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PREFACE

The review and updating of the “Design Manual foaté&/ Supply in Kenya, 1986” has involved
a cross-section of the key stakeholders includiagi@pation from DONORS, NGOs, MENR,

NWCPC, MOLG, LAs, UON, KBS, IEK, ERB and memberstlé private sector, in particular

the Consulting Engineers. There was a high levakelvative meeting for building consensus
bringing together a wide spectrum of stakeholdenstle sector, which culminated in the
adoption of the updated “Practice Manual for W&epply Services in Kenya, 2005".

We firmly believe that this Practice Manual for WatSupply Services in Kenya 2005 will
continue to provide useful guidelines in Waterwdikslities to meet the challenges in the water
sector reforms anticipated through Water Act 2GA8,amendment in the administration of the
development and management of water resourcesgeibemous technical input in water
facilities engineering works, the revolution ofheological and environmental development, the
socio-political changes, and the changes in thedigtandards. This is an essential handbook of
technical know-how for Water Supply facilities adrying scale and uses. It gives the basics in
practice in water supply facilities engineeringi@nya today.

Each water supply system is strongly linked to ec# local condition. The demand for water
differs substantially according to availabilityjrobte, and the structure of houses, life style and
living standards. Therefore, the demand and soofaeater supply is to be determined by the
natural and socio-economic conditions of each comityuwhich means planning and design
approaches applicable to one system are nevemathe en another different system. The mere
copying of a successful system in one area doesewdssary guarantee the same success in
another area. We must always bear in mind thainptgn design and subsequent implementation
of a water supply system will never be served byenmaitations. Nevertheless, the fundamental
concept and common techniques that form the bésiesowater supply practice manual are the
same.

The Development and Management of water facilgied the handling of their effluents are, so
to speak, both sides of the same coin. Therefardhe stage of planning, designing and
construction of water supplies, the actual develpmand management of sanitation facilities
must be fully conceptualized for their safe andcefht operation. The Planning, Design and
implementation of water facilities should go alomigh thorough investigation of the functional

and operational characteristics of the sanitati@eilifies, and aim to establish such
complementary facilities that will best meet thduat conditions of sustainable water and
sanitation systems.

The Director, Ministry of Water and Irrigation wish to convey gratitude to all persons and
institutions who have been involved in the reviewdating and publication of “Practice Manual
for Water Supply Services in Kenya, 2005” and imtipalar to Kenya — Belgium Study and
Consultancy Fund.

Eng. R.N. Gakubia, HSC,
Director of Water,
Ministry of Water and Irrigation.



LIST OF ABBREVIATIONS

The following abbreviations are frequently usedtiie Manual and in the Water Sector in
general.

AC Asbestos Cement

AV Air Valve

B/H Borehole

BPT Break Pressure tank

BS British Standard

Cl Cast Iron

CWP Communal Water Point

DI Ductile Iron

DR Design Report

FD Final Design

FDR Final Design Report

FS Feasibility Study

GS Galvanised Steel

IC Individual Connection

ISO International Organisation for Standardization
KBS Kenya Bureau of Standards
KB Kenya Standard

mhw Metre Head of Water

MoWI Ministry of Water and Irrigation
MUWS  Minor Urban Water Supply
NC Non-individual Connection
NPSH Net positive Suction Head

O &M  Operation and Maintenance

PD Preliminary Design

PDR Preliminary Design Report
RE Resident Engineer

RSF Rapid Sand Filter

RWS Rural Water Supply

S/H Self-Help

SI System International

SSF Slow Sand Filter

uPvC Unplasticized Polyvinyl Chloride
UWS Urban Water Supply
WO Washout.

Other abbreviations that may be encountered irMaeual and have become a common feature
in the water sector includes:

AM Aide Memoir

ASAL Arid and Semi-Arid Lands

BTC Belgium Technical Cooperation
CB Catchment Board

CBO Community Based Organization

iv



DCU
DRU
EIA
ENNIDA
GIS
GOK
GDP
GTZ
IMC
PRSP
KENGEN
KEWI
KMD
KWS
LAs
LBDA
MENR
MLS
MoA
MoH
MoLG
MoR&DW
NIB
NWCPC
NWMP
NWP
NGO
OoP
PSP
SHG
SIDA
SSIPs
TARDA
TNA
WAB
WAB
WB
WRM
WRMA
WSB
WSP
WSRB
WSRU
WSS
WSSB
WSSP
WSTF
UFW

Dam Construction Unit
Dam Rehabilitation Unit
Environmental Impact Assessment
Ewaso Nyiro North Development Authority
Geographical Information System
Government of Kenya
Gross Domestic Product
German Agency for Technical Co-operation
Inter-ministerial Committee
Poverty Reduction Strategy Pager
Kenya Electricity Generating Company
Kenya Water Institute
Kenya Metereological Department
Kenya Wildlife Services
Local Authorities
Lake Basin Development Authority
Ministry of Environmental and Natural Resowsce
Ministry of Lands and Settlement
Ministry of Agriculture
Ministry of Health
Ministry of Local Government
Ministry of Roads & Public Works
National Irrigation Board
National Water Conservation and Pipeline Gafion
National Water Master Plan
National Water Policy
Non-Governmental Organisation
Office of the President
Private Sector Participation
Self Help Groups
Swedish International Development Agency
Small Scale Independent Providers
Tana and Athi Rivers Development Authority
Training Needs Assessment
Water Apportionment Board
Water Appeals Board
World Bank
Water Resources Management
Water Resources Management Authority
Water Service Board
Water Service Providers
Water Services Regulatory Board
Water Sector Reform Unit
Water Supply and Sanitation
Water Supply and Sanitation Services Board
Water Supply and Sanitation Services Providers
Water Service Trust Fund
Un-accounted for water



LIST OF SYMBOLS

The following symbols are frequently used in thenMal and should be used in design reports

and drawings.

Symbols Unit (Example)

A m- Area

C n Capacity

C - Coefficient of roughness (Manning
formula)

C m/s Celerity

D m Diameter

E N/mnf Elasticity Modulus

e % Efficiency

H m Height

I % Inclination

I Kwh/m?-day Radiation

K mm Coefficience of roughness (Colebrook)

Q.q 1/s Flow

R, r m Radios

R mm Rainfall per year

T month Time

t mm Thickness

\% m/s Velocity

L Kwh/day Load demand

N Kw Power

P Kw Power

Vi
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1.1

1.2

INTRODUCTION
BACKGROUND

First set of guidelines for development studiesemgroduced within the water
development in 1971, of which certain parts wepsiporated in the reports from
WHO “Sectoral Study and national programming fomeoaunity and rural water

supply, sewerage and water pollution control” of739 The WHO Study

comprised guidelines that were used extensivelgldsign engineers during the
period 1973-76.

In 1976 the Water Department embarked on an armokitstheme to produce a
more comprehensive design manual that besides itathguidelines gave

information on pure administrative and organizaslomatters. Planners and
engineers in the Water Ministry used the work rectin the Design Manual

dated May 1978 extensively for the design of watgply projects.

In 1986, “Design Manual for Water Supply in Kenyi®86” was published. It
was partly based on the previously mentioned Designual, however numerous
addition and changes were incorporated to inclugpemence gained and
technological changes.

The review publication “Practice in Water Supplyngees in Kenya, 2005” is an
update of the “Design Manual for Water Supply innli& 1986” that

incorporates the latest technological changes dsasewvater sector reforms to
enhance harmony and standardization in planningjgde construction and
management of water supply services countrywide.

PURPOSE

The Practice Manual has been compiled with thediproviding guidelines and
criteria for all those involved in Water Sector.

The intent is to streamline the water supply atési and guarantee high
standards in water supply services.

By so doing it is believed that many past mistakas be avoided and that

resources can be used more effectively if the fraonke within which they are
deployed is clearly defined.
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1.3

131

1.3.2

WATER SUPPLY ADMINISTRATION

Legal Framework

The Water Act 2002 provides the legal — Instituibriramework for the
management and development of Kenya’'s water reesusnd the provision of
water services.

Institutional Framework

Under the Water Act 2002, an institutional set @veéhbeen created with clear
delineation of roles in the Water sector as follpws

Table 1.1: Institutional Set up for Water Supply Sevices.

REF

ACTOR

ROLES

1

Ministry of Water &
Irrigation

Water Conservation

Establish independent National Water
Boards /WSRB Regulatory Board

Policy formulation/Strategy development
Water quality/pollution control, standards
(National, local) regulator

Research and Training

Register professionals, contractors etc.
Sector coordination and financing.
Establishing relevant institutions and leg
framework.

WSRB
Regulatory
Board

Regulate WSRBs

Determine applications from WSRBs ang
WSS Providers (licenses)

Approve operational plans, tariffs, rates,
levies, charges

Monitor performance and quality

Setting and enforcing performance
standards and codes of practice
Promote fair competition among service
providers

Conduct studies related to economy and
efficiency of WSS (e.g. viability studies)
Classify/maintain register of WSS
Providers

Disseminate information to consumers
Advise WSSBs on handling consumer
information complaints

Develop sector guidelines and procedure
Report to parliament through minister

!

S
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responsible for water

Promote water conservation and deman
management

To perform such other functions as are
incidental to the above

WSB .

Holding/lease assets

Prepare business plans/operational plan
Borrow and invest/pay

Contract out

Hold WSSBs license

Tariff setting

Expand network

Hold abstraction license

Submit financial reports

Submit quarterly reports on performance
WSS Regulatory Board

4

WSPs .
(LAs, PSP, NGOs, «
SHGs, others etc.) |

Bid for schemes operations
Obtain WSO license

Operate schemes on a cost recovery basi

Comply with quality and service levels
Obtain providers license from the WSS
Regulatory Board

£
(%]

Ministry of Health .

Policy formulation on environmental
Sanitation/Public Health Act

Water Appeals Board «
(WAB)

Adjudicating disputes within the Water
Sector

WRMA .

Implementation of Policies and strategies
relating to management of water resourg
Development of catchments level
management strategies including
appointments of Catchments Area
Advisory Committees (CAAC) and their
facilitation

WSTF .

Assisting financing of provision of water
supplies in areas that are inadequately
provided for

U7

es
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1.3.3 Water Supply Service Boards

The Country has been subdivided into seven WateviceeBoards (WSB) as
shown in Table 1.2 below and also graphical illestns in Appendix A.1.

Table 1.2: Water Supply and Sanitation Service Boals.

Serial Name of WSB DIi\Is?r.ic(:)tfs Area Population

No. covered (Km?) (1999 census)
1 Nairobi 6 40,130 5,617,000
2 Central 13 52,777 5,032000
3 Coast 7 82,816 2,487,000
4 Rift valley 8 113,771 2,999,000
5 Northern 244,864 1,703,000
6 Lake Victoria North 11 16,977 5,135,000
7 Lake Victoria South 16 20,340 5,730,000

1.4 WATER SUPPLY PLANNING
1.4.1 Basic Planning

Basic planning for a water supply project invohagsorderly consideration of the
project from the original statement of purpose tigto the evaluation of
alternatives to the final decision on course ofiaactlt includes all the work
associated with the design of the water supply gixttee detailed engineering of
the components, forming the basis of whether tacged or to abandon the
project. Water planning in Kenya usually passesugh two phases: -

Phase | - Reconnaissance study that is interadeck¢en and eliminate
those projects or actions thatchearly infeasible without
extensive study, hence, identtfyieasible alternatives
requiring further study.

Phase Il - Evaluation of the feasibility of thedsible” activities for the
selection of desirable actions.

1.4.2 Basic Policy

The basic plan for a water supply project shoulddrened on the basis of the
following principles: -
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(i)

(if)
(i)
(iv)
(V)

(vi)
(Vi)

Capacity to satisfy demand to target year — HorioP0-25 years.
Provision of safe and sanitary water.

Wise, effective and efficient use of the water tese.

Safe and sound O & M of Water facilities with nagagve
environmental impacts.

The system must be in conformity with Water Act 200
Enhancement of quality of living standards.

Appropriate Technology relevant to beneficiaries.

1.4.3 Basic Objectives

1.4.4

1.5

151

A feasible water supply project shoeffictively serve its objectives without
negative environmental impacts. Such objectivesftgasible water supply
project include: -

(i)
(if)
(iif)
(iv)
(v)
(vi)
(vii)

Enhancement of national socio-economic development.
Enhancement of increase in national food production
Enhancement of quality of environment.

Enhancement of reduction in poverty.

Enhancement of increase in Industrialization.
Enhancement of quality of living standards.
Enhancement of quality and conservation of watsoueces.

Water Planning Coordination

The development and management of water resourcdseinya for specific
purposes is the responsibility of several agendiesprovide some coordination
between these agencies and establish common méthedo so that project
studies are comparable, the Government of Kenyaehasted the Water Act
2002. Through the Water Act 2002, administrativentess such as Water
Resources Management Authority (WRMA), Water Savi®kegulatory Board
(WSRB), Water Services Trust Fund (WSTF) and Watepeal Board (WAB)
have been established to ensure harmony and fdimadge between the National
planning effort and the water development and mamagt agencies.

SELECTION CRITERIA PRINCIPLES

General

The function of selection criteria for a water slypgervice is to decide when particular
areas should be provided with water services. Vdrg serious consequences that arise
from lack of water services in the urban areas madke existence of urban population
alone a sufficient criteria for providing water gl services. The selection for rural
water services is based to a large extent on régj@sRural water Schemes. It is not
obvious where the need is greatest and hence iteeafor lowest cost per head should
be the guiding principle for selection.
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1.6

1.7

1.7.1

Parameters for Selection

The urban population is normally captive of the evatupply services and has no
alternative water source in case of a failure. Aadequate urban water supply
service is a health hazard and could result inepids.

The quantity and quality of the socio-economic Wignehat arises or will be
impacted by the water supply services.

The likely failure, in the near future, for the wasupply scheme to meet water
demand for the current population.

INSTRUCTION TO USERS OF THE MANUAL

This manual should not replace the dojunigment of the user and does not
relieve the Water Development and Management Peetai his responsibility
to Develop and Manage an economical and effectatemsupply.

However any deviation from the general guidelinethe detailed criteria shall be
justified and brought to the attention of the Dicemf Water and Irrigation in the

Ministry of Water and Irrigation. As the manual daogreat extent is based on
experience from the design, construction and ojoeraff water supplies in Kenya
and also on policy decisions in the Ministry thstification for any deviation has

to be strong if it shall be accepted.

The manual contains guidelines for simple as weln@re complicated technical
solutions in order to give the Water Developmerd Management Personnel a
range of options that will cover the needs of mester supplies. However
simplicity and reliability should always take preface over sophistications.

No pumping, treatment or mechanical equipment shdd proposed without
convincing technical or economical justification.

By its very nature, the work on a manual shouldenéhe considered complete.
Any suggestions on additions and improvements wbaldhost appreciated.

CLASSIFICATIONS
Classification of Urban Service Centres

Ministry of Lands and Settlement has given theisergenters classified as urban
areas the following designations:

* Principle Towns

* Urban Centres

* Rural Centres

* Market Centres
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* Local Centres

The long-term guidelines for the location of infrasture facilities in the various
levels of centers and the names and current stétilre various centers are given
in Appendix A.

Note that Nairobi as the capital of Kenya has bgiean special status and is not
included in the list.

1.7.2 Urban Housing Classes

Housing is generally classified as high, mediumlaw class housing and is
defined for planning purposes as follows: -

High-class housing: generally low-density development plots of 0.2-0.
hectares. Houses furnished with internal pipes latdvater, electricity supply,
refrigerator, electric cooker, bathrooms, WC anigrimal arrangement for cloth
and dish washing.

Medium-class housing:generally low-density development plots of abod50-
0.1 hectares. Houses furnished with at leastnatepiped cold water, gas or
electric refrigerator and cooker, shower, WC ane@rimal arrangement for dish
washing, splash area outside for cloth washing.

Low-class housing: generally high-density development. Houses &lmed with
very simple piping for cold water or only extermedter points for cloth and dish-
washing (splash area). Includes site and serciterse housing.

1.7.3 Classification of the Land Potential

The following method, which takes into account atig rainfall, may be used for
a very rough classification.

High-potential area is normally considered to be an area with an anrauafall
more than 1000mm. However, local factors such exy eoncentrated annual
rainfall, adverse topography, soil conditions, spleattitudes, tourism, roads,
irrigation etc., should be taken into account.

Medium-potential area is normally considered to be an area with an annua
rainfall of between 500mm and 1000mm. Howeveraldactors may be adjusted
as above.

Low-potential area is normally considered to be an area with an anrauafall
of less than 500mm. However, local factors mayadjeisted as above. In low-
potential areas the schemes are invariably smdliclwserve trade centers,
institutions and some people around the center.
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A more accurate classification where also the typié, location and other factors
are being considered is shown in Appendix A.

1.7.4 Livestock Potential

The Livestock potential should be determined instia with the District
Agricultural Officer of the area. If the local orination is lacking the following
tables may be used as approximate guide.

Rainfall (mm) | Area per Livestock Unit (ha)
600-800 1.2
800-1000 1.0
1000-1200 0.8
1200-1700 0.6
Over 1700 0.4

One livestock unit is defined as high-grade stock cattle over 2 years

Conversion of other types of cattle for the purpo$ealculating the livestock
potential can be made using the following tables: -

Fraction of a Livestock Unit

Livestock High Grade Stock Local Stock
Cattle 2 years 1.00 0.67
Cattle 1-2 years 0.67 0.44
Cattle 2 years 0.33 0.22
Mature sheep/goats 0.20 0.13
Camel 1.00 0.67
Donkey 0.22 0.22

Note that this conversion table must not be usedh® estimation of the water

demand for different categories of cattle. Fosthurpose see chapter “Water
Demand”.
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2.1.2

2.2
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WATER DEMAND
DESIGN PERIOD
Projection Years

Water demand projections should normally, be madéhfe “initial” the “future”
and the “ultimate” year. The “initial” year is tlyear when the supply is expected
to be taken into operation that may be assumeck t0-b years from the date of
the commencement of the preliminary design. Theutke” is 10 years and the
“ultimate” year 20 years from the initial year. €nthe initial, future and ultimate
years have been determined for a project they dhoot normally be changed
during the design period.

Design Demand

A water supply should normally be designed for altanate demand. However
phasing of the implementation will often becomeiraricial necessity and the
possibilities of phasing should therefore be exashinsing the initial and future
demand projections.

Mechanical equipment is often designed for shqueeiods. Further see chapter
“pumps and power sources”.

RESIDENTIAL DEMAND
Population Projections

The present population should be estimated basethematest (1999) census.
However, sometimes the figures are unreliable dailsl be crosschecked with
information obtained form other sources e.g. Chiefs

The population in each sub-location in the ruradaarshould be projected
separately. Rural, market and local centers arallysincluded in the population
figures for respective sub-location. Populatiogufes for these centers will
therefore have to be obtained by counting of hoeses

The population in principal towns and urban centensuld be analysed for
different areas and income categories separateligh, medium and low class
housing areas should be forecast independently.

To forecast the future population is difficult atinrefore all possible information
should be collected and evaluated. The followiogrees of information should
be used in determining the likely future growtterat rural areas: -

* The growth, which has taken place in the areaerptist. Compare figures of
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the 1962, 1969, 1979, 1989 and 1999 census. Uidle noted that location
and sub-location boundaries often have been chamg@den two censuses.

* The growth, which has taken place in the Districaavhole.

* The National Master Water plan

» Regional physical development plans

* The District Development Plan

» Settlement Plan

» The forecast by Central Bureau of Statistics

* The market study if carried out

* Land carrying capacity if possible to determine

* Opinion of the district administration, especialthat of the District
Development Officer.

The forecast of the future growth rates of prireippwns and urban centers
should be based on same sources of informationbagseawhere applicable

together with information from the town councilsjriétry of Local Government

or other local administration. In particular tieavh plan should be considered.

The population figures for 1979, 1989 and 1999%aren in Appendix A.
Service Type

The distribution between individual connection 8séiC) and non-individual
connection users (NC) i.e. consumers using kiosksommunal water points or
share connections for the purpose of the demanpkgbian for new supplies
should be assumed to be as shown in the table below

However, local factors may warrant deviation frdra figures in the table, which
only shall be construed as indicative. When th&gieed supply is an extension
or completion of an existing supply, then the dsttion of IC and NC is
estimated after the monitoring of the existing atiton.
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Table 2.1: Service Type

IC % NC %

Initial | Future [Ultimate | Initial |Future | Ultimate
Urban Areas
High and Medium
Class Housing 100 100 100 0 0 0
Low class Housing 10 30 50 90 70 50
Rural Areas
High potential 20 40 80 80 60 20
Medium potential 10 20 40 90 80 60
Low potential 5 10 20 95 90 80

LIVESTOCK DEMAND

Population Projections

The present livestock population should be estichdiased on the livestock

census usually available from the District Liveestofficer.

The forecast of the livestock growth should besbasn:

* The historical data from livestock census

» Regional physical development plans

» District Development Plans

« National Master Water Plan

» The livestock carrying capacity (see chapter 1obhiction — Livestock

potential, 1.7.4)

* The market study if carried out.

In livestock projections, grade cattle, local etdmall stock and other livestock

should be estimated separately, poultry need nobalty to be considered.
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2.4

24.1

2.4.2

For the purpose of estimating the water demandlif@stock the following
conversion factors apply:

1 Grade cow equivalentto 1 Livestock Unit (LU)
3 Indigenous cow ’ 1 Livestock Unit (LU)
15 Sheep or goats y 1 Livestock Unit (LU)
5 Donkeys y 1 Livestock Unit (LU)
2 Camels . 1 Livestock Unit (LU)

Service Level

It should be assumed that consumers with indivicieainections water their
cattle from the piped water supply except wherealpéd alternative sources of
water are available on the farms.

Consumers without individual connections will bepegted to retain the
traditional sources for the watering of cattle etcevhere these sources are
seasonal or unreliable.

The livestock-watering situation shall be examirfed all rural supplies and
detailed proposals for any measures to be tak#énsnmespect shall be included as
an integral part of the water supply design. Sgmcial measures may comprise
special water holes, dams or water pans for théecat

INSTITUTIONAL DEMAND
Schools

The development in educational facilities should Heesed on the existing
situation, the plans of Ministry of Education artk tprojected growth of the
population. For rough calculations it may be assdithat 30% of the population
attend primary and/or secondary school.

Health Facilities

The development of health facilities should be Hasethe existing situation, the
plans of Ministry of Health and the anticipatedwtio of the population. In the
long term, one-health center and two to four dispees will be planned to serve
about 35-40,000 people. The number of hospitas loath be assumed to 0.8 beds
per 1000 people. Regional and District hospitatsutd be studied separately.
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2.5.2

2.6

2.6.1

2.6.2

2.6.3

COMMERCIAL AND INDUSTRIAL DEMAND
Small Shops, Workshops, Restaurants, Bars etc.

The development of small-scale enterprises shoeldoéised on the existing
situation. It should be anticipated that the faturcrease in commercial activity
would be directly related to the growth of popidati

Large Enterprises, Tourist Hotels, Military Camps, etc.

The development of large establishments should X@mmed in detail by
interviewing relevant bodies. Urban areas markethdustrial areas in the town
plan but for which the exact nature of the industryot known, may be allocated
an amount of water per area unit as shown in setWater consumption rates”.
However, a realistic time plan over the exploitatiof such areas must be
proposed.

OTHER DEMANDS

Irrigation

The water demand projections should not include proyision for irrigation
besides for very limited garden watering which ngluded in the per capita
consumption rates. Where this is a must, the itiogasection, part B of this
manual should be used.

Fire Fighting

* |n urban areas where fire authorities exist shdhmbddemands be examined in
collaboration with these.

* For urban and rural centers it is recommended tihatcapacity for fire
fighting should not be less than 10 1/s during Rrlo Further see chapter
“Transmission and distribution lines”.

* No provision will normally be necessary in MarketdaLocal centers or in
rural areas.

Internal Demand in the Water Works

* It should be assumed that 5% of the water produdtiaused for backwashing
of rapid sand filters where these are part of teatment.

» Other internal uses than for rapid filtration magy reeglected for the purpose
of estimating the total water demand.
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2.7 WATER CONSUMPTION RATES

2.7.1 General

The water consumption figures include about 20%wadhce for water losses
through leakage and wastage.

The figures are the consumption rates for whichsieply system shall be
designed. No additional peak-factors shall beiadpb calculate the design
demand.

The rates are proposed as a guide and may be edijidifferent rates are

shown to be more appropriate in a particular cashe rates represent the
consumption of the average consumer category. ilV@ltonsumer category
there may be considerable variations.
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2.7.2 Rates

Table 2.2: Consumption Rates

CONSUMER | UNIT RURAL AREAS URBAN AREAS
High Medium Low High Medium Low
potential | potential | potential Class Class Class
Housing | Housing | Housing
People with
individual 1’3:30" 60 50 40 250 150 75
connections
People
without theadl | 20 15 10 : : 20
. ay
connections
Livestock unit| 1/head/ i
day 50

Boarding 1/head/
schools day 50
Day schools
with WC t/heads 25
without WC y 5
Hospitals 400
Regional 1/bed/ 200} + 20 1 per outpatient and da
District day 100 (minimum 5000 1/day)
other
Dispensary
and Health 1/day 5000
Centre
Hotels
High Class 1/bed/ 600
Medium Class| day 300
Low Class 50
Administrative | 1/head/

) 25
offices day
Bars 1/day 500
Shops 1/day 100
Unspecified | - 1ay 20,000
industry
Coffee 1/k
pulping 9 25 (when re-circulation of water is used).

. coffee

factories
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2.8 CONSUMPTION PATTERNS

2.8.1 Rural Areas Inclusive Rural, Market and Local Centres

It should be assumed that all water is drawn betwkem. and 7 p.m. The
same pattern applies for NC (CWP, Kiosk), IC amdifeestock consumption.

When the number of water users exceeds 1000 ihteld assumed that the
draw-off is constant through the 12-hour consunmpfgieriod.

Large institutions, industry etc. may have theirnobalancing reservoirs,
which may reduce the peak demand. Such balanesegrvoirs should be
encouraged and considered when determining thgrdéeiv.

2.8.2 Principal Towns and Urban Centres

It should be assumed that all water is drawn witlie whole day i.e. 24
hours.

No additional peak factors should be applied toewabnsumption rates used
in table 2.2.

It should be assumed that most houses have individof tanks which will
reduce the peak factors considerably.
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3 WATER QUALITY

3.1GENERAL

3.1.1 Basic Requirements
The basic requirements for drinking water are thstould be:
» Free from pathogenic (disease causing) organisms.

* Containing no compounds that have an adverse acutg-term effect on
human health.

» Fairly clear (i.e. low turbidity little colour).
* Not saline (salty).
» Containing no compounds that cause an offensite tassmell.

* No causing corrosion or encrustation of the watgp$/ system not staining
clothes washed in it.

3.2 BACTERIOLOGICAL QUALITY
3.2.1 General

» The bacteriological quality is very essential ahdwdd be tested before the
selection of the sources and during the operatfoa supply. In this regard
microbiological quality should not be confused wdbsthetically pleasing
water.

* A good bacteriological quality is best obtaineddgyecting a source without
contamination (see chapter “Water Sources”), bytquting the intake (see
chapter “Intake Structures” and by adequate treattn(@ee chapter “Water
Treatment”).

3.2.2 Guideline Values for Distributed and Bottled Water

* Given under table 3.1 are the Kenya drinking wateality standards, KS 150
— 1996 that conforms to WHO guideline limits.
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Table 3.1: Microbiological limits for drinking wate r and Containerized water

Type of microorganism Drinking Containerized
Water Water

Total viable counts at 3 per ml,

max. 100 20

Coliforms in 250ml
E-coli in 250ml
Staphylococcus aureus in 250ml

Sulphite reducing anaerobes in
50ml

Pseudomonas aeruginosa
fluorescence in 250ml

Streptococcus faecalis
Shigella in 250ml

Salmonella in 250ml

Shall be absent

Shall be absent

Shall be absent

Shall be absent

Shall be absent

Shall be absent

Shall be absent

Shall be absent

Shall be absent

Shall be absent

Shall be absent

Shall be absent

Shall be absent

Shall be absent

Shall be absent

Shall be absent

3.2.3 Remedial Action on Bacteriological Deficiencies
* Remedial action has to be taken if deficiencieghef quality are detected.
Such actions may be temporary such as issuing meemaiations to boil the
water or/and long term such as localizing and elating the source of
contamination and improving the treatment.
3.2.4 Guideline Values for Raw Water

Table 3.2 give indication as to the treatment negiLifor raw water.
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Table 3.2: Guideline Values for Raw Water

Coliform organisms 1)
(Number/100 ml)

0-50 Bacterial quality requiring disinfection only

50-5000 Bacterial quality requiring full treatment (coagude,
sedimentation, filtration and disinfection).

5000-50000 Heavy pollution requiring extensive timgant

Very heavy pollution unacceptable as source umiess

Greater than 50000 alternative exists. Special treatment needed.

1) When more than 40% of the number of colifornes faund to be of the faecal
coliform group, the water source should be considlido fall into the next
higher category with respect to the treatment regui

3.3 CHEMICAL QUALITY

3.3.1 Constituents of Health Significance
The following constituents have some health sigaiice and the guideline values
given should generally not be exceeded in drinkirger (KS 150 — 1996 and
WHO guidelines).

Table 3.3: Limits for Inorganic Contaminants in Drinking Water and
Containerized Water

Substance Limit of Concentration
Mg/l, max.

Arsenic as As 0.05
Cadmium as Cd 0.005
Lead as Pb 0.05
Mercury (total as Hg) 0.001
Selenium as Se 0.01
Chromium as Cr 0.05
Cyanide as CN 0.01
Phenolic substances 0.002
Barium as Ba 1.0
Nitrate as N@ 10
Fluoride as F 1.5
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Table 3.4: Limits for Organic Constituents of Healh Significance in
Drinking Water and Containerized Water

Substance Limit of Concentration
Mg/l, max.
Benzene 10

Chlorinated alkanes and Alkenes

Carbon tetrachloride 3
1,2-Dichloroethylene 10
1,1-Dichloroethylene 0.3
Tetrachloroethylene 10
Trichlorophenol 30
Chlorophenols
Pentachloraphenol 10
2,4,6 trichlorophenol 10
Polynuclear aromatic hydrocarbon
Benzo §) pyrene 0.01
Trihalomethanes
Chloroform 30
Pesticides
Aldrin/Dieldrin 0,03
Chlorodane (total) 0.3
24D 100
DDT (total) 1
Heptachlor and Heptachlor 0.1
Eposide 0,01
Hexachlorobenzene 3
Lindane BHC 30
Mehtoxychlor

NOTE:

e The Local and climatic conditions necessitate aatapt of Fluoride
concentrations in excess of 1.5 mg/l.
* In exceptional cases, a Fluoride content of 3 wayll be acceptable in Kenya.
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Table 3.5: Limits for Radioactive Materials in Drinking Water and
Containerized Water

Radioactive Substance| Limit of Concentration
Bqg/l, max.

Gross Alpha activity 0.1

Gross Beta activity 1

3.3.2 Desirable Aesthetic Quality

Common constituents that do not affect health inceatration in which they
normally are present in water may however affeet dlesthetic quality of the
water.

The following quality is desirable for water, whishould be generally accepted
for human consumption and for all usual domestipgses (KS 150 and WHO
Guidelines).

Table 3.6: Aesthetic Quality Requirements of Drinkng Water and

Containerized Water

Substance or Characteristic Drinking | Containerized
water Water

Colour in True colour units (TCU), |15 15

max.

Taste and Colour Shall not be | Shall not be
offensive to | offensive to
consumers | consumers

Suspended matter Nil Nil

Turbidity in Nephelometric Turbidity | 5 1

Units, max.

Total dissolved solids in mg/l, max. | 1,500 1,500

Hardness as CaGOmg/I max. 500 500

Aluminum as Al, mg/| 0.1 0.1

Chloride as Cl, mg/l, max. 250 250

Copper as Cu, mg/l max. 0.1 0.1
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Iron as Fe, mg/l max
Managanese as Mn, mg/l, max.
Sodium as Na, mg/l, max.
Sulphate as SG, mg/l, max.

Zinc as Zn, mg/l, max.

PH

Magnesium as Mg, mg/l, max.
Chlorine concentration as CI, mg/l
Calcium as Ca, mg/|

Ammonia as (N), mg/l, max.

0.3

0.1

200

400

5

6.5t08.5

100

0.2-0.5

250

0.5

0.3

0.1

200

400

5
6.5t08,5
100

Nil

250

0.5

3.3.3 Permissible Aesthetic Quality

Under certain circumstances when it is not prabtedo produce a water of the
desirable aesthetic quality it may be permissibleaise certain guideline values

as shown below. Further see chapter “Water Treatme

Table 3.7: Permissible Aesthetic Quality

Parameter Unit Guideline value Remark

Chloride mg/1 600

Colour TCU 50

Copper mg/1 1.5

Iron mg/1 1.0

Manganese mg/1 0.5

pH - 6.5—-9.2

Solids mg/1 1500

Turbidity NTU 25

Zinc mg/1 15

Other constituents| - As in table “Desirable
aesthetic quality”

A 37




3.4 SUBSTANCES AND CHARACTERISTICS AFFECTING BUILDING A ND

PIPE MATERIALS

3.4.1 General

3.4.2

The materials usually applied in water supply ament products, steel, iron and
plastic. The various factors, which affect thefetént materials, are described
below. Plastic is generally unaffected by water.

Aggressive substances either have to be removeahtarials chosen, which can
best resist the aggressivity of water.

In this connection it should also be mentioned ti&ntion should always be
paid to the fact that the attack can also be fraside (groundwater, swampy
areas, or just humid acid soil, especially peat #node soil containing calcium
sulphate). Further see chapter “Transmission &tdhiition lines”.

Cement Products

Acid Water (pH value below the neutral line, Fig. 3.1 mustregarded as
harmful to concrete. It becomes very harmful & yH value is more than 1
to 2 points below the neutral line).

As it can be seen from Fig.3.8oft water (with low carbonate hardness)
becomes always very aggressive if it contains fradbon dioxide. This
aggressive CQdissolves the calcium salts of the concrete andanand it
destroys gradually these cement products. Flowiaigr with such properties
performs this very rapidly.

Moor water is often very harmful

Alkaline water (Fig.3.1, pH above the neutral liman also cause damage to
cement products if theulphate contentis above 300 mg/1 in standing or 100
mg/1 in flowing water. Calcium and magnesium satphand, to a small
extent also the corresponding chlorides, destrogicte.

Harmful to concrete is also water containing sodiwydrogen sulphide and
larger amounts ammonium salts (e.g. waste).

Concrete is attacked by water containing sodium rdgeh carbonate
(especially in coastal areas).

AC-pipes contain calcium carbonate and show higerial and external
resistance to concentrated salt solutions. Expmerisn have proved that
asbestos pipes are not corroded by water contaZmg CaS@liter and
5000 mg NaSQy/liter and MgSQ.
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3.4.3

AC-pipes are also resistant to electric currents.

But larger amounts ofaggressive carbon dioxideoccurring with low
carbonate hardness cause damage (see Fig.3.2)-pip&€ internal linings of
bitumen and external coal-tar coats improve thistasce of asbestos pipes to
the limit “very aggressive” in Fig. 3.2.

Steel and Iron Products

Standing water effects greater corrosion in theepithan flowing water.
Therefore aggressive water has a specially eviuenice in theterminal
parts of the piping system.

Water of hardness above 35 mg/1 Ca&lal of an oxygen content of at least 6
mg/1 of v < 0.5 m/s or 2 mg/1 if v > 0.5 m/s (buthwut aggressive carbon
dioxide) form a protective layer of calcium and meagium compounds
namedanti-rust layer on the internal surface of the pipe.

Water attacks the iron pipe if the oxygen conteninsufficient, even if the
other corrosion factors do not favour attack. ®kggen concentration should
never be below 4.0 mg/1 (respectively 2.0 mg/laisecof v > 0.5 m/s).

Iron is always attached and dissolved by waterainimtg aggressivecarbon
dioxide, which prevents the formatting of a protective layer agarust (see
above and fig. 3.3).

The pH-value should always be equal to or justwellbe equilibrium for
unprotected iron pipes: - 0.5 points for galvanigeeel pipes (see Fig. 3.3).

Unprotected iron pipes are attacked by hydrogephsaé (e.g. irmoor-soils).

Water with a highchloride content (e.g. blackish water) attacks iron pipes
strongly. The limit for unprotected iron pipesls0 mg/1 in soft water.

Special attention has to be given to éixéernal attack.
Steel pipes are more susceptible to chemical atdoan cast iron pipeast

iron pipes are more resistant than steel pipes against saferwof high
oxygen content and aggressive properties.
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Fig. 3.1: pH Value for Neutral Water Depending on @lcium Content
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Figure 3.2 Aggressivity towards cement products (Concrete, mortar,
AC pipes) depending on the hardness and the free CO2

free CO,, mg/l

Figure 3.2 Aggressivity towards iron products (Steel pipes)
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3.5

3.5.1

WATER SAMPLES

Sampling for Selection of Source and Treatment

The selection of source and treatment method wglire the collection and
analysis of water samples from the alternative c®ajr which may be
considered for a supply.

The samples shall cover all regimes of a river badtaken in a sufficient
number, minimum 4 of which at least 3 shall be taikethe rainy seasons.

Samples from new wells and boreholes should bentaler at least 24 h
pumping.

Both chemical and bacteriological analysis sho@degally be made unless it
is clear that only one of the two is of interestiparticular case.

Whenever the result of the analysis leaves dould #se selection of source
or treatment method additional samples should Beated and analyzed.
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4.1

41.1

4.1.2

WATER SOURCES

GENERAL

General Selection Considerations

In selecting a source of drinking water, thereareimber of factors that must be
considered e.g:-

Quantity: Is the quantity of water available at the soungiigent to meet
future development?

Quality: Is the raw water quality such that, with appraf®itreatment water
can be supplied that meets or exceeds the quadagifeed in the “Water
Quality Chapter™?

Protection: Can the water, today and in the future, be pteterom human

excreta, from industrial discharges and from adpucal run-off? Can the

catchment's area, e.g. a forest, be protectediaftiy to ensure sustained
quantity and quality of the raw water?

Feasibility: Is the source available at reasonable cost cernisgliboth capital
and O&M costs? Can the source be exploited usingle and reliable
treatment and transmission technology?

Specific Selection Considerations

Sources, which require little or no treatment & tater should be chosen in
first instance provided the required quantity otevacan be obtained. Hence
springs and ground water resources should alwaysxpwited in the first
hand.

For household and small-scale community suppliesvieter harvesting may
serve well in most medium and high potential ared&enya.

Surface water from river streams and lakes willadtralways require some
treatment to render it safe for human consumptiddowever, for large

supplies surface water will often still be the mesbnomical alternative.
Rivers, which have the bulk of their catchment anekt areas, should be
preferred.

Sub-surface water drawn from a riverbed or rivekbaan sometimes be a

viable alternative in dry areas with only seasdlwaV in the river, or in rivers
with a high silt load.
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4.2

4.2.1

4.2.2

4.2.3

4.2.4

e It should be studied whether a combination of sesirmay give a more
economical and reliable water supply than a systased on only one source.
Mixing can also be used to reduce the content dhice constituents, e.g.
Fluoride, to acceptable levels.

* Sources from which water can be supplied by a taawnal system are
particularly favourable.

