg/l
	0 - 1.5

	Nitrite (NO2)
	mg/l
	0 - 3.0

	Nitrate (NO3)
	mg/l
	0 - 10.0

	Ammonia (NH3)
	mg/l
	0 - 0.5

	Sulphate (SO4)
	mg/l
	0 - 250

	MPN (Total Coliform/1000ml)
	
	0 - 10.0                   (Untreated Supplies)

	MPN (Faecal Coliform/100ml)
	
	0


Supplementary Parameters

	Parameter
	Units
	GSB Standard

	Lead (Pb)
	mg/l
	0  - 0.1

	Aluminium (Al)
	mg/l
	0 - 0.2

	Sodium (Na)
	mg/l
	0 - 200

	Zinc (Zn)
	mg/l
	0 - 3

	Copper (Cu)
	mg/l
	0 - 1

	Viruses
	
	negligible


Surface Water - Biological (Parasitological) Quality

	Parameter
	Units
	GSB Standard

	Pathogenic Protozoa
	
	0  

	Helminths
	
	0 

	Free-living organisms
	
	0 

	
	
	


ANNEX B SAMPLE CONSUMPTION CALCULATION
EXAMPLE

Kojo-Krom requires a water supply system. A socio-economist/demographer has undertaken feasibility studies and provided the following information. What is the water demand of the community ten years from today?

Current Population:  10,000

Growth Rate: 2.5%

Industrial and Commercial Demand: 15% of Average Domestic Daily Demand

From the level of urbanisation in the town, 80% of the population are expected to use water from standpipes and 20% from house connections.

SOLUTION

Population =
10,000

Domestic Demand = 10,000 x [(60 x 0.2) + (20 x 0.8)] = 10,000 x 28 = 280,000 lpd

Demand 
= Domestic Demand x Commercial/Industrial Demand fraction



= 280,000 x 1.15



= 320,200 lpd

Total Daily Demand
= Demand x losses





= 320,200 x 1.1





= 350,420 lpd

Peak Daily Demand

= 350,420 x 1.2 (peak factor) = 420,504 lpd

Projected Peak Daily Demand = 420,504 x (1 + 0.025)10 .





  = 538,280 lpd





  = 538.3 m3/day










GOVERNMENT OF GHANA











MINISTRY OF WORKS AND HOUSING











COMMUNITY WATER AND SANITATION AGENCY











SMALL TOWNS 


SECTOR POLICY





(Design Guidelines)








May, 2004

















PAGE  