RIVERS AND STREAMS

Save Yield for Principle Towns and Urban Centers wth a Population
over 10,000

The 96% - probabilitglaily low flow shall be regarded as the safe yield aer.
The flow — frequency analysis shall be made byqsire lowest recorded daily
flow of each calendar year for which records aralatsle for the dry season.

Save Yield for Rural Areas including Urban Centerswith a Population
under 10,000 and Rural, Market and Local Centres

The 96% probabilitymonthly low flow shall be regarded as the safe yield of a
river. The flow-frequency analysis shall be mageuking the recorded lowest
average flow during one calendar month for eachr yea which records are
available for the dry season.

Flood Flow

Small dams (in this context taken as dams withighttdess than 4m), spillway
and intake structures shall be designed for they#@0 flood unless an economic-
statistical analysis is used to determine the cgdtohesign flow.

Flow Analysis

» For rivers with no or few observation records, hal use be made of flow
records from adjacent rivers and of rainfall datadnstruct a probable flow-
frequency curve.

* Rivers and streams which lack installations to meashe flow but which
have been identified as potential sources of avgafeply should be provided
with permanent or temporary gauging stations a$y ess possible in the
planning process.

» The draw-off for other water supplies from the samneer should be
considered in the flow analysis and when deterrgitie available water.
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4.3

(@)

(b)

SPRINGS
Definition and Necessity of Spring Production

Real spring water is pure and usually can be usttut treatment. Springs are
found in areas of impervious substrata, and cam geliable supply and if
properly maintained, protected and sufficientlytaig from pit privies and
soakpits, a supply free from pollution.

The water is naturally discharged from the grourneéme its flow is impeded by a
less permeable strata. It is essential that damdatrol and protection is
maintained of the land near the seat of the spningrder to prevent pollution.
Quite often a source like this can be utilized tovide a supply to a community
without pumping at minimum cost and maintenance.

However, be sure that spring water is really segfiiom the ground, and is not a
stream that has gone underground for a short distaReal spring water is pure,
but it can become polluted if it stands in an openl, or flows over the ground.
The spring should therefore be protected with hrmaksonry or concrete, so that
the water flows directly into a pipe without evegirig open to pollution from
outside. (see Appendix J)

General Method of Spring Tapping and Protection

To protect a spring you should dig back into tHésiklie to the waterbearing layer
where the water is flowing from the “eye” of therisg, and build a collecting
tank or “spring box” around the eye as shown in &mpx J Be careful not to
dig too far into the impervious layer, as that netythe water seep downwards so
that the spring disappears or moves down the hill.

Before you build the back of the springbox, youdtmile loose stones against
the eye of the springbox, this is partly to makeundation for the box, and also
to prevent the spring water washing soil away fitbm eye. Remember that the
spring may sometimes flow much faster after raihan it is flowing while you
work, so everything should be firmly in place. Jimay require quite big stones,
gravel and even sand laid behind them to plug pfaees between. The outlet
pipe should be at least 10cm above the bottomeo§phingbox, but below the eye
of the spring if possible. If the waterlevel iretepringbox is too high, silt may
settle over the eye and block it up. The end ef dhtlet-pipe inside the box
should be covered with a screen, to prevent stondsjish and frogs from
blocking the pipe.

There should also be an overflow pipe which isdngugh to carry the maximum
flow of the spring in the wet season. This pipewsti be below the eye of the
spring if possible. The top of the springbox skobé at least 30cm above the
ground to prevent surface water running into it.
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(©)

The box should be covered with a concrete slabshudild preferably have an
access hole so that it is possible to get insideckan it. The hole should have a
raised edge to prevent surface water running hgdbx.

The cover should be lockable or so heavy thatnthoa opened only with a lever
or a manhole key. A third pipe for cleaning out &rm the bottom of the
springbox is also recommended.

If it is possible to dig deep enough for the bottofrthe spring box to be at least
10cm below the outlet pipe, then you could use atheb pipe at least 5cm in
diameter, and lead the water to another box, notrtan 50m away, which is
called a “silttrap”. (see Appendiy.J

The box also needs a manhole cover, a mosquitd pr@osflow and a strainer on
the outlet pipe. If the spring has a yield of Iélsan 5 litres per minute the
springbox may be quite small, but it should at tides/e an accesshole and an
overflow pipe. Water from several springs may bkected in one silttrap. _(see
Appendix J. One point to watch when piping water by gravitgm several
springs is the danger of the pressure from onagfiocking up the other.

The pipelines from separate springs should onlyectmgether as separate inlets
above the water level. When the springbox is ceteplthe space behind it
should be filled with soil. At the bottom, leveittvthe eye the space should be
filled with gravel or sand at least as coarse asnhterbearing layer. Further up,
it should be made water tight to prevent surfaceemainning down the outside
wall and into the box. This can be done with cetm@npuddle clay. Now
springboxes and silttraps should be sterilized @ylsbing on the inside with
bleach solution, as described for handdug wellastlly, you should dig a ditch at
least 8m up hill and around on each side of thengpox to take surface water
away from it and prevent pollution of the springtera The soil from the ditch
should be piled up the downhill side of the dittth,make a ridge or “bund”,
which will help to keep away surface water. If yout a fence or prickly hedge
on top of the bund, this will help to keep peopid animals away.

Springboxes and silttraps will gradually becoméedil with silt, they should be
cleaned out once a year. For springs with vergeldiows, over 10 litre/second, a
springbox would be difficult to build, and might leeentually washed away by
the flow. In these cases an infiltration gallergyrbe built into the side of the
hillside, running across the slope.

Tapping of Gravity Springs
Gravity overflow springs in granular ground forneeis can be tapped with drains
consisting of pipes with open joints placed in avgt pack. To protect the

spring, it is necessary to dig into the hillside,tkat sufficient depth of aquifer is
tapped even when the groundwater table is low. désgn of drains follows
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(d)

common engineering practices. They must be laidlessp that the saturated
ground above them will act as a storage reseraonpensating for fluctuations of
the groundwater table. The water collected by tfenddischarges into storage
chamber or springbox.

For sanitary protection the top of the gravel pabkuld be at least 5m below

ground level, which may be insured by locatingspeng catchment works in the

hillside or by raising the groundlevel with backfitom elsewhere. An area

extending along the gallery over its full lengthupllOm at each side, and in the
other direction, to a distance of at least 50mnegpsh, should be protected against
contamination from cesspools, manure or pits. Hnea should preferably be

fenced in, to prevent trespassing by people andalsi

Tapping of Artesian Springs
» Artesian Depression Spring:

In outward appearance, depression springs are sjuiiitar to gravity depression
springs, but their yield is greater and less flating, as the water is forced out
under pressure. To tap water from an artesianedsjmn spring, the seepage
areas should be surrounded by a wall extendintfl@ dbove the maximum level
in which the water rises under static conditions.

For artesian depression springs of Large Latertdnéxa system of drains will
have to be used discharging the collected water antstorage chamber. To
increase the infiltration rate and for protectidnttee water quality, the recharge
area should be cleaned of all debris.

» Artesian Fissure Springs

Here the water rises from a single opening, so tatcatchment works can be
small. Some increase in capacity may be obtainegtmpving obstacles from the
mouth of the spring or by enlarging the overflovenmg.

» Artesian Contact Springs

The water flows out under pressure and is proteat@ihst contamination by the
overlaying impervious layer. The discharge carabge and stable, with little or
no seasonal fluctuations. For a large lateralngpe retaining wall should be
constructed over its full length, with the abutmémbrders) extending into the
overlaying impervious layers and the base of thél wagallery should be

constructed, covered with a layer of protectioryclgsee Appendix J)
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4.3.1 Location and Reliability

The best way to locate adequate springs and toinfetmation about their
reliability during dry spells is to interview peeplesident in the area.

4.3.2 Yield

* There are seldom records of the flow from sprin§&mple over-flows weirs,
V-notches etc. should be installed for gaugingfibwr as early as possible in
the planning process.

* The flow from an artesian spring often fluctuatessl than that of a gravity
spring. As also the bacteriological quality of thater from an artesian spring
is better, this type of spring is preferred.

Different Parts anq their Functions

P o ———

[ e

Names Functions

1. Catchment Area - Source of water or spring eye

2. Catchment wall - Collects and directs all wétem the catchment area in the box

3. Spring Box - Storage tank/sedimentation tan,

4. Spring Box cover - Prevent water from outsidetamination

5. Manhole - Provides access to the box duringhahea

6. Screen pipel/intake - Allow and also fillers wdtem the catchment area into the box

7. Draw pipe - Collection point for users

8. Overflow pipe - Lets out excessive water from biox

9. Washout pipe - Outlet for water/dirt from thexlmuring cleaning

10. Catchment Drain pipe- For draining the catchment area during cleaning

11. Splash pad - Prevents violent splashing ofinghwater from scour pipe.

12. Apron - Concrete flow where all excess watarrpaollects and later led
to drain.

13. Drain - Collects all

14. Runoff water drain - Prevents surface watmfcontaminating.
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4.4

BOREHOLES AND WELLS

441 General

4.4.2

4.4.3

444

Except for shallow wells for one or a few familidse safe yield should be
determined by a hydro-geologist.

Fully Exploited Aquifers

Test pumping should be done to determine both yealilic characteristics
of the boreholes and that of the aquifer.

The borehole characteristics should be determiyemidiep test pumping with
3-5 different pump capacities each step taking tabboe hour.

The Characteristics of the aquifer should be datexdh through medium
terms test pumping and observation of the watezl$em adjacent production
or special observation boreholes.

The required test-pumping period will depend on aleifer and should be
decided by a hydro-geologist.

Generally a pumping period of 1-3 days will be addg for an artesian
reservoir whereas a reservoir with a free wateletahll have to be pumped
for a longer period.

The pump capacity should be kept as constant ashp@snd also as big as
possible during the test pumping.

Only Partly Exploited Aquifers

When the draw-off from a borehole is going to basiderably lower than the
expected yield, then a simplified test-pumping paogme may be followed.

In this case observation boreholes will not be meguand the test-pumping
period should be 1-3 days with a pump capacity,ctwvléxceeds the future
draw-off with about 50%.

Survey boreholes for shallow wells (0-20m) may ést-pumped for only 1
hour (50 min, with approximately the future dravi-d® min. with twice this
capacity). This test method is allowed only forllsvéo be equipped with
hand pumps and which are to serve as point supplynéximum 500 people.

Manual Water Level Observations

The water levels in the test boreholes and thereagsen boreholes should be
read with the following frequencies during the {esimping and during the
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4.4.5

4.4.6

4.4.7

4.5

45.1

recovery after the pumping has been stopped.

Time after Start or Stop of Pumping | Gauging Intervd
0-10 min 1 min
10-20 min 2 min
20-40 min 5 min
40-60 min 10 min
60-90 min 15 min

90-180 min 30 min
180-360 min 60 min
360-600 min 120 min
10-24 hours 4 hours
1-3 days 6 hours
Over 3 days 12 hours

Yield Records from Existing Boreholes
Information about the yield of existing borehosésll be used with great care.

The yield may have changed after many years ofousehat is reported as the
yield may very well be the capacity of the pumpensed for the test pumping.

Fresh test pumping is recommended unless the bawkdrof the reported yield is
very well documented.

Borehole Spacing
To avoid interference between cone of depressiowanious boreholes, it is
proposed that a borehole should not be drilledless than 0.8 Km radius from
existing one. However test pumping, modeling amperty boundaries may be
used to determine suitable spacing for economical sustainable borehole
system.
Criteria for Successful Rate of Boreholes
The criterion for successful rate of borehole is: -

(1) Borehole yield: 330 L/hour or more

(i) Water Quality: Meeting KS 150 guideline standafdt tloes not meet

this standard, appropriate treatment should bertaidn.

SUB-SURFACE DAMS

General

The construction of sub-surface dams is an impbma@ans of solving water
storage problems, particularly in arid and semitdand (ASAL) areas. This is
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45.2

4.5.3

primarily because it minimizes the construction aedvironmental costs;
minimizes evaporation losses; minimizes sedimesratimproves water quality;
and minimizes loss of valuable land. Any dry rbexul, seasonal stream or lagga,
which receives some flow during the rainy seassmatentially suitable for the
development of sub-surface dams.

The sand retains water for relatively long periafter the flow in the river has
ceased. The volume of water stored varies deperatingpe grading of the sand
and the gravel. Generally, the available volumevafer is about 20% to 30% of
the total volume of sand. This water is retainetife the dam structure, which
forms a seal across the width of the river and deevfoundation, built on an
impermeable layer of rock or clay.

A pumping well or any other suitable outlet struetus located upstream for
drawing water and delivering to the consumers tmdidamage caused by direct
access to the dam.

The water quality in sub-surface dam is usually Imibetter than water from open
surface reservoir, since it is protected from conveth animals and humans and
has undergone some form of filtration through tieds

In rivers with only seasonal flow it is often pddsi to abstract water from the
riverbed also in the dry season if a structureuit bcross the riverbed under the
surface to retain the sub-surface flow. This metis particularly suitable in
areas where the groundwater is generally salifesrhigh fluoride content. The
water is generally withdrawn through infiltrationaths up-stream the sub-surface
dam.

Withdrawal of Stored Water

The riverbed sometimes can store considerable amairwater, which can be

drawn during dry seasons. The bed is then rectalgeng the rainy seasons.
The available water can be estimated using thefgpgields as given in Section

6.6.3. The depths of the material in the river Baduld be investigated before
any accurate estimate of the available water casobe. It is sometimes possible
to find a natural barrier in form of a rock outcropimpervious material in the

riverbed.

Behind such barriers large amounts of water magtbeed. This type of sub-
surface dams has proven very successful in drgdifeaTurkana District.

Withdrawal of Sub-surface Flow
The total sub-surface flow can be estimated from:-

Q = KAI
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Where:

= total sub-surface flow, s
permeability, m/s (see table).
cross-sectional area’m

= hydraulic gradient, dimensionless

->x0
I

Coefficient of permeability, m/s at unit hydraulic gradient

1 10t 10° 10° 10* 10° 10° 107 10® 10° 10% 10

| | | | | |
Nature of soils Clean Clean sands; mixtures | Very fine sands, silts mixtures ofUnweathered
gravel of clean sands and sand, silt and clay glacial till, clays
gravel stratified clays, etc
Flow Good aquifers Poor aquifers Impervious
characteristics
Retention Good drainage Poor drainage Non-drainage
characteristics
Use in dams and Pervious parts of dams and dikes Impervious drdems and dikes
dikes

In practice seldom more than 60 to 70% of the tetdéd-surface flow can be
intercepted.

4.5.4 Sand Dams Construction and Suitability

Sand dams are patrticularly appropriate in semi-arehs where the floodwater
often carry high silt load and the evaporation frarfree water surface is high.
The dam across the river should be built in stagessure that mainly sand and
gravel are deposited. The first stage should Ham about 2m high. Later the
wall should be raised as the sand and gravel budantil the full height, often
6-12 m is reached.

46  ARTIFICIAL RECHARGE

4.6.1 General
Ground water usually has the great advantagessawé&ace water from rivers and
lakes in that it is free from organisms and baatedusing illness and also that the
turbidity and the colour is usually not a problem.
Where the groundwater yield is inadequate it shdb&tefore be investigated

whether it can be supplemented by artificial reghairom an adjacent surface-
water source.
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4.6.2

4.6.3

4.7

4.7.1

Bank Infiltration

The horizontal distance between the river or lake the recovery point should be
a minimum of 20m and preferably 50m or more in ortte guarantee the
desirable bacteriological quality. However, oftérwill not be practicable to

place the recovery point so far away from the strem lake because of the
ground conditions. In this case provision showdniade for chlorination of the
water.

Artificial Aquifer

An artificial aquifer should be designed for a rgten time of the water
underground of 60 days. If the retention time herger chlorination may be
required. The specific yield, or storage capaafydifferent materials is shown
below. It must be understood that large variatan be expected and that soil
investigations are required to determine the speyi¢ld accurately.

Material Specific yield (%)
Clay 3

Sand 25
Gravel 22
Gravel and sand 16

Thus a rough estimate of the required volume ‘Vagravel and sand aquifer can
be made by using the formula V = 400 B which will give a retention period of
approximately 60 days.

D is the water demand in’fday.

The intake of water to the infiltration basin shblle arranged so that the flow
can be stopped when the river is polluted or otiswf poor quality.

RAINWATER HARVESTING
Rainfall Data

The 90% - probability annual rainfall should be amted as the dependable
rainfall for the purpose of rainwater harvesting domestic use. Maps showing
the 90% - probability annual rainfall and the agerannual rainfall in Kenya can
be seen in Appendix B. The maps can be used tghrestimates of available
water for a certain location. However specificnfall data for the location in
guestion should be obtained for each individuaécas
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4.7.2 Run-off Coefficients

4.7.3

4.7.4

The following run-off coefficients should be usemt talculating the fraction of
the rainfall which can be harvested.

Surface Type Run-off Coefficient
Roof tiles, corrugated sheets, concreted bitumdastip

sheets 0.8

Brick pavement 0.6
Compacted soill 0.5
Uncovered surface, flat terrain 0.3
Uncovered surface, slop 0-5% 0.4
Uncovered surface, slope 5-10% 0.5
Uncovered surface, slope >10% >0.5

Refer to Section 4.7.5 for details.
Roof Catchments

Using the following formula, a rough estimate of ttrequired minimum roof area
can be calculated as:-

A=450xD
R
Where:-
A = Minimum roof area in fm
D = Total water demand in litres/day
R = The 90% - probability annual rainfall in mm

Selection of Tank Size
The required capacity of the collection tank shdugdcalculated using available
meteorological data showing the rainfall patterntteé area. owever, for rough
calculations the tank capacity may be calculatethbyformula:
C =0.03xDx (9
Where:-

C = Tank capacity in

D = Total water demand in litres/day
T = Longest dry spell in moths, average year
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In this connection alry spell may be defined as the period when the average
monthly rainfall is less than 50mm. The lengthtta# dry spell in different areas
in Kenya can be found in Appendix B.

4.7.5 Harvesting of Rainwater

Harvesting of rainwater from roofs or ground catemts find applications in
supplementing to other sources of water supplye mlajor problem with this apparently
low-cost approach is the storage necessary tosgaods of draught.

Rainfall records representative of the catchmemesasential as a basis for reliable design
of such a system. For a catchment of area®\eueiving rainfall run in a month, the
yield Y is calculated as follows:-

Y =fx AxRm¥month .............. 1)
1000

Where, f = catchment run off coefficient typicalwas of which are given in sec. 4.7.2.

For a constant daily water demand, a large catcharea is required if available storage
is small, and vice versa, but a large volume ofagfe will be required irrespective of
catchment area, where the draught period is ldhbl people are supplied with drinking

water entirely from a rainwater system, the qugrdftwater to be supplied per month, Q
will be:-

A = Nx30xCm¥month ............. 2)
1000

Where C = daily consumption per person L/p/d
With a large variation in rainfall distribution,ghmore critical parameter is the minimum
storage volume required. Selecting the criticatlesign draught period, T months, from

rainfall records, the minimum storage volume,\i's given by:-

Vimin= NX30XCXTm® .ooovvnennn.n. (3)
1000

Hence, a family of 6 will require a storage volumie10.8 ni to span a four month
drought period.

There are three common methods of determiningitieeod tank as outlined here below.
0] Balance Method

This method balances the yield, or supply of watiégh the user or demand at the end of
each month and calculates the storage left inahk.t Assuming that the storage at the
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end of each month can never be less than zerothieemethod can be used to determine
the minimum tank size necessary to satisfy the mege by the family.

The result of using this method is presented iNnd4dkl. The data used in this analysis is
for Kivuti village, Kikumbulyu location in Kibwezilivision.

Annual Rainfall

Roof area

Family size (persons)

Water use/ demand (litres/person/day)

Total water use (litres/day)

567 mm
72Mm

6

14
84

Table 4.1: Balance Method for roof tank sizing
Month 80% Supply S| Demand S-D Cumulative | Actual
Reliability (Roof D (S-D) storage
Rainfall Areax | (84L/day at the
(mm) Rainfall x | x No. f end of
90%) days) the
litres litres month
October 22 1430 2604 -1174 -1174 0
November 365 23652 2520 22132 19958 17.000
December 87 5655 2604 3051 23009 17000
January 0 0 2604 -2604 20405 14396
February 35 2275 2352 =77 20328 14319
March 58 3770 2604 1166 21494 15485
April 0 0 2604 -2604 18890 12881
May 0 0 2604 -2604 16286 10277
June 0 0 2520 -2520 13766 7577
July 0 0 2604 -2604 11162 5153
August 0 0 2520 -2520 8642 2833
September 0 0 2520 -2520 6122 113
567 36782 30660 6122

The basic formulae (balance equation) is:-

S = s() +

Where:-
S

I
D

l - D

= storage at the end of the month
S(I) = the amount stored at the end of previoustmo
= product of monthly rainfall x roof aredoss factor
= amount of water used by a family in a giypemiod.
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(i) Cumulative Supply and Demand

In this method the supply and demand are calculateti the cumulative supply and
demand of each month is also calculated. Eithaplgcally or by calculation the
maximum difference between the cumulative supplg damand is determined. This
difference is the optimum tank size (see sketchttieroptimum tank size as shown in
figure 4.1). In this case annual demand equalsarsupply.

Thus monthly supply = 36,782/12 = 3,065 litershth.

A A
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>
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>
n-
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Figure 4.1: Graph of cumulative supply and demand

The tank size is the optimum to collect the rainfadm a given roof area and satisfy
water use by the family. For comparison, when gisimilar input data as for the

balance method, the optimum tank size is 23,008slit This can be seen in the column
labeled “cumulative (S-D)” in Table 4.1 and on traph above.

(i)  Dry Season Storage Method

This is perhaps the simplest method for determiaimgof catchment tank size.

First estimate the longest period during the yeiéinomt rain. For example: November,

December, January and February constitute the ehiggbin some parts of Kenya. This
is about 120 days without rain.
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Secondly, estimate the daily water use. For exayipt a family of 8 people using 200
litres per day (one drum per day is an average, uke)size of storage tank can be
determined as follows:-

Tank size = No. of dry days x daily water use
120 days x 200 litres
24,000 litres (24 m3)

If the annual yield is less than the dry seasorag®tank size, then the tank will have to
be reduced to the value of the annual rainfalldyieFor example, if the rainfall is 500
mm per annum and the effective roof area of ZGmaximum vyield of 18f(500mm x
40nt x 0.9) is obtained. This is less than the idaaktsize, so the tank size would be
reduced to 18

Using the input the data Table 1, the tank sizeHsr method would be:

Dry days = 6 months
= 183 days

Tank size = 183 days x 84 litres/day
= 15,372 litres

iv) Collecting all the rainfall and storing

This involves collecting all the rainfall from tleof and storing it until when there is an
acute shortage. This implies that the tank sizehei equal to the total supply for the
year.

Tank size = Annual rainfall x roof area x 90%
= 36,782 litres (refer to Table 1 on the columindled “supply, S”)

This method is common in ASAL areas where it may oaly once per year.
V) Summary

The accuracy of the first two methods depends enatcuracy of the rainfall data.
Usually mean monthly data is used. However thengide variation in rainfall (mostly
in ASAL area) both geographically and in time, seam monthly data may not reflect the
actual rainfall distribution. In this example #8@% reliability rainfall has been used.

The balance method allows for a minimum tank sizéd determined yet satisfy daily
need and will be of great use to situation wheraeydor building tanks is limited. It is
suitable for the majority of rural people lookingrainwater as clean, safe and may be the
only source of water.

A 58



The cumulative supply/demand method enables thal idmk size to be determined,
especially where funds are not limiting.

The dry days method is quick and easy but canrftdcterainfall patterns accurately.
Any method only works well if the following key pus for the management of a
successful rainwater catchment system are adhered t

1.
2.
3.

4.

4.7.6

4.7.7

Have gutters on the maximum roof area

Maintain the gutters to collect the MAXIMUM amaof rainfall

Use the water carefully (economically) espegi#diwards the end of the rainy
season when the tank is full, to conserve watethferdry season.

Clean the gutters and the tank at regular inteamdl maintain proper standard of
sanitation. If possible, install a foul flush sst or self cleaning gutters (inlets)

Length of Dry Spell in Kenya
0] Definition

A dry spell may be defined as the period when trexage monthly rainfall is less
than 50mm.

(i) Length of dry spell

The length of the dry spell in different areas ianka can be found in Appendix
B.

Rock Catchments
0] General

Rock catchments system consists of two componentatchment area
formed by a bore rock surface and a pond normalisnéd by a concrete
weir. Using cement guttering may extend the catafitnarea. The rock
catchment is an extremely low cost method of conitpumater supply,

which lends itself well to community participation.This makes it

extremely attractive water supply alternative véthuitable geology.

Another attractive aspect of Rock catchments ig thay are almost
invariably suited to conversion to a gravity supgygtem.

(i) Storage capacity
Storage capacity of the reservoir may vary from 2@Gm 10,000m,
depending on the size of the Rock outcrop, anariga extent, elevation

and gradient. The storage capacity can be estimagag equation D,
sec. 4.7.5.
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5. INTAKE STRUCTURES

5.1 RIVER INTAKES

5.1.1 Location

Whenever practicable an intake should be positione

Intake spot and its neighbourhood area shall bgootl geological formation
and safe from landslides and flood caused collapses

Such a spot shall be selected as is free from ehahgtream center, rise or
fall of riverbed with a calm and soft flow.

Intake facilities shall be built at such a placesasafe from inflow of polluted
or salt water and as promises to give us watepotgjuality

On a river whose main catchment area is in thesfore

On a level that allows the water to be gravitatethe consumers. Further see
“Transmission and distribution lines”.

Up-stream populated areas and farming areas
Up-stream of bridges, cattle watering, laundry vighand sewerage outlet
points

At a location where the area immediately up-strébenintake is not easily
accessible to people and cattle. If it is, fenghguld be provided.

Where the ground is rocky (firm) and does not geided.
At the outside of a river bed.

Where the flow is adequate to cater for the ultenaater demand. Further
see chapter “Water Sources”.

5.1.2 Structures

Small streams and rivers may require that a danbust across the
watercourse so that the water depth remains sefficlso during low flows

The dam should be designed with a stepped weir theghlowest part of the
weir next to the actual draw-off point in order poevent siltation. The
velocity at this point should be at least 1 m/sdtbregimes of the river. The
area immediately upstream and downstream the dauldstbe protected
against erosion.

The draw-off should be perpendicular to the dimecwf the flow of the river.
The bottom of the intake should be positioned sdis@nce above the river,
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if possible at least 1m. The water should flow aods the intake at a velocity
less than 0.1 m/s.

Once the water has passed the screens the vetbatyd be at least 0.5 m/s.
This minimum velocity must be upheld in intake cloens, canals and intake
pipes also during the initial phases of a watepBuprhen the water demand
is low. There should be a possibility to close ihiake with stop logs or
similar.

» A floating intake may be a viable alternative itatively large rivers with
variable water levels.

5.1.3 Screens

The intake should be equipped with a course sceeeha fine screen, both
removable.

» The course should have an open spacing of 30 — Soetween the bars
* The fine screen should have a spacing of 5 — 10mm

* The screens should be possible to clean with g vakieh should be supplied
together with the screens. Thus, the mesh tygereen is not permitted.

* The screens should be designed with a maximum gldt, in the opening
between the bars of 0.7m/s even if the screeroggeld to 50%.

* The head loss through the screen can be calculaitd the following

formula.
h = 1.1x\W P m
29 0,8

in which
h = loss of head in the screen, m
V, = Actual approach velocity, m/s
L, = Total width of the screen, m
L; = Total width between the bars, m

Example

Q =0.1 m/s. Screen area 0.8nscreen width 0.5m. Distance between
bars 15mm (center). Thickness of each bar 5mm.

Hence, the velocity between bars when the screetogged to 50% will
be:-
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The head loss will be

0.1x2)? C 0.5 2
h:1.1>£_ o.5] X 0.8x (1% 0.5) - 1| = 0.023m

29 15

The intake should generally be equipped with af@lat and handrails. The
platform should cover at least one meter roundstiieens. Equipment to lift the
screens should be provided when the weight of sexden exceeds 30kg.

5.2 INTAKE IN LAKES AND MARSH

5.2.1 Location

* The intake should preferably be 3-5m below theam@fout at least 1m above
the lake bottom.

* In lakes with bilharzias the intake point shouldebeninimum of 100m from
the shore.

5.2.2 Design Details
* The underwater pipe should be laid with an evepeslwithout any peaks
where air pockets can form. If peaks cannot bedadothe pipe should be

punctured at these points.

» Lifting of the underwater pipe when empty should frevented through
adequate anchorage.

* The underwater pipeline should usually be flexibither the pipe material
itself or the joints should give the required flaikty.

* The cleaning of the intake screen should be corsidm the design. When
feasible a connection should be from the dischpige to the underwater pipe
to make back washing of the intake pipe possible.

» The intake level should be adjustable in lakes wittiely fluctuating water
levels (e.g. Lake Victoria).

* The water should flow towards the intake at a vigjdess than 0.1 m/s.
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5.3

5.3.1

5.3.2

5.4

5.4.1

5.4.2

BOREHOLE INTAKES
Setting of the Intakes

* The intake of a borehole pump should be set at Brasabove the bottom of
the borehole.

» The exact setting of the borehole intake will bentodlled by the
characteristics of the borehole and the ground+wedservoir as obtained
through long term test pumping. Further see chdjtater Sources”.

* If only results from short time test pumping areaitable then the intake
should be placed between 2, and 5m above the Her&lottom unless the
draw-off from the borehole is shown to be much Iowean the potential
yield.

Design Details

* Screen, pump and pipe material which can susta@ratgressiveness of the
water has to be selected further see chapter “Vigaialtity”.

* For pump selection, see chapter “Pumps and Powec&s'.

» All boreholes should be equipped with level indicadf simple design eg.
The air type with foot pump and manometer.

SPRING INTAKES

Protection

Where the spring is tapped with drains placed igravel pack the top of the

gravel pack should be at least 3m below the graurtace. An area extended
along the drain gallery over its full length pludn at each side and in the other
direction to a distance of at least 50m upstreawulshbe protected against
contamination from cesspools, manure and pits haodld be fenced.

Above the fenced-in spring site there should beandge ditch to divert any
surface water / runoff.

Storage Chamber
The drains should discharge into a storage chafspeng box) which should be

equipped with a lockable manhole cover. Any aitsgoverflow pipes and scour
pipes must have screened openings.
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5.5

5.5.1

5.5.2

5.5.3

5.5.4

5.5.5

ROOF CATCHMENTS
General

Regarding available rainwater, roof area and c#épaufi the storage tank see
chapter “Water sources”.

Roof
Water can be collected from house roofs made ek,tikslates (corrugated)
galvanized iron or aluminum. Thatched roofs areguitable because of health

hazards.

Plastic sheeting is often not durable. Painting rthof for water-proofing may
impart taste and colour and should be avoided.

Roof Guttering

The roof guttering should slope evenly towards dogvn pipe to prevent the
formation of breeding pools for mosquitoes. Newdes should be carefully
planned so that the length of guttering and pip#isbe as short as possible and
so that the water can be tapped by gravity.

Foul Flush

There should be arrangements to prevent the fissémfrom each shower from
being collected in the clear water container ineorid prevent pollution by dust,
leaves and bird dropping which accumulate durirgdty periods.

This can be accomplished simply by arranging therdpipe so that the foul
flush can be diverted or by having a small vesdaiclv collects the foul flush
before the water overflows to the clear water tamk.foul flush vessel with a
capacity of 100 — 200 liters should be adequataroordinary roof.

Storage Tank

* Regarding tank capacity see section 4.7.3.

* The inlet pipe should be equipped with a sieve @r to trap any foreign
materials.

* The tank shall be covered to reduce evaporatiorcanthmination.
* The outlet pipe should be placed 0.2m above the b the tank.

« The tank should have a scour or be constructed nraianer that facilitates

A 64



5.6

5.6.1

5.6.2

removal of sediments and cleaning.

The tap area should be drained and have a corapeda to keep it dry and
clean.

The tank should be well raised to allow easy tagpin
Corrugated steel tanks should be laid on woodemp@tp placed on raised

concrete platforms to ensure that the outer botswumiace is kept dry to
reduce corrosion.

DUG WELLS

Diameter and Depth

The diameter of a dug well should be at least I@low two men to work
together during the digging. Slightly smaller deter may be used if the
digging is to be done by one man only.

Well for a large community should usually have andaieter of 2-3m.

The well should be dug at least 3m below the exgoklctwest water level.

Lining

Most dug wells need an inner lining of materialstsas brick, stone masonry,
concrete rings cast insitu or precise concretesririgack filled dug wells with
a 100 — 150mm tube can also be a good solution.

Sinking a dug well by excavation from the insideesy often a good and safe
technigue, however, in very loose soil (fine or medsand) in thick layers
(over 3m) other methods e.g. Hand-drilling showddibed.

In consolidated ground (e.g. Rock) the well maydgtanlined but the upper
part should always have a lining.

The section of the well penetrating the aquifeiuregg a lining with openings
or perforations to allow the groundwater to ent&ny backfilling at the same
level as the aquifer should be made with gravel.

However in fine sand aquifers the lining shouldwithout perforations and
the groundwater should enter only through the Ipotf the well. The

bottom should be covered with graded gravel e.gethayers each 150mm
thick with grain sizes 102mm for the deepest layeen 4-8mm, and 20-
30mm effective size at the top.
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5.6.3 Protection
* The space between the walls of the dug hole andirtimg of materials such

as brick, stone masonry, concrete rings cast ir@itprecast concrete rings.
Back filled dug wells with a 100 — 150mm tube césode a good solution.

* The wall lining should be extended approximatefn®.above the ground to
form a wall round the well.

» A concrete apron should be constructed on the girsurface extending about
2m all round the well.

* The well top should be sealed with a watertighbsl& manhole that can be
tightly and securely locked should be providedif@pection and disinfection.

5.7 DRILLED WELLS
5.7.1 Hand-drilled Wells
* Hand drilling of 150-300mm diameter wells down taepth of 15-20m is
particularly feasible in clay and sandy soils. gitavel and small stones are
found and in semi-cemented layers such as softsgamel weathered granite
and weathered laterite, hand drilling is still pbks though rather time
consuming.

» A filter pipe of at least 6, length and 100-150andeter and a sand filter
should be put in the well.

» Protection should be made as described under “DelisW
5.7.2 Mechanical Well Drilling

* Mechanical well drilling (digging) has to be usedayers with big stones and
boulders and in heavily cemented soils.

* Regarding filter and protection see above.
5.8 INFILTRATION GALLERIES
5.8.1 General
Infiltration gallery is piping equipment laid undére bed of a river in actual use or
defunct, through which the many perforated holeshenpipe surface, subsoil water or

free ground water is taken in. The gallery is lai@n aquifer of good permeability where
flow conditions are good and stable intake candseirzd.
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5.8.2 Gallery in slowly permeable material with minimum depth of water above
streambed, channel or lakebed.

The length of the screen should be at least:

L = Qd

[ KHB ]

Where:
length of screen required, m
desired discharge, s
vertical distance between riverbed and cerfteci@en, m
permeability of gravel backfill, m/s (see 6.6.3
head acting on center of the pipe (distancewéet

minimum water surface elevation and center of ipe)pm
average width of the trench backfill with grave

TITXxoQOr
m g qn

B

The screen should be placed at a depth as greahysscally possible and
economically practical beneath the minimum watefese.

5.8.3 Gallery in permeable riverbed or lakebed with minimum depth of water
above the bed. See figure

The length of the screen should be at least:

Q Ird
L = r
2 KH
Whereas:
L, Q, Kand H are as in 5.8.2 above
1n = natural log

r radius of pipe, m
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5.8.4 Gallery in an Ephemeral or Intermittent stream chamel filled with
Permeable Material through which a Perennial Sub-stface Flow is moving.

The calculations for this case is complicated. Tiealvhy special manuals e.g.
Groundwater Manual (1977) should be consulted.

5.8.5 Collection Pipes (screen)

* The pipes should be designed for a velocity oft6.2.0 m/s in order to be
self-cleaning.

* The average entrance velocity through the holedats of the screen should
not exceed 0.03 m/s.

* The diameter of the holes or width of the slotsusthanormally be 3-4 times
dso Of the gravel pack. ¢dis the sieve diameter through which 60% of thé soi
material can pass).

However the holes must never be bigger thamfithe gravel pack.
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6.1

6.1.1

6.1.2

6.1.3

WATER TREATMENT

GENERAL

Before a treatment works is designed it shouldnvestigated whether it would
be feasible to use an alternative source with @betwwater quality.

Required Water Quality and Water Samples

See chapter “Water Quality” for definitions and gl guidelines:

Principle Towns and Urban Centers with a populationover 10,000

The treatment shall be effective enough to:-

Achieve the bacteriological standards as set outhi chapter “Water
Quality”.

Achieve the chemical standard as set out in sec¢tmmstituents of health
significance” and section “Desirable aesthetic fyialin chapter “Water
quality”.

Produce water that complies with the requiremergs @t in section
“Substances and characteristics affecting Buildargl Pipe Materials “in
chapter “Water Quality”.

Rural areas including Urban Centres with a populaton under 10,000 and
Rural, Market and Local Centres.

The treatment shall be effective enough to:

Achieve bacteriological standard as set out irctiepter “Water Quality”.

Achieve the chemical standard as set out in sec@amstituents of health
significance” and section “Permissible aesthetialigyl’ in chapter “Water

Quality” except for certain supplies in low and mad potential areas. See
below.

Produce water that complies with the requiremert @at in section
“Substances and characteristics affecting Buildamgl Pipe Materials” in
chapter “Water Quality”.

In low and medium potential areas where people lsmadtock use water from
traditional sources which contain higher levels aafsthetic constituents than
“Permissible” and where the costs for constructngperating a treatment works
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6.1.4

6.1.5

would be out of proportion then the aesthetic quatould be reduced by the
minimum margin achievable.

The criteria in such cases would be that the quafitwater should not be lower
than in the traditional source and that other inaproents of the supply such as
increase of the quantity and decrease of the walklistance to the water
collection point compensate for the lack of impnoeat of the water quality.

However, treatment shall always be provided to guote the technical function
of the distribution by removing debris and silt tthaay cause blockage or
clogging of storage tanks and pipelines.

In this context the concept “cost out of proportiomay be considered as a cost
per n? delivered water which is higher than what would the cost of fully
treated water (coagulation flocculation, sedimeatat rapid filtration,
disinfection) from a treatment works designed tovjite 250n clear water per
day.

General Design Considerations

The following general principles shall be adhemdhtthe planning and design of
treatment works:

* The works shall normally be designed for continuoperation i.e. 24 hours a
day.

» All major units (chemical feeders, flocculationdsrentation, filters) which
require frequent servicing or cleaning should bevjgled at least in a number
of two. Sedimentation tanks and filters shouldfgnably be provided in a
number of three in order to limit the temporary v@ading to 50% when one
unit is cleaned.

However, in treatment works designed for less tB@Ant/day it will not
always be possible to have more than one unitegsttien will be too small.

» Besides the above criteria the optimal number ofsushall be determined
through an economic analysis.

* As a general principle all kinds of mechanical aatomatic equipment shall
be kept to an absolute minimum.

Phasing of Treatment Works
* Even when the water analyse do not indicate imneda future need for
treatment provision shall always be made to incagofull treatment at a

later stage in case of deteriorating raw water iyuak raised demand for
high-quality clean water. A suitable site for ttieatment works should be
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6.2

6.2.1

6.2.2

6.3

6.3.1

6.3.2

identified and adequate gradients provided to alfowthe additional head
losses through the works.

* When the design and construction of the treatmemksvis phased it shall be
made sure that there is enough space for futusnsixins. Other preparations
should not generally be made.

* Units whose performance depends on the velocitthefwater have to be
designed so that they will function also for flossaller than the ultimate
design flows. This applies in particular to théetrpipe and the flocculation
tanks.

PROLONGED STORAGE

General

A storage basin may serve a threefold purpose,educes turbidity by
sedimentation, it improves the quality of the wats¥cause of substantial
reduction of pathogenic bacteria through the agtiof algae, other organisms
and the ultra-violet rays in sunlight and finaltymproves the reliability of water.
The oxygen content of the stored water will usubkyreduced after long storage
and aeration may be required before distribution.

Design Details

The storage basin may be constructed by erectisgnple earth dam up to a
height of about 6m. The dead storage should batgbu and the detention time
may be in the order of several weeks to a few nwn#ilowance should be made
for losses due to evaporation and seepage, whieh odn amount 15-25mm/day.

For killing the schistosome larva (Bilharzia) arsige period of 48 hours is
adequate.

INFILTRATION
General

Artificial infiltration of surface water improvesoth chemical and bacteriological
quality of the water.

Design Details

See Chapter “Water Sources”
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6.4

6.4.1

6.4.2

6.5

6.5.1

6.5.2

6.5.3

PLAIN SEDIMENTATION
General

A plain sedimentation basin mainly serves the psepof reduction of turbidity

and removal of suspended matter, and may serveeasegatment or the only

treatment where the demand on the water qualitgis A sedimentation tank

may have a batchwise or continuous operation andnbde of concrete or

masonry, or simple dug basin with protected slopualjs. Plain sedimentation

may be applied as pre-treatment to slow sand diltehen the average annual
turbidity is 20 — 100 NTU.

Design Details

The surface load should be in the range of 0.15mWm*h. The exact surface
load shall be determined after settling tests onpéas of raw water typical of all

regimes of the river. The settling properties oivater depend on the soil and
vegetation condition of the catchment’s area antwary considerably between

different locations and regimes of the river. Fiesign details see section
“Sedimentation” below.

ROUGHING FILTRATION
General

Roughing filtration can be used as pre-treatmefdrbeslow sand filtration or as
the only treatment in order to reduce turbidity.

Upflow Filters

* This kind of filter is often suitable as roughingers as they provide for a
coarse-to-fine filtration process and is not liabdeclog rapidly. Used as
roughing filters the surface load can be high,aigam/m¢h.

* The filter should have three layers of filter med# the bottom 0.75m of
grain sizes 10-15mm them 0.5m of size 7-10mm arnldeatop 0.5m of size 4-
7mm.

» The wash rate can be relatively low as no expansidhe bed is needed but
the washing takes long time about 20-30 minuteaw Rater can be used for
back washing.

Horizontal Gravel Filters

The filters should have a depth of 1-2m, subdivided three zones each about
5m long composed of gravel with sizes 20-30mm afrtket side, then 15-20, and
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6.5.4

6.5.5

6.6
6.6.1

6.6.2

6.6.3

10-15mm at the outlet side. The horizontal watawfrate computed over the full
depth should be 0.5-1.0 m/h. Cleaning of the drai# be needed only after a
period of years. Turbidity removal of 60-70% candxpected for waters having
up to 150 units of turbidity content.

Coconut Fibre Filters

These kinds of fibres have proved very effectiveeduce turbidity. The filters
should be designed similar to down-flow sand fdtbut the height of the filters
bed should be only 0.3-0.5m and the depth of thpematant water about 1m.
The filters should operate at rates of 0.5-1%mfh which should give a length of
filter run of several weeks.

There should be a drain to let out all water infiher before the coconut fibres
are taken out and discarded. New fibres shoulddaked in water for 24hrs
before being placed in the filters. A reductiortla turbidity of 60-80% can be
expected.

Rapid Roughing Sand Filters

These are built as conventional vertical — flowidagand filers, see section later
in the chapter, only that the sand should be coaeftective size 0.8—1.2mm.
The backwashing may be done with raw water. Tipgdreoughing sand filter
can be used as pre-treatment before slow sandsfilteen the turbidity of the raw
water is 20-100 units. The surface load shoulihtike range of 5-15/m*h.

AERATION
Surface Water

There is generally no need for aeration of surfaeger with the intention of
reducing high contents of iron or manganese. Tigh ftontents of these
compounds, which are often found in Kenya surfaatevg are usually in a form,
that is easily removable by coagulation, settling &ltration. Aeration may be
required to raise the oxygen content in water feolarge storage reservoir.

Ground Water

Aeration of groundwater may be necessary to ineréas oxygen content, reduce
the carbon dioxide content, removing hydrogen stdphmethane and various
volatile organic compounds responsible for tasté edour and often to reduce
high iron or manganese. Sedimentation or filtratioust follow the aeration if
iron or manganese contents are to be reduced.

Cascade Aerator

The cascade aerator is one of the simplest typeerators consisting of a flight
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6.6.4

6.7

6.7.1

6.7.2

6.7.3

6.7.4

of 4-6 steps each about 300mm high. The capabiiyld be about 35%h per
meter of width.

Multiple Tray Aerator and Diffuser

This type of aerator should be 4-8 trays with patied bottoms at intervals of
300-500mm. The surface load should be about*fth. A simple diffuser
consisting of a perforated pipe may be adequatedir small supplies.
COAGULAION

Rapid Mixing

The entire dose of chemicals has to be disperseddhout the mass of raw water
within a few seconds. Detention time before entgthe flocculation chamber
should be 30-120 seconds in mechanical and pneummatiers. Gravitational
mixers will not require detention time.

Gravitational Mixing

Gravitational mixing can be achieved by feeding dtemical into a baffle
chamber, an overflow weir or a hydraulic jump.

Mechanical Mixing

Mechanical or pneumatic mixers should be used ionlery exceptional cases.
Coagulants

€) Introduction

Quite a number of Water Treatment chemicals hawen hesed as coagulants.
They include inorganic primary coagulants such asmnum Sulphate (this is
the most widely used coagulant), aluminum chloriBlefrous Sulpate, Ferric
chloride, Sodium Aluminate etc. These materialgehasighly charged metal irons
which react with alkalinity in the water to formsmluble precipitates. These
materials also chemically precipitate organic coloodies in the water.

Other coagulants are activated silica, naturalsymthetic polyelectrolytes.

(b) Polyelectrolytes

0] General

Polyelectrolytes are linear or branched chains wialk identical sub-units

sometimes of two or three different kinds of sulgini The sub-units contain
ionizable — COOH, -OH, -PQMz, -NH,", and RNR;" groups.
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They are generally organic and inorganic polymatk wnizable groups.

They are:-
» Soluble in water
» Conduct electricity
» Used in the water treatment process as primaryutaaty, coagulant aids,
filtration aids and sludge conditioners.

Synthetic polyelectrotes are formed by polymer@atiof simple substances,
known as monomers. Long chain molecules of thmsl kinay be designed to
contain from 2 to 3 to nearly 18ub-units.

Polyelectrolytes used for water treatment are WgwhVvided into three classes
according to the electric charge of the macro-iissociated in water:-

Carbonic polyelectrolyes; positively charged antopolyelectrolytes. Negatively
charged Nonionic Polyelectrolytes, have no fornierge.

The electric charge determines the mode of readfaie electrolytes when in
contact with water. Polyelectrolytes differ in rolilar weight, charge, density,
charge chemistry and physical configuration.

They are supplied as liquid solution, granule agdidl emulsion polymers with
specified active ingredient. These materialsifatl two major categories.

Natural Polyelectrolytes

These are used as coagulant aids with Alum asrtheagy coagulant. Examples
of natural polyelectrolytes include sodium algindtgdroxyethyl cellulose and
derivatives of potato starch

Natural polyelectrolytes are advantageous in thretesthey are also used in food
preparation hence not toxic.

Synthetic Polyelectrolytes

There are many of these materials which vary in pmsiion, for instance
polydially dimethylamine Ammonium chloride - PolyDADMAC) and
polyamine Epichlorohydrin — diethyllamine (epi-DMA)

Owing to the varying composition of synthetic pdéetrolytes, the merits of any
particular one have to be tried with the watesipioposed to treat before details
of its use can be decided on.

(i) Use of Polyelectrolytes

» Synthetic polyelectrolytes are increasingly beisgdiin water supplies as
primary coagulants aids, filtration aids and sludgaditioners. They are

A 75



used in such countries as the U.S.A., Britain Egypd Ethiopia while
they have been banned in others such as Japamatzér&nd.

* Though natural polyelectrolytes are suitable fotewdreatment they are
not readily available.

» The Application of synthetic polyelectrolytes in tema requires very
careful control particularly while dosing. For ghieason, well trained
Technical personnel (water operators) are needewvad¢r works to
manage their use.

(i)  Equipments and apparatus

The use of polyelectrolytes does not necessitajernchanges of the equipment
and apparatus normally used in our Water Treatémks. But it is mandatory
that those equipment and apparatus be availeddaglaen needed.

(iv)  Specifications

The United States Environment Protection AgencyEBS&) and the Department
of Environment of the United Kingdom (DOE) have re=d out research on
various polyelectrolytes used in water treatmerd aet specifications. The
specifications have been adopted world wide.

(v) Availability of polyelectrolytes

The Polyelectrolytes currently available in the dlbmarket for Water Treatment
are (Epichlorohydin dimethylcemine (Epi-DMA) whosade name is superfloc
C-573, (supplied by cynamid) and Polydially dimemgimine ammonium

chloride (Poly (DADMAC)) whose trade name is Catefl TL (supplied by

CALGON CORPO) popular package drums of 204 kgs.e Glrrent cost of a
kilogram of the products Approx. KShs.700/= exchesof VAT.

(vi)  Performance

» Polyelectrolytes do not affect the chemistry of weger

» Different types of polyelectrolytes perform diffatly with the same
water. Therefore a particular polyelectrolyte aatnpe said to be suitable
for treating raw water having different charactiécs

» They are fully soluble in water and give betterrallevater clarity.

» Polyelectrolytes give better compacted sludge hérssvolume of
sludge.

* Simple water works methods for determination oidcal polyelectrolytes
in water are not currently available.
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(©)

(d)

(vil)  History and usage

Ngethu Treatment works has been using polyeledeslgince 1974. Activated
silica polyelectrolytes (ASJp was used for about 10 years ie upto about 1983
when they could not get any more.

The Government chemist stipulated a maximum dos@0mhgt but due to
availability of Analytical methods for measuringsidual polyelectrolytes in the
treated water in the weir, the City Council seinatldoes of 5mdl.

It should be noted that the City Council in casé&Ngethu Water Works has used
Polyelectrolytes only as coagulant Aid especiallyimy the rainy season when
the turbidities and colour are high.
(viii) Health Aspects
Synthetic Polyelectrolytes may contain contaminantsthe form of residual
monomers, other reactants and reaction by prodoatsan affect human health.
However, when used within the recommended spetiits, the concentrations
in water are quite low to cause any harmful effects
Selection criteria for a coagulants
M Selection of coagulants must be made in comatdm of the amount,
guality and turbidity (max, and changes), filtratimethod and drainage
disposal system, etc.
(i) Dosage must be determined according to theyohg notes:-
 Dosage shall be decided on the basis of experimeotslucted

according to the quality of raw water, the resulfsexperiments
obtained in other water works, etc. must also kermed to in advance.

» Concentration to which the coagulant is dilutedlissolved for actual
dosing must be adequate as viewed from feedindanding.

» Dosage must be calculated on the basis of wateuaiceated and
feeding rate.

(i)  Mixing must be performed in the mixing basin.
Aluminum Sulphate (Alum)
Aluminum Sulphate is briefly called Alum and proédcin either solid or liquid

state. This agent proves effective against moghefturbids, and will be still
more so when, at the time of high turbidity, usedjcintly with coagulant Aid
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6.8

6.8.1

6.8.2

6.8.3

Chemicals. Among the chemicals in use at presAhtminium salts are
predominant.

* Solid Aluminium Sulphate will be better to apply solution of 5-10%
concentration and must not be weaker than 1.5%.

» There should be at least two solution tanks oneni@mg and one for dosage
in between the holding 45 hours supply. The sotutianks should be
equipped with hand agitators.

* If the alkality of the water is low, soda ash magvé to be added in a
proportion determined after jar test. The strergjtithe soda ash solution is
usually 1-10%. The solution tanks should hold Hzne supply as for
Aluminum.

The Chemical solutions shall be fed into the rawtewdy means of gravity
dosers, floating balls or similar simple devic&onsage pumps may be used only
in very exceptional cases.

FLOCCULATION

Gravitational Flocculation

Baffle chambers should be designed for a chanretitg of 0.1 — 0.3m/s and a
slot velocity of 0.5 — 0.6 m/s in the first 2/3 ad@ — 0.4 m/s in the last 1/3 of the
chamber.

Mechanical Flocculation

This type of flocculator should be used only inywexceptional cases. There
should be a minimum of 2 chambers. The peripheghcity should be 0.6 m/s
in the first tank and 0.2 m/s in the second tatfkmore than two chambers are
used the peripheral velocity can vary form 0.9 t0/8.2 m/s.

Power Input and Detention Period

The following criteria apply to both flocculationethods. The detention period
should be 15-20 min. and the velocity gradient Gt®@®0 5.The product G.t.
(where t is the detention period in seconds) shbald0,000 — 100,000.

The formula for computing the velocity gradient is:

G= /P
pnC

in which
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6.9

6.9.1

Velocity gradients (§

Power transmitted to the water (kw)
volume of the flocculation tank n
Kinematic viscosity of water (ifs)
(0.9 x 10m?/s at 25c)

07O
o

The power, P, can be calculate as

P = [ qx h] KW
102
in which
q flow project in flocculation tank (I/s)

h head loss in the flocculation tank (m)

It may be assumed that all the velocity head iswdgen the water passes through
the baffle slot and that also all the velocity heatbst at the changes of direction
of 9¢° and more. Thus, the losses can be calculated as:

h = head loss in the flocculation tank (m)
It may be assumed that all the velocity head iswdgen the water passes through

the baffle slot and that also all the velocity héatbst at all changed or direction
of 90 and more. Thus, the losses can be calculated as:

h = nV;’+ mV,?| + normal channel losses
29
in which
n is the number of direction changes
m is the number of baffles

\ is the velocity in the channel
V, is the velocity in the baffle slot

Unless the floor or the flocculation channel ispshg with the same gradient as
the hydraulic gradient of the water; ¥nd \4 will change along the channel due

to the decreasing water depth. The total head dossehe flocculation tank
usually amount to 150-600mm.

SEDIMENTATION
Inlets
The inlets must distribute the flow evenly among gedimentation tanks and

within the individual tank itself. For uniform digoution of the influent the
openings should be spaced close to each othethi@s®.5m apart, and their
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6.9.2

6.9.3

6.9.4

6.10

diameter should be at least 50mm. The inlet vefasiiould not exceed 0.2m/s.
The inlet channel should be generously sized witlbas sectional area of at least
twice the combined area of the openings. The itdektach tank should be
possible to close for cleaning of a tank while plaeallel tanks are operating.

Outlets

The draw-off should be made over at least 25% @f¢hgth of a horizontal tank.

The effluent water should leave the tanks over a whose level is adjustable
about 30mm or through a submerged perforated pibe. total length of the weir

in meters should be at least 0.1 x A where A is sheface area of the

sedimentation tank in square meters. When filtrasocceeds flocculation the
outlet velocity from the sedimentation tank shooidd exceed 0.4 m/s in order not
to destroy residual flocs.

Horizontal Flow Settling Tanks

The ratio length/width should be between 3:1 artl &d the effective water
depth should be at least 2m. There should be diti@thl volume of 25% to
allow for sludge accumulation. The tank floor sldoslope gently (2-3%)
towards a pocket placed at 1/4 to 1/3 of the leofthe tank from the inlet side.

The surface load in settling tanks succeeding ct&mcoagulation and
flocculation should be 1.0tm?h.

Vertical Flow Settling Tanks of Sludge Blanket Type
The operational requirements of vertical flow sledganket-type tanks are so
strict that they are generally not suitable foratwr urban water supplies except

under very exceptional circumstances.

RAPID SAND FILTRATION

6.10.1 Design Details for Final Filters Succeeding Sedimégtion

» Each filter unit should have individual inlet thedn be closed for servicing
and backwashing. The inlet should be designediah & way that flushing
and velocities 0.4 m/s do not occur.

« The surface load shall be &m’h.
» The filter structure shall be designed with a mimmmfree height between the

top of the filter media and the bottom of the wasdter troughs of 40% of the
height of the filter media.
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* There should be a first-filtrate connection on thelet pipe through which
filtered water can be let to waste the first 10 umés after backwashing.

* The underdrain system will be reasonably well betanf the following rules
of thumb are applied.
)] Ratio of area of orifice to area of bed serveds[tb.5) x (10)] : 1
i) Ratio of area of lateral to area of orifices ser{&tb 4) : 1
Iii) Ratio of area of main laterals served (1.5 toB):
Iv) Diameter of orifices 5-20mm
V) Spacing of orifices 100 — 300mm on centers

Vi) Spacing of laterals = closely approximating ofioes.

» Air binding of the filter media must be preventedrhising the outlet pipe to
at least 50mm above the top level of the filter rmed

* The underdrain system should normally be perforgtgzes. Imported
nozzles will only be accepted in very exceptioredes.

6.10.2 Filter Media

The filter bed should be 0.7 — 1.0m thick and pedfey consist of quartz sand
with an effective size of 0.5-1.0mm, normally 0.8f@m, and a uniformity
coefficient not exceeding 1.5.

6.10.3 Supporting Bed

The filter bed should be supported by a layer afrse material generally gravel,
that will not be dislodged by the backwash watéor example, filter sand of 0.7-
1mm effective size would require 4 gravel layegsrirtop to bottom.

15cm 2 -2.8 mm
10cm 5.6 - 8.0mm
10cm 16 -23mm
20cm 38 - 54mm

6.10.4 Backwashing
The backwash rates depend on the grain size dflté'emedia and should be in

accordance with the table below for backwashindnwititer only. The table is
valid for water temperatures of %) and for filter bet expansion of about 20%.
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Effective grain size of Backwash Rate
the filter sand m*/m*h

mm

0.5 25
0.6 30
0.7 40
0.8 50
0.9 60
1.0 70

» The backwash outlet system shall be designed famamum backwash rate
of 50nt/m?h even if the calculated rate is lower.

* For calculation the amount of water used for bachway it should be
assumed that the period of backwashing is 8min.

* Backwashing with air in addition to water may onbe used in very
exceptional cases.

* The required pressure of the backwash water hdme tdetermined through
calculation of friction losses in the piping systamd in the filter. The total
head loss at backwashing often amounts to aroumetérs from the tank to
the backwash water troughs.

* The distance the wash water will have to travelzZomtally to the washwater
trough should not exceed 1.5m.

» The carrying capacity of rectangular wash-wateudhs is approximately as
shown in the table below.

Depth of wash water Width of trough
flow in trough m
m 0.25 0.35 0.45
0.25 30 40 52
0.35 53 1/s 75 1/s 96 1/s
0.45 82 115 148

* The backwash water tank should normally be desidgmethe backwashing of
only one filter unit at a time.

6.11 SLOW SAND FILTRATION
6.11.1 Limitations

Slow sand filters can be expected to perform vehe turbidity of the raw water
is less than 10 NTU. A turbidity of more than 50Wis acceptable only for few
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weeks and turbidities of 100-200 NTU can be toktdor a few days only.

A too high content of algae in the raw water magrujpt the proper functioning of
the filter. Some kind of pre-treatment to redugce turbidity of river water at a
peak flow will often be necessary. Possible peattnent methods are prolonged
storage, plain sedimentation and roughing filtnatess described earlier in this
chapter.

6.11.2 Design Details

The inlet structure should be designed in such g that the raw water is
equally distributed over the filter bed area. Thiave this the inlet velocity
should be around 0.1 m/s and the width of the stietcture should be at least
0.05 Q meters where Q is the design flow fffm

Short-circuiting near walls should be preventedtiy obstruction of flow
along the same.

The minimum size of one filter unit should be 15¥f2
The surface load should be 0.1-0.2mfh.
The height of supernatant water should be 1-15m.

An oxygen content of more than 3 mg/1l in the cleater after the filter
should be achieved.

6.11.3 Filter Media

The full height of the filter bed of sand shouldb®-1.4m. It should never be
allowed to be less than 0.5m after the periodidmng.

The effective grain size should preferably be W13 mm and the uniformity
coefficient 2-5. Locally available upgraded samdilder grade sand) can
however serve very well as the filter medium.

There should be provisions for the washing of tlterfmedia at least in a
simple sand-washing platform where the sand cafluséed from a water
hose. The washing area should be as close tdttrs fis possible.

6.12 DISINFECTION

6.12.1 Introduction

Many of the water-borne diseases like Cholera, Bigg and Typhoid are
transmitted by use of polluted water for drinkingddood preparation purposes.
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Bacteria, viruses, protozoa and cysts are amongv#neus types of disease
causing organisms (pathogens) found in pollutecervailhese disease causing
organisms originate from the intestine of warm bied animals. These are the
organisms in water which have to be destroyed biynfgiction.

The relation between Health and Water quality heenbestablished for centuries.
Already in 400 B.C., Hypocrates emphasized the mamce of boiling and
straining water. However, not until the 1800 wagigicant progress made in
improving the quality of water. This was largelgcamplished by adoption of
filtration and chlorination.

The wide use of slow sand and rapid sand filtengraves the microbiological
quality. Bacterial and other organisms have todmeoved by use of disinfection.
Thus the hygienical safety of the water supply deljgeon disinfection, which can
be achieved at the final stage of Water Treatment.

In practice, chlorine has been the most widely wenical disinfectant.

The principal reasons for disinfecting drinking esadre:

* To ensure the destruction of pathogens

 To maintain a protective barrier against pathogem®ring the distribution
system and

» To suppress bacterial regrowth in the pipe.

In practice, all water supplies require disinfegtioFrom experience, it has been
shown that adequate chlorine produces zero colgdr@®ml of test sample.

6.12.2 Mode and Methods of Disinfection

(@)

Mode of disinfection

General

The presence of feacal micro-organisms in drinkireder sources is a constant
danger of water borne diseases carried througlwtter distribution system to
consumers. These disease causative agents couddrigied as viral, bacterial,
protozoa and helminthic.

The common diseases caused by ingestion of congd@dinvater includes gastro-
enteritis, bacillary, dysentery, typhoid, choleraus hepatitis and amoebiasis.

The table below shows the common water-borne diseasd their health effect.
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Table showing water-borne diseases due to microbes.

Water-borne Organism Health effect

disease

Gastro - enteritis Various pathogens Acute diardr@hvomiting

Typhoid Salmonella Typhosa | Inflamed intestine, enlarges
(bacteria) spleen, high temperatures- fatal

Bacillary dysentery| Shigella (Bacterial) Diarrhea, rarely fatal.

cholera vibrio comma Vomiting, severe diarrhea rapigd
(bacteria) dehydration, mineral loss- high

mortality.
Infections hepatitis| virus Yellow skin, enlargeder,

abdominal pain — low mortality|
— lasts upto four months
Amoebic dysentery] Entameoba histolyticaMild diarrhea, chronic

(protozoa) dysentery
Giardiasis Giardia lambilia Diarrhea, cramps, nausea and
(protozoa) general weaknesses — lasts 1-30

weeks — not fatal.

These diseases could be prevented through safe svgiply, proper disposal of
sewage and improved standards of living.

Mode of Disinfection

The different treatment processes practiced in wpteification, particularly

disinfection, play a great role in removing andtd®sng the disease causing
organisms. The inactivation mechanisms of virubgschlorine and other
disinfectants has never been well understood. s Ithought that the oxidant
penetrates the cell membrane and attacks the nuadil.

Basically, a virus is composed of genetic mateeiatased in protein cell or
capsule. The genetic material is either deoxiblemti@acid (DNA) or ribonucleic
acid (RNA). The capsule protects the virus fronfauaurable environmental
conditions and promotes development of virus.

The penetration of oxidants through the cell memésawill impair the action of
enzymes; as a result the organism dies.

It is generally agreed that the relative efficierfyarious disinfectants used in
water treatment being powerful oxidizing agentsstdg/ the semi-permeability
and enzymic activity of cell membrane, impair photeynthesis and react with
nucleic acid. Similarly, the ultra violet radiatioesults in activation of micro-
organisms DNA at 254um.

Small dose of free chlorine is capable of inacthg@®0 — 99% of Escherichia coli
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(E. Coli) and other enteric Bacteria, Faecal cotife and Faecal streptococci, and
50% or more of different types of virus and 100%aicaria of Bilharzia.

6.12.3 Different Methods of Disinfection

Disinfection of portable water can be accomplistwd physical or chemical
means. The chemical method has been extensivety fos over a century. The
various disinfectants tried in full or in laboratoscale include chlorine in its
various forms, ozone, bromine, iodine, chlorinexdie, ultra violet radiation,
silver, chloramines and potassium permanganate.

The criteria for appraising the suitability of vaus disinfectants for water supply
are:-

» Disinfectants ability to destroy the organisms witthe contact time available
and the range of water temperatures encountered.

* Ready and dependable availability of the disinfetstat reasonable cost and
in a form conveniently, safely and accurately sgahli

» Disinfectants ability to accomplish the desiredealives without rendering
the water toxic or objectionable aesthetically threowise.

» Disinfectants ability to persist in residual conitations as a safeguard against
recontamination.

» Adaptability of practical duplicable, quick and acate assay techniques for
determining the disinfection concentration for @erg control of the
treatment process, and as a measure of disinfeefiilcgency.

Currently, there is no single disinfectant whiclisees all the above mentioned
criteria. Even chlorine once considered to be @feany adverse health effect has
shown its limitation.

Without forgetting the final objective of producimygienically safe water, each
factor has to be weighted carefully and propercsigle of disinfectant has to be
done.

@) Chlorination
The addition of chlorine and chlorine compoundsvater is called chlorination.
Chlorine is commercially available in three forntiguid, powder and liquefied
compressed gas.
Among the available disinfectants chlorine in itgigus forms is widely used to

disinfect drinking water. This is attributed toeelp cost, ease to apply and readily
adaptability to different circumstances.
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The main advantages of chlorination are the residolarine in the distribution
network and storage, which provides protection regjarecontamination and
microbial aftergrowth.

When chlorine is added to pure water, i.e. freenfammonia and organic matter,
it produces hypochlorous acid (HOCL) and hypochdoion (OCL), which are
the actual disinfecting agents. The reaction dép@m PH and temperature of the
water. The disinfecting capacity is retained in G1Q and it is regarded to be
greater than OCL It has been shown that HOCL kills 80 — 100 tinnesre
E,Coli than OCL

(b) Ozonation

Ozonation is the method of diffusing ozone, antadlaic form of oxygen into the
water for the purpose of disinfection.

The inherent instability of ozone to decompose b@ckxygen necessitates its
production on site for immediate use. It is prashidy passing an electric
discharge of high voltage alternating current tigiothe dry air. In the generation
process, a voltage of 4-20kv is applied to dielegifates about 6mm apart or to
concentric tubes through which clean, dry oxygeh gas is blown. The amount
produced may be upto 30 mg/of the blown air. The generation process and the
need of skilled manpower for operation and maimeeraleads to higher cost.
These disadvantages hinder its adoption in devadpgountries.

Ozone is also used for taste and odour controburalemoval and oxidation of
iron and manganese and organic removal. When ogioge as a disinfectant the
recommended dosage is 0.2 — 1.5 mg/L.

If a residual of 0.2 — 0.4 mg/h is maintained fan#utes, ozone has shown to be
an effective viral disinfectant. Even though itaisrery potent viricidal agent it
lacks provision of lasting residual disinfectingw®y due to its decomposition
back to oxygen. Thus, addition of chlorine, chion@es or chlorine dioxide to
obtain residual in the network is unavoidable.

The use of ozone as a disinfectant has the follgwalvantages:

» It is a highly effective disinfectant in destroyipgthogenic bacteria and
viruses.

* It is more effective in disinfecting water contaigi ammonia than
chlorine.

Ozone’s ability to decompose organic matter maysegaroblems in the network

due to increasing volume of bioassimilable compsundless the degradation
products are removed or an additional disinfectatit a long term effect is used.
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(©)

Its high cost and the inability to maintain residoght be the main reason why it
has not been widely used for water disinfection.

The following table summarises the disadvantagdsadwantages.

ty

Advantages Disadvantages

Wide Spectrum Disinfectant High capital cost fouigment

Avoids taste and odour problems Must be generdtsitiea

Removes colour High reactivity results in low

selectivity

* Adds oxygen to water * Low solubility under normal

» Disinfection is rapid conditions

» Has high oxidation potential * Operation and maintenance ma

+ Lowers BOD and COD values be a headache

« Low concentrations are adequate |* Residual @cannot be

« Does not form toxious compounds |in Maintained in K0 for long
treated water periods

« Avoids problems associated with More expensive than chlorine.
transportation of potentially harmful
chemicals

Ultra violet radiation

The UV rays are part of the electromagnetic spattetween x-rays and visible
light.

The most common source of UV radiation is the abateercury low pressure
lamp. This type of lamp is mostly used in existidy plants for disinfection
purposes.

To achieve the maximum efficiency the lamps mustkbpt clean so that the
organisms are exposed to the full intensity ofuihelight.

Disinfection is accomplished when the water is egabto the UV light source.
For effective disinfection, the water must be withturbidity or colour and free
from organic colloids that might form deposits dre ttubes or obstruct the
passage of light. Also the depth of water mussHomlow.

Because the UV radiation leaves no residual, th&@nfdiction has to be

complimented either with chlorine or chlorine didei The shortcomings
coupled with the hardware problems make UV unféasibdeveloping countries.
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(d)

()

(ii)

Table showing advantages and disadvantages of W\isinfection of portable
water

» Foreign matter is not introduced s Spares, cysts, and viruses are less
into water and physical or susceptible than vegetative bacteria.
chemical character is not
significantly affected

» Constituents of the water i Thorough water preconditioning is
solution, such as ammonia, exert required because UV is absorbed by
on effect on disinfecting capacity many constituents normal even to

pretreated waters.

» Tastes or odours are not » Residual disinfecting capacity
produced (but UV has no effect apparently is not provided.
on removal of odour or colour).

» Short contact time is effective | « Extensive amounts of electric energy

and expensive equipment are required.

* Overdosing produces no * Frequent and expensive apparatus
detrimental effects. maintenance is necessary to ensure

stable energy application and essentially
uniform density throughout effective
radiation area. Treatment efficiency is
not readily determinable (lack of rapid
field test).

Comparison of different disinfectants
It seems that there is no competitive alternativettiorine for the water supplies.
Chlorine and its compounds

Chlorine gas

Chlorine gas is generally used for disinfectiohairge Water Treatment plants. It
is supplied as a liquid gas under pressure in steefainers or cylinders. The
capacity of the cylinders range 45-100kg. The ihéocontent is 100%.

Calcium hypochlorite (TCL)
The powered form of chlorine is known as calciurpdghlorite, Ca(ochand it is
used as loose powder or compressed tablet forms.

It is commercially available as bleaching powdentaming about 30% available
chlorine and calcium hypochlorite granules. Whdreth with water it produces
suspension which needs precipitation, which is anhe disadvantages of using
ca(ocl).
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(iif)  Calcium Hypochlorite granules (HTH)
This is 70% the bleaching powder, calcium oxy dder— except the available
chlorine content which is 65-70% by weight. Thermical is supplied in 50kg
drums of plastic lined containers containing 45kgagocl).
For making the standard strength solution of ca2od is preferable to use water
containing hardness (ca co3) less than 75-100 nmdglke of hard water results in
precipitation of its hardness

6.12.4 Feeders

The solution should be fed into the water by meahsgravity dosers or
displacement doser. Dosage pumps may be usedyimare circumstances.

6.12.5 Contact Period and Residual Chlorine

* A contact period of at least 30 minutes in the rcleater tank and the
transmission main should be allowed before the mwataches the first
consumer.

* The residual should be 0.3-0.5 ppm free chlorirterdfalf an hour contact
period. A tap for sample should be provided afterclear water tank.

* Important: The gauging rod must be in a distanfcatdeast 3 h from the
weir. The zero point of the rod must be on theestawmel as the crest of the
weir.

6.12.6 Pot Chlorination

It is desirable to chlorinate open dug wells aldeewthey serve only one or a few
families.

This can be done using an earthen pot of 7-1Gslitegacity with 5-10 holes with
a diameter of 6 to 8mm in the bottom. The pot &hbe half filled with pebbles,
20-40mm size, TCL and sand in a 1 to 2 mixture khbe placed on top of the
pebbles and the pot should be filled up to the etk pebbles. The pot should
be lowered into the well with its mouth open.

For a well from which water is taken at a rate 60Q-1200 litres/day a pot
containing about 1.5 kg of TCL should provide adeguchlorination for about a
week.
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6.13 FLOW MEASUREMENTS
6.13.1 General

The raw water should be measured in a V-notch weia flume which also
should serve as the feeding spot for precipitattoemicals when applicable.

There should be a master meter measuring the anobwhear water distributed
to the consumers.

6.13.2 Thompson weir

This method is suitable for quantities up to alddutl/s
The following arrangements have to be made.
3 : UWL

i >

/ f’_f_\ ~

§ { i { H
SOIL BARRAGE ~— —WER

il ]
/

L -

UWL=UPPER WATER LEVEL
L—GAUGING ROD LWL=LOWER WATER LEVEL

Fig No. 6.1 Thompson Weir
e MinimumH =2h

* Maximum velocity of water at the gauging rod = Am
« Normally a 9¢ weir is used [_j = 2
Vv

Important: The gauging rod must be in a distance of at [8dstfrom the weir.
The zero point of the rod must be on the same kevéthe crest of the weir.
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Fig 6.2: Discharge over Thomson weir for h = 0 — 16m
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Fig 6.3: Discharge over Thomson weir for h = 11 -®cm
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6.13.3 Rectangular Weir

This method is applicable for quantities above/4.0
The following arrangements have to be made:

PROFILE SECTION
|
5| Al
4 L
L uwL
- Vi / !
zi 1 || vorzoma / N MAX, LWL
1] / LWL
T \ ¥s \A N7
1 A =
Fa —
L il I Y[ 7 7T 1Y %7

SOILBARRAGE — —WER
—GAUGING ROD

UWL=UPPER WATER LEVEL
LWL=LOWER WATER LEVEL

Fig. No. 6.4: Rectangular Weir

e MinimumH = 4h

» Maximum velocity of water at the gauging rod = 1m/s

* Important: The gauging rod must be in a distance of attl8hsfrom the
weir, the zero point and the rod must be on theesi@wvel as the crest of the
weir.

* Normally the minimum width for a weir should be B@detter 1.00m.

* The crest of the weir must have a sharp edge.
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Fig 6.5: Discharge over Rectangular weir
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6.14 BUILDING

6.14.1 Workshop and Laboratory

* A workshop should generally be provided with wotkibench, shelves, a
lockable cabinet and tools according to MOWD stadsla See Appendix C.

» Both workshop and laboratory should have floormai

6.14.2 Office

The office should be placed some distance away oy equipment such as
pumps or generators, preferably in a separateibgild

The office should be equipped with desk, chairgkbshelves and telephone, all
according to the MOWD standards.

6.14.3 Chemical Store and Fuel Store

The chemical store should generally hold 3 mondagiirements except for very
large schemes for which the transport-storage reménts should be analysed
thoroughly. Chemicals for 3 months or as adeqgshtauld be included in the
contract. The size of the fuel store will depemdyvmuch on the location and
shall be determined in consultation with the O &k&nch.

6.14.4 Pipe Store

All schemes should have a lockable pipe store elteshcontaining ten lengths of
each size and class of pipes used in the scherhe. stbre should be equipped
with simple racks for all the spare pipes includethe contract.

6.14.5 Staff Houses

The number of required staff houses should be ohted after consultation with
the Operation and Maintenance Branch of the MinistrStandard drawings
should normally be used. The house should be pgdiwith hard furniture. One
of the staff houses will be used as the Resideginger’'s residence during the
construction period. The staff houses should laequ at some distance away
from the treatment works and pumping stations beiohoisy equipment. There
should be a fence between the treatment workshenstaff houses.
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6.15 MISCELLANEOUS
6.15.1 Access Roads

There should be access roads up to all buildingghioh chemicals are delivered
frequently or which contain heavy equipment e.gnps and generators.

6.15.2 Safety Measures and Devices
Safety devices such as lighting, fencing, handréils extinguisher and first aid
kit shall be provided. All valves within the treant works area should be
possible to operate from the ground level and mdy écom inside a covered
manhole.

6.15.3 Flush Water

Connection for flushing water adjacent to floccidattanks, sedimentation tanks
and sand filters should be provided with the higlaesilable pressure.

6.15.4 Marking

Visible pipes in the treatment area should be mhorenarked in accordance with
the following colour scheme.

Raw water - Grey
Clear water - Light blue
Sewage and Drain water Brown
Chlorination solution - Green
Alum Solution - Red
Soda Ash - Yellow

6.15.5 Fencing
The treatment work site should be fenced and aggfrom the staff house site.
6.15.6 Transport Facilities

Bicycles or motorcycles should normally be includedhe contract and at least
one vehicle for a large scheme.
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7.1

7.1.1

7.1.2

7.1.3

TRANSMISSION AND DISTRIBUTION LINES
GENERAL DESIGN ASPECTS
System Design

A given supply area may be best served by one laojpeme or by several
independent smaller schemes. Alternative systems o be studied and
compared from technical as well as economical vaatp

The designer should in particular, study peripherasolated high areas with few
consumers within the supply area to determine vérethese would be most
economically served by a separate supply, e.g.ragspbooster pump, rain
harvesting or by the main supply system.

The construction cost of the transmission linegressed as Shs per’ mater,
will generally increase with the size of the supatga. However the increase will
often be off-set by decreasing costs for watertrneat and pumping with larger
supply areas. The most economical scheme are&aviél to be decided for each
project, as it is not possible to give general gation as to the optimal scheme
size except that simple gravity schemes withowttnent should be smaller than
complicated schemes with treatment ad pumping.

Method of Supply

A gravity fed supply should be preferred wheneeehnically, economically and
financially feasible.

The economic analysis should comprise both thel twtat and the foreign
exchange component of the total capital and omeratnd maintenance costs over
the design period. A gravity system with higheataosts than a pumped system
may still be preferred if the foreign exchange comgmt is higher for the pumped
system.

The financial feasibility depends on the possiletitof obtaining funds from the
Government or a donor and changes from time to.time

Pipeline Design
* The cost of the transmission and distribution systonstitutes the bulk
usually 80-90% of the construction costs of a lavgster supply. It is

therefore important that the efficiency of the systis maximized through
careful alignment of the pipe routes.
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The design shall aim at supplying the maximum nundfeconsumers at
lowest possible cost. In practice this can beea@d by strict adhering to the
following design rules.

Balancing tanks shall be incorporated in the systeorder to cut down peak
flows. The position of and the capacity of eaahktahould be determined
after economic analysis aiming at minimizing theteyn cost.

A pipe transversing a supply area shall be desidoethe peak flow of that
area plus the mean flow of succeeding areas asrsloowFigure No. 7.1.
Regarding peak flows see chapter “Water Demand”tankis chapter “Water
Storage”.

The static pressure should be kept low by breaktiegoressure preferably in
the balancing tanks or in separate break-presankst

The number of major high points and low points dtidae kept to a minimum
where possible by trying to follow the contour knef the terrain rather than
only roads and tracks. This calls for active pgrdtion by the design
engineer in the survey of the pipeline routes. [Boge size pipes (150mm)
alternative routes may have to be surveyed forcamamic analysis in order
to find the optimal alignment.

The excavation depth should be varied to avoidllbigh and low points in
order to minimize the number of air-valves and veagb. Further see chapter
“Drawings”.

The pipeline should be set out by the Resident ri&®gi who also should
check that the pipe levels are strictly in accoodgawith the drawings.
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Fig 7.1 Gravity Flow calculation typical procedure

INTAKE
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7.1.4

7.2

7.2.1

7.2.2

7.2.3

7.3

7.3.1

7.3.2

Phasing
The construction of large projects will generalbvb to be phased. This should

be considered at the preliminary design stage abthie projects can be divided
into technically functioning sub-schemes of finatigimanageable size.

SPACING OF PRIMARY AND SECONDARY PIPELINES

High and Medium Potential Rural Areas

Generally, the distance from 90% of the residertit@lses to the nearest primary
or secondary pipeline should not exceed 1km. Hewethe features of the
terrain, the spacing of roads and tracks etc. mayenit necessary to deviate
slightly from the general recommendation.

Low Potential Rural Areas

The distance from 90% of the permanent residehtiakes to the nearest primary
or secondary pipeline should normally not excedikrB. However, the local
conditions will in many cases necessitate adjustsném order to serve the
maximum number of people best.

Urban Areas

The pipelines should follow roads and streetshasva on the Town Plan.

PIPES

Material Selection — General

Preference should be given to pipes, which are faatured in Kenya when there
is no major difference between their performancd prices as compared to
imported pipes.

At present (1983) polyvinyl chloride (UPVC) anddtpipes are manufactured in

Kenya. Regarding standards see under the chafiandards” which also
contain pipe dimensions, pressure classes et¢héomost commonly used pipe

types.

Material Selection - Corrosion aspects

* Regarding internal corrosion see section “Substwrmed Characteristics
Affecting Building and Pipe Materials” in chaptanater Quality”.

» External corrosion may well be a greater probleantinternal in particular
for steel and iron pipes. The same constituerisafiect the pipe from inside
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will also attack the outside of the pipe. Corrosi® often a complex process.
Four general types are recognized: galvanic, @lticr, stress and

biochemical. The soil resistivity and corrosioteof have a close relationship
as shown in the table below:

Soil resistivity 1/ Corrosivity of steel
Ohm-m (Soil with pH>6)
<1 Very much corrosive
1-10 Very corrosive
10-100 Little corrosive
>100 Non-corrosive

1/ Determined as resistivity in 100g soil + 100geva

Cast iron and ductile iron are more resistant twosion than steel. The table
below can be used to determine whether the saibissive to iron and ductile

iron. If the total risk points exceed 10 the ssilikely to be corrosive and some
protective measures should be taken.

Parameter Value Risk point

Resistivity <7
Ohm-m 7-10
10-12
12-15
15-20
>20

pH 0-2
2-4
4-6.5
6.5-7.5 0

OO wum

Redoxpotential >100
mV 50-100
0-50
Negative

Sulphides +
trace

w w

Moisture Poor drainage
Always wet
Fair drainage
Mostly wet

-

Good drainage 0
Mostly dry
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7.3.3

7.3.4

2/ If the redoxpotential is low or negative if alsleere are sulphides
present the risk point will be 5.

Protective measures e.g. lining and coating of pipith cement mortar, coal tar
etc. or cathodic protection should always be detexcthin consultation with the
pipe manufactures.

Design Dimensions of UPVC Pipes

The design of pipelines shall be made for pipe dsi@ns in accordance with KS
06-149 Part 2, 1992 (Metric Series) See sectioh 13.

The PVC-pipe shall be designated by its nominalsidet diameter and the
pressure class e.g. 110 A

If pipes manufactured to KS 06 — 149 Part 3 (In&ri€s) are used for the
construction of the pipeline the comparable minimdimensions as shown in the
table “Equivalent Dimensions” in the chapter “Stara$” shall be used.

Friction Losses

The friction losses in pipes should be calculatdth ihe Colebrook — white

(Universal) formula. The roughness, K, to be dkfes. This includes normal

bends and fittings along a pipeline:

UPVC K =0.1mm

Steel, GS, Cland DI K =1.0mm

Diagrams over the losses in pipelines based omlbge K-factors can be found
in Figs N.7.2 and 7.3. Losses in bends and fitiage given in chapter “Pumps
and Power Sources” for separate calculations @kthe
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Fig 7.2: Loss of head for the flow of water in streght pipes, k
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FRICTION LOSS %(m/1000m)
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7.3.5

7.3.6

7.3.7

Cover and Slope of Pipes

The pipelines shall be put in straight lines betwebanges in gradient. The
slopes shall at no place be less than 0.5% for et of 200mm and less
and 0.2% for bigger pipes.

To minimize the number of changes in grade the giall be laid with a
cover varying from a normal minimum of 0.6m to amal maximum of 3m.

The pipeline must not be designed having local Ipigimts where air pockets
may develop without having any chance of beingasze.

The minimum cover over unprotected pipes in arelasrgvmotor traffic may
occur shall be 0.9m. Pipelines in road reservesildhbe located, whenever
possible 1.5m from the edge of the road reserve.

Pipelines below road surfaces should be laid asucted by Ministry of
Transport and communications.

Pumping Mains

Water hammer and surge shall be taken into coratiderwhen designing
pumping mains. For UPVC-pipes the total pressar@ations from minimum
to maximum should be limited to 50% of the nomwvakking pressure of the
pipe class.

The peak pressure, inclusive the water hammer, Idhoat exceed the
nominal working pressure of the pipe class. UP\g&p class 0.6 Mpa must
not be used in pumping mains.

The most economical pipe diameter should be sel@ébi®ugh an economic
analysis. For a tentative estimate it may be asguitmat the most economical
size of long pumping mains can be found by usinglacity of flow of 0.8
m/s in pumping mains.

Design of pipe installation in the pump house ahdhwrt discharge pipes
should be done as described in chapter “Pumps awdSources”.

Pressure

The minimum pressure at design flow should be O0daNILO metre water
head) in pipe sections to which there may be madsumer connections and
0.04 Mpa (4m) in other cases. The levels of theosmding areas to be
served form the pipeline must be considered whe@riehning the minimum
pressure.
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* The static pressure in pipes with consumer conmestshould be not more
than 0.6 Mpa (60m) unless the terrain makes higinessures unavoidable.
Higher pressure than 0.6 MPa may require spediaids, ball valves, stop
valves etc. for the consumer connections.

* In urban areas with provision for fire-fighting,ettminimum pressure of 0.15
Mpa (15m) should be up-held at a withdrawal of 1€ 1There should be an
isolating valve downstream of each fire hydrara imon-loop system.

* The following is the design pressures of variousemals: -

Pipe material Maximum working Sizes
pressure
UPVC (Polyvinyl Chloride) 1.5MPa 25-300 mm
PEH (Polyethylene High 1.2 MPa 15-50 mm
Density)
GS (Galvanised Steel) Depending on grade and|size LL A
Cl (Cast Iron) Depending on grade and size  80-12060

7.3.8 Water Hammer

Water hammer is a phenomenon which may be causetiobiyng or opening a
valve, or start or stop of pumps etc. Generally tileximum water hammer can
be calculated with the following formula:

WH = = CV (1)
g
Where WH is the pressure rise (or drop) in m ofena€ is the velocity of the
pressure wave. V is the initial minus the finaloogty of water when flowing in
the pipe (m/s), g is the acceleration of gravipr a circular pipe:

C = W .
\/ 1+ EX_Dn 2
E ot
Where:-

Cw = Celerity of the pressure wave in water = 1428 m
E, = Elasticity modulus of water  (N/nfin
E, = Elasticity modulus of the pipe material (NA)
Dm = Mean diameter of the pipe,D=Di + t (mm)

t = wall thickness (mm)
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If the pipe is fixed in the longitudinal directiothen Ep must be substituted by
Ep/ (1-), where

r = Poisson’s ratio
Knowing Dy and t, K and E formulae (1) and (2) can be simplified to:
WH =+{V where also C Hg

(The above expressions are based on the assuntipdiba valve is opened/closed
suddenly, or the time taken to close the valve,LTERS) where L is the length of

pipe).

Elasticity modulus and Poisson’s ratio

MATERIAL EllLrﬁ;IZCITY MODULES Ep ;g_lrSIgONS
Polyvinylchloride (UPVC) 3x1b 0.5
Polyethylene (Low Density) (PEL) 0.15 x°10 0.5
Polyethylene (High Density) (PEH) 0.8 x*10 0.5
Galvanised steel, me. Grade (GS.MG) 210% 10 0.3

Cast Iron (CI) 100 x 10 0.3

Ductile Iron (DI) 170 x 18 0.3

Water 207 x 19 -

Value oft can be found for UPVC pipes and GS pipes in tles taelow:

UPVC pipes to KS 06 — 149
Metric Series
Pressure class | Nominal outside | Celebrity of press Factor
Mpa Diameter mm Wave, C m/s e
<160 295 30
0.6
> 160 173 28
<160 355 36
0.9
> 160 331 34
12 <160 399 41
' > 160 378 39
15 <160 444 45
' > 160 419 43
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STEEL pipes to ISO 65
Nominal inside : . .
diameter mm Heavy Series Light Series 2
Celerity, C Factor , Factor
m/s ¢ Celerity m/s 0
50 1345 137 1303 133
65 1324 135 1287 131
80 1320 134 1267 129
100 1301 133 1248 127
125 1276 130 - -
150 1252 128 - -

Example 1: In a UPVC 225/10.5 - 1.2 pumping maikm llong, the flow
Q=20 1/s gives V=0.6 m/s. The water hammer pressur
WH =+ 39 X 0.6 =t 23.4 m if the sudden closure/opening
of the valve or sudden start/stop of a pump islarithan :
T=2x1000/378=5.3s

Example 2:  Which class is required for a UPVC purgpmain of diameter
160mm if the velocity is 0.8 m/s, friction lossesm, static head
60m?

Assume pressure class 1.2 MPa
WH=£41x0.8=328m
Hence, total head inclusive water hammer
H =60 + 32.8 = 92.8m which is allowed
However the total amplitude 2 x 32.8 = 65.6m is enitian 50% of
the nominal working pressure for the class 0.56250m.
Thus, class 1.5 MPa has to be selected.

7.4 CORROSION PROTECTION

7.4.1 General Corrosion Protection

Generally, the internal surface of pipes is pra&édatith a centrifugally applied cement
mortar lining. The cement should be Portland ceapfnash cement, or sulphate

resisting Portland cement. The standard thickogs®e lining is as shown in the table
below:
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The seal coat, if applied, should be bitumen, agnulsion, or PVC solution.

Nominal Diameter DN (mm) Lining Thickness (mm)
Nominal Minimum
80 to 250 4 3
300 to 600 6 5
700 to 900 8 6
1000 to 1200 10 7
1350 to 1500 12 8
1600 to 2600 15 11

The internal surface of fittings is protected witAnd applied cement mortar lining or
with a 0.1mm thick tar-epoxy coating material.

7.4.2 Special Protection

When aggressive fluid is passed through the pipecial care should be given to the
internal protection of the pipe.

Aggressive fluids:

* High content of free carbon dioxide (©O

* Raw sewage

* Acid water

@) High free carbon dioxide (CQ) content
Water containing free carbon dioxide above 20 ppmmconsidered to be
aggressive to cement mortar lining.

(b) Raw sewage
When sewage is at high temperature, when flow Vglas extremely low, or
when sewage flows in a partly filled pipe, sulphateaw sewage will be reduced
to hydrogen sulphide gas {8) and finally from sulphuric acid @30,) which
damages pipes and other facilities.

(c) Acid water

In the situations mentioned above, special pratacsuch as cement mortar lining seal-
coated with tar-epoxy, fusion bonded epoxy coatingther coatings should be applied.
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External Corrosion Protection
@) General protection

Since ductile iron has excellent corrosion resistameavy-duty corrosion protection is
generally not required. Usually, the external acefof the pipe and fittings is protected
with tar-epoxy coating material having a minimuny @im thickness of 80 microns.

(b) Polyethylene sleeving method

Under normal conditions, standard coating providesficient protection against
corrosion. However, when pipes are laid in exceyatily corrosive soil areas, it is
recommended that the polyethylene sleeve corrgsiotection method be employed in
addition to the standard coating. The method tmading the corrosiveness of soil is
specified in the American National Standard (ANS2A5).

(c) Special coating

(1) Above ground (exposed)

Pipeline, which is installed above ground, may bated externally with 40 microns
thick aluminum-pigmented bituminous paint on togha# 80 microns thick (bituminous)
tar-epoxy coating. However, pipelines, which argtalled inside or immediately outside
of water treatment facilities and pumping statiomgy be coated as indicated in Table
7.1 below. In this situation, pipeline can betidguished by color by painting with
several different, colored synthetic resin paints.

Table 7.1: Coating process

Coating process Coating material Coating thickness|  Coating place

st Lead — type .

1 Anticorrosion paint 35 (microns) Works

2nd A Lead —type 30 (microns) Works

nticorrosion paint
3 Synthetic 25 (microns) Site
Resin paint

th Synthetic . .

4 Resin paint 25(microns) Site

Note: In lead-type anticorrosion paint, red-lead pdegd sub oxide paint and lead cyanamide
paint is available.

(i) Immersed in water

Pipeline, which is installed under water, may bated externally as follows. In this

A 111



case, pipelines will not be able to be distinguishyg color.

Coating process Coating material Coating thickness| Coating place
1% Tar-epoxy paint 70 (microns) Works
2 Tar-epoxy paint (M.1.O.)| 50 (microns) Works
3 Tar-epoxy paint 70 (microns) Site
4" Tar-epoxy paint 70 (microns) Site

Note: 1: Inthe above table, M.I.O. means Micaciaos [Oxide
2: When pipeline is coated with colored paint,»gppaint should be applied
instead of tar-epoxy paint.

(i)  Underground in a corrosive soil

Special coatings as mentioned below are available pipeline which is buried
underground in a corrosive soil;

» 300 microns or 500 microns thick tar epoxy coating
* Zinc rich pain or metallic zinc coating seal-coawdth tar-epoxy
* Polyethylene coating

(iv)  Electrolytic corrosion protection

Ductile iron pipeline has inherent electrolytic m®ion resistance because the pipeline is
almost insulated at the joint portion of each piyea rubber gasket. However, pipeline
may form an electrically conductive line under agrtconditions. In this situation,
application of a polyethylene sleeve shows a higdirele of insulation effect and protects
the pipeline form electrolytic corrosion.

NOTE: The American National Standard for Polyethylene d&eeent for Gray and
Ductile Cast Iron piping for Water and other LigslidANSI A 21.5 (AWWA C 105),
specifies that five properties of the soil shoutditvestigated. These are:

» Earth receptivity
e pHvalue

* Redox potential
* Moisture content
» Sulphide content

Points are assigned according to the measuredsvaluthese properties, and corrosion

protection by the polyethylene sleeve method ismenended if the total of these points
is 10 or more.
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Soil-test evaluation according to ANSI A 21.5 (AWWA.05)

Property Measured value Points

Resistivity (based on single probe |atess than 700 ohm-cm 20
pipe
Depth or water saturated miller spif00 to 1,000 ohm-cm 8
box)

1,000 to 1,200 ohm-cm
1,200 to 1,500 ohm-cm
1,500 to 2,000 ohm-cm
More than 2,000 ohm-cm

o |N|O1

pH value Oto 2 5
2t0 4 3
4t06.5 0
6.5t07.5
7.51t08.5
More than 8.5

o
*

Redox potential More than 100mv 0
50 to 100 mv 3.5
0 to 50 mv 4
Less than 0 mv 5

Moisture content Poor drainage and continuously 2
wet:
Fair drainage and generally moist: 1
Good drainage and generally dry 0

Sulphide content Positive 3.5
Trace 2
Negative 0

*If sulphides are present and low or negative Regotential results are obtained, three points
shall be given to this range.

Cathodic protection:

The use of cathodic protection systems for duatde pipeline is not recommended for

the following reasons:

» Ductile iron pipeline has a high degree of elealriesistance because of the jointing
system using rubber gaskets.

» There are more effective and economical protecsgstems, e.g., polyethylene
sleeving.
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7.5

7.5.1

7.5.2

7.6

7.6.1

7.6.2

OPEN CONDUITS
Application

Open canals may be used for conveying raw watenwagenomical, but should
never be used for treated water.

Hydraulic Design
The Manning formulaV = C x B®x | *

(V = Velocity, m/s ; C = Coefficient of roughnesR = Hydraulic radius, m
| = Hydraulic gradient m/m) should be used with tbiéowing values of C.

* Planned timber, joints flush C = 80
» Sawn timber, joints uneven =70
» Concrete, trowel finished = 80
* Masonry, neat cement plaster =70
* Masonry, brickwork; good finish = 65
» Masonry, brickwork; rough = 60
* Rock, cut smooth = 30
* Rock, jagged =25

AIR-RELEASE VALVES
General

The number of peaks and hence the number of aresain a pipeline should be
kept to a minimum following the design rules earl@itlined in this chapter.
Preventing air form entering the pipeline shoulduee the amount of air. See
e.g. chapter “Water Storage”.

Air-release valves serve mainly thee purposes, hame

* Torelease air form the pipeline during the fillipgpcess (large orifice valves)

* To release air from the pipeline during the norrpération of the water
supply (small orifice valves)

* To allow air to enter into the pipeline in order geevent vacuum to occur
(large orifice valves).

Small-orifice Air Valves

» This type of air valves should be placed at allhhgpints relative to the
horizontal on pipes with inside diameter of 80mntanger.

* On smaller pipes air valves should be placed onlgcaentuate high points
and then if air cannot be released through conseorerections.
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7.6.3

7.6.4

7.6.5

7.7

7.7.1

7.7.2

* In this context it may be considered that a higinppts accentuate if it is
situated 10m higher than the low points precedingucceeding it.

* The minimum orifice size with a diameter of approately 2mm is normally
adequate up to a pipe diameter of 300mm.

Large-orifice Air Valves

» Large orifice valves should be positioned at aacaset high points on
pipelines of diameter 80mm or larger at t distamicabout 1 km.

» Large-orifice valves should be placed on UPVC piglass 0.6Mpa at points
where vacuum may occur.

* Inlet diameters of 50mm are usually adequate fqe piiameters up to
400mm.

* At locations where a small-orifice and large-oefizalve coincides these
should be combined to a double orifice valve.

Alternative Air Release

The air valves may be replaced with connectiorS8WPs or Kiosks or with rising
branch lines. At the filling of the pipeline systevashouts may serve as air
release points. Manual air-release valves maycephutomatic ones in special
cases.

Isolating Valves

All air-release valves should be equipped withasaol valves for easy removal
and repair of the air valves.

WASHOUTS
General

The number of low points and hence the number ahwats should be kept to a
minimum following the design rules earlier outlinedhis chapter.

Location

Washouts should be placed only at accentuate lomtpon raw water and clear
water mains of inside diameter 80mm or larger.

In this context it may be considered that a lownpds accentuate if the
succeeding major high point is situated on a 1Q0ghéxi level.
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7.7.3 Washout Size

Assuming a shear stress of 10N/om the walls of the main pipe and an available
pressure of 0.1-.0.2 MPa the diameter, d, of thehwat should be:

d = 0.6 D if the upstream and the downstreaessf the main are
washed simultaneously.

d = 0.4D ifonly one side is washed at a time

Where:
d is the diameter at the washout in mm
D is the diameter of the main pipe in mm

7.7.4 Washout Valves

There shall be a valve only on the washout pipe raostdon the main pipeline
unless the valve can be combined with a sectiorev@ee below).

7.7.5 Drain

7.8

There shall be an open drain leading the water filoenwashout to a suitable
steam or discharge point nearby.

FIRE-FIGHTING

7.8.1 General

Concerning provision for fire fighting see chaptfater Demand”.

7.8.2 Pipes

Urban areas with fire tenders do not require highinnpressure and the only
requirement is that there is adequate supply oémattthe hydrant. Providing for
piping not less than 100mm or in very high valuenoeercialized areas 150mm
normally ensures this. Further see “Section Vélves

7.8.3 Hydrants

7.9

In areas with high fire risk, town centers, indigdtrareas, etc., the distance
between fire hydrants shall be 65-100m, and irdesdial areas 150-200m.

SECTION VALVES

7.9.1 Location

» Section valves on gravity mains (>80mm) should @sated a distance of
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between 2 and 3km for rural areas and about 0.5knuifban areas. All
branch lines should have valves at the connectimmping mains must not
have any section valves outside the pump house.

The valves should be placed in such a way thainity of water can be done
by closing suitable parts of the supply for ceraemiods.

Whenever possible the section valves should beeglan a joint valve
chamber with air valves or washouts amps$tream of these valves.

In urban areas where fire-fighting is provided fioere should be an isolating
valve downstream each fire hydrant.

7.10 BREAK PRESSURE TANKS

7.10.1 General

Break-pressure tanks should be used to keep tisyyes within the limits stated
under section “Pressure” of this chapter and toemagossible to use lower pipe
classes and hence minimize the cost of the pipeline

Break-pressure tanks should be combined with tHanbeng tanks whenever
feasible.

7.10.2 Size

The volume of the break-pressure tank should lgelanough to give a retention
period of minimum 2 minutes.

7.10.3 Design Details

Break-pressure tanks should:

Be covered and have lockable manhole cover.

Have an inlet pipe which ends near the floor toven¢ air entrainment by
falling jet.

Have an overflow placed at least 50mnm above tinemaltop water level and
which allows the overflowing water to be seen whreaperation.

Be designed so that the ball valve is easily adolesfom the manhole but
does not block the same.

Have a valve on the inlet pipe.
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7.11 MARKER POSTS
7.11.1 Location

Marker posts shall be provided along pipelinesvary 200m, except where they
follow permanent roads.

Markers should be placed at all bends, river amdl rmrossings which cannot be
easily found otherwise.

7.11.2 Type

The marker should be square 100 x 100mm, heighin@dCettered MAJI. The
post should be blue with white lettering.

7.12 VALVE CHAMBERS
7.12.1 Dimensions and Design

Valve chambers should be at lease 1000 x 1000memiaity. There must not be
UPVC-pipes within the chamber.

The cover should be lockable. The chamber shoalldrhined through the floor
or through a drain pipe.

7.13 ANCHOR AND THRUST BLOCKS
7.13.1 Location

Anchor or thrust blocks shall be provided for horital and vertical bends,
capped ends, change of size and tees and for lpipas steep slopes (>1:6).

7.13.2 Thrust Forces on Pipes
The following table is a guide to be used when gigag thrust blocks for pipe
systems. The table has been calculated for PVE giipensions, but can also be

used for other pipes. The table shows thrust fofoe pipelines with an internal
pressure of 1.0 MPa.
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Fig. 7.4 Thrust Blocks

The anchor and thrust blocks should be designeth&highest pressure that may
occur in the pipeline. The highest pressure ugualturs during the pressure test

il

U

when e.g. UPVC pipes are tested 1.5 times the raimiorking pressure.
Anchor or thrust blocks are generally not requindten F is lower than 0.05 x d
kN where d is the outside diameter in mm.

Table showing axial and resultant forces F kN at 0. MPa internal pressure.
Outside E= F = Resultant Force on bends and angles £ = kN
Nominal ial
Diameter Axia 1,0 1,0

- Force | 11Y, 22, 3 45 60 ol
20 0.31 0.06 0.12 0.16 0.24 0.31 | 0.44
32 0.80 0.16 0.31 0.41 0.61 0.80 | 1.13
50 1.96 0.38 0.76 1.01 1.50 1.96 | 2.77
63 3.12 0.61 1.22 1.62 2.39 3.12 | 4.41
90 6.36 1.25 2.48 3.29 4.87 6.36 | 8.99
110 9.50 1.86 3.71 4,92 7.27 9.50 | 13.44
160 20.11 3.94 7.85 10.41 | 15.39 | 20.11| 28.44
225 39.76 7.79 1551 | 20.58 | 30.43 | 39.76 | 56.23
280 61.58 12.07 24.03 | 31.88 | 47.13 | 61.58| 87.09
315 77.93 15.28 30.41 | 40.34 | 59.65 | 77.93| 110.21
Example: Calculate the thrust force on 4 B&nd of UPVC 160/6.3 — 0.9

Highest pressure 0.9 x 1.5 = 1.35 MPa occurs duhagesting of

the pipeline.
Hence, thrust force = 1.35 x 15.39 = 20.78 kN.
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8 DISTRIBUTION POINTS
8.1 INDIVIDUAL CONNECTION (IC)
8.1.1 General

Individual connection lines to schools, hospitdélsalth centers and dispensaries
should be included in the main design. Other cotmes will be designed and
laid by the local water administration as the naeskes.

8.1.2 Meters

It shall be assumed that all individual connectiasisbe metered. Meters for the
first 3 years after the commissioning of a suppiglisbe included in the bills of
quantities. “It is highly recommended that alltdizution main lines are fitted
with zonal meters to monitor eventual losses.”

8.2 COMMUNAL WATER POINTS (CWP) AND KIOSKS
8.2.1 Siting in Rural Areas

* The water points should be sited so that the maximalking distance for
90% of the water users will be approximately 0.5kikm and 1.5km in high,
medium and low potential areas respectively. Hewelie number of water
users per water point should be in the range of53fD which should be
achieved by adjusting the walking distances if seagy.

* The water points should be placed on high grourfddiitate the drainage of
spilt water and to make the point serve as an webfrom peaks in the
distribution pipe.

* The positioning of the water points should be miadeo-operation with the
beneficiaries and the chiefs from the areas.

8.2.2 Siting in Urban Areas
The maximum walking distance in low class housingaa should be
approximately 100m and the number of users perryaiimt should be between
100 and 480. However the local water collectiohitsa the number of IC in the
area etc. should always be considered before shimgvater points.

8.2.3 General Design Details

e Standard and type drawing of CWP and Kiosks shbaldsed, when
available in the Ministry.

» Each water point should be installed with a stogcot a valve
chamber near the water point. There should alspréparations for
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the installation of the water meter in the valvardber. The piping
within the valve chamber and between the chamber the taps
should be made of galvanized steel.

* There should be proper drainage from the watertpbithe terrain is
too flat to allow natural drainage away form thenpoa soak-pit or a
soak-away trench should be made.

8.2.4 Number of Taps

* A% inch tap typically delivers 800 1/h and a ¥hitap 1500 1/h at a pressure
of 0.1 MPa (10 mhw). For other pressures the ddtalelivery can be
calculated with the formula:

g act q nom/ (10H tap)

Where

g act the actual delivery rate

g nom = the nominal delivery rate at a pressureljafore the tap
at 0.1 MPa (10 mhw)

Hap = the available pressure just before thendgdfa.

* The headloss through water meter can be calculaiéid the following

formula:
hwm =0.1|_gact|? MPa
g no
Where:-

hwm is the head losses through the meter in MPa

qact = the actual flow in¥h.

g nom = the nominal rating of the water metemi/h at 0.1 MPa
(ratings e.g. 3 and 5fh).

The calculated discharge capacity of the watertpsiiould preferably lie in
the range of 50 — 80% of the nominal capacity efilater meter.

* For available pressures at the tap of 0.05 — 0. N#P— 50mhw) will the

maximum delivery capacity in 12 hours be 5-27per % inch tap. (If an
efficiency factor of 0.8 is assumed).
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8.3

8.3.1

8.3.2

8.4

8.4.1

8.4.2

8.4.3

8.5

8.5.1

WELLS (POINT DISTRIBUTION)
General

Regarding the design of the well and the pumpingrgements see the chapter
“Water Sources”, “Intake Structures” and “Pumps poder sources”.

Siting
* Besides the siting criteria, which consider the hyelological factors the
number of people to be served, and the walkingadest should be similar to

the criteria given for communal water points.

* For rough estimates it may be assumed that thaisastdischarge rate from a
shallow well is about 20 1/min. for one-hand pump.

CATTLE TROUGHS

General

Cattle troughs are not generally to be provideditas assumed that water
normally is carried from the IC, CWP or kiosks e tcattle. However in areas
where there are no or inadequate separate wateresofor cattle owned by NC
users then water should be provided.

Siting

The siting should be determined in cooperation whendistrict water officer, the
district livestock officer and the local chiefs.

Design

The type drawings of the Ministry should be used
FIRE HYDRANTS

General

See chapters “Water demand” and “Transmissiorasidibution lines”.
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9.
9.1

9.11

9.2

9.2.1

WATER STORAGE

GENERAL

Purpose
The purpose of storing water is mainly fourfoldnredy:

)] Raw water storage to ensure adequate supply of wateng dry periods.
This is dealt with in the chapters “Water Sourcasd “Intake Structures”.

i) Treatment e.g. sedimentation and disinfection. sTikidescribed in the
chapter “Water Treatment”.

i) Balancing of the variation in the water consumptioming the day.

iv) Emergency storing to ensure the supply of watemdubreak-downs or
for fire-fighting.

Point 3 and 4 will be dealt with in this chapter.
RURAL AREAS
Balancing Storage

Balancing tanks shall be provided in order to redtice peak flows in the

transmission and distribution lines as shown iruggNo. 9.1 in the chapter
“Transmission and Distribution Lines”. The numlzerd location of the tanks’

should be decided after an economic analysis aiimginimizing the cost of the

whole system of tanks, pipelines and pumping statio The required storage
capacity shall be calculated using the water denpattgrn as given in the chapter
“Water Demand”.

Generally the tank for the balancing of the daibak demands will have a
capacity of 50% of the daily water demand of theaaserved by the tank. See
Figure 9.1. Hence tank 1 shall have a capaci§08b of the daily water demand
of area E, tank 2 shall have a capacity of 50%hefwater demand of area C+
area D etc. Where water is pumped for less thdna2day, the capacity of the
receiving tank will have to be calculated by meaha mass diagram.
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9.2.2

9.3

9.3.1

9.3.2

Example Gravity system with 4 tanks. See Figure 9.1.

Area Daily wate3r demand Tank Capacity m
m

A 200 3 100

B 200 4 100

C 150} 2 150

D 150

E 400 1 200
TOTAL 1100 TOTAL 550

It is often economical to phase the balancing tamksthe required balancing
capacity is generally low during the first few yeafter a supply has been taken
into operation. The need for balancing shall tftegeebe analyzed for different

years.

Emergency Storage

Generally not required in rural areas inclusiveakumarket and local centers
except for institutions or industry which may pmeitheir own emergency
storage to safeguard against interruption of thmplsu However, wind-powered
supplies should have 3 days storage to providecéim periods and supplies
based on a simple borehole should have a storggeitaof one day’s supply in
addition to what is required for balancing.

URBAN AREAS

Balancing Storage

The same general principles as for rural areaglgup

Emergency Storage

Principle Towns and Urban Centres should have diewing storage capacities
in addition to the requirements for balancing.

Reservoir served by: Number of hours supply for
breakdown and emergencies

Gravity 12

Pumping 18

More than one independent system 8

The emergency storage should be placed as nea@otisimers as possible and
without pumping between those and the reservoir.
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9.4

94.1

9.5

9.5.1

9.5.2

Large consumers i.e. certain types of industry @mtsumers which depend very
much on a steady water supply e.g. hospitals amaoés should be encouraged to
provide their own emergency storage.

RAW WATER RESERVOIRS
Raw Water Balancing Tanks

Except when storage is required as pre-treatmemt, water balancing tanks
before a treatment works should not be providete ifitake of raw water to the
works should be controlled through careful selecod pumps and by adjusting
the number of pumping hours a day to fit the needs.

TANK DESIGN
Capacities

The standard capacities of the Ministry should $edu They are 10, 25, 50, 100,
150, 200, 300, 500, 800 and 1208. mLarger tanks may have capacities as
required.

Design Detalils
Tanks should:

» be covered and have a lockable manhole cover, tsaivg/pe.
* be equipped with internal and external ladder epst
* have a level indicator which can be read from oletsi

* have inlet pipe which ends not more than 0.5m altbgédloor to prevent air
entrainment.
* have an outlet at a level at least 0.2m aboveltioe. f

* have a scour pipe which allows complete emptying.
* have an overflow placed at least 50mm above thenalotop water level
which allows the overflowing water to be seen wireaperation.

* be designed so that the ball valve (if any) is &bihe highest water level and
is easily accessible from the manhole.
* have ventilation pipes covered with nylon nets.

* have outside walkway and handrail (only elevateéldtnks).
* not usually have any partitioning.

* not have a ball valve on the inlet pipe when a pagimain feeds it.
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10.

10.1

PUMP SELECTION

10.1.1 Pumps Commonly Used

PUMPS AND POWER SOURCES

TYPE OF PUMP

CHARACTERISTICS AND
APPLICABILITY

RECIPROCATING
(Plunger)

a. Suction (Shallow well)
b. Lift (deep well)

Low speed of operation; hand wind or mo
powered,; efficiency low (range 25-60%)

Capacity range: 10-50 1/misuitable to
pump against variable heads; valves and
seal require maintenance attention.

tor

cup

ROTARY
Helical rotor (mono)

Low speed of operation; hand animal, wi
powered; Capacity range: 5-30 1/m

good efficiency; best suited to low capaci
high lift pumping.

in.

discharge constant under variable heads.
Using gearing: head, wind or motor powered

Ly-

AXIAL-FLOW

High capacity-low lift pumping; can ymp
water containing sand or silt.

CENTRIFUGAL

High speed of operation-smooth, e
discharge; efficiency (range 30-85%) depe

Require skilled maintenance; not suitable

motor 25-10,000 1/min.

yen
nds

on operating speed and pumping head).

for

hand operation; powered by engine or elegtric

HYDRAULIC RAM

No external source of power recadr utilizes
head difference between source and pu
very little maintenance required; water

head up to 125m 1-200 1/min.

mp;
S

wasted as it is also used for driving. Delivery

JET PUMP

10-800 | / min relatively low efficignc
increases the suction depth of a centrifugal
pump up to 75m thus allowing the pump to

sand can be removed before entering the
pump.

set on the ground suitable for sandy water as

Table 10.1: Pumps commonly used.
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10.2 POWER REQUIREMENT

The power required, N, for driving a pumping unéincbe calculated with the
following formula:

N =| QxH| kW
102 x e
Where:
Q = Flowin 1/s
H = Pumping head in metre (static head + Igsses
e = pumping efficiency (will have a value betm 0 and 1)

The energy demand can be calculated with the faligWiormula:

E = [ Qx ﬂ kWh per year
e
Where:
Q = pumped quantity of water per day’/day
H and e = as above,

In practice the efficiency of small-capacity pumpgarticular is low. It can be
assumed that the efficiency is in the range of 30€&a 0.4 kW pump and 60% for
a 4 kW or bigger pump.

10.3 SUCTION HEAD

10.3.1 General
Negative head, i.e. when the pump is placed abowevater level at the intake
should be avoided where it is possible to placeptmap beneath the water level
without excessive additional building costs.

10.3.2 Practical Suction Head
The maximal practical suction head depends on mathk altitude, the

temperature, the intake arrangement and the pusigrdeFor preliminary design
the following maximum suction heads should noteeeded.

Altitude above mean sea level Practical Suction Head

m m
0 5

500 45

1000 4

1500 35

2000 3

2500 25

3000 2.0
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10.3.3 Net Positive Suction Head (NPSH)

The final design of the pump installation and tekestion of the pump should be
based on the concept of NPSH. See ISO 2548 faileginformation.

For each pump the required net positive suctionl l{s#SH req) to allow proper
functioning of the pump can be determined. The NP&juired depends on the
pump design and the flow through the pump. Tdveer the NPSH required the
better the suction ability of the pump. The NPSHuired increases usually
rapidly with increased flow.

The NPSH required curve should be obtained fragmptimp manufacturer.

The require net positive suction head can be cated! with the following
simplified formula.

NPSHreqS B + Hsta' Hf

Hsa IS the static height difference in metre between danter line of
the pump cylinder and the water level in the inteakamber.

Hsa has a negative value if the pump is placed abowentiter level of
the intake and a positive value if the pump is @thcnder the
water level.

H; is the head losses in metre in the foot valve,isncpipe etc.
between the intake point and the pump.

B depends on the altitude as shown in the tablanbel
Altitude above mean seal level B
m m
0 9.4
500 8.9
1000 8.4
1500 7.9
2000 7.3
2500 6.8
3000 6.3

The approximate formula is applicable for Kenyanditons with a water
temperature up to 80. The formula takes into consideration that the
performance of a pump deteriorates somewhat becaliseear. An
increase of NPSH of the pump of 0.5m has thus b#ewed for. Further

it has been assumed that the water is pumped froopan chamber and
that the velocity in the intake chamber is neglegib
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When the NPSH of the pump is known the maximumcstatad can be
calculated with the following formula:

Hsta> NPS"bump"‘ H - B
A negative value of K, indicates that the pump can be placed above the
water level while a positive value shows that thenp must be placed
under the water level.
Practical Examples.
A pump placed 3m above the water level in the rateall pump 40 1/s.
The suction pipe of diameter 175mm is 8m long aas tne 9% bend.
There is a strainer with footvalve at the end & fhipe. The altitude is
1500m.

Question: What should be the NPSH of the pump?

Solution: Hiqa = -3m
Hi = Strainer with footvalve loss 0.47m
1 bend 99 0.08m
8m pipeline 0.20m
0.75m
B =7.9m

NPSHeq< B+Hsta— H=7.9-3-0.75 = 4.15m

Hence, select a pump, which have a NPSH of 4.15eser
for the capacity of 40 1/s.

Question: What would the required NPSH be if thenpuin the
example above instead were placed 3m below therwate
level in the river?

Solution: NPSH4<7.9+3-0.75=10.10m
Hence, select a pump, which has a NPSH of 10.15eser
for the capacity of 40 1/s.

Question: What is the maximum height a pump withRSH of 5m
can be placed above the water level assuming the pgpe
installation as above but an altitude of 2000m?

Solution: H=0.75m
B = 7.3m
Hsta> NPSHymp+ Hi— B = 5+0.75 - 7.3 = -1.55
Hence, the pump can be placed a maximum of 1.5&vea
the water level.
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10.4 PUMP PARTICULARS
10.4.1 Hand Pumps
The maximum head for comfortable operation of apdeell hand pump of

plunger type is shown in the table below. It hasrbassumed that the maximum
handle force is approx. 20kg and the mechanicaatage 4 to 1.

Cylinder Diameter Head (Lift)
mm m
50 Up to 25
65 Up to 20
75 Up to 15
100 Up to 10

The power available from human muscle depends an itidividual, the
environment and the duration of the task. The ltergn (8h) power is often
estimated to 60 to 75 watts. The short term (5ibPpower is around 200 watts.
These figures are for a healthy young man. Mamysugperate most hand pumps
used for domestic water each pumping only a fewutesn The operators are
often women and children rather than men. Assuraipgwer output of 75 watts
themaximum flow can be roughly estimated with the formula:

Q= [ 460 x }Umin
H

Where
H = head of water, metres
e = pumping efficiency (will have a value betwdéeand 1)

The dependence of flow on the stroke length, striskgquency and cylinder
diameter can be seen in Figure No. 10.1.

As can be seen a pump capacity of about 30 1/mirbeaachieved with normal
stroke frequency and length with a 65mm cylinder.

The stroke length and the practical stroke frequemd often limit the practical

capacity of the pump as compared to the theoreti@phcity if only the power
input is considered.
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Fig. 10.1 Nomograph for hand pump Discharge
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10.4.2 Centrifugal Pumps

Low speed centrifugal pumps can be expected to Vesarand last longer
than high speed pumps. Speeds of up to 1500 rpuoidibe chosen for raw
water pumps. However, for raw water pumps withnopg exceeding 20mm
speeds up to 2900 rpm may be considered if ecomdisigistified. Clear
water pumps are less likely than raw water pumpsdar fast at high speeds.
However, as low speed as is economically feashnbellsl be chosen.

The efficiency should always be maximized by chogsa pump which will
operate near the maximum of the efficiency curve.

In order to determine the operating point the Heades should be calculated
as realistically as possible without the safety gmawhich is normally built
into the calculations for the purpose of selecthmgpipe dimensions. Further,
see under “Transmission and Distribution Lines’heTless steep the pump
characteristic is the more will the actual capaoityhe pump deviate from the
wanted capacity if the head is wrongly calculatdebr this reason a pump
with a steep characteristic is preferred.

The friction losses must never exceed the statad lees the operating point
then will be very difficult to determine correctly.

Belt driven pumps should be chosen whenever passibhese allow easier
operation and maintenance than direct-driven purapsl allow easy
modifications of the pump capacity by changingdhge wheel.

The capacity of a centrifugal pump is directly psdpnal to the speed but the
pumping head varies with the square of the speed.

The pump manufacturer should be consulted befaditial choice of pump
is made and the size of the engine or motor chosen.

10.4.3 Submersible Pumps

Submersible pumps in boreholes shall be equippé¢d avidevice to prevent
the pump from running dry.

The pumps should have a steel-wire safety line ediea to the top of the
borehole in order to make recovery possible in casdreakage of the
discharge pipe or faulty handling.

The pump diameter must be chosen so that the watecity between the
pump and the borehole casing does not exceed 5 m/s.

Shaft driven pumps down to about 80m and jet putopspproximately the
same depth can often be viable alternative.
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10.4.4 Hydraulic Rams

The hydraulic ram usually has best efficiency whiem delivery head is 3-4
times the drive head. The efficiency is normalft6b% and maximum 70-
80% for carefully manufactured pumps.

The ram should normally be placed so that the degfifiead is 3-10 times the
drive head. However pumping heads up to 40 tinmes drive head are
possible.

The drive pipe should be made of steel and hawngth of at least 4 times
the working fall. The ratio pipe diameter/lengthdoive pipe should be 1:150
—1:1000, ideally 1:5000.

The drive water intake must be protected to prewstiris and sand from
entering the pipe. If the water carries silt aaddsthe water should be drawn
from a feed tank which allows settling of the cegparticles.

The amount of drive water, can be roughly calcalatéh following formula:

2xh

Q drive = del | Qel

drive

where
Qadriveand Qe are the drive and delivery flows respectively
hgrive and Rye are the driven and deliver heads respectively

10.5 POWER SOURCES

10.5.1 Diesel Engines

The effect of altitude and temperature on the pavutput of the engine must
be considered. The decrease in power can be adstoriee 1% for every
100m rise of altitude above mean sea level. Theepawill also decrease
with about 2% for every 8 that the air inlet temperature rises abovC30
The humidity may also effect the power output hosveanly slightly.

Diesel-driven pumps should be equipped with diesglines which can give
25-30% more power than is required under normatiitioms.

Diesel-driven generators should be equipped withiras which can give
100% more power than is required under normal ¢mmdi if the generator is
used for running only one motor-driven pump. Ifrs¢han one pump then
25-30% extra power is adequate.

The diesel engine should run at 1500-2000 rpm undenal operation.

A133



The engines should be able to start by hand whep@asible.
Water cooling is preferred for engines over apprately 20 kW.

The selection of a diesel engine should always bderafter consultations
with the manufacturers.

The fuel consumption can be estimated to 0.25-Bu@per kWh output for a
load of over 50% of the rated engine size.

10.5.2 Generators

Where there is no electrical power supply in theéewaupply area it may
become necessary to install a generator, in péaticior large and
complicated treatment works. However direct diedelen pumps are
generally preferred because of easier operatiomadtenance.

Regarding engines see above under Diesel Engines.

Frequency indicator should always be installed stoacontrol the frequency
of the AC power.

The selection of a generator should always be naéige consultations with
the manufacturers.

10.5.3 Electrical Motors

The efficiency of three-phase motors under fulbleae:
Approximately 70% for a 1kW motor

Approximately 89% for a 2kW motor

Approximately 85% for a 10kW motor
Approximately 90% for a 50kW and larger motor

It is not advisable to choose a motor smaller D&% kW even if the power
requirement is smaller.

In order to avoid overloading of the electric motbe rated effect of the
motor should exceed the effect calculated for thenp by the following
percentages:

Approximately 50% for pumps requiring up to 1.5 kW
Approximately 30% for pumps requiring between Infl 4 kW
Approximately 20% for pumps requiring between 4 8ridV
Approximately 15% for pumps requiring between 8 aBkwW
Approximately 10% for pumps requiring over 15 kW
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10.5.4 Wind Power

* The use of wind power should be feasible if:-
Winds of at least 2.5 — 3 m/s are present 60% oermbthe time.
The water source can be pumped continuously witeecessive drawdown
Storage is provided, typically for at least 3 ddgsnand, to provide for calm
periods.
A clear sweep of wind to the windmill is secure@, the windmill is placed
above surrounding obstructions, such as trees dditgs within 125m.
Preferably the windmill should be set on a towé&r-46m high.

Windmill equipment is available that can operatlatreely unattended for
long periods of time, six months or more, is awdéa The driving
mechanism should be covered and provided with aan@atic lubrication
system. Vanes and sail assemblies should be pedtagainst weathering.

* The windmill should be equipped with a pull-outteys to automatically turn
wheel out of excessive wind stronger than 13-15 m/s

o Direct pumping of water by a windmill requires nfatg of the
characteristics of (1) the local wind regime, (Bg twindmill, and (3) the
pump. The manufacturers should always be consudtgarding the selection
of equipment.

* The discharge Q can be estimated with the folloviamgula:-

Q =[ 2.8 x Bx V> x e} 1/min
H
Where
D is wind rotor diameter in metres
V is wind velocity in metre per second
H is pumping head in metre
e is the wind to water mechanical efficiency, (&0-1)

Windmills with rotor diameter between approximatélyn to 6m are
usually available. The efficiency, e, will raredyceed 30%.

* A map showing the average wind velocities in défgrareas in Kenya can be
found in Fig. No. 10.2. Although the average véies, are not the same as
the 60% duration velocities, which is the critefidhe map can still given
some indications about the feasibility of windmiltsdifferent areas of Kenya.

* A windmill intended for the driving of a pump is neasily converted to
driving an electrical generator as the requiredjuer and revolutions are
different.
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Figure No. 10.2: Annual wind speed in metres per send
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10.5.5 Solar Power

* The available solar radiation in Kenya can be sedfig. No. 10.3 and Fig.
No. 10.4 which show the average radiation in a e the radiation during
the worst month which is July for almost all pastKenya.

Note that the radiation is given in W/rand that the available energy in a day
can be calculated by multiplication with 24h.

Example: Average available energy in July in Mongbizs24 x 186 = 3.464
kWh/n? per day.

Figure No. 10.3 and Fig. No. 10.4 below give therage radiation per year and
month respectively. However, in order to desigsystem we need to know the
radiation during a shorter period e.g. a day. 90% probability radiationpl as

a function of the average radiation in the worsinthp kv, and the period G
can be obtained form Fig. No. 10.5.

Example: The radiation in Mombasa in the worst rmag calculated above
is lwm = 3.464 kWh/mh— day. The probable radiation for 1 day, i.e.=0, will
then be approximatelypl= 2.0 kWh/nd — day. § for C. = 7 days will be
approximately 2.9.

A photovoltaic module is rated in peak watts, Wippeak kilo watts, kWp, which
is the highest effect the module can give undeciapeonditions under laboratory
testing. Wp must not be confused with the effeetrnodule is able to give under
field conditions. The required power, rated inlpeatts, can be calculated with
the following formula:

Pr ={1.16 X LJ kWp
I
D
Where R is the total power of the module at the operatemgperature which
in this case has been assumed €60

L is the average daily load demand (energy demaluing the
month under consideration in units of kWh/day.

Ip is the 90% probability average radiation during theriod in
guestion,
Cv, in units of kWh/m — day and can be found in Fib. No. 10.5

Example: Assume that the enerdgmand (Not output) for a water pump is

calculated to 4 kwWh/day in Mombasa. The pump rsO€ and
there is enough storage to balance the variatiérsolar power
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during a period of 7 days. The previous examphkeda = 2.9
kWh/n? — day.

Pr= [ 1.16 x 4] = 1.6 kWp
2.9

Hence, the photovoltaic array (an array consistsseveral

modules) should have a rating of 1.6 kWp.

The area of the solar array can be calculated th@hormula:

A = L | nf
dxe
Where L andd are as defined above and e is the efficiencyl{stmv).

There must be enough storage to balance the arsatf the pumping
capacity (due to variations of the solar radiatiovi}hin a day and also
between different days. The variations within tey require a storage
capacity equal to 24h supply, The balancing volmaeessary to take care of
the variation between different days should benedeed by means of a mass
diagram taking into account the probable power au¢ig. No. 10.5) and the
water demand.

The practical efficiency of an array with cells @fystal silicon is about 8%
with contemporary technology. The efficiency of gingle cell is higher.

The following points should be kept in mind whersidaing a solar pump
system:

The solar panels are prone to vandalism and sHmilorotected or placed in
such a way that the risk is minimized.

The cheaper way to store energy from the solaesyst by water storing. If
batteries are used, there will be additional lodsesides the system being
more complicated and thus less reliable.

Conversion of DC to AC power entails energy losses
The efficiency of the pump and the motor is ususakyy low for the small
units which are used in conjunction with solar pogveéten in the range of 25-

50%. The total efficiency of the system (solar mled motor and pump)
hence will be in the range of 2-4%.
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Figure No. 10.3:Mean total 24 hour distribution of radiation (W/m?) over Kenya
per year (averaged over ten years or as shown in &ckets)
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Figure No. 10.4: Mean total 24-hour distribution of radiation (W/m?) over
Kenya in July (averaged over ten years or as shown brackets)
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Figure No. 10.5: The 90% probability radiation, Ip, as a function of the
average radiation in the worst month, {yv, and the period
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10.6 PUMP AND PIPE INSTALLATIONS IN THE PUMP HOUSE

10.6.1 Pump Installation and Pump House

Pumping stations with delivery heads exceeding 15hwuld be avoided.
Higher pressures put a considerable strain on pamg®ipe installations and
are likely to cause operational and maintenanchklenas.

Electrical motor driven pumps as well as diesevehi pumps and generators
generally should be put on a concrete slab seghhaim the floor. On loose
soil, e.g. black cotton soil, the slab should rett®o heavy as this may result
in sinking of the installation.

The need for adequate ventilation should be corside/hen diesel engines
are used. Floor drain should be provided in pumysks to drain water from
the piping system e.g. when bursts or leaks occur.

All motors, pumps and engines shall be labeled.

Fuel storage shall be provided.

10.6.2 Pipe Installations, General Details

Separate suction pipes shall be installed for gachp when the static suction
head is negative.

Suction pipes should always be equipped with angrand a non-return foot
valve when the static suction head is negative.

There should always be a sluice valve and a chalueon the discharge side
of the pump.

All pumps shall be provided with both pressure amction gauges.

There should be a by-pass between the dischargtharsaiction pipe to allow
cleaning of the strainer by flushing.

The suction pipe and the discharge pipe in the pboyse or whose length is
approximately equal to the delivery head shouldsékected in accordance
with Fig No. 10.6. Long discharge pipes shoulddbsigned as described in
chapter “Transmission and Distribution Lines”.
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Figure No. 10.6 : Diameter of Suction and Dischargpipes
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10.6.3 Head Losses in the Piping System
» For losses in straight pipes, see chapter Transmissd Distribution Lines.
* Losses in the strainer and foot valve are showkigare No. 10.7 below.
« Losses in 99 bends can be determined in Figure No. 10.8.
» Losses in non-return (check) valves, gate valvesfetm Fig. 10.9.

» Approximate head losses due to friction in pipeénfgs from Fig 10.10
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Figure No. 10.7: Head losses due to strainers witbot valves
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Figure No. 10.8: Head losses in 90standard bends
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Figure No. 10.9: Head losses in straight non-returmalves
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Figure No. 10.10: Approximate head losses due tadtion in pipe fittings
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10.6.4 Spare Parts

Spare parts to the electrical and mechanical ecgmprior at least three years, as
recommended by the supplier, should be includeedthtey with necessary tools.

10.7 OPERATION HOURS
10.7.1 General

Generally, the optimal number of working hours pay should be determined
after an economic analysis taking into consideratiost of the pumps, pipeline
and balancing reservoirs. It should be remembtratcelectrical power usually is
paid both per kwh and per peak KVA. The latterrgeadepends on the installed
peak demand and often contributes to a large posaf the total energy costs.
Thus by keeping the peak demands low the enerdyg ok be reduced.

10.7.2 Raw Water Pumping Station

A raw water pumping station should normally be geed for 24h operation to
match the treatment works which are designed fdid4 operation. It should be
noted that the fact that the pumping station isighesl for 24h does not
necessarily mean that individual pump will run dandly as the available pumps
should alternate.

10.7.3 Borehole Pumps

A borehole pump should normally work 24 hours a dayhis gives maximum
utilization of the borehole. However, when the @vaequirements are lower than
the available yield of the borehole then the pumgiaurs may be reduced.

10.8 STANDBY UNITS
10.8.1 Raw Water and Clear Water Pumps

Pumping stations should have one stand-by pump théhsame capacity as the
pumps which are normally in operation. Hence & #ation is designed for one
pump, then two similar pumps should be installéfdthe station is designed for
two pumps running in parallel, then three similamps should be installed etc.

10.8.2 Electricity Supply

In rural areas where there exists an electric supplreserve supply should be
provided for motor driven pumps. Hence neitheregators nor diesel engines
should be provided. In principal towns and urbanters there should be either
diesel driven stand-by pumps or generators to gteeaat least 50% of the
normal water deliver in case of electricity breakdo

A148



10.8.3 Borehole Pumps

Boreholes equipped with motor or diesel driven psirsipould normally not have
any stand-by pumps.

10.8.4 Wind-powered Pumps

Windmill driven pumps should normally not have atgnd-by. Instead ample
storage capacity of 3 days should be provided.

10.8.5 System Reliability

The stand-by system as recommended above shoutdgaeded together with
other measures affecting the total reliability lo¢ twater delivery system such as
emergency storage. See the chapter “Water Starage”

10.9 PHASING
10.9.1 Design Period

Pump house and pipe installations should be deditprethe same period as the
supply in general i.e. usually 20 years. Howevemps and engines should
normally be designed for not more than 10 years.

10.9.2 Staging of the Pump Installation

The pumping requirements during the initial dutyipe of a pumping station are
usually considerably smaller than at the end ofdéssign period. This should be
considered e.g. by adding pump units in pace vighincrease of the demand or
by changing the speed of a belt driven pump.

Due regard should be paid to the fact that the adjwer point of the pump will
shift if the flow in the pipeline changes or theesg is different to the design
assumptions for the ultimate stage. The pump gwelipe characteristics should
therefore be studied for all phases to make swaettie pump efficiency remains
high throughout the duty period.
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10.10 HANDPUMPS INSTALLATIONS
10.10.1 Capacities of Hand Pumps

» The capacity/performance depends on the capacitiyeohand pump and not the
well/borehole

* Pumps with pistons of 7.5 — 10 cm diameter haveaacity of 1200 — 2,000
liters/hour, with a stroke frequency of one peroset

10.10.2 Comfortable Operation of Hand Pumps

For a comfortable operation of the Hand pump tlesiists a relation between the
cylinder diameter and the head or lift:-

Cylinder Dia. (mm) Head or lift (m)
51mm Upto 25m
63 25
76 20
102 15

» The pump handle height for comfortable operatiosedson field survey is
100m, exclusive of the height of the foundationaethshould be limited to 0.10m
above platform level.

10.10.3 Cost Considerations on the Selection of Hand Pump

The cost of the hand pump must take into consiidershe following factors: -
The cost of well development, the cost of the hauhp should be related to the
cost, yield and reliability of the well

Conditions of service: -

Stress and wear on the hand pump are directly piopal to the number of

people it serves and to the depth from which watest be raised. Many people
and deep water tables wear greater stresses atiiy gieater costs per hand
pump, for example brass rather than iron cylinders.

Reliability: -
When the population is solely dependent on Handpsuior water,

10.10.4 Protection of Health

The pump base and/or apron provides a means obdugpthe pump on the well
and protects the well opening against the entrahobjectionable material.
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Wells should be sealed against contamination frorfase water. An apron with
a minimum diameter of 2.50m and a minimum thicknas8.10m or more to be
provided. Drainage for waste or spill includingakways or other means for
prevention of puddles and pools, conducive to brgpdf mosquitos.

Maintenance of suction (foot) valves is essentiaptotection of health. The
valves when working properly eliminate the need gamping the pumps from
the top, a frequent source of contamination.

10.10.5 Types of Hand Pumps being used in Kenya

10.11

There are 4 types of hand pumps used in Kenyaidé\My India Mark |, Indian
Mark 1l Extra deep and Duba. Afridev, India Matkahd Duba are applied for a
static groundwater up to 90m according to theicspations. To allow for hand
pumps to be operated by women and children the manxi depth of hand pump
is set at 55m.

WIND POWER INSTALLATIONS

10.11.1 Introduction

A windmill pump provides a means of raising watemf a well to an elevated

tank without operational costs. Through its apild pump 24 hours a day, water
can be stored, and supply water at peak draw-offoge to several public

standpipes at the same time and at higher ratessofiarge than a single hand
pump drawing water from the same source.

Incase water is being pumped by a windmill fromlismawells, hand dug wells
have distinct advantages over small diameter welisyely the large volume of
water stored, and the more rapid inflow.

The power in the wind is proportional to the winéed cubed:

P =%dAV
Where:

P = Power (KU)

d = enS|ty of Air = 1.2kg/f(ASL)

A = Cross section of windmill rotor @n

V = Instantaneous free steam wind velocity jm/s
or P = 0.6 V (U/m® of the Area)

Because of this relationship, the power availgbitextremely sensitive to wind
speed, doubling wind speed increases the poweighy ttmes more.

Al51



* Windmill sizing for a particular pumping applicatigs stated from the wind data
records. Ideally, about three years of recordirgraquired to obtain reasonably
representative averages, as monthly wind speedsargrby 10-20% or so from
one year to the next.

10.11.2 Size of Windmill

Windmills are usually sized by the diameter of theind wheel, and the larger
this is the greater the elevation to which water ba pumped. The following
table shows desirable minimum heights of towers doerage conditions as
function of the windmill diameter.

Wind wheel diameter Windmill tower height
m m
1.80 7.50
2.40 9.00
3.00 9.00
3.60 12.00
4.20 12.00
5.10 13.50
6.30 13.50
7.50 16.50

If the windmill is located on a hilltop, the toweeight given can be reduced.

10.11.3 Technical Data Required from the Field.

(i)

(if)
(iii)
(iv)

(v)
(Vi)
(vii)
(viii)
(ix)

max, min and mean wind velocities on a monthnhbgnth basis for one
year

water demand

static water level, seasonal variations

Details of drawdown at various rates of ahstion at above and below
desired daily water output.

Top water level at which water is to be pumpédve ground level.
Height of tower

Tank capacity

Well internal diameter

Distance form nearest trees or obstructiamsl height of these.

10.11.4 Maximum Pumping Head

The maximum pumping head of a wind pump is ard20@m.
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10.11.5 Application of Wind Pump

The relationships of rotator diameter, pumping headd pumping capacity
provided by the manufacturer are presented below.

Dia. of Rotator | 3.7m 4.9m 6.1m 7.4m

Wind velocity 2-3 34 4-5| 2-3 34 45 2-3 34 45 2-3 34 45

(m/s)

Head 10m 10 28 59 21 71 150 39 1@27 61 167 354
7

20m 5 14 29| 10 35 75 19 53 113 30 83 177

40m 7 15| 5 18 37 10 27 57 15 42 89

80m 3 7 3 9 19 5 13 28 8 21 44

120m 5 6 12 3 9 19 5 14 29

160m 4 4 9 7 14 4 10 22

200m 3 7 5 11 8 17

240m 6 5 9 7 14

To operate the wind pump requires an average wahatity of least 2 to 3 m/s.

The following table gives pumping capacity at hes#fd60 meters for wind
velocity of 2.5 to 3.5 m/s.

A"e“”?ge wind Dia. of Rotator
velocity

3.7m 4.9m 6.1m 7.4m
2.5 m/s 0 mYday | 4 mi/day 8 mi/day 12 ni/day
3.0m/s 2 myday | 8 nilday 12 ni/day 20 ni/day
3.4mls 4n¥day | 12 niday | 20 ni/day 32 ni/day

Wind pump with rotator more than 4.9m diameter pdtes pumping volume
equivalent to that of handpump, but it costs ardineltimes that of India .

Mark Il Extra Deep type.

wind pump is, therefore, regarded as an alternatieéorized pump but not to
handpump.

Under average wind velocity of 3 m/s and 60 mepairsping head, a wind pump
with rotator diameter of 3.7m has a cost per unimping volume equivalent to
60% that of a motorized pump for daily water demahdnt/day. Whereas, the
ratio becomes 80% for wind pump with rotator diaenetf 7.4 meters operated to
lift water or daily demand of 14m3/day under thesavind and head conditions.

However, the previous reports indicate that co$tcéizeness of wind pump

becomes lower than that of motorized pump for ayeeraind velocity less than 3
m/s. For the cost effectiveness of a wind pummastly dependent on wind
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velocity. Precise wind records are, thereforeyiregl for proper design of a wind
pump.

10.11.6 Wind Potential in Kenya.

One of the prerequisites for a windmill pump inlstiddn is a wind of not less than
2 to 3 m/sec. In the Table below are indicateddwintentials in certain stations.
Especially to be noted are the stations with a wpulential greater than
5m/second practically all the year round, they-ar&ldoret, Equator, Isiolo,

Kitui, Lamu, Lokitaung and Serani.

Two stations with wind potentials of 4-5m/seconc:arGarissa, Machakos,
Malindi, Marsabit, Wajir. The map below shows fi@nts of the country where
equipping of wind energy is possible.

Figure 10.11 shows a table and performance curgeshie Kajito range of
windpumps based on IT Windpump and made in Kenlfae table indicates the
average daily output to be expected at differemypng heads from the four sizes
of Kajito pump in three different average speedéndd as light (2-3 m/s),
medium (3-4 m/s), and strong (4-5 m/s) while theves reproduce these results
just for the medium wind speeds.

200 4
KIHTO PERFORMANCE TABLE
Cis METRES PER DAY OF WATER DELIVERED BY LIGHT, MEDIUM AND STRONG WINDS
180 WOOEL T TIR 3 T TBf 14 Geet FORIB T Tar (7 ami
Wil TRt rhedinen SErongight cradinm STIOOGIHGRT medm §1 gt meGRIm Stroeg
pigt 123 34 48123 34 45123 34 45123 34 45
160 EAD i)
0 110 28 89 |21 M1 180038 107 227181 167 3sa
T8 T4 I9 110 a8 95119 53 113130 B3 THY
Static 140 0 TVE T8 18 37110 37 §7115 &l TR
head 80 3 7. d & 18! 8 13 28] 8 41 44
mh " T35 5 T N T N S v W—T
W T80 ry ry 5 T L )
200 ] b4 & k] 8 17
160 4 240 & 3 I
NOTES ten= 3 280 Youm =223 tmpgel Imise 2 25 mpn

60 -

40
foror thameter
248

20

128 16h

T 1 ¥ ¥ 1 i i i i i 1 i 3 i | miiday
0 § 10 Y& 0 25 30 35 40 45 B0 8BS B8O 65 JO U5 80

Average Daily Water Output {Cubic metres per 24hrs) for Medium Winds Averaging 3-4 mis {7 - Smph}

Fig. 10.11: Performance data for Kajito wind pump ange based on the IT wind
pumps (Fraenkel 1986)
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It can be seen clearly how sensitive wind pumpd@meind speed. For example
the smallest wind pump with a 3.7 rotor will perfowith 7.3m rotor in a 3 m/s
wind. This is because there is 4.6 times as muaeingy per unit cross suction of
a5 m/s wind as in a 3 m/s wind as a result ottize law.

10.12 SOLAR POWER INSTALLATIONS.

10.12.1 Advantages
A very important fact that distinguishes the solater pump from the other types
of equipment (Hand pump and windmill) is that tloéas pump gives a maximum
yield between 12.00 and 13.00 hours every day.
The peak demands are early in the morning andrdtes afternoon.
Hence the equipment of shallow wells with solarexgtump requires storage
capacity, to provide the necessary quantities dém@uring the above mentioned
peak hours, when the solar water pump is not fangtg at full capacity. The
solar water pump requires only a minimum of maiateze and is guaranteed to
last 20 years after which the capacity of the sglanels is reduced. They
however demand a very high capital investment.

10.12.2 Available Solar Radiation & Design.

Refer to 10.5.5 above.
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11.

OPERATION AND MAINTENANCE

11.1 Operation

11.1.1 Objective

The objective of the operational organization isettsure the provisions of a
continued and satisfactory service to the usehefwater or sanitation system at
minimum cost.

11.1.2 Institutional Arrangement

The Water Act 2002 proposes the following instdns for various water and
sanitation services:-

Rural water supply - Non Governmental organisa{tNGO) which includes
church organization etc and Self Help Groups (SHG)

Urban Water Supply - Water companies fully owbhgd.ocal Authorities and
Private Services Providers.

11.1.3 Staffing

(a) Staffing Norms

(b)

(©)

The Design of both processes and plant must beedeta the level of Local staff
capability if service is to be satisfactory. Degieg on the water supply, the
staffing is divided into management, which provdiesctions and control, the
operators provide product quality and matching cdtevorking to requirement.
Maintenance workers will be concerned with the aepment of worn or
defective items so as to ensure continuous sehildga These duties may
overlap in the interests of economy.

Appendix F has a criteria for staff required foeagtion of water supplies.
Composition and duties of staff

The managerial staff of a utility is likely to imde engineers (civil, mechanical
and electrical) and chemists, supported by engmgerand Laboratory
Technicians and Technical Assistants, Accountingri€al and Secretarial staff.
Staff numbers and tasks will depend upon the systeenand its complexity.

Staff motivation

Job enrichment aims at increasing the levels ofatiisfiers and removing any
reason for discontent with the levels of the disfiad.
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The effective operation depends upon trained, ésted and motivated staff and it
must be a primary task of management to createremoctain such staff.

11.1.4 Records

Records may relate to permanent construction, évadion or to maintenance and
repair.

Records of permanent construction show what has beae and where it is
located. They are used to locate the componeritseo$ystem on the ground, to
aid understanding of the Design and hence howytsie is intended to operate,
and to facilitate alteration or extension of thetsyn.

Operational records may provide guidance for thexaton of the system, so they
will very often incorporate records of permanentnstouction or record
operational performance to aid future design argbtge administrative purposes.

Records of maintenance and repair serve to allowicalr evaluation of
performance, and to facilitate planned maintenance.

11.1.5 Records of Permanent Construction.

The easy and economic operation of a scheme igyarty dependent upon an
understanding of the layout and ready locatiorhefdomponent parts by persons
having varying degrees of familiarity with it. Thasic requirement therefore is a
series of drawings showing increasing degrees tE#ildgtarting with a layout of
the whole scheme and ending with intricate detdilsomponents.

11.1.6 Records Required for Operation and Maintenance

Additional drawings are likely to be required fompewation, some only

modifications of those already mentioned, thesé wdlude plans which show

wastewater meter areas. Zoning may be altered theeyears so zones should
not be permanently depicted on the basic recoradeptxby erasable lines.

Organization division for which branch offices aesponsible will also be shown
on plans.

As-built drawings and others will be incorporated plant operating manuals
wherever this assists the operator.

Card files, notebooks, or drawings may be usedtber records relating to the
distribution system.

Cards can also be usefully employed as part opldne maintenance programme.
For example, there should be records on everydtemechanical and electrical.
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System curves for pipelines and performances cufeespumps should be
included in operating manual.

Treatment works, pump stations and similar indialtes must provide operating
records for control, costing and future design.e &ftendant, who should record
the results of routine checks at prescribed intsywaill log basic data. The

superintendent will add other information and gaheomments.

At waterworks, reports of this type are likely tbosv daily figures for the
following:-

. Raw water intake

. Pure water output

. Peak day output for period of report.

. Clarifiers scoured:  fine since last scour

. Filters back: washed time since last wash
. Water losses
. Chemical usage: Type of chemical
Mass used
Dosage added to raw water
Deliveries

Residual stock
. Mechanical/electrical plant (for each unit)
Hour meter readings, hours run
Power/fuel used
Fuel stocks remaining
Service done
Maintenance done or needed
. Raw water storage level
. Distribution reservoir level
. General comments on materials received or remowgllipment
(breakdowns, down time), expenditure and staff.
. The results of works laboratory testing.

The operational report from the sewage treatmemksvaill relate to the type of
treatment. For pond treatment, the operating tapamlikely to cover more than
daily inflow, color of ponds, maintenance work dpaed general remarks.

Where treatment is provided by settlement and bio# filter, daily records
should cover:-

Inflow — average, peak rate
Screenings volume
Volume

Raw sludge volume
Humus sludge volume
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Volume of sludge withdrawn from digesters.

11.1.7 Updating Records
Special arrangement is necessary to ensure effeatil continuous updating and
reissue. The appropriate processes must be inetegoin the administrative
system and time and staff must be provided formtbek.

11.1.8 Treatment works — Operational Procedures

The operator at a water or wastewater treatment pldl be concerned with:-
Distributing inflow among the various units to sthieir ratings,

* Preparing and adding chemicals at certain staggsaportions selected to
provide an outgoing flow of the correct qualityledst overall cost.

» Periodic attention to treatment units, e.g. clariBcour, water filter backwash
or cleaning and removal of vegetable growths.

* Operation and adjustment of a variety of mecharecglipment e.g. screens,
mixers, stirrers, chemical dosing equipment, cosgEes, pump sets, aerators
and conveyors.

* Quality control of the effluent leaving the plant.

» Disposal of plant wastes (e.g., filter wash wasenwage sludge) by methods
environmentally acceptable.

* Minor maintenance procedures
» General cleanliness and appearance of plant anousis and
* Record keeping
The waterworks superintendent in particular will bencerned to evaluate
demand for an operating period immediately aheadeglly the next day and
with matching to it the output of treated watemfrthe plant as efficiently as this
can be done. To assess demand we need to knoyuaméity of water supplied
by his works during the previous day, and the ifistion reservoirs. Then
applying factors to allow for the weather, the ddyweek and so on, he will
formulate his forecast.

11.1.9 Public Relations

As a corollary, the utility should have defined gedures for dealing with
complaints, which should be tactfully received ameestigated. A utility should
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have a public relation officer who records compiimand channels them to
appropriate person for action simultaneously serass a record. When
appropriate action has been taken, the complaiatiissed. Even where he is
unreasonable, every attempt should be made tdystitescomplainant.

11.1.10 Laboratories
Objective:

The Laboratory has two chief objectives, firstlyat the result of treatment is a
water or wastewater, which complies with prescribtshdards and secondly that
treatment is efficient.

Sampling:

To ensure the integrity of samples, they shouldalken by persons disinterested
in the results. Satisfactory results are obtaimg@ngaging both operational and
laboratory staff in sampling in a random manner.

11.2 MAINTENANCE
11.2.1 Purpose

Maintenance is a key element in the efficient opanaof water supply system
and hence the necessity of a good preventive amceaton or breakdown

maintenance program. Preventive maintenance isinpth or scheduled

maintenance, performed to eliminate or minimize akdown or corrective

maintenance and to extend the useful life of a msti@ply system. Breakdown
or corrective maintenance refers to unplanned acheduled maintenance or
repair caused by failure and requires immediat@mct

11.2.2 Maintenance Programs

Key features of maintenance programs should include

* Responsibility for maintenance clearly defined amekted in competent
personnel.

* Management should state its maintenance objectwnelsmake its position
clear with proper support, morally and financially.

» Proper tools, parts, instruments and maintenaruiktitss must be provided.

* Preventive maintenance must be planned for scheé@ueé accomplished.

* An adequate system of written records and repotust ine used and readily
available to control and monitor the program.

11.2.3 Maintenance Systems

The creation of an efficient maintenance servidébve facilitated if:-
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Management states its maintenance policy, objeeativkeattitude clearly,
Responsibilities are clearly defined and are vestedmpetent persons
Adequate equipment and materials are scheduledijdedy and themselves
maintained, and

Records and reports facilitate control

11.2.4 Types of Maintenance

There are 3 classes of maintenance viz: -

(i) Operational, maintenance, carried out on a dayatolmsis by the operator and
including cleaning minor adjustment, and lubricgtin

(i) Corrective or breakdown undertaken only after faulbbreakdown,

(iif) Planned or preventive maintenance. Regular manenand parts replacement
in accordance with a programme based on calendar dr condition monitoring
has superseded operating hours, which seeks tbhedwdrk just in time to avert
breakdown or serious deterioration in performance.

11.2.5 Preventive (Planned) Maintenance

The intention behind a planned programme is to ielte breakdown, thus
ensuring performance at an acceptable level dfieffcy without failure.

Helps to assure continuous supply of water

Can be scheduled at times of the year when custeeneice is not affected or
when its adverse effects are minimized.

The frequency of a planned maintenance programvaily from one utility to
another and even among smaller types of equipmEach equipment item
must be studied individually, as similar pieces ezfuipment may have
different maintenance requirements because of itotand service. Table
11.1 provides a summary of recommended minimumeictspn and test
frequencies for preventive maintenance in Kenya.
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Table 11.1 Recommended Summary of Inspection, Teshd Maintenance
Freguencies in Kenya
S/NO | Inspection, Test or maintenance performance Freguen
A S/NO | Underground water system
1 Visual inspection for leaks Daily
2 Flushing
« Recommended Semi-annually
e Minimum Annually
3 Inspect/operate non-cutical valves (< 250 imn
Annually
4 Inspect/operate large valves (>250mm cuticle
valves or valves with closed gear boxes.
Semi-annually
5 Fire hydrant inspection
« Recommended Semi-annually
e Minimum Annually
6 Listening survey for leaks Every 2-3 years
7 Complete leak detection survey including flow
measurements, 24-hour consumption and tfunk
main gauging. Every 5 years.
8 Fire flow tests Annually
9 Loss of head tests Every 5 years
10 | Pressure testing of pipes
 Recommended Every 10 years
e Minimum Every 15-20 years
11 Meter accuracy test
>150 mm Annually
75 - 150 Every 2 years
25-75 Every 5 years
<25mm Every 10 years
12 | Inspection/testing of backflow parameters (min)Annually
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(@)

Water plant

Housekeeping — General condition and
appearance of buildings, grounds and equipmse

Valve inspection/ operation

Water storage tanks
« Exterior visual observations
* Check water levels
* Inspect general condition
*  Complete inspection including tank draing
and checking interior condition and f
sedimentation build-up.
<5,000nT
5000-50,000
Over 50,1000rh

Pumps

rDaily

Semi annually

Weekly
Weekly
Annually

ge
or

Every 5 years
Every 10 years
Every 20 years.

« Check operation of routinely operating pumpBaily

» Check operation of standby operation pumg

« Check operation of standby generat
equipment

e Pump effectiveness and performance testin

Water Quality
Chlorine residual

Turbidity
* Surface water
* Ground water

Bacteriological

Primary drinking water standards to KE
Standards

» Surface water
* Ground water

Redionuclides

Trilialomethanes

yIVeekly

on
Weekly

gAnnuaIIy

Daily

Daily

Every 2 years
Monthly

BS

Annually
Every 2 years

Annually

Annually

Secondary drinking water standards

Every 3 years
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NOTES

1. Table is presented as a guide which should be meddidased on site specific
conditions
2. Table does not include a complete schedule ofyp#d of equipment considered

to be part of the water plant. Manufacturer’s repwndation should be consulted
before establishing preventive maintenance scheduieany specific equipment
type.

3. Water quality frequency testing would be recomnsehdaccording to the
requirements of the state in which the utility ecdted. The testing listed is
considered the minimum to be accomplished and ghbal supplemented by
other tests needed to monitor and control spewrfter quality problems in a
particular system.

4. Frequency and number of samples of C5 and C6 dmuléduced pending at least
one year’s satisfactory results, but would be silije the specific requirements
of the National Standards.

11.2.6 Other Assets

The principle of planned maintenance, though magtificant for mechanical
and electrical equipment, should be applied in qyie to every part of the
system.

11.2.7 Organizing for Breakdown and Emergency

Any utility providing services to the public shoufdepare itself to deal with
breakdowns and emergencies of varying severity.

If a local emergency system is adopted, a membestaff should be made
responsible for the area in which he resides, aitldl twols and transport readily
available, he should quickly go to the scene of prgblem and attend to it or
summon assistance.

11.2.8 Workshop
Workshop provides civil, mechanical or electricaihgces
11.2.9 Purchases
The system of stock control should produce thermédion needed for the timing

of purchases and should record the consumption wioch the buyers depend
for fixing the size of any order.
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11.2.10 Receipt, Issue and Control
Operational efficiency depends upon procedureshwimake the receipt and issue
of goods quick and easy. The accompanying acaoyntiethods must determine
the charge out rate for materials based on purghase and stores overhead and
allocate it to the user project.

11.3 UNACCOUNTED FOR WATER (UFW)

11.3.1 Definition
There are many ways in which it is defined. Thestmmractical and acceptable
method defines ufw as the difference between thasored amount of water
entering the system and the total measured amduvdter leaving the system.

UFW is represented in many ways the most commangbei

() UFW as a percentage of supply where:- % UFW = UR¥é4sured water
entering the system.

(i) UFW as a ratio of supply pipe length where:-
UFW/m = the UFW (litres) per km lengthpipe

(i) UFW as a ratio of consumers where:-
UFW/No. — UFW (Litres) per consumer (rhem) supplied

UFW includes leakage and other losses
11.3.2 Components of UFW
a. Bulk meters
Uncalibrated bulk meters lead to inaccuraciesaw fineasurements.
b. Consumption meters

(i) Meter inaccuracy
This constitutes about 2.5% of the UFW

(i) Broken meters
When meters are broken, the consumption of theurpes is just
estimated.

(iif) Malfunctioning meters

Meters tend to slow down with time. This is duediot or rust
accumulation on their moving parts. The solutiorhis problem lies
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in having a meter replacing programme, based onineadng
recommendation and not on a time frame.

(iv) Oversized meters
In many cases the water undertaker is misled bycttomer or
exercises wrong judgment and installs oversized nection.
Oversized meters fail to record lower flows.

c. Unmetered connections
Consumers who are unmetered consume much wateharel more wastages
than metered consumers. Un metered connectioralyfielong to one of the
following categories:-
() Known monitored connections (Flat rate connections)
(i)  Un monitored connections
Often connection exist (with or without meters)ttivere at some time
in the past legally provided. However, due to seaasons, records of
existence of such connections have been lost.

(iif) llegal connections
These are quite common and they refer to non-aigdtbconnections.

d. Unmonitored usage
Water is used from the system without being measure
e. Mistakes in billing
(i) This is due to inaccessibility of meters
(i) Meter reading incompetency arising from human leg&n or
incompetence and system confidence where the digdilmf the
organization to produce correct bills is being goesd.
f.  Methods of measurement
The water balance equation is often distorted wheasurements are compared
on a short term basis. To calculate UFW for a meetarea (through bulk or
zonal meters), one must relate consumption metemomal meters (in isolated
zones) only if measurement are taken at the same tiBut if the readings are

taken over a long period of say 1 year, then therk be insignificant
discrepancies.
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g. Network operation related

The state of the Network plays an important rol&JFFW. Some of the aspects
that control UFW are:-

* High pressures

* Wrong zoning

* Overflows

* Incorrect pipe sizing

» Partly crossed isolating valves

h. Leakages

(i) Definition

Leakage is that part of UFW, which escapes orgs ¢ther than by deliberate or
controllable action from a water supply or netwoilk.comprises of the physical
losses from pipes, joints and fittings, and alsomfrover flowing services
reservoirs. Larger losses are usually from buptg or from sudden rapture of a
joint, lower level losses are from leaking or “wewy joints, fittings service
pipes and connection.

(i) Components

The components are badly corroded pipes, visibtstB@and non visible leaks.
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12.

12.1

12.1.1

12.2

12.2.1

12.2.2

MANAGEMENT MODELS

LEGAL FRAMEWORK
Registration

Water Service Provider (WSP) can register unclempanies act, the Co-
operative Societies Act, the Non Governmental Omgdion Act and/or the
Societies Act.

Registration Laws

The choice of an appropriate registration law iglifficult one but largely
depends on whether a group or an associationasded to be commercial or
welfare — oriented. Other factors relate to sizenembership of the group of
association and how the group intends to relatéstcown members, non-
members and other person groups or association.

The Companies Act Cap 486

Under the Companies Act, a group or associatiopecdons may incorporate a
private or public company. A private company cetssiof at least 2
shareholders and a maximum of 50. Beyond fiffpulblic company is formed.

The public company has been a poputale of registering groups and
associations. The legal requirements include fatuag to the registrar of
companies the Articles of Association as well asktemorandum of
Association.

Articles of Association regulate thwernal relationships, organization and
management of the group, while the Memorandum cAstion regulates the
relationship between the group and non-members.

Many welfare groups, charities, tsuand non-governmental Organizations
(NGOs) have hitherto been registered as public emmag limited by guarantee
of the directors.

Once all the formalities of incorpton are completed, the registrar of
companies issues a certificate of Incorporatiorhis Transforms the members
into a body corporate. The company may thus imwgs name own property,
enter into contracts and sue and be sued in itsnanre.

Co-operative Societies Act, Cap. 490

The Co-operative movement has become a veryrianiofeature of Kenya’'s
economic, social and political landscape sincel8i0’s.
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Co-operative societies fall under three categgoriprimary co-operative
societies, co-operative unions, and apex co-operaocieties. Primary co-
operative societies consist of individual membecspperative unions are open
to primary co-operative societies, and apex co-#&ipes societies are restricted
to co-operative union membership.

The most important type of co-operative for gop associations envisaged is
the primary one. The requirements for registratinolude objects which
underscore the promotion of the members econontécests, applicants must
be at least 10 in number; applicants must be ageaedrs and above; applicants
must be residents of the society’s geographica afeoperation or they must
occupy land within the said area.

12.2.3 Societies Act, Cap. 108

The societies Act, Cap 108 defines a society tdude “any club, company,

partnership or other association of ten or moresges, whatever it's nature or
object, established in Kenya or having its headgusior chief place of business
in Kenya, and any branch of a society. But dodsmzude a company defined
by the companies Act; any corporation incorporateder any written law; a

registered trade union; a company, firm, assoaatio partnership consisting of
not more than 20 persons, formed and maintainel witziew to carrying on

business for profit; a co-operative society regesleas such under any written
law, a school; a building society; a bank and g@vernment organization of
which Kenya is a member; combination or associatiich the Minister may,

by order, declare not to be a society for the psepaf this Act.

The legal requirements for registration as a spcete submission of the
necessary application with sufficient details af froposed society. Some of the
required information is the name of the societg, tarrent number of members;
the titles of the office bearers; the names, octops and addresses of the present
or proposed officers and the land premises (if aw)ed by the society and the
manner in which such property is held or vested.

A large number of national and district-based Naw&nmental Organizations
as well as community groups were originally (anlll @te) registered as Societies.
Some have, however, since changed regulatory regisiace the Non-

Governmental Organization Co-ordination Act (Act.\N® of 1990) came into

force.

12.2.4 The Non-Governmental Organization Co-ordination Act Act No.19 of 1990
One of the major reasons for enacting the NGO @aation Act was to ensure

that only political parties, and religious and aedf organizations remained under
the purview of the societies Act, Cap. 108.
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A number of organizations, groups and associatwhgh had earlier been

registered as companies limited by guarantee @ictlirs or under the societies
Act were given a grace period to shift into theimegof the NGO Co-ordination

Act. A number have not changed, or are still uisteged under any of the
foregoing regimes. This is mainly the case withabntocal community based

projects who are either unaware of the legal chergecannot access funds
and/or expertise to effect necessary adjustment.

The NGO CO0-ordination Act makes it illegal to ogeran NGO which has not
been registered. There are striking similaritieswieen the requirements for
registration under the Societies Act and those utideNGO Co-ordination Act.

12.2.5 Ministry of Culture and Social Services

12.3

There is a category of income generating, welfaef help, philanthropic,
charitable, and other groups which utilize the taguy under the Ministry of
Culture and Social Services. In many instancesgtbups are already registered
in some parts of the country or outside the country

Such groups approach the District Social developr@éficer under the Ministry

of Culture and Social services for certificate etagnition to facilitate their

operations in the district in question. The cerife does not constitute a
certificate of registration and does not confer aey legal personality in the
manner already discussed in relation to the fowvslaabove. The main
importance of the certificate is the social anditall legitimacy which the

project attains.

It is also notable that in a number of cases, steftificates have enabled
community-based groups to access funds from donorsnany instances, unless
such groups are registered under recognized systéeng can only utilize the

funds through accounts to which the project attains

It is also notable that in a number of cases, sydups are registered under
recognized systems, they can only utilize the fuhdsugh accounts to which the
District Social Development Officer is a signatooy,an account operated by an
independently registered organization.

The main advantage of this system is that it isteachnical hence it is relatively
easy to obtain a certificate. It is possible foembers to understand and
participate in the process. The costs are alswddble.

COMPARATIVE ADVANTAGES AND DISADVANTAGES OF
REGISTRATION REGIMES

The various registration regimes discussed abose penefits and constraints for
the efficient and effective management and oparatib WIS projects. These
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advantages and disadvantages are summarized below.
12.3.1 Company'’s Act

Companies operate under rigid management systeBese include legal
requirements such as the processing and filingnaintial returns. Registration
formalities of a public company are also very cangied and time consuming.
The management systems and financial proceduresdiporate governance
require a measure of literacy and/or familiaritythwiechnical information and
processes. Incorporation of companies would thutude the majority of the
local people from decision making processes. infaartly because of the
foregoing reasons, most decisions are likely taaken by directors and other
corporate managers.

Companies are largely or principally run in therigpf capitalism. The profit
motives may make a company insensitive to rurableros. The objectives of
companies, societies and Non-Governmental Orgaoisatend to be diverse and
diffuse. This gives rise to the problem of lack foicus and question of
determining and monitoring the association’s adiegeo it's core concerns. In
comparison the objects of co-operatives tend tiobesed and specific.

Another management problem in Companies arises fitoenfact that some
members may be only nominal shareholders or they Insve minimal shares
hence limited say. Stories on corporate governamdéenya in the recent past
are replete with instances or allegations of the#uston or oppression of minority
shareholders.

12.3.2 Cooperatives Societies Act, Cap-490

Inspite of progressive liberalization in a numbérsocial-economic sectors, co-
operative societies have increasingly suffered usise regulation by

commissioner and/or the minister for Co-operativv&opment. This is mainly
due to the wide regulatory powers governing enttp iand operation of co-
operative business. The Act is however under vewegive co-operatives more
autonomy. It is not known when the Act will be iwved and it can only be
analysed when it becomes law.

As compared to NGO’s, stakes in co-operatives asgee to determine. And as
compared to companies, co-operatives tend to hawee racceptable face of
capitalism, as their management systems tend tsénivelfare approaches into
business scheme. It is thus said that co-opestwve unions of persons while
companies are unions of capital.

Infact partly because of the foregoing scenaridyats have opined that cases of

co-operative failure in Kenya may be due to the faat many co-operatives are
run as welfare associations rather than incomergéng business entities.
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Part of the problem why co-operatives may not @elisommunity development
is because of lack of exposure to or a capacityinancial management and
technical skills, which are important in runningnadern social-economic unit.

Like companies and NGO’'s Co-operatives have cotporstatus, legal
personality, and perpetual succession. Thesebuatits facilitate long-term
planning and the negotiation and conclusion of mts$ in the name of the entity.

12.3.3 The Non-Governmental Organization Coordinator Act,Act No. 19 of 1990

The registration of Societies and NGO'’s largelyagiebecause of the screening
and vetting processes (NGO’s have for a long tirmenbregulated under the
internal security portfolio in the president’s o).

In terms of the black letter law, however, Socet@d NGO’s may operate as
soon as the applications have been filed notwititstey the delays. But the
problems arise from political quarters and throtighprovincial administration.

12.3.4 Societies Act, Cap-108

12.4

The registration regime under the Societies Achasvever not clear cut, it
encompasses all manner of business, welfare, agligipolitical and
developmental entities although the intention ie tecent past has been to
remove NGO-like bodies from its remit. Bit it hased large community groups
as a means of getting recognition. Societies db have clear cut legal
personality, hence they have to act through apeditrustees.

CONCLUSION

The legal regime governing the registration and raipen of organized

community groups and similar associations is quiteky. As the foregoing

research and analysis has indicated the appropaiates available in at least four
statutes; the companies Act, the co-operative Besiéct, the societies Act and
the Non-Governmental Organizations Co-ordinatioh Aerhaps as privatization
and liberalized measures take place, these comyngnitups will need to be
addressed and agitate for change just as Non-Gmesrtal Organization Co-
ordination Act was found necessary.
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13. INFORMATION TECHNOLOGY

13.1 INTRODUCTION

13.1.1 Information Technology
Information technology is the technology, which gogs activities involving the
creation, storage, manipulation and communicatibmformation together with
their related methods, management and application.

13.1.2 Computer
A computer is a device that works electronicallydemn the control of stored
programs, automatically accepting, storing and ¢seimg data to produce
information that is the result of processing.
The forms in which data is accepted or producedthy computer vary

enormously from simple words or numbers to sigsa&ist from or received by
other items of technology. The functions of the pater include: -

- Input ---------- accepts data from outside for processing.

- Storage-------- holds data internally before, during and aftercpssing.

- Processing---performs operations on the data it holds within.

- Output--------- produces data or information from within for exigruse.

13.1.3 Hardware

Hardware is the name given to all the physical ckevifound in a computer,
including its associated facilities, the periphgral

All electronic elements found in the computer etge transistors, diodes,
electronic paths/channels etc, and the input/ougmnd storage devices are
collectively described as the hardware.

Computer peripherals are the term used to desatilike elements connected to
the computer apart from the computer itself. Thergefacilities connected to the
computer to assist the computer in satisfying s&srsl and include the input/output
units that interface the computer from its usersl dne storage units that
supplement the computer internal memory.

13.1.4 Software

Software is the general term used to describéall/arious programs that may be
used on a computer system together with assoaimeadmnentation.

There are two classes of software: -
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(i) Applications software — Software that is designed for specific use, for
example, designed to solve sets of mathematicahtems or controlling
organizations budgetary allocations.

Many applications packages are designed in suchyatiat they can be used
for a variety of similar problems. For example, ieegring design packages
are produced in forms that enable them to be searngpused by different
disciplines, each having slightly different wayswhich they need to produce
their designs.

There is abundant selection of engineering packalgas can be used on
personal computers in the market.

(i) Systems software- These are programs with associated documentakian
control the way the computer operates or providglifi@s that extend the
general capabilities of the system.

Within systems software is operating system congb@sea specific program
or suite of programs that controls the performaofcdae computer by doing a
variety of jobs to ensure the proper, orderly affitient use of hardware and
application programs. Examples of operating systemd include
MICROSOFT OFFICE XP and AUTO CAD 2000.

NOTE: Applications programs only work when used in coejion with the
operating system.

13.2 THE INTERNET
13.2.1 General

Internet is the world’s largest computer networ&ngisting of over 2 million
computers supporting over 20 million users in aln®®O countries. Its growth is
phenomenal — between 20 to 30% per month and remgestimate is quickly
out of date.

The value of the Internet lies precisely in itslighi easily and inexpensively, to
connect so many diverse people from so many plalteser the world. Anyone
who has an Internet address can log on to a compuate peach virtually every
other computer on the network, regardless of looaticomputer type, or
operating system.

13.2.2 Functions

Internet carries many kinds of traffic and providesers with several functions
that include:
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« Communication through e-mail, Usenet, newsgroulpatting and telnet.
* Information retrieval through Gopher, Archie, Willeea Information Servers
(WAIS), and the World Wide Web (The Web).

13.2.3 Using Internet

Most characteristics of Internet is how data ifetalirom one computer to the
other. Data transfer can be summarized as follews:

(i) Piece of data is broken into small pieces calle PC

(i) A header is added. This header explains
(@) Where the PCK comes from
(b) Where it should end up
(c) How itis fixed with the rest of the PCK

(i) A PCK s sent from computer to computer until itds its way to its
destination
NB: A computer along the way decides where nexetad the PCK
depending on how busy other computers are atrteedf PCK was RX.

(iv) At destination the PCK are examined. If a PCK issimg or damaged a
message is sent asking for this PCK to be resehthasis procedure is
repeated until all PCK have been received intact.

(v) Packets are re-assembled into their original faraaland at computers must
have TCP/IP responsible for receiving sending@reatking Packets.

The Internet also consists of a number of regiaahanges, which are large
computers calledervers These servers are connected by a large cabtepler
wire), which is quite separate to the telephoneesys Undersea cables connect
the Australian system to the American system, aedde to the rest of the world.
Universities and government departments own theseess, and are thus able to
pass information back and forth. They are thus peently connected to the
Internet.

Recently, private companies callédternet Service Providers (ISPs)have
established servers on the Internet cable. Indalidisers from their home or
office connect to the server of an ISP, and thergaiy access to the entire
Internet system. This connection between a usertlagid ISP is made over a
normal telephone line. The ISP has a number ofnmieg lines to their office
(like an SP bookie), which enable a number of usec®nnect to their server.
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13.2.4 Data & Information Transfer and Retrieval

Internet is a vast computer database with varidgtyanputer resources and
information. The only easy way of finding informati on internet is by using
URL which is specified on location or address bar.

Some of the problems encountered when searchingmation on the internet

(i) Incorrect URL or the URL has been changed
(i)  What if we do not know the URL
(iif) Solution to the above is use of search engines

Searching engine is a computer that goes arounéthtémet to find documents
that contain the word that you type. The searchinenglso incites or takes
information provide web designer and put it ideabase.

Search engines works in different ways:-

a) Some rely on people to maintain a catalogue oiisie log
b) Some use S/W to search key information on sidessadhe internet

E.g. of search engines
-Google search
-Yahoo search
-Excite
-NL search

Services available on the Internet

Internet provides a variety of services rangingrfraccessing remote computers
and using then for transferring files to and frdme tomputers on the Internet.
These services are:

13.2.5 The Web

* The web is an information retrieval tool similar@oper, Archie and WAIS.
However, it has had an enormous impact on the comahaise of the net
owing to its being attractive and easy to use.

* While other information retrieval methods are tbased, the web combines
text, hyper media, graphics and sounds, makingnmdtion more appealing
more informative and easier to grass.

13.2.6 Benefits of Internet Use

* Reducing communication costs
* Enhancing communication and Coordination
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» Accelerating distribution of knowledge
* Improving customer service and satisfaction
* Facilitating marketing and sales.

13.2.7 Problems of Internet Use

» Lack of security

» Technology problems

* Legalissues

* Anti commercial culture.

13.3 SPREADSHEET
13.3.1 Description

» A spreadsheet or worksheet is an application prodheat displays a working
sheet consisting of rows and columns of cells;rives are usually identified
by numbers, and the columns by letters.

» Each cell can hold a numeric value, a text labeh dormula that processes
values contained in other cells.

* Many spreadsheets contain extensive libraries df-ipuformulas and can
even maintain links to other spreadsheets so tlad @ntered in one
spreadsheet updates entries in another.

» Extensive data presentation featured and standarthst spreadsheets, which
include reports generation and powerful graphingabdities.

13.4 GIS DATABASE
13.4.1 Introduction

At the frontier of the information age, geographidormation management
technology is emerging as a powerful means to nemwvatuminous geographic
data, to help cope with the information explosiand to provide a foundation for
solving the problems that beset planet earth andhiabitants.

Societies in general are becoming keenly awaraeheed to manage information
from a geographic perspective. This awareness bas brought about by the
twentieth —century trends toward a global commuaitgd economy. At the same
time, the often negative impact of advancing tettmohas shown the need for
wise management of the earth’s resources. Gedgragbrmation systems (GIS)

provide the tools to help meet these challenges.

Geographic information systems (GIS) rely on theegration of three distinct
aspects of computer technology:

a. Database management (of graphic and non-graplag; dat
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b. Routines for manipulating, displaying and plottgigphic representations of
the data; and
c. Algorithms and techniques that facilitate spatralgsis.

13.4.2 Definitions

Data: A set of facts or figures, which have been gathesestematically, and form
which conclusions may be drawn e.g. coordinatdkjtimm data etc.

Information: Data that have been processed to have meaningser.a

Geographic Information Systems (GIS):
Francis Hanigan (1988), defines a GIS as “any méiion management system
which can:

(@) Collect, store and retrieve information based ssiatial location;

(b) Identify locations within a targeted environmentisthmeet specific criteria,;

(c) Explore relationships among data sets within thairenment;

(d) Analyze the related data spatially as an aid toimga#lecisions about that
environment.

(e) Facilitate selecting and passing data to applicatospecific analytical
models capable of assessing the impact of aliges on the chosen
environment.

() Display the selected environment both graphicalig aumerically either
before or after analysis”.

GIS database: A pool of integrated and structured graphic and-g@phic data
from which relevant facts may be retrieved and @ssed to provide information to
users.

13.4.3 Digital Data for GIS

A G.I.S database can be divided into two basic gypedata: graphic and non-
graphic (attribute) data. Each of these types haecific characteristics and
requirements for data storage, processing andagispin G.1.S, data consists of
features or entities, which are represented by fmametric concepts i.e., points,
lines, polygons and surfaces.

(a) Points: Points describe individual objects depittgd
cartographic symbols e.g. Schools, hospitals, lspights.

(b) Lines: Are used to describe networks e.g. roadgays rivers
canals, contours etc. Normally networks are assumbdve no area because
their widths on maps are assumed to be zero.

(c) Polygons: Are used to describe area features suzbrees of population
density, administrative districts, lakes etc.
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(d) Surfaces: Are a three-dimensional representatideadfires e.g. a Digital
Terrain Model (DTM) of a hill.

13.4.4 Feature Definition in GIS

In the GIS database, any feature is defined by &peters:

(@) Its position
(b) Its attributes; and
(c) Its relationships to other features.

Feature Position: Feature position consists of locational data defjra feature’s
spatial extent. It may be in either vector or eadbrmats. In vector format,
locational data consists of Cartesian coordinatesome frame of reference e.g.
UTM projection.

(@) Point: represented by a pair of coordinates

(b) Line: represented by series of coordinates

(c) Polygon: represented by a series of coordinatsmg@nto themselves

(d) Surface: represented by 3D coordinates.

In raster format:

€)) Point: represented by a single pixel whose valdéfsrent from the value
of neighbouring pixels

(b) Line: represented by a series of contiguous pidlse same value
surrounded by pixels of different values.

(c) Polygon: represented by a 2-D extent of pixelsqoiévalue

(d) Surface: represented y a 2-D extent of pixels aabgalue, plus a height
value at each pixel.

13.4.5 Feature Attributes

Feature attributes is data that specify the nompgéac characteristics of a feature.
Attributes may be numeric (eg. size, slope, hedfbt or semantic (eg. name, type,
etc). Feature attributes in GIS are stored by sieafeature codes. A feature code
is a concise alphanumeric code which describesytiee of feature represented by
given coordinates according to some chosen codihgnse. A commonly used
coding technique is that of generalization and igfization which arranges features
hierarchically in a tree structure.

13.4.6 Feature Relationships

Spatial relationships i.e. neighborhood, connedgtiand inclusively are not as
apparent in digital data as in analogue data. &ligata cannot adequately represent
the real world without relationships. There ame¢rkinds of relationships:
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(@ Proximal- Describe the closeness of non-adjacent featueesnearness or

farness.

(b) Hierarchical — Describe the relationship of feature subclassethdir super

classes. lItis encoded by a tree structure.

(c) Topological — Describe the neighborhood, connectivity andusion properties

of features. Itis encoded via a topologicaladstructure in a process called
topology building.

13.4.7 Sources of Data for GIS Database

(@  Analogue maps and plans

(b) Digital remotely sensed imagery
(c) Surveying field notes

(d)  Total Stations

(e) Photogrammetric work stations
® Aerial photographs

(9) GPS
(h) Tabular data e.g. Census, rainfall, soils etc. fnarious collecting
agencies.

() Direct import from other GIS’s

13.5 COMPUTER AIDED DESIGN (CAD)

13.5.1 Introduction

The use of a computer to produce designs is refexe‘computer Aided

Designs (CAD)” sometimes known as “Computer Aide@filng and Design

(CADD)".

CAD programs present objects as wire frame outlaorasore complex three-
dimensional (3D) images.

CAD reduces the time needed to create, edit, stodetransmit drawings by
using high performance computers and monitors, \iffuts devices like

scanners and graphics tablets, sending their ontpstly to laser printers or
to pen plotters.

13.5.2 CAD capabilities

The capabilities of modern CAD systems include:

Reuse of design components

Ease of design modification and versioning

Automatic generation of standard components ofidsgn
Validation/verification of designs against spea@tions and design rules
Simulation of designs without building a physicebiotype

Automated design of assemblies, which are collastwf parts and/or other
assemblies
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» Output of engineering documentation, such as matwiag drawings, and
Bill of Materials

» Output of design directly to manufacturing facdgi

» Output directly to or Rapid Manufacture Machine ifwtustrial prototypes

13.5.3 Tools and Methods

Development in CAD has resulted in the followingl®and methods:

*  Wire frames

» Solid modeling

* Intelligent wiring diagrams and production linkeatabase systems

» Graphically represented system or plant diagrarddatabases

» Parametric design models

* Real-time process simulation

» Computer Numerically Controlled (CNC)) load fileésedl path instructions)
* Finite Element Analysis (FEA)

* Rapid prototyping

Many CAD drawings are created from scratch using dipplication software
using design sketches and other inputs. Other CAdwidgs are created from
pre-existing electronic CAD files by copying all part of another CAD file,
making changes, then saving it as a new file. Drgwithat only exist in physical
form (blueprints, plots of lost files, etc.) can cenverted into CAD files using a
procedure called “Paper-to-CAD conversion”, drawcanversion, digitization,
or vectorization.

13.5.4 CAD application in Water Supply services

All personnel involved in the water supply needhave knowledge of data
processing through computer. In more recent yedh® technological
developments associated with the creation, martipula storage and
communication of data and information, principallycomputing,
telecommunications and electronics is now carrigdtlorough computers. These
developments have given rise not only to the ramalution of data processing
techniques but also to a greater integration ot processing techniques with
other activities in an organization. This calls fechnical personnel in the water
supply industry to have knowledge of data procesaimd its related information
technology.

In a water supply system, the computer-aided desage based on computer
model network analysis that is widely used to idgrthe causes of deficiencies
in a proposed system, thereby developing the mibstteye components. The
network analysis of water systems will include amber of interdependent
variables: -

- Water sources (Quality and quantity)
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- Water demand (Consumption)

- Intakes (Capacity and type)

- Pipelines (Diameters, material and pressures)
- Treatment (Quality, quantity and methodology)
- Storage (Capacity, duration and type)

System efficiency and effectiveness, and henceesysperformance can be
affected by altering various combinations of thesgiables. Comprehensive
steady state analysis of the water supply systéimsié perform for a wide range
of water demand conditions. However, if the watgpmy system can operate
satisfactorily under the most severe demand camdifi it will operate
satisfactorily for all conditions. For this reasaime demand condition most
limiting to the performance of the water supply teys variables will be
established, and the computer model runs will isgmrethe system operations at
these most limiting demand conditions.

13.6 HYDRAULICS MATHEMATICAL MODELS APPLICATIONS
13.6.1 Models and Modeling Systems

The Use or numerical models as tools in engingdg practice has increased
rapidly over the Last decades. In fact, the majgdraulics laboratories of
Western Europe now do more than 80% of their madelwork with
mathematical models.

Modeling has nearly always been a part of engingepractice. Solving a
particular river problem mainly requires constrantof a model, this model could
be a physical (scale) model or mathematical (nusaBrmodel.

13.6.2 Applications of mathematical models

With the introduction of the digital computer itdaeme possible to analyze and
solve whole sets of governing equations using smiuhethods which, because of
their large number and long Complex Calculationd Hazeen previously
considered too difficult and unreliable due to gussibility or making (simple)
mistakes in hand calculations.

» The application of these solution methods to thedyais and design of
engineering problems is referred tonasnerical (mathematical) modeling.

* Models canbe applied to an extremely wide rangarablems. However, in
order to keep the models as Mathematical simplesffiddent as possible,
particular fields of application can be identified which different types of
models should be used; e.g.- free surface flows

» Pressurized flows

» Transport and dispersion of pollutants or heat

» Groundwater flows
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* Morphological computations — Short waves, etc...
13.6.3 Development of Mathematical Model
1. Objective

The choice of the objectives of the model detersiitie level of complexity of the
system and the main parameters that are involved.

2. Schematization

The schematization selected depends upon the critypté the processes involved
and the availability of models, which can be usedxpenses that can be justified by
the value of the answers given. Consideration rhaggiven to the variations in time
(t) and space (x, y, z). The variables t, x, y, andre referred to as independent
variables. All real processes vary with variatiam®ne or more of the independent
variables. However, by carefully examining thetigatar process, assumptions can
be made about the dimensionality of the problem.

As far as the number of dimensions in space iseroed a distinction can be made into:
. ID (one dimensional model@D (two dimensional modelBD (three dimensional
model)

Furthermore models are distinguished into steadgei®and time dependent model

1 D models:(variation in t and x) This type of models is oftesed for e.g. water flow,
sediment transport and morphology, flows in tidatuaries, control of irrigation
systems, Simulation of dam break waves, flood gaen through channels and
reservoirs.

2D Models:(variations in t, x, and y) This type of modelsfien used for e.g. sectional
models of structures, models to study salt intrusiod water quality, tidal flows,
detailed flows in rivers (e.g. circulations), shavave modeling.

3D Models:(variations in t, X, y and z) This type of modslsften used for e.g. study of
discharge from power station of hot water plume iotean, physically-based,
distributed hydrological model.
The next step in Schematisation is the choice pém#ant variables. These variables are
the unknown quantities which vary in time and spand whose values we wish to
calculate by modeling e.g. flow (Q), depth (h)gst&H), Concentration(l), etc.

3. Equations

The variations in the dependent variables can Berited by equations, which relate
all the dependent and independent variables. Thategs are generally derived
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from balances in control elements, e.g. mass, mamenenergy, heat, population
balances. This leads, in general, to one or modenary or partial differential
equations.

4. Solution Methods

There are many solution methods for differentialaopns. In hydraulic engineering
numerical methods are most commonly used. Thedadic- finite difference, -
finite element, boundary element methods,

5. Computer program

Once a solution method has been selected, a commatgram has to be written. In

this program the computer is instructed to exealitdhe steps or the solution method
in the correct sequence and to realize input anp@wf a wide variety of data. Tile

data must be collected from prototype or experinteritelp determine the values or
model parameters and to determine the boundaryitcamglto be specified during the

model simulations.

6. Calibration
A series of simulations with the model for diffeteralues of parameters leads to
choice of parameter values, which give the bestpaosison between, measured and
computed results.
7. Verification
After the model has been calibrated satisfactatilghould then be run once more
with a completely new set of data for a final veation of the suitability of the
model. This run should accurately reproduce thesomea data without having to
adjust any of the parameter values.
8. Simulation
Finally the model is ready for application to thgextives of the study, which was
defined at the initiation of the model development.

13.7 CANDES (CANAL DESIGN)

13.7.1 Objectives
CANDES is a straight forward spreadsheet comprtatimethod used to solve canal

X-sec. Design for a given flow, roughness and béapes through iterative
computations.
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This program is based on manning / strickler eguatiused to solve earth canals.

Q =A R3S2
Q=AkR3S2

Manning Formula
Strickler Formula
13.7.2 Data Inputs:
Q_des = design flow (m3/sec)

b/y — Corr = factor for tuning the results by adijug the computed bid ratio
S_des = bed slope (m/km)

m_des = side slope (m) Ks = strickler coeff. = Un

Flag i = given values 1,2 or 3 according to maiatere
condition (see notes)

b_des = bed width (m)

13.7.3 Outputs:

V _avo = average velocity (m/sec) y = water depth (
b/y = ratio between depth and width

Criteria for conveyance of suslJendssbiment:

Pw gvavs
= constant or none decreasing

Criteria for conveyance of bed load tranSlJort:

I
d"2 S = constant or non decreasing

Boundary- shear stress:
T_CpgyS

Note: ¢ = bid correction factor
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13.8 PROFILE

13.8.1 Objectives

Profile is a computer program to calculatedimeensions and bed Slope of trapezoidal
canals assuming uniform steady flow conditionshgisitrickler / Manning resistance
formula, it computes any of the following variablgsen another variables are given by
users;

13.8.2 Data Inputs:

Unknown variable(s) Known variables

Q (discharge) H,b,ks,m,S,b

h (water depth) Q,b,ks,m,S,b

b (bed width) Q,h,ks,m,S,b

Ks (roughness coefficient) Q,h,b,m,S’b
m(side slope) Q’h, b, Ks,S, b

S (bed slope) Q,h,b,Ks, m, S, b
band h Q.Ks, m,S, n*=(b/h)

13.8.3 Outputs:
In addition the program computes the following esiu
Vav. = average flow velocity

T = Tractive forceT=Pghs
N/m2

E = energy dissipation in carBF P gvs
w/m3

13.9 FLOP (FLOW PROFILES)
13.9.1 Objectives

Flop is a windows computer program used to cal@the gradually varied flow profiles
(positive and negative) in open semi prismatic cteds) for the following conditions;

- Channel with one or more prismatic reaches,
- Trapezoidal and rectangular cross-sections,
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- Steady sub-critical flow; for super-critical flowLBP will suspend the
calculation.

- Only friction losses are considered; local lossgs t changes in Geometry,
lateral flows and control sections are not included

13.9.2 Data Inputs:

Schematisation
To model a channel reach, parameters related dilnassf that reach are required and
they Include:

the

J Length Lin m;

,/ Bottom width b in m;

,/ Side slope m (I vertical: m horizontal);

,/ Bed slope S, in mim;

,/ Bottom elevation z in m. above a reference leyeRoughness coefficient can be
defined either by Chezy or as defined by Mannirgjrickler, (k for Chezy, n or ks’
Manning and Strickler respectively).

13.10 EPANET 2
13.10.1 Objectives

EPANET is a computer program that perfoextended period simulation of hydraulic
and water quality behavior within Pressurized pip&wvorks. A network consists of
pipes, nodes (pipe junctions), pumps, valves am@dgeé tanks or reservoirs.

EPANET tracks the flow of water in eacheifhe pressure at each node, the height of
water in each tank, and the concentration of chalnsigecies throughout the network
during a simulation period comprised of multipladi steps, in addition water age and
source tracing can be simulated.

13.10.2 Modeling Capabilities:

EPANET Hydraulic Modeling capabilities:

- No limit on the size of the network that can be lyred -Computes
friction head loss using the Hazen-Williams, Dawgisbach, or Chezy-
Manning formulas.

- Includes minor head losses for bend fittings, etc.

- Models constant or variable speed pumps

- Computes pumping energy and cost

- Models various types of valves

- Models any shape of storage tanks (varying diametigh height).
Considers multiple demand categories at nodes, wabhts own pattern
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of time variation
- Can base system operation on both simple tank @vi@iner controls and
on complex rule-based controls

13.11 SEWER (CIVIL DESIGNER)
13.11.1 Objectives

Sewer is a foul water network analysis and desigdute, which combines interactive
drawing functions with powerful design functions.

The DBase file format allows rapid data access rédian entry in less than 0.25
seconds in a dataset of 20,000 records — and d&mited model size. It also ensures
compatibility with most geographic information systs and other programs.

The graphical functions allow you to easily ingartles and links, make changes to an
existing layout by moving a node, change the flongation or query a node or link with
a click of the mouse.

Manholes and culverts are displayed in WYSIWYG maaté user-defined line styles,
colours and annotations such as manhole name/enkdt depth, link type, link size,
flow, velocity and capacity.

Combine new and existing culverts, consisting oftiple types and sizes, in one model.
You can easily simulate the complex system of flawd overflows that are often found
in modern towns and cities.

The design will take into account the hydraulic @edmetric relationship between the
different branches in the network. Attenuationakcalated at every manhole resulting in
a solution, which is 30% to 100% more cost-effextivan simply adding the inflow
peaks together.

The dynamic time simulation (unit inflow hydrograptallows you to view the flow
hydrographs of single or multiple culverts in ortleigain an insight into the dynamics of
the system.

Once you have completed the analysis the networlbeadisplayed according to specific
criteria such as flow or calculated size much &% system would.

The flexible pumps option allows you to simulatemustations with up to 4 pumps.
Thereafter you can generate construction drawiagl as layout plans and long sections
or calculate quantities. The ground profile is auatically extracted from the supporting
digital terrain model.

The graphical functions make Sewer ideal for tha dapture of foul water GIS models.
You can transfer the data between Sewer and our Médule at any time.

13.11.2 Sewer Functions

Design Parameters
e Minimum and maximum velocity
* Proportional flow depth
e Minimum/maximum culvert slopes
» Drops, defined steps, inverts common or soffits wam in manholes
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* Supports pipes, box culverts, portal culverts, esmtom culverts such as egg-
shaped sewers
» Define culvert types, sizes and flow charactersstic
* Fix culvert inlet level, slope or size
» Limit the flow in any culvert and direct the excdksv to another manhole
» Stormwater infiltration as a percentage of inflow
Unit Flow inflow method
* 10 inflow classes with average daily flow and e@ignt population per unit
* Attenuation curve
* Upto 5 inflow classes per manhole plus point seumdow
Harmon Formula inflow method
* Design unit flow
» Contributors per unit
Unit Inflow Hydrograph
» Dynamic time simulation spans up to seven days
* Up to 5 unit inflow hydrographs per manhole
* Continuity or Time Shift routing
» View the flow hydrographs of single or multiple ceits
Pumps
* Pump station with up to 4 pumps with different eweristics and control levels
* Specify pipe diameter, roughness and minor losHicmats
Quick Long Sections
» Scroll through branch sections
» Display up to 3 ground lines and selected desiga da
» Graphically move manholes up or down
Analysis and Design
* Comprehensive network analysis
* Auto numbering of branches and manholes
* Analyze the entire network, a sub-network or jubtanch
* Flows attenuated according to inflow method
* Flow calculations use internal culvert dimensiamshydraulic accuracy
» Calculates culvert size, slope, inlet and outle¢lgflow, capacity, velocity, flow
depth and hydraulic grade
Quantities (SABS 1200)
» User-defined trench widths and depth increments
» Excavation length and volume
* Bedding, backfill and selected backfill volumes
* Manhole depths
* Culvert lengths
* Sorted by culvert type and size

Drawings
* Long sections of single or multiple culverts witlogsing pipes on single or multiple
sheets

» Plan layout with manhole and culvert annotationkeglule, manhole coordinate and
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13.12

13.13

connectivity tables
Annotations such as manhole name, cover levelyieeel, depth, culvert type, size,
length, slope, flow, capacity, velocity and flowpde

CAD ADVANTAGES

(i) Operation speed— The timing aspect of the information is very orant,
because late information is not better than norméion. Automatic processing
as provided by the computer quickens the operaborthe input data to produce
timely information.

(i) Accuracy — The accuracy and preciseness of the informasioncreased by
the use of the computer, which remove use of tieghand written entries.

(iif) Volume — Computer can handle and process large volumestaf in very
short periods of time, usually measured in microads.

(iv) Convenience— Repeated operations that may be boring andusdiormally,
can be conveniently processed by the computer.

(v) Linkage and Flexibility — The versatile nature of the computer allowit t
operate with a common data pool that supports akaeplications as long as the
relevant programs are available. The software useda given computer is
relatively easy to change and it is that capabiMyich gives computers their
flexibility of purpose.

CAD DISADVANTAGES

() The user does not have direct control over the aagekn the same way, as
would be the case if the software were producediouse for local
conditions.

(i) The package will have been produced to meet genesals and may not be
ideal for particular customer.

(iif) No matter how good the CAD system within an orgatan are, if the other
aspects of the organizations information systempa@r, the information
produced may be under-utilized to the detrimeriheforganization.

(iv) It is unfortunately not uncommon for programs todopplied, which may

be faulty in some way. Sometimes these faultsedabugs, do not come to
light until some time after the software has beelivdred and put to use.
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14 DRAWINGS
14.1 SCALES

14.1.1 General

The following reduced scales may be used (after 3866 —1979 (E). Further
see section 15.6 and 15.7.

1:2 1:5 1:10
1:20 1:50 1: 100
1: 200 1 : 500 1 : 1000
1 : 2000 1 : 5000 1 : 10000
etc etc etc

14.2 FORMAT
14.2.1 Construction, Standard and Type Drawings

Al (840 x 594 mm) is preferred for all drawings,i@fhare to be used on site for
construction.

A3 (450 x 297 mm) may also be used for type drawing

Building and Civil Engineering drawings— symbols for concrete reinforcement
ISO 3766 — 1977 (E) Appendix E

14.2.2 Title Block

The title block of drawings made by departmentaigi® and consultants should
be as shown in Appendix E.

14.3 BAR SCHEDULING

14.3.1 Building and Civil Engineering Drawings — BaScheduling
ISO 4066 — 1977 (E) Appendix E.

14.4 WATER SUPPLY DRAWINGS

14.4.1 Water Supply General
As shown in appendix E

14.4.2 Geotechnical Drawings
As shown in Appendix E
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14.4.3 Installation Drawings
As shown in Appendix E

14.5 PIPELINE DRAWINGS

14.5.1 Plan and Profile Drawings of Pipeline

Plan and profile shall be drawn on the same shet@the same horizontal
scale. The plan shall be placed above the profile.

The horizontal scale shall be 1:2000 and the \&rticale 1:200 except when
more detailed drawings are required.

Chainage of pipelines to start at the inlet andiruthe same direction as the
flow.

The profile shall show ground levels of all survéymints and invert levels at
points where the gradient changes.

All levels to be given to two decimals of metre dahd chainage to the metre
only.

The profiles should also show static head, the duldr gradient in percent,
pipe material size and class, design flow and gilouaterial.

The plans shall show enough features of the tetcamake it possible to find
the surveyed line at the time of the constructioit critical points it may
become necessary to shown the distance in metwebetthe center line of
the pipeline and well defined objects. North di@t line should be shown
on all plan drawing.

A general Layout Plan to suitable scale covering Whole supply system
shall be provided. The plan should show pipe dsmes and classes,
reservoir capacities and section valves. Refesesbteuld be made to the
detail pipeline drawings

An overview profile drawing to suitable scale camgrthe main pipeline
routes. The drawing should show the gradientsstagc pressures and the
pipe size, material class.
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14.5.2  Flow chart for drawing procedure of pipng diagrams

. . . " Pipe diameter, Internal pressure
Confirmation of piping conditions — Earth cover, Soil investigation

‘ Live load, Pipeline routes

Selection of pipe varie

v

Selection of joints

Check wall thickness
Selection of pipe variety

For ordinary pipeline
For the jacking method
For slip-out prevention

‘ For ground movement
Determination of routing composition Confirmation of branch portions
| Determination of underpassing portion
‘ Choice of valve location

Determining bends to be used Conflrm{mon of.megsurmg pomt
. ————— Calculation of pipeline gradient

1 Calculation of diagonal distance

Calculation of composite angle

Choice of bends to be used

Determining piping method for each part Straight pipe portion

Shaped portion

Connected part with valve charm and

structures
Valves
For concrete blocks

For restraint joints
For restraint accessories

Consideration of anchoring work at the fittins

]

Pipe configuration and calculation of cut length of Measurement survey of fittings
pipe —————Pipe configuration and calculation cut

length of pipe
\ 4

Determination of places where collars will be used

v

Drawing piping diagran

|

B/Q of material

Plan section
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14.6 BUIDLING AND STRUCTURAL DRAWINGS
14.6.1 General

» Reinforced concrete structures shall be presentexeparate drawings for the
shuttering, the reinforcement and the installatadnpipes and mechanical
equipment.

» Shuttering and reinforcement drawings should bestale 1:20 or 1:50.
Details should be to scales as required.

14.6.2 Shuttering

» All measurements should be shown on this drawing, must not be shown
more than once to minimize the risk for mistakes&gr revisions.

» Foundation details like hardcore depth, thicknekdlmding and existing
ground levels must be indicated.

» All construction joints and box outs should be show

14.6.3 Reinforcement

» Regarding symbols and bar scheduling see secti@gn4land 15.5.1

» All data required to identify dimensions, shape podition of steel bars shall
appear.

» Reference should be given to separate bar bendivegisles.

14.6.4 Installations

» All fitting should be given position number and mbe clearly marked with
dimension, material and measurements.

14.7 STANDARD DRAWINGS
14.7.1 Definitions

The Ministry has set up the following conditionsigéhhave to be fulfilled before
a drawing can be classified as a standard drawing.

» The design shall be possible to use for severtdréifit projects.

* The design shall be of high professional standard

* The design shall comply with recommendations by WerBureau of
Standards or with the standards used by the Mynisil — units shall be used
exclusively.

* The design shall have been discussed with partiegdvied in the construction
and the operation of the design element.
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* The design shall be sufficiently detailed to all@anstruction work to be
carried out without additional design work.
The Design Standardization section shall do thekmgrand registration of
standard drawing.
14.7.2 Available Standard Drawings.

The Ministry issues a separate booklet with all rappd standard drawings
reduced to format A3.

14.8 TYPE DRAWINGS
14.8.1 Definitions

The same as for Standard Drawings except that tond\lo.5 is omitted.
14.8.2 Available Type Drawings

A separate booklet with all approved type drawimgirmat A3 is issued by the
Ministry.
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15. COST ESTIMATES
15.1 GENERAL
15.1.1 Purpose

The cost estimate is used as an instrument for:

» Economic planning

» Selection of technical solutions

» Control of construction costs and consultancy fees.

15.1.2 Methodology

The method for cost estimations will vary with thesign stages. The later in the
design process the more detailed will the costred@ be. Further see section
16.2. The basis for the cost estimates must alwseysactual tender rates
whenever available.

15.1.3 Price Changes

The cost estimates must be based on the price &\elparticular time, which
shall be clearly stated for all estimates.

When necessary the estimated cost can be updapedsent-day cost by applying
escalation factors. These factors are determirye@dmtral Bureau of Statistics
Ministry of Finance and Planning. The monthly temgineering cost indices are
published quarterly in Kenya Statistical Digest amdextract is shown in table

15.1
Table 15.1 CIVIL ENGINEERING COST INDEX

Date Index Price Date Index Price

Increase % Increase %

Dec. 1972 100.0 - Dec. 1982 362.6 19
Dec. 1973 119.0 19 Mar. 1983 363.9
Dec. 1974 157.4 32 Jun. 1983 375.9
Dec. 1975 175.9 12 Sep. 1983 378.4
Dec. 1976 190.3 8 Dec. 1983 379.5 5
Dec. 1977 202.9 7 Mar 1984 379.5
Dec. 1978 216.8 7 Jun. 1984 379.5
Dec. 1979 245.6 13 Sep. 1984 379.5
Dec. 1980 282.7 15 Dec. 1984 460.0 21
Dec. 1981 305.6 8
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Example:
The cost escalation between December 1979 and ereid81 was

(305.6 — 245.6) x 106 24.4%
245.6

» The Civil Engineering Cost Index may not alwaysresent the changes of the
cost of water supply well as the pipeline costsesent such a large portion of
the total cost

* The price of pipes, in particular UPVC-pipes, sliotherefore be studied
separately by obtaining rates from the latest tesxde

* The building cost index may also be of use for watgply. This index series
as well as that of civil engineering comprises tiedainformation on the cost
escalation of common building materials and labour.

15.2 CONSTRUCTION COSTS
15.2.1 Pre-Preliminary Design Stage.

Only very rough estimates can be made based onlgiapufigures, the area of
supply or the water demand.

The unit costs given in Appendix F may be used.
15.2.2 Preliminary Design Stage

The construction cost of the project shall be estitid and presented as an
itemized schedule of units, unit rates and costawh component of the project.
The estimate shall be detailed as much as possilileregard to available data.

The following summary will be suitable for many @as but should be modified

to suit the individual scheme.

Intake works
Raw-water main
Treatment works
Pumping stations
Storage tanks
Distribution lines
Water points
Access roads
Subtotal
Preliminaries
Subtotal
10. Contingencies
Total

ONoO Gk WNE

©
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The preliminaries shall include cost for site cammsurance, temporary
works, setting-out, material testing, superintergertransport, etc.  This
amount shall be assumed to be 15% of the sum adlic8e.

The contingencies should cover items which canmetfdreseen in the
preliminary design stage but which are likely tedmme necessary in the final
design. The amount shall be assumed to bel0%eafuim of 10% of the sum
of 1-9 above.

Unit costs of pipes, pipelines, treatment worksragge tanks and a few other
items are given in Appendix F. The prices weredvial late 1983 and should
be updated to present-day prices as stated iroaeldi.1.3.

The unit costs should be used as indicative ontyraay have to be modified
for the particular scheme. Reasons for modificetionay be e.g. difficult
ground condition (swamp, rock), simplified treatyeemote locations etc.

It should be noted that the unit-cost data covefrtan all items that may be
part of a water supply. Remaining costs should digained from
manufacturers, actual tenders etc. as required.

The unit costs given in the Appendix may only beduor rough estimates at
the preliminary design stage.

15.2.3 Final Design Stage.

The cost estimate shall be based on the draft dillguantities and detailed
unit rates obtained from actual tenders, manufactuguotations etc. and
updated to present-day prices valid at the timetersubmission of the FD-
report.

The preliminaries shall be assumed to be 15% ofitdmized subtotal and
there shall be a provision for contingencies of 1[0t to zero by Treasury
April 8]

15.2.4 Tender Stage

The estimate shall be the Engineer’'s Estimate antbdsed on the definite
bills of quantities.

The unit rates shall be obtained as for the fimsigh stage but they should be
updated to represent the price level at the exfddutes of construction.
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15.2.5 Supervision Stage

 An estimate of the total construction cost shouéd rhade based on the
contract price and the expected price escalatiamngl the construction
period.

* When the construction work is completed and allnpayts settled should the
actual construction cost be calculated and compartdthe estimates made
in the different stages. The difference should dmalysed and used as
feedback.

15.3 MAINTENANCE COSTS
15.3.1 Annual Maintenance Costs

The annual maintenance costs should be calculated @ercentage of the

construction (installation) cost as shown in tabe2, which also shows the

economic lifetime for various assets.

Table 15.2: Annual Maintenance Costs

Economic Annual
Asset part lifetime years maintenance
costin %
Dams 40 0.5
Intake works, including boreholes: Mass 40 1

concrete  structures, such as intakes,
underground pits, culverts, etc

Earthworks generally 40 1
Boreholes and wells 20 1
Pumps:

Hydrams and hydrostats 15 5
Other pumps 10 5
Power:

Diesel engines 10 5
Engine and pump sets petrol paraffin 5 5
Electric motors, cables and switch gears 10 5
Piping:

All types 30 1
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Treatment works:

Treatment works in masonry or reinforced 30 1
concrete

Reservoirs:

Storage tanks in masonry or reinforced concrete 30 1
Storage tanks, sectional steel incl. towers 20 2
Storage tanks, corrugated galvanized steel 10 2

(C.G.S.) on timber stands

Building:

Building C.G.S. on timber 20 1
Building, masonry 30 1
Miscellaneous and items:

Communal water points (CWP) 10 5
Water kiosks, latrines, licenced retailer points 20 2
etc.

Gantries, steelwork etc 20 2
Permanent Tools and plant not mentioned 10 2
elsewhere

Water meters 10 5

Chemical Apparatus:
Chemical dosing gear 10 5
Instruments and testing apparatus 5 5

Roads, fences etc.

Roads of access, general 30 1
Fences, G.S. wire or mesh on timber 10 1
Fences, G.S. wire or mesh on concrete posts 20 1

15.4 OPERATION COSTS
15.4.1 Manpower Costs
» The number of staff of different categories andgakcales can be found in
Appendix F for different types and sizes of watgoy.
* The 2004 civil service salaries for different jotogps are given in Appendix
F.
15.4.2 Energy Costs
» The price of diesel and electricity should be aiedifrom the O&M Branch

and the E.A. Power & Lighting Company respectively.
* Note that the price of diesel varies from arearéaa
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* Note that E..A.P&L has different methods for chaggfor power depending
on the consumption. The charges comprise thrde, pamely:
a fixed charge per reading period
a charge per unit of electricity supplied
a charge per KVA omaximum demand during the reading period

* The electricity rates are usually given per KVAor [Eost estimate purpose it
may be assumed that IKW = 0.80 KVA

15.4.3 Chemical Costs

* For the purpose of cost estimates the followingadesrates may be assumed
unless jar tests or other experience indicate réifferates:

Alum 0.05 kg/mi — water
Soda ash 0.02 kgAw water
Tropical
Chloride

of lime 0.002 kg/m - water

Unit rates at the price level of late 2004 are gireAppendix F.
15.5 MISCELLANEOUS COSTS
15.5.1 Land Acquisition

Should be estimated after consultation with the &oment valuer.
15.5.2 Electricity Power Transmission Line

Connection to the existing grid system should demeged in conjunction with
EAP&L.

15.5.3 Design Costs

Only external design cost should normally be cagreid. The approximate costs
for different stages are shown in table 14.3.
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Table 14.3: Design Costs

Cost of the Works Design cost as a percentageeofdht of works for
each design stage
Million shillings PD FD TD Survey| Supervision
1) 2) in-chief
Upto 0.5 5 5 2 5
0.5t01.0 4 4 1 4
1.0t0 2.0 3 3 1 3
2.0 t0 5.00 2.5 2.5 1 2.5
5.0 t0 10.0 2 2 0.5 2
10.0 to 20.0 15 15 0.5 1.3
20.0 t0 40.0 15 15 0.5 15
Over 40.0 1.2 1.2 0.4 1.2
1. The land survey cost should be estimated withirate per Km pipeline.

See Appendix F.
2. Costs for special investigations e.g. groundmateestigation
15.5.4 Supervision Costs
* The cost of supervision in chief is related to twst of works as shown in
table 16.3.
* The cost of the Resident Engineer should be assuméx@ the maximum
allowable salary in accordance with the regulatioithe Ministry.
15.5.5 Establishment Costs
Establishment charges which are a contributiorméoeixpenses of the Ministry in
District, Province and in Nairobi may be assumed&o35% of the direct costs
calculated as described in Section 16.3 and 16.4

15.5.6 Depreciation Costs

The depreciation should be assumed to be on glstiae basis and be based on
the economic lifetime shown in table 16.2 for vag@ssets.

15.5.7 Capital Costs

Real loan charges i.e. interest and amortizatioulshnot normally be considered
in the economic analysis of a particular project.
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However the annual capital cost should be estimassdming a nominal interest
rate. A rate of 8% is reasonable for 1983 butrtte has to be determined from
time to time. The annuities for different lifetinaed discount rates are given in
Appendix F.

15.6 FOREIGN AND LOCAL COMPONENTS

15.6.1 Pipelines
The direct foreign currency component of the pipelcost inclusive material,
sales tax, duty, transport, handling, storing, dhémg, laying, testing, ancillary

cost and preliminaries can be assumed to be:

* 30% for locally manufactured UPVC pipelines
* 40% for imported DI and ClI pipelines
* 30% for locally manufactured steel pipelines

15.6.2 Mechanical and Electrical Equipment
The direct foreign currency component of installed erected mechanical
equipment inclusive material, duty, sales tax, dpmmt, handling, storing,
mounting and preliminaries can be assumed to . 50

15.7 REVENUE

15.7.1 Present-day Tariff

* The revenue should be estimated using the curtemttgre of the tariff as
issued in Kenya Gazette.

* Note that the price will depend on location, whettee water is metered or
not, type of use (domestic or industrial) and whketthe water is sold to a
retailer or direct to a consumer.

» It should be assumed that 75% of the produced visszid to and paid for by
the consumers, 25% being leakage and wastage naotlacted bills.

15.8 SELECTION CRITERIA AND PRESENTATION OF COSTS
15.8.1 Present Value Analysis
* The economic comparison of alternative technicéltsms should normally

be made by discounting to present value all investmoperation and
maintenance costs.
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* The present values of future payments for discoatats 1 to 10% are shown
in Appendix F. Generally, the sensitivity of theoeaomic comparison to
different discount rates should be tested by makagulations for different
discount rates e.g. 6%, 8%, 10%.

15.8.2 Presentation of Costs

The following costs should be computed and preseimell preliminary design
and final design reports.

* Investment costs for all implementation phases.

* Investment costs per capita calculated for theainifuture and ultimate
population.

« Investment costs per Knof supply area and per®water of daily ultimate
output.

» Operation and maintenance costs for the initiayreiand ultimate year.

« The production costs per *mwater for initial, future and ultimate year
considering only direct operation and maintenarstsc

« The production costs per *mwater for initial, future and ultimate year
considering direct operation and maintenance cestablishment costs and
annual capital costs.

» Miscellaneous costs e.g. land acquisition, conoacto the electricity grid,
design costs, supervision costs and loan cost wélevant.

15.9  Cost of establishing Monitoring and Evalation System
15.9.1 General

M & E system should be estimated at 2-3 % of theltproject cost. The Budget
allocation should be 50 % for Data collection afd6 for Data analysis.
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16 STANDARDS
16.1 GENERAL
16.1.1 Preferred Standards

* Locally manufactured items shall be to Kenya BureduStandards (KS)
Specification. Where a KS Specification is not Igiied then the items
should meet the requirements of the Internatiortahd@ards Organisation
(ISO). Where neither a Kenya Standard nor a IS€ctipation are published
then the locally manufactured item should be inoetance with the relevant
British Standard Specification (BS) or other NasibStandards.

* Imported items should meet the requirements ofltiternational Standards
Organization (ISO). Where an ISO Specificatiom@ published then the
item should be in accordance with the requiremehtee National Standards
of the Country of origin (i.e. BS for British Mafacture, DIN for West
German Manufacture etc) with the proviso that

I. the Standards Specification lays down requiremantsless than
those required by the British Standards Institution

ii the Standards Specification exists in officiadlish translation
16.1.2 New Standards
The list of KS, BS and ISO standards are expandedtirmiously and old
standards are revised. It is therefore importhat tesign engineers keep up to
date with the development.

16.1.3 Standards for Material used in Existing plants

For existing plants where other standards than KK&wsed originally, the same
standards may be kept for the completion and extensgork.

16.2 STANDARDS RELATING TO WATER SUPPLY
16.2.1 Standards valid in 2005

KS, BS and ISO Standards, which can be expectdthte some application in
water supplies, can be found in Appendix C.
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16.3 UNITS
16.3.1 S| — Units

Only SI units may be used on drawings and in docusnprepared by or for the
Ministry. The conversion took place in 1974. (V¥[/147 26 September 1974).

A short description of the SI system follows below:

1. There are seven basic units of which the follgrxare most common.
For Length Metre -m
Mass Kilogram -kg
Time Second -S
2. Derived and supplementary units to be used are:-
Area Square metre mn
Volume Cubic metre -h
Density -kg/m
Velocity Metre per second -m/s
Force Newton -N
Pressure stress Pascal -Pa
Power Watt -W
Temperature Degree Celcius o°C-
Angle Degree 0.
3. Prefixes will be used as an alternative methmdwriting multiples and
submultiples e.g.
One Million 10 -Mega - M
One Thousand o -Kilo — K
One Thousanth 10 -Milli - m
4. The following table illustrates the commonly dseunits, their

recommended multiples and sub-multiples togetheth wdonversion
factors between the Sl system and the Imperiaégsyst
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Table No. 16.1

TABLE OF UNIT SYMBOLS, MULTIPLES & SUB MULTIPLES

QUANTITY | UNIT MULTIPLES AND | CONVERSION FACTORS
SYMBOL | SUB-MULTIPLES
Length m Km, mm 1m =3.281 It = 39.370 inches
Mass kg Mg. G. mg 1k = 2,205 Ib = 35.274 oz
Time s Hour (h) day (d) 1h=3,600 s
Temperature | °C Minute (") °%C = 0.556 {F - 32)
Angle a Second (%) (10 = 60) Note: 36§ circle
Area m? Km?, mn? in? = 10.764 It
1 acre = 4,046.86M
Volume M3 Mm?®, dnt, 1 1m® = 35.315 R — 219.969 galls
Density Kg/m? G/ml U.K.
Force N KN, MN 1/ = idn? = 0.001
1 kg/nT = 0.062428 ib/ft
Pressure MPa, kPa, 1Pa = IN/m = 10.197 x 10-6
stress Pa MN/m?, N/mnt kp/cnt
= 10° bar = 0.145 x 18ibl/m? (psi)
Velocity m/s km/h 1 m/s =3.281 It/s = 2.237 miles/h
Power w MW, kW IN = INm/s = 1.341 x 1b hp
(U.K)
=3.412 Btu/h

Note that NO plural “s” shall be added to any symég. write 10km NOT

10kms.

5. Further conversion factors from UK-units andevieersa are given in
Table 11.2

16.4 FORMATS

16.4.1 General

The following formats may be used for reports arevihgs.

Code Dimension
Al 594 x 840mm
A2 420 x 594 mm
A3 297 x 420 mm
A4 210 x 297 mm
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16.4.2 Preferred Formats

See under chapters “Drawings” and “Design Reports”.

16.5 PIPES

16.5.1 UPVC Pipes

Table No. 16.2 shows the dimensions of UPVC presgipes of the Metric series
and pipe sizes preferred by the Ministry.

Table No. 16.2: Dimensions of UPVC pressure pipes

NOMINAL | OUTSIDE WALL THICKNESS mm
OUTSIDE DIAMETER | CLASS A CLASS B CLASS C CLASS D
DIAMETER | mm P =0.60 MPa P =0.90 MPal P=1.2 MPa | P = 1.5 MPa
mm min max | min max min max| min max  min max
* 20 20.0 | 20.3 | - - - - 140, 180 1.40 1.80
25 25.0 | 25.3| - - - - 1.40, 1.80 1.60 2.00
* 32 320 | 320 | - - 1.40f 1.80] 1.70 2.1p 2.10 2.60
40 40.0 | 40.3| - - 1.60f 2.00 210 2.60 2.60 3.10
50 50.0 | 50.3| 1.40| 1.80, 2.00 2.4p 2.60 3.10 32080 3
* 63 63.0 | 63.3 | 1.70| 2.10f 250 3.00 3.30 3.90 4.10.804
75 75.0 | 75.3| 2.00| 2.40  3.0( 350 390 450 4/80505.
90 90.0 | 90.3 | 2.40| 2.90| 3.60 4.20 470 5.40 5.80.606
110 110.0| 110.4 3.00f 350, 440 5.10 5.80 6.40 07/18.00
125 125.0f 1254 3.40 4.00 50p 570 650 740 8GO0
140 140.0f 1404 3.80 4.40 550 6.30 7.30 830 9030
* 160 160.0| 160.5 4.30| 5.000 6.30 7.20p 8.30 9.40 3Ap11.60
200 200.0| 200.6 4.80 550 7.10 8.00 9.40 10.60.60| 13.00
* 225 225.0| 225.7 5.40/ 6.200 8.00 9.0p 10,51.80| 13.00| 14.50
250 250.0/ 250.8 6.00 6.80 8.90 10.00 11.73.10|14.40| 16.00
* 280 280.0/ 280.9 6.70/ 7.60, 9.90 11.10 13.1@.70| 16.20| 18.10
* 315 315.0/ 316.0 7.60/ 8.60, 11.202.60| 14.7Q0 16.40| 18.20| 20.20
355 355.0 356.1 8.50 9.60 12.604.10| 16.60 18.50| 20.50| 22.80
400 400.0| 401.2 9.60 10.80 14.p05.90| 18.70 20.80| 23.10| 25.70
450 450.0| 451.4 10.8012.10| 16.00 17.80| 21.00 23.30| 26.00| 28.80
500 500.0 501.7 12.0013.40| 17.70 19.70| 23.40 26.00| 28.90| 32.00
560 560.0 561.9 13.4015.00| 19.90 22.10| 26.20 29.00| 32.30| 35.80
630 630.0| 632.( 152F16.90 22.30 24.80| 29.40 32.60| 36.40| 40.30

Preferred pipe sizes
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16.5.2 Designation of UPVC Pipes

The UPVC pipe shall be designated by its nomindkida diameter and the
lettered pipe class in accordance with Kenya Staisdas below:

UPVC 63 A
UPVC 90 B
UPvC 110 C
UPvC 315 D

The title drawing (or the first profile drawing) @&ach project shall have the
following explanatory note:-

UPVC PIPES TO KS 06 - 149
Class Maximum Working Pressure
MP2 Metre Water Head
A 0.6 60
B 0.9 90
C 1.2 120
D 1.5 150
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16.5.3 Steel Pipes. Seamless or Welded

Table No. 16.3: Seamless or welded Steel pipes

ISO 559 - 1977 BS 534 : 1981
ND mm Outside Outside Wall thicknesg Test pressure

diameter mm| diameter mm mm Mpa
40 48.3 - - -

Test pressure

Minimum 5.0

Mpa.
50 60.3 60.3 2.9 7.0
65 76.1 76.1 3.2 7.0
80 88.9 88.9 3.2 7.0
100 114.3 114.3 3.6 7.0
125 139.7 139.7 3.6 7.0
150 168.3 168.3 3.6 6.0
200 219.1 219.1 4.0 5.1
250 273.0 273.0 4.0 4.1
300 323.9 323.9 4.0 3.5
350 355.6 355.6 4.5 3.6
400 406.4 406.4 4.5 3.1
450 457 457 5.0 3.0
500 508 508 5.0 2.7
etc
To 1000 fore class A,B,C and Up to 2220 Downto 1.8
To 2200 for class U mm
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16.5.4 Locally Manufactured Steel Pipes

The locally manufactured steel pipes are not exdotBS or ISO. The data for
these pipes are shown in the table below.

Table No. 16.4: Locally manufactured Steel pipes

Diameter Effective Wall Weight Works | Working
Test
Nominal | Outside| Length | Thickness| Coated &| Pressure | Pressure
(mm) (mm) (m) (mm) lined Mpa MPa
kg/m
100 114.3 6 3.2 11.4 7.0 4.7
150 168.3 6 4.0 20.1 7.0 4.7
200 219.1 6 4.0 26.2 6.4 4.3
250 273.0 8/10 4.0 32.8 5.2 3.5
300 323.9 8/10 4.0 39.0 4.4 2.9
350 355.6 8/10 5.0 54.1 5.0 3.3.
400 406.4 10/12 5.0 61.9 4.3 2.9
450 457.2 10/12 5.0 69.8 3.9 2.6
500 508.0 10/12 5.0 77.6 3.5 2.3
550 558.8 10/12 6.4 104.3 4.0 2.7
600 609.6 10/12 6.4 113.9 3.7 2.5
650 660.4 10/12 6.4 128.5 3.4 2.3
700 711.2 10/12 6.4 138.4 3.2 2.1
750 762.0 10/12 6.4 148.5 3.0 2.0
800 812.8 10/12 7.1 172.2 3.1 2.1
850 863.6 10/12 7.1 183.1 2.9 1.9
900 914.4 10/12 7.1 193.9 2.7 1.8
950 965.2 10/12 7.1 212.1 2.6 1.7
1000 1016.0 | 10/12 7.1 223.3 2.5 1.7
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16.5.5 Polyethylene Plastic (PE) Pipes for Water $ply (low and high density)

The locally manufactured Polyethylene Plastic Pgresto KS 06-478 Part | and
Il. The data for these pipes are shown in theeabklow:

Table 1: Dimensions of Low Density Polyethylene Pes

Nominal | Outside Wall Thickness (mm)
outside Diameter
diameter | (mm)
(mm)
Class 1 Class 2 Class 3 Class 4 Class 5
P=0.25Mpa | P=0.4 Mpa | P=0.6Mpa | P=0.8 Mpa | P=1.0Mpa

Min Max | Min Max | Min Max | Min Max | Min Max | Min Max
12 12 12.3
16 16 16.3 22 27 28 3.3
20 20 20.3 2.1 26| 28 33 34 39
25 25 25.3 2.7 32| 35 40 42 48
32 32 324 2.4 2.8 3.4 40 44 51 53 61
40 40 40.4 3.0 3.5 4.3 500 55 6.3 6.7 76
50 50 505 | 24 2.9 3.7 4.3 5.3 6.2 69 7.9 83 95
63 63 63.6 | 3.0 3.5 4.7 5.4 6.8 7.7 8.1 98 10.5 2 11.
75 75 75.7 | 3.6 4.2 5.6 6.4 8.0 9.1
90 90 90.8 | 4.3 5.0 6.7 7.6 9.6 109
110 110 110.1 5.2 6.0 8.2 9.2 11.8 13.2
125 125 126.2 6.0 6.8 9.3 10.
140 140 1413 6.7 7.6 104 11

P = Pressure

Note: Wall thickness of pipes are based on workingss of 2.5Mpa at 20.
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Table 2: Dimensions of High Density Polyethyleneipes

Nominal Outside Wall Thickness (mm)
outside Diameter
diameter (mm)
(mm)
Class 1 Class 2 Class 3 Class 4 Class 5
P=0.25Mpa | P=0.4 Mpa | P=0.6Mpa P=0.8 Mpa P=1.0Mpa
Min  Max Min  Max | Min Max | Min Max| Min Max| Min Max
20 20.0 20.2 14 1.7 1.8 2.1
25 25 25.2 1.1 1.5 1.9 2.2 2.3 27
32 32 32.3 1.2 1.6 1.8 2.2 2.4 28 2.9 34
40 40 40.3 15 1.9 2.3 2.7 3.0 35 3.6 4.2
50 50 50.5 1.9 2.3 2.8 3.4 3.7 43 4.6 5.3
63 63 63.6 15 1.9 2.4 2.9 3.6 42 4.7 5.4 5.7 6.5
75 75 75.1 1.8 2.2 2.9 3.4 4.3 4,9 5.6 6.4 6.8 T.7
90 90 90.8 2.2 2.6 3.5 4.0 51 5.8 6.7 7.6 8.1 9.1
110 110 110.9 2.7 3.2 4.2 4.9 6.2 711 8.1 9.1 1011.3
125 125 126.1 3.0 3.6 4.8 55 7.1 81 9.3 104 11w
140 140 1411 3.4 4.0 54 6.2 7.9 910 104 1.6 7 1214.2
160 160 162.2 3.9 4.6 6.2 7.8 9.1 10.3 11,9 13.3 .6 1416.3
180 180 1823 4.4 5.1 6.9 79 102 116 133 148.41 182
200 200 202.3 4.9 5.6 7.7 8.7 11.3 128 148 16.8.21 20.2
P = Pressure

Note: Wall thickness of pipes are based on workingss of 5SMpa at 2G.

A213



17 REPORT WRITING
17.1 GENERAL
17.1.1 Purpose
Design reports have two main functions, namely
0] to record and present all particulars of a @cbjn a clear and concise way
for future reference and for information to plarmer other parties
interested in the project.
(i)  to present basic data assumptions and cormigsiegarding the project to
enable superiors and other interested parties wedoin the project to
supervise and approve the design.

17.1.2 Report Standard

The form and contents of the reports will vary édasably depending on the
complexibility and size of the water supply progect

However, reports shall always be compiled to satiee two requirements as
described above.

Large and complex projects should be reported ontwio stages namely
preliminary Design and Final Design of which detadre given later in this
chapter.
For small and uncomplicated schemes one DesignrRispaften adequate.

17.2 CONTENTS

17.2.1 Preliminary Design Reports (PDR)
The following list of contents will generally be @gable for medium and large
size projects. However the contents of the repbould always be modified to
suit the requirements of the particular project.
1. Executive Summary
1.1  The project summary sheet and the O & M expenddguramary sheet as

shown in Appendix D. A scheme boundary map appnaiely to scale
1:200,000 should be put immediately after the El{getsummary.
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1.2

4.1
4.2
4.3

5.1
5.2
5.3

6.1
6.2
6.3
6.4
6.5
6.6

7.1
7.2
7.3
7.4

8.1
8.2

A written summary of approximately two pages giviggographic,
demographic technical and economic information &heurecommended
scheme together with background information on @xigting supply and
on main alternatives which have been studied arel rdasons for
discarding these.

Logical Framework
It is a very useful aid to the Projplgnning, monitoring and evaluation.
The log frame is a planning and managsrtool that: -

- Defines Project Inputs, Outputs, Purposes and highe
sector/programme goals in measurable or objectivelitable
terms.

- Indicates the caustic linkage between Inputs, Qstpu
Purposes and Goals.

- Specifies assumptions.

- Establishes Indicators.

List of Contents

Introduction

Background

Previous investigations and reports
Scope of this report

Description of Area
Location

Climate

Topography and Geology

Socio-economic Infrastructure
Administration

Education

Health Facilities

Transport

Commerce and Industry
Agriculture

Existing Water Supply

Location, Source and ownership

Consumers

Reliability and Constraints

Technical and Economic assessment of thelysupp

Consumer projections

Design Period
Human population
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8.3
8.4
8.5
8.6

9.

9.1
9.2
9.3
9.4
9.5
9.6

10.

10.1
10.2
10.3

11.

11.1
11.2
11.3
11.4

12.
12.1
12.2

13.
13.1
13.1.1
13.1.2
13.1.3
13.1.4
13.2
13.2.1
13.2.2
13.2.3

13.3

13.3.1
13.3.2
13.3.3

13.4
13.4.1

Livestock population
Institutions

Commerce and Industry
Irrigation and others

Water Demand

Human demand

Livestock demand
Institutional demand
Industrial demand

Irrigation and other demand
Total demand

Socio-economic Study

Economy and income situation

Willingness and ability to pay for water suppl
Conclusions

Hydrology

Groundwater sources
Surfacewater source
Other possible sources
Recommended source(s).

Alternatives proposed
Surface sources
Groundwater sources

Proposed system

Source

Locations

Safe Yield

Flood Flows

Sizing

Treatment

Water Quality (N.B. Detailed drawingast
Recommended Treatment Process ot bensubmitted in the
Location of Treatment Work PD Stage).
Pumping stations

Raw water pumping stations (N.B. Detailegrdngs must
Clear water pumping station not be sulechitt the
Rising Mains PD Stage)

Distribution System
Alternative Distribution Systems
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13.4.2 Recommended Distribution Systems
13.4.3 Phasing

14. Cost Estimate

14.1  Construction costs

14.2  Capital costs

14.3 Operation and maintenance costs
14.4 Revenue

14.5 Conclusion regarding economy

15. Institutional Models
15.1 Available Models and Shortcomings
15.2 Proposed institutional set-up

16. Environmental Impact Assessment

17.2.2 Final Design Reports (FDR)

The following list of contents will generally be @gable for projects for which
preliminary design reports have previously beempgred. However the contents
of the report should always be modified to suit thguirements of the particular
projects.

1. Executive Summary

1.1  The project summary sheet and the O & M expendduramary sheet as
shown in Appendix D. A scheme boundary map appnately to scale
1:200000 should be put immediate after the exeewinmmary.

1.2 A written summary of approximately one page giviggographic,
demographic technical, and economic informationuéabie designed

supply.

2. Logical Framework
It is a very useful aid to the Projplgnning, monitoring and evaluation.
The log frame is a planning and managsrtool that: -
» Defines Project Inputs, Outputs, Purposes and higetor/programme
goals in measurable or objectively veritable terms.
* Indicates the caustic linkage between Inputs, GafpRBurposes and
Goals.
» Specifies assumptions.
» Establishes Indicators.

3. List of Contents
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4.1
4.2
4.3

5.1
5.2
5.3
5.4
5.5
5.6
5.7
5.8

10.

10.1
10.2
10.3
10.4
10.5

11.

111
11.2
11.3

12.

Introduction

Background

Previous investigations and reports
Scope of this report.

Summary of Design Data from the Preliminary DedReport
Description of Area (Inclusive map of supphga)

Social infrastructure

Existing water supply

Consumer projections

Water demand

Hydrology

Selected project alternative

Studied but discarded project alternatives

Intake
Sub-sections stating all design criteria and texcimletails

Treatment
As above

Pumping Stations
As above

Distribution system
As above

Cost Estimates

Construction costs

Capital costs

Operations and maintenance costs
Revenue

Conclusion regarding the economy

Appendices

Detailed calculations to be submitted under sepamdver. The
calculations should be presented in a way that m#iem easy to follow.
However they need not be typed.

Hydraulic calculations

Structural calculations

Economic calculations

Environmental Impact Assessment
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17.2.3 Monitoring and Evaluation

Monitoring and Evaluation of the project should peepared continually
throughout the life of the project. The technig#gbrmation and the language
should be on a level that can easily be underdbgdtie average operator.

The content of the monitoring and evaluation shoudtude:
i Brief description of the water supply

ii Details of equipment used in the supply and infation about the
suppliers or manufacturers.

iii Operational status and outputs for all compdeeof the scheme e.g.
intake, pumping stations, treatment works, storéayeks, distribution
system etc. as applicable.

v Remedial measures undertaken for smooth ancetedigoutputs. Also
daily, weekly, monthly and yearly operation and mb@nance routines
should be checked to ensure consistency with desmnirements.

Table 17.5: Monitoring and Evaluation questionnaire

(a)
(b)

(©)
(d)

()
(f)

Inputs - What are the Resources of a projdc¢t@ir source? Their cost?

Outputs - What specific products or servicethésproject expected to
produce from its inputs? How extensive are the spay
outputs? What services are provided?

Effects - what is the outcome of the output&/Pat is the use of services?
Facilities?
Impacts - What is the outcome of project ef@ct Have long range

objectives been met? What has been the chantiee itiving
conditions of the beneficiaries?

Processes - Are procedures followed as outhinBo the processes facilitate
progress of the project
Schedules - Where schedules maintained acaprttinplants? Were there

delays? For what reasons?
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1. INTRODUCTION
1.1 GENERAL

1.1.1 Definition

Irrigation is generally defined as the applicatmnwater to the soil for the purpose of
supplying the moisture essential for plant growttrigated agriculture makes food and
fiber supplies less dependant on fluctuationsimate.

Irrigation is one of the oldest known agriculturtgichniques, but improvements in
irrigation methods and practices are still beinglemaThe future will require even more
improvements, better management and a more efficies of the water, as competition
for limited water supplies continues to increase.

1.1.2 Land Characteristics

The first step in planning an irrigation projectdsestablish the capability of the land to
provide crops, which provides returns on the inwesit in irrigation works. The land
must be arable and irrigable. To be arable meatstie land will give sufficient yield in
agricultural development. To be irrigable meansiane will be suitable for farming.

The land should exhibit the following charactedstio be arable and irrigable: -

. High water holding capacity

. Readily penetrable by water

. Infiltration rate should be very low to aga@xcessive loss by
percolation below the root zone

. Deep enough to allow root development

. Free of black alkali (Sodium saturated ctad) and free of Salts that
are not susceptible to removal by leaching.

. Adequate in plant Nutrients

. Land slopes should be such that excessivaogravill not occur and
water losses through surface runoff is minimized

1.2  SOIL - WATER — PLANT RELATION

1.2.1 General

The design and operation of efficient irrigatiorsteyns require knowledge of the
factors and processes controlling movement anageoof water in soil.

1.2.2 Soil Water

Water applied during irrigation enters the soild @dhe plants in turn extract water
from the soil for their growth. Soil water is oftémest largely because of its
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1.2.3

influence on plant growth and crop production. rAwgng plant must be able to

balance the atmospheric demand for water with theuat it can extract from the

soil. The soil water supply is alternately depdetierough evapotranspiration and
replenished by irrigation, precipitation or grourater. The soil-water-plant

system is a continuous dynamic system where wabteemthrough the soil to the

plant root surfaces, into the root, through thenplnd into the atmosphere along
a continuously decreasing potential energy.

Soil Water “constants”

(@)

(b)

()

(d)

Field capacity

Field capacity refers to the water content in &fioil after the drainage
rate has become small and it is an estimate ofitheunt of water that
may be temporarily stored in the soil profile fdan use.

Wilting point

The permanent wilting point or percentage is thievgater content below
which plants growing in that soil remain wilted ewghen transpiration is
nearly eliminated.

Available water
The amount of water released by a soil betweeld fo@apacity and
permanent wilting is called the available water.

As a general indication this is for:

Heavy textured soil 200mm/m
Medium textured soil : 140mm/m
Coarse textured soil : 60mm/m

The term implies that the available water can edusy plant, but this is
misleading. If the soil water content approachles wilting range,
especially during periods of high demands for wafetd or quality of
most crops will be greatly decreased.

Readily available water

Is that portion of the available water that is @épd before yield reduction
occurs. This fraction (p) mainly depends on sgilet the crop and the
maximum evapotranspiration ETm, see tables 1 and 2.

Table 1 — Crop Groups according to soil water depteon

Group | Crops
1 Onion, pepper, potato
2 Banana, cabbage, grape, pea, tomato
3 Alfalfa, bean, citrus, groundnut, pineapple, Sumér
4 Cotton, maize, sorghum, soybean, sugarcane,dobpc
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1.2.4 Plant Root Zone

When to irrigate and how much water to apply ieet#d considerably by where
and when water is removed from the soil by the gaut the plants. Shallow

rooted crops will require more frequent irrigatitvan deep-rooted crops, since
water can be stored in a bigger root zone. Otbeditions being equal, roots of
plants in a wet soil will extract more water thaots of the same plant growing in
a dryer soil. This means, the more water theravalable, the more water the
plants will use.

As the moisture content of the soil near the serfdecreases, more moisture is
extracted from lower depths. Since fewer rootsteixi the lower portion of the
soil profile, more energy must be expended in ekitng the moisture required,
and frequently and finally insufficient moisture asvailable to prevent wilting.
The distribution of active roots in a normal sailalso approximately triangular in
shape, the greatest concentration being near thedrsurface. Hence, especially
for younger plants, it is essential to keep theangart of the root zone wet.

Table 2 — Soil Water Depletion Fraction (p) for Crgp Group and Maximum
Evapotranspiration (ETm)

Crop Group Etm mm/day
1 2 3 4 5 6 7 8 9 10
2 0.50 | 0.425| 0.35 030 0.2b 0.225 0.20 0.20 0.175
3 0.675| 0.575] 0.475| 0.40 0.35 0.325 0.275 0.5 5022
4 0.80 | 0.70 | 0.60 050 045 0.425 0.37/5 035 0.80
0.875| 0.80 | 0.70 0.60 0.55 0.5( 045 0425 0.40

Table 3: Average depth of root zone in deep wellrdined soil

Crop Root zone (m)
Lucerne 15-3
Beans 0.9-1.20
Cabbages 0.60
Carrots 0.60-0.90
Cauliflower 0.60
Celery 0.60
Citrus 1.20-2
Cucumber 0.3-0.60
Cotton 1.2-1.80
Grain 1.20
Pasture/grass 0.6-1.20
Lettuce 0.15-0.3
Onions 0.30
Orchards 1.8-2.40
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2.1

Maize 0.6 -0.90
Melons 1.50
Peas 0.9-1.20
Potatoes 0.9-1.20
Sweet potatoes 1.2-1.80
Pumpkin 1.80
Sorghum 0.6-1.20
Spinach 0.60
Squash 0.90
Tomatoes 1.80-3
Tobacco 0.6 -1.20
Strawberries 0.90-1.2
Wheat 0.75-1.1
Bananas 0.60

CROP WATER REQUIREMENT ET crop

A crop water requirement is definedraesdepth of the water needed by the crop
through the period of evapotranspiration.

Evaporation: Transfer of water from the liquid to the vapouatst

Transpiration: Process by which plants remove moisture from thleasd
release it to the air as vapour.

Evapotranspiration: The loss of water through the combined effort of
evaporation and transpiration. It should be nolted more than half of the

precipitation, which reaches the land surfacesetisrned to the atmosphere by
the combined processes of evapotranspiration.
ET crop = ETox K¢

ET, = reference evapotranspiration
K. = crop coefficient

REFERENCE EVAPOTRANSPIRATION ET o
Several methods can be used to detertaifg like

* Blaney - criddle
* Penman
* Pan evaporation

depending on available climatic data and accuraguired. ET is normally
expressed in mm/day or mm/period (generally 1 month0 days).
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2.2

ET,will, however, vary from year to year and a frequedistribution analysis of
ET, is recommended; the selected,&a&lue for planning is thus not based on
average conditions, but on a likely range of caodg and on an assessment of
tolerable risks of not meeting crop water demanfidvised is the 80% dry value
(highest value 4 years out of 5).

If average E¥ data are used, a connection factor for peakoffiequirement is
normally done; this generally ranges from 1.1 & 1.

For Kenya, E¥ can be found by multiplying the evaporation fronfree water
surface (E) by an adjustment factor, this one being:

* For highlands (above 1,100m) = 0.75

* For hot and dry low areas (below 1,100m) =0.80

Values for E (open water surface evaporation) can be foundStudies of
Potential Evaporation in Kenya” by T. Woodhead, anel represented in table 4
(average year) and table 5 (dry year) for seveatilons in Kenya.

For computation EJ using an evaporation pan, the data from the past e
multiplied by a pan factor (¥). This factor depends on ground-cover, relative
humidity, windspeed, radiation, etc...., and may eaffigm1.05 to 0.35. For
Kenya little data is available on this factor, ofevalue of 0.70 is used.

CROP FACTOR K¢
Factor affecting the value of:Kare mainly crop characteristics, crop planting

data, crop development, length of growing seasah @dimate considerations.
Some recommended values are given in table 6.

B9



Table 4: Evaporation from open water surface (averge data) in mm

* Note: Data from "Studies of Potential Evaparatin Kenya", T. Woodhead

B 10

Station Altitude Jan Feb Mar Aprjl Ma Jun Jul Aug Sept QOct Nowec Total
m
1|Ahero 1200 206 195 212 179 178 169 167 175 (194 |200 | 180 | 182 2236
2| Ainabkoi 260( 165 162 174 126 126 98 110 85 142 |150 |116 | 136 1590
3|Archers Post 865 210 200 230 208 215 210 |215 230 | 240 | 230 | 18%| 18565
4/|Bachuma 400 200 185 198 182 160 158 156 162 |177 | 190 | 182 | 189 2139
5|Baricho 7( 195 195 215 185 165 165 165 180 185 195 190 195 2230
6|/Busia 1180 182 170 184 170 170 158 152 164 183 186 164 173 2056
7|Chebloch 1200 185 176 191 169 171 156 151 164 |174 | 179 | 164 | 17050 20
8|Eldoret 2100 182 177 195 10 148 126 118 123 148 |170 | 168 | 168 3[188
9| Equator 2760 179 177 192 151 140 117 (104 111 |139 | 161 | 153 | 164 8| 178
10| Garissa 130 201 191 216 203 207 183 |188 199 | 206 | 219 | 182 | 179 4| 237
11| Gede 30 189 165 191 178 155 137 (148 155 176 [192 | 181 | 185 2052
12| Habaswein 200 246 257 277 248 275 P73 |272 282 | 291 | 286 | 205 | 20820 3
13| Hola 9( 198 202 221 191 191 168 169 182 191 198 |190 | 192 2293
14| Isiolo 110¢ 209 208 230 206 216 209 215 P31 241 |228 |181 | 187 1|256
15| Kabondori 1140 180 165 164 146 125 98 120 119 163 157 129 13804 1
16| Kapenguria 2130 145 1653 157 131 131 (124 |101 117 | 133 | 131 | 1232 14588§
17| Kapsabet 20090 177 176 198 162 152 136 [138 148 | 166 | 176 | 171 | 16969 1
18| Kaputir 70¢ 205 200 200 175 180 165 165 175 195 |200 |185 | 190 5|223
19| Katumani 1600 181 165 166 136 145 126 [116 125 |153 | 171 | 136 | 17@90 1
20| Kedong 1900 176 161 176 147 129 117 (111 124 147 171 150 152 1| 176
21| Kericho 2070 160 152 166 15 1230 125 121 120 124 |125 | 121 | 14110/ 16
22| Kiambu 1730 192 178 180 138 129 98 109 117 (158 |166 | 151 | 165 1781
23| Kibos 1170 208 197 217 191 188 174 174 187 (202 |217 |192 | 198 2340
24| Kimakia 2500 150 149 160 132 116 105 89 99 122 143 131 | 132 1528
25| Kipkabus 2400 178 183 199 152 149 116 (124 128 156 177 152 16879 1
26| Kisumu 1140 187 182 195 1p4 157 143 144 156 |165 [182 | 167 | 176 8| 201
27| Kitale 190(¢ 180 170 192 167 151 139 131 47 161 169 155 163 5192
28| Kitui 118Q 189 191 200 169 168 152 149 162 183 203 [163 | 167 2096
29 Koru 160(¢ 182 174 180 152 148 144 140 145 |163 |163 |158 | 170 1919
30| Lamu g 219 199 220 182 173 162 166 188 193 |214 |206 | 205 2327
31| Lamuria 1850 132 133 144 136 156 140 146 138 |165 | 147 | 115 | 11567| 16
32| Lodwar 500 227 210 32 204 235 221 221 226 239 |255 | 220 | 224 2714
33| Likichokio 105( 200 200 200 175 2p0 175 175 175 200 |210 |1907| 1922971
34| Likitaung 70( 255 255 270 221 232 235 234 r42 261 |257 | 238 | 23W392
35| Machakos 1650 190 174 182 151 140 129 128 140 169 180 158 16807 1
36| Magadi 613 230 227 246 2p1 194 185 196 204 |223 | 238 | 218 | 223 2585
37| Makindu 1000 175 179 182 160 151 139 139 153 179 191 154 14951 19
38| Malindi 2Q 210 197 215 186 1yl 156 156 175 [491 202 [195 | 205 2259
39 Mandera 330 33 284 267 210 213 p22 223 234 | 238 | 205 | 193 | 215 7| 267
40| Maralal 1950 161 159 173 151 151 132 130 132 151 157 139 15086 17
41 Marigat 1070 205 195 212 187 190 173 167 182 193 199 | 182 | 18974 22
42| Marsabit 1360 176 168 175 138 155 153 [154 162 173 168 134 14903 1
43 Masara 1200 193 184 191 163 171 457 |165 179 [ 196 | 200 | 172 | 185 6| 215
44 Meru 1565 156 155 170 140 150 130 130 150 (155 |165 | 135 | 130 1765
45/ Molo 250¢ 149 147 159 133 127 110 108 110 127 140 123 137 1570
46| Mombasa 60 211 204 2p1 180 152 148 (144 162 |181 | 198 | 200 | 204 2205
47| Moyale 1110 220 207 218 160 150 147 144 161 175 165 164 184 5| 209
48 Muguga 2100 173 171 186 141 116 107 96 109 143 [ 171 | 149 | 152 1714
49 Mwea Tebere 1160 197 192 200 173 166 (140 |123 148 | 176 | 196 | 18&B 12087
50| Mwingi 1050 185 186 190 170 167 143 137 164 (180 |190 |163 | 163 7/203
51| Nairobi Kab. 1737 173 176 183 146 125 113 108 116 |140 | 158 | 14%9 1738
52| Nairobi Sth 1675 195 189 192 157 144 122 |119 132 166 184 1699 1 194§
53| Naivasha 1900 167 160 169 134 137 (123 |126 133 | 153 | 160 | 139 | 15354 1
54| Nakuru 1890 137 156 163 133 139 132 038 141 145 142 121 146 3| 169
55| Nanyuki 1950 156 1585 158 128 129 125 125 138 150 146 118 13563 16
56| Narok 1900 149 148 156 17 122 113 112 122 143 | 157 | 142 | 147 1638
57|Ngao 15 206 193 220 190 178 165 165 180 (191 |205 | 190 | 200 2282
58| Nyeri 180(¢ 182 171 179 153 138 118 94 120 148 |164 |133 | 145 1745
59| Ol Joro Orok 2380 29 131 152 117 122 1409 94 101 117 | 122 | 1108 11417
60| Oloitokitok 185¢( 160 123 116 124 117 107 91 104 128 |170 |150 8| 141538
61| P. Victoria 1200 180 170 184 170 150 145 450 150 |175 |180 | 16%3 1 1991
62| Ruiru 1610 160 151 171 125 115 104 105 107 136 181 150 116 1621
63| Rumuruti 1860 181 177 196 171 168 149 150 158 178 186 | 167 | 17859 2
64| Sigor 1050 145 1585 170 180 145 135 110 120 125 125 135 165 1660
65| Sth Kinangop 26Q0 116 113 129 110 99 88 81 86 |100 |119 | 105 | 10251 1
66| Subukia 2100 140 152 165 132 125 119 |116 127 | 137 | 142 | 129 | 13721 16
67| Taveta 770 175 175 175 150 140 135 [135 145 165 185 175 175 1930
68| Thika 1460 198 193 195 166 145 124 113 114 (153 |177 | 155 | 167 1885
69| Voi 560 183 187 198 176 166 158 156 162 474 189 (182 | 175 2106
70| Wajir 240 233 225 238 205 205 199 201 P06 213 |207 [187 | 208 2527
71 Wayu 160 208 190 209 190 190 167 173 187 (191 193 | 182 | 198 2273
72| Yatta 1220 197 192 200 13 166 140 123 148 |176 |196 | 183 | 188 2082



Table 5: Evaporation from open water surface (dry @ta, 1in 5) in mm

Station Altitude | Jan Feb Mar| April May Jun Jul Aug Sept Oct Nobec |Total
m
1|Ahero 1200 238 218 235 202 201 188 197 198 (223 |227 | 212 | 216 2555
2| Ainabkoi 260( 186 178 189 1839 139 107 126 94 |156 |166 |133 | 156 9|176
3|Archers Post 865 223 2p6 246 225 P34 226 |240 250 | 265 | 251 | 2048| 20798
4/|Bachuma 400 223 201 214 199 175 171 175 177 |197 | 209 | 205 | 215 2361
5|Baricho 7( 218 211 32 201 181 178 186 197 |205 |214 |214 | 221 2458
6| Busia 1180 209 190 200 187 188 172 176 181 |206 | 208 | 187 | 199 2303
7|Chebloch 1200 202 187 2p2 180 184 166 165 176 |188 | 194 | 181 | 18813 22
8|Eldoret 2100 205 193 212 176 164 138 134 136 |166 |189 | 192 | 194 9| 209
9| Equator 2760 202 193 208 167 155 128 [119 122 |156 | 179 | 175 | 189 3| 199
10| Garissa 130 224 207 233 222 226 {198 |211 218 | 228 | 241 | 205 | 203 6| 261
11| Gede 30 211 179 206 194 170 148 166 169 195 | 211 | 204 | 210 2263
12| Habaswein 200 275 279 298 271 3801 P95 306 308 | 322 | 315 | 231 | 23837 3
13| Hola 9( 221 219 238 208 2p9 181 190 199 212 |219 |214 | 218 2528
14| Isiolo 110¢ 232 224 246 223 235 225 240 P51 266 |249 |203 | 210 4/280
15| Kabondori 1140 205 181 180 162 139 107 [138 132 184 176 149 16914
16| Kapenguria 2130 167 170 173 147 147 137 |117 132 | 152 | 147 | 1447 1680
17| Kapsabet 2000 200 192 215 178 168 148 |157 164 | 186 | 195 | 196 | 19894 2
18| Kaputir 70( 224 212 211 187 193 175 181 187 211 216 204 210 1241
19| Katumani 1600 204 181 180 150 161 138 (132 138 |172 | 190 | 155 | 19697 1
20| Kedong 1900 204 180 195 166 145 130 30 140 |168 |194 | 176 | 180 8| 200
21| Kericho 2070 186 169 183 141 146 139 142 136 143 142 | 143 | 16737/ 18
22| Kiambu 1730 216 195 196 13 142 107 125 129 |177 |185 | 173 | 190 8/198
23| Kibos 1170 23p 217 238 213 210 192 201 209 229 244 | 222 | 232 2639
24| Kimakia 2500 174 165 176 147 129 115 102 111 (138 |161 | 152 | 1562317
25| Kipkabus 2400 201 200 2016 168 165 127 [141 141 175 196 174 19094 2
26| Kisumu 1140 213 201 214 1B3 175 157 167 174 |187 | 205 | 193 | 205 4| 227
27| Kitale 190(¢ 20) 189 211 187 169 154 152 165 184 191 181 192 2(218
28| Kitui 118Q 212 208 216 185 184 165 168 178 P04 224 (185 | 190 2319
29 Koru 160(¢ 209 193 199 1y0 166 159 163 163 |186 |184 |184 | 200 2176
30| Lamu g 245 215 37 198 1B9 175 186 P06 214 |235 | 232 | 232 2564
31| Lamuria 1850 150 146 157 151 173 153 {167 154 186 | 164 | 144 | 13479 18
32| Lodwar 500 258 227 250 2p3 257 239 247 P47 |265 281 | 248 | 254 2991
33| Likichokio 105( 223 217 215 191 219 189 196 191 222 230 |214 4| 222531
34| Likitaung 70( 284 277 291 241 253 254 263 P65 289 283 |268 | 2712393
35| Machakos 1650 214 190 198 167 155 141 146 155 190 200 181 19128 2
36| Magadi 613 2600 248 267 21 214 202 P23 226 |250 |265 | 250 | 257 2883
37| Makindu 1000 197 195 197 176 166 151 157 166 200 211 175 17061 21
38| Malindi 2Q 234 2183 231 203 187 168 175 191 p12 222 |220 | 232 2488
39 Mandera 330 260 253 277 229 232 240 250 256 | 264 | 225 | 218 | 244 8| 294
40| Maralal 1950 178 171 185 163 164 142 145 144 167 172 155 16955/ 19
41 Marigat 1070 224 207 224 2p0 204 184 183 195 |209 |215 | 201 | 2095524
42| Marsabit 1360 196 182 188 150 170 165 [173 177 192 185 151 16695 2
43| Masara 1200 22 205 210 182 192 473 |191 210 | 223 | 226 | 200 | 218 2| 245
44 Meru 1565 176 171 186 1655 166 142 150 171 (175 (184 | 156 | 151 1983
45/ Molo 250¢ 172 164 176 149 143 122 127 124 146 159 145 162 1789
46| Mombasa 60 35 220 238 196 164 160 162 177 | 200 | 217 | 226 | 231 2426
47| Moyale 1110 246 224 235 175 164 159 161 176 194 181 185 209 9| 230
48 Muguga 2100 203 193 208 160 132 120 (114 125 |166 |197 | 179 | 182 9| 197
49 Mwea Tebere 1160 23 210 217 191 183 (152 |140 164 | 198 | 218 | 20| 22327
50| Mwingi 1050 208 202 205 186 183 155 155 184 201 |210 |185 | 185 9|225
51| Nairobi Kab. 1737 195 192 199 161 137 123 (122 128 |156 | 175 | 1682 193(
52| Nairobi Sth 1675 220 207 2p8 173 160 133 136 145 186 | 205 | 1966 22174
53| Naivasha 1900 191 17 185 150 153 (135 |145 149 | 174 | 179 | 162 | 17979 1
54| Nakuru 1890 156 172 ° 149 155 145 160 57 164 159 140 170 1727
55| Nanyuki 1950 1777 171 173 142 143 137 144 154 169 163 136 15766 18
56| Narok 1900 172 164 172 142 137 125 130 137 |163 177 | 165 | 173 1857
57|Ngao 15 219 206 237 207 194 178 186 197 (212 225 | 214 | 228 2503
58| Nyeri 180(¢ 20y 188 195 169 154 130 108 133 |167 |183 |153 | 168 1955
59| Ol Joro Orok 2380 148 145 167 130 136 120 |109 113 | 133 | 137 | 1287 1593
60| Oloitokitok 185( 180 135 126 136 129 117 103 115 144 190 171 1 1719
61| P. Victoria 1200 203 186 200 187 166 160 [A72 166 196 | 201 | 1899 1 2223
62| Ruiru 1610 182 167 187 138 127 114 121 119 153 202 173 135 1818
63 Rumuruti 1860 200 191 210 186 183 161 {167 171 196 | 203 | 186 | 20B55 2
64| Sigor 1050 167 172 187 146 163 149 127 135 143 140 158 194 1881
65| Sth Kinangop 26Q0 130 1p4 141 121 109 96 62 94 112 | 132 | 121 | 12B63
66| Subukia 2100 160 168 181 147 140 131 134 142 | 155 | 159 | 150 | 16027 18
67| Taveta 770 195 190 189 164 153 146 (151 158 183 204 197 198 2128
68| Thika 1460 219 212 213 173 161 136 129 126 (172 198 | 179 | 193 2111
69| Voi 560 204 208 214 192 182 171 175 177 193 208 [205 |198 2322
70| Wajir 240 260 244 257 224 2p4 215 225 P25 236 228 [211 | 236 2785
71 Wayu 160 226 206 225 207 208 180 194 04 212 |212 | 205 | 225 2504
72| Yatta 1220 223 210 217 1p1 183 152 140 164 198 218 | 209 | 217 2322

* Note: Data from "Studies of Potential Evaparatin Kenya", T. Woodhead
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Table 6: Crop Coefficients (K

CROP CROP DEVELOPMENT STAGES TOTAL
Initial Crop Mid-season Late season At harvesi GROWING
development PERIOD
Alfalfa 0.3-0.4 1.05-1.2 0.85-1.05
Banana
Tropical 04-05 0.7-0.85 1.0-11 1.0-1.0 0.75-0.05 0.7-0.8
Sub tropical 0.5-0.65 0.8-0.9 1.0-1.2 1.0-1.15 1.0-1.15 0.86-0.95
Bean
Green 0.3-0.04 0.65-0.75 0.95-1.05 0.9-0.95 0.85-0.95 0.85-0.9
Dry 0.3-0.4 0.7-0.8 1.05-1.2 0.65-0.75 0.25-0.3 0.7-0.8
Cabbage 0.4-0.5 0.7-0.8 0.95-1.1 0.9-1.0 0.8-0.95| .7-08
Cotton 0.4-0.5 0.7-0.8 1.05-1.25 0.8-0.9 0.65-0.7 | .8-M9
Grape 0.35-0.55 0.6-0.8 0.7-0.9 0.6-0.8 0.55-0.7| 5540.75
Groundnut 0.4-0.5 0.7-0.8 0.95-1.1 0.75-0.85 0CEb- 0.75-0.8
Maize
Sweet 0.3-0.5 0.7-0.9 1.05-1.2 1.0-1.15 0.95-1.1 0.9-0.95
Grain 0.3-0.5 0.7-0.95 1.05-1.2 0.9-0.95 0.55-0.6 0.75-0.9
Onion
Dry 0.4-0.6 0.7-0.9 0.05-1.1 0.85-0.0 0.75-0.85 0.8-0.9
Green 0.4-0.6 0.6-0.75 0.95-1.05 0.95-1.05 0.95-1.05 0.65-0.8
Pea-fresh 0.4-0.5 0.7-0.85 1.05-1.2 1.0-1.15 0.95-1 | 0.8-0.95
Pepper-fresh 0.3-0.4 0.6-0.75 0.95-1.1 0.85-1.0 -008 0.7-0.8
Potato 0.4-0.5 0.7-0.6 1.05-1.2 0.05-0.95 0.7-0.75| 0.75-0.9
Rice 1.1-1.15 1.1-1.15 1.1-1.3 0.95-1.05 0.95-1.05 1.05-1.2
Safflower 0.3-0.4 0.7-0.8 1.05-1.2 0.05-0.7 0.250.2 | 0.65-0.7
Sorghum 0.3-0.4 0.7-0.75 1.0-1.15 0.75-0.8 0.5-0.55| 0.75-0.85
Soyabean 0.3-04 0.7-0.0 1.0-1.15 0.7-0.8 0.4-0.5 .75-0.9
Sugar beet 0.4-0.5 0.75-0.85 1.05-1.2 0.9-1.0 076-0 0.8-0.9
Sugar cane 0.4-0.5 0.7-1.0 1.0-1.3 0.75-0.8 0.5-0.6 | 0.85-1.05
Sun flower 0.3-0.4 0.7-0.8 1.05-1.2 0.7-0.8 0.38:0. | 0.75-0.85
Tobacco 0.3-0.4 0.7-0.0 1.0-1.2 0.9-1.0 0.75-0.85 .650.95
Tomato 0.4-0.5 0.7-0.8 1.05-1.25 0.8-0.95 0.0-0.65| 0.75-0.9
Water melon 0.4-0.5 0.7-0.8 0.95-1.05 0.8-0.9 (Of%53 0.75-0.85
Wheat 0.3-0.4 0.7-0.8 1.05-1.2 0.65-0.75 0.2-0.25| .8-009
Alfafa 0.3-0.4 1.05-1.2 0.65-1.05
Citrus
Clean weeding 0.65-0.75
No weed 0.85-0.9
control
Olive 0.4-0.6
First figure:  Under high humidity (RH min > 70%)clow (U<5m/sec)

Second figure: Under low humidity (RH min < 20%)astrong wind (U>5m/sec)
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2.3

3.1

3.1.1

OASIS EFFECT, ADVECTION

In arid semi-arid regions, irrigation fields surnoled by extensive dry fallow
areas are subject to advection.

ETcrop predicted using data prior to irrigation deypshent is usually too high. A
correction factor for advection is applied, rangiingm 1.1 (1 hectare area) to
0.85 (100 hectare area); but it may vary with dyge.

IRRIGATION WATER REQUIREMENT

NET IRRIGATION REQUIREMENT (NIR)

NIR = ETerop— Pe— Ge— Wy (mm/period)
Pe = effective rainfall (mm)

Ge = groundwater contribution (mm)
W, = stored soil water contribution (mm)

Rainfall

Dependable rainfall

Crop water needs can be fully or partly met byfedin Rainfall will vary from
year to year, and rather than using average raidéah, a dependable level of
rainfall should be selected, since a loss in croghdg during a dry year may

significantly affect the project’s economic viabjli

A probability of 80% (dry year) is advised, i.eetdepth of rainfall that can be
expected 4 years out of 5. See Appendix 2.

Effective rainfall P

Not all rainfall that falls is effective (for theaps), as part of it may be lost by
run-off, deep percolation or evaporation, hence¢hm effective rainfall.

Table 7 gives the relationship between average mhorffective rainfall and
mean monthly rainfall for different values of &J, A storage factor is applied
when effective storage in the root in the root zdifiers from 75mm.
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Table 7: Average Monthly Effective Rainfall as reléed to Average Monthly
ETcrop and Mean Monthly Rainfall

Monthly Mean
rainfall  mm 12,5 25 375 50 625 75 875 100 1125 125 1375 1%625 175 1875 2(
Average monthly effective rainfall in mm*

Average 2% 8 16 24

monthly 5( 8 17 25 32 39 46

ET crop 100 9 18 27 34 4 48 56 62 69

mm 125 9 19 28 35 43 52 59 66 73 80 87 94 100
150 10 20 30 37 46 54 62 70 76 85 92 98 107 116 120
175 10 21 31 39 49 57 66 74 81 89 97 104 112 119 127
200 11 23 32 42 52 61 69 78 86 95 103 111 118 126 134
225 11 24 33 44 54 64 73 82 91 100 109 117 125 134 142
250 12 25 35 47 57 68 78 87 96 106 115 124 132 141 150

13 25 38 50 61 72 84 92 102 112 121 132 140 150 158

* Where net depth of water that can be storetiénsbil at time of irrigation is greater or smattean 75mm,

the correction factor to be used is :

Effective storage 20 25 375 50 625 75 100 125 150 175 | 200
storage factor 73 77 86 93 97 1.00 1.02 1.04 1.06 1.0708] 1.
EXAMPLE:
Given:

Monthly mean rainfall = 100mm; EJf, = 150mm; effective storage = 175mm

Calculation:
Correction factor for effective storage = 1.07
Effective rainfall 1.07 x 74 mm
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3.1.2

3.2

3.2.1

3.2.2

Groundwater G¢ and Soilwater Storage Contribution W,

Groundwater storage contribution often is said ® dnual to zero. The
contribution from the soil water can easily be fduhdepth of root zone and soill

characteristics is known: ywften includes a pre-planting irrigation.

GROSS IRRIGATION REQUIREMENTS IR

IR=_1 (NIR)
E 1-LR

E, = project efficiency

LR = leaching requirement

Efficiency

E, = application efficiency (ratio water availaltitecrop versus water at field
inlet)

E:. = conveyance efficiency (ratio water inlet fislersus water at project
headwork.

Ep, = project efficiency; E = EXE

Field application efficiency ranges from
0.55 — 0.75 surface irrigation

0.60 — 0.85 sprinkler irrigation

0.75 - 0.90 drip irrigation

Leaching Requirement LR

Is the minimum amount of irrigation water supplibdt must be drained through
the root zone to control salinity. It is expresseda fraction of the irrigation
water, and must be supplied in excess of it.

LR = EG
5 EG- EG,

where
EC. — electrical conductivity of irrigation water (minos/cm)

EC. - electrical conductivity of the soil saturatiektract for a given crop
appropriate to tolerable degree of yield reductiasee table 8

Often leaching is done after the irrigation seasbeaching can be accomplished
by excess precipitation.
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Table 8: Electrical conductivity of irrigation water, EC.

CROP TOLERANCE - values given are EG (*)
Yield decrement to be expected for certain cropstdwsalinity of irrigation water

(Surface irrigation methods)

FIELD CROPS
Crop 0% 10% 25% | 509aximum
Cotton 7.7 9.6 13 17 27
Wheat 6.0 7.4 9.5 13 20
Soyabean 5.0 55 6.2 7.5 10
Groundnut 3.2 3.5 4.1 4.9 6.5
Rice (paddy) 3.0 3.8 5.1 7.2 115
Maize 1.7 2.5 3.8 5.9 10
Beans 1.0 1.5 2.3 3.6 6.5
FRUIT CROPS
Orange/lemon
Grapefruit 1.7 2.3 3.3 4.8 8
Apple & pear 1.7 2.3 3.3 4.8 8
Peach 1.7 2.2 2.9 4.1 6.5
Avocado 1.3 1.8 2.5 3.7 6
Strawberry 1.0 1.3 1.8 2.5 4
VEGETABLE CROPS
Broccoli 2.8 3.9 55 8.2 13.5
Tomato 2.5 3.5 5 7.6 12.5
Spinach 2.0 3.3 5.3 8.6 15
Cabbage 1.8 2.8 4.4 7 12
Potato 1.7 2.5 3.8 5.9 10
Pepper 1.5 2.2 3.3 51 8.5
Lettuce 1.3 2.1 3.2 5.2 9
Onion 1.2 1.8 2.8 4.3 7.5
Carrots 1.0 1.7 2.8 4.6 8
Sweet potato 1.5 2.4 3.8 6 10.5
FORAGE CROPS
Alfalfa - Lucern 2 3.4 5.4 8.8 15.5
Bermuda grass 6.9 8.5 10.8 14.7 225
Sudan grass 2.8 5.1 8.6 14.4 26

(*) ECemeans electrical conductivity of the saturatiotraot in milli-mohs/cm at Zi&
EG, means electrical conductivity of the irrigationtesain milli-mohs/cm at 2%

EG = 15EG
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3.3

4.1

4.2

Irrigation Supply Requirement

V = 10xAXIR
Where
V = system requirement f’mperiod)
A = areain hectares
IR = gross irrigation requirement (mm/period)

Often, for small schemes, the system capacity tidme tdetermined over a short
period, hence

V = 1I0XAXIR X 24x 7
h v
where
hours of operation per day
working days per week
(if 7 is replaced with 30/31, v = workidgys per month)

h
Vv

Normally for smaller schemes (<100 hectares) thggirement is multiplied by a
flexibility factor, being 1.1 to 1.25.

FIELD IRRIGATION SCHEDULES
IRRIGATION INTERVAL (FREQUENCY) |

The interval (in days) between successive irrigatio

I = [QXAWXDJ days
E-Erop

p = fraction of available water, without affiag evapotranspiration and/or
crop growth (table 2).

AW = available soil water (mm/m)

D = rooting depth (m)

ETcrop = see 2.1

DEPTH OF IRRIGATION D
The actual amount of water given to the soil durangingle irrigation, or the

depth of irrigation application (d) is equal to tieadily available water (p x AW)

over the root zone (D). An application efficienfagtor (E) is always added to
account for uneven application.

d = (p xAW) . D/ (mm)
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4.3

FIELD IRRIGATION SUPPLY

Field supply is primarily determined by the fieldigation schedules (depth and
interval) and by the method the water is distridute and applied over the fields.
The method of irrigation (surface, sprinkler, drip)in turn determined by such
factors as type of crop, soil, need for land grgdimater use efficiency, erosion
hazards, salinity, costs and others. Field irrogasupply at the time of irrigation
for a given soil, crop and level of evaporative dexhis:

g.t = _10(p. AW).D.A ()
B

Where

stream size in 1/sec

supply duration in seconds

application efficiency, fraction

total available soil water, mm/m

fraction of total available soil water pernmg unrestricted
Evapotranspiration and/or crop growth,

rooting depth, m

acreage, ha

>0U T Mo
=
[ L | |

To obtain a first estimate af andt, by converting the depth of water to be
applied into stream size and supply duration, t@btan be used. The table does
not take into account the irrigation applicatiorterairrigation methods and
practices, and the stream size that can be habgl#t irrigator, and as such may
give unrealistic estimates. Estimategyaindt must be evaluated on the basis of
the different irrigation methods and practices.

Table 9: Average intake rates of Water in mm/hr fo different soils and
corresponding stream size 1/sec/ha

Soil Texture Intake Rate mm/hr Stream size g 1/sec/ha
Average Range

Sand 50 (25to 250) 140

Sandy loam 25 (15to 75) 70

Loam 12.5 (8to 20) 35

Clay loam 8 (2.5t0 15) 22

Silty clay 25 (0.03t05) 7

Clay 5 (0/1 to 15) 14

An irrigator can handle a flow between 15 to 4@t/s
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5.

5.1

5.2

5.3

5.4

SURFACE IRRIGATION METHODS
GENERAL

Several methods are practised, depending on cpa kgnd and soll
characteristics, availability of water, aptitudetioé farmer and other factors.

FURROW IRRIGATION

The flow of water into a furrow should be large egb to reach the end, but small
enough not to cause erosion, flooding or excessildosses. The size of the
flow must be adjusted to the infiltration rate bétsoil, land slope, furrow length,
erosion hazard and depth to be applied.

The general practise is to allow as large as peihtésinitial flow Qi into the
furrow, and when the water reaches the end, tdack- this flow Qcb until the
desired depth of water is applied.

The two following formula’s can be used as a guiide, as well as table 10. Field
experiments will however determine the optimum ealu

Qi = 63/s
Qcb = 4sL”K”
Where
Qi = initial flow (l/sec)
S = slope in (m/m)
Qcb = cut-back flow (1/sec)
L = length of furrow (m)
k = Final infiltration rate (m/sec)

Depending on available water, and skill of irrigateeveral furrows are irrigated
at the same time.

BASIN IRRIGATION

Best suited to soil with moderate to low infiltiati rates (<50 mm/hr), and gentle
land slopes.

Design is based on rapid application of water dkerentire basin. Some advised
basin areas are given in table 11.

BORDERSTRIP IRRIGATION
Is a method where a field is divided into a numiiielevel strips between ridges.

Water is applied from one end and, in flowing dolepe, progressively covers
the entire strip with a thin sheet of water. Lénghd width of the strip depend on
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soil and land characteristics, suggested valueggiaen in table 12. The flow
applied to the strip depends on several factorsmlgnalope infiltration — figure 1
can be used for a first appraisal.
Field experiments will determine optimum dimensions

5.5 DRAINAGE

A drainage system is an essential part of eaclgation scheme. This is
particularly true for surface irrigation methodspecially with basin irrigation.

5.6  CALCULATIONS AND SELECTIONS

5.6.1 Calculation Procedure

(@) Determine climatically suitable crops. Collestailable, climate data; evaluate
climatic conditions in relation to crop requirem&nselect crops that are most
suitable for the given climate and soil, see tdlde14 and 15.

(b)  Determine cropping patterns. Determine miésty length of growing periods of
the selected crops in relation to the total growsegson and the time required for
other farming operations.

(c) Select optimum cropping pattern.

Example:

Given: Jan| Feh Mar AprMay | June| July | Aug| Sep| Oct | Nov | Dec

| Tmean’C | 14 | 15| 17.5 21 | 25.,5] 27.528.5/28.5| 26 | 24| 20| 25.6

Climatically suitable selected crops

Maize 24 — 28C 120 days May - August

Cotton 25 — 38C 180 days April — October/November
Sorghum 25 — 3T 120 days May - August

Groundnut 26 - 3 120 days May - October

Wheat 18 - 38C 150 days November - April

Bean 15 — 2%C 120 days November - April

Onion 15 — 200C 120 days November - April

Possible cropping patterns:-
Wheat/maize/bean/maize or sorghum

Wheat/maize/bean/bean/groundnut
Wheat/cotton/bean/maize or sorghum
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Table 10: Furrow Irrigation — Suggested Values ofnfiltration Rates

Maximum length and maximum discharge of the furrows
(m) (I/min)
Low infiltration rate Moderate infiltration rate High infiltration raj Sandy soll
| <0.75cm/h 2.5>1>0.75cm/h 6 >1>2.5cm/h | >n@b
Slope DEPTH OF APPLICATION WATER FOR EVERY IRRIGATION (cm)
% | Discharge
L/min
18 15 13 10 8 5| 15 13 10 8 % 13 10 8 p 10 8
0,25 150 590 550 500 450 390 320 425 380 350 300|250 230 210 180 M® 85 7(
0.50 74 410 280 350 300 270 220 290 270 240 200|170 160 140 120 @0 55 45
0.75 50 320 300 270 240 210 173 230 210 190 160|130 130 110 100 & 45 4d
1.00 3§ 270 260 240 200 180 140 200 175 160 140|110 110 85 7Q 55 @5 39
1.50 2q 220 200 180 170 140 110 160 140 130 110| 90 85 70 60 45 40 3(
2.00 20 190 175 160 140 120 200 130 120 110 90| 75 75 60 55 40 30
2.50 14 170 150 140 130 110 PO 120 110 100 85| 70 70 55 45 40
2.50 13 150 140 130 110 100 @5 110 100 90 75|60 60 45 40 30
3.00 9 130 120 110 100 85 O 90 85 75 60 |55 55 40 30
4.00 71 115 105 100 85 75 60 85 75 70 55 (45 45 40 30
5.00 g 100 90 85 75 70 %5 75 70 60 50 |40 40 40 30
6.00
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Table 11. Suggested Basin Areas (hectares) for Bagrrigation

Flow Soil type
1/sec Sand Sandy loam Clay loam Clay
5 0.003 0.008 0.02 0.03
10 0.005 0.015 0.03 0.05
20 0.01 0.03 0.06 0.1
30 0.02 0.06 0.12 0.2
60 0.04 0.12 0.24 0.4
90 0.06 0.18 0.36 0.6
120 0.08 0.24 0.48 0.8
150 0.10 0.30 0.60 1.0
210 0.14 0.42 0.84 1.4
270 0.18 0.54 1.08 1.8
300 0.20 0.60 1.20 2.0

Table 12: Suggested Standards for the design of Bier-strip for shallow-rooted

crops
Metric units
Soil Profile Percent of | Unit flowy Average Borderigt
slope per metre  depth qof
of strip water | Width Length
width applied
Metres per | Litres per Milli- Metres
100 metres second metres
CLAY LOAM 0.15-0.6 6-8 50-100 | 5-18 90-180
0.6 metre deep over permeable 0.6-1.5 4-6 50-100 6 |599-180
Subsoil 1.5-4.0 2-4 50-100f 5-6 90
CLAY 0.15-0.6 3-4 100-150, 5-18180-300
0.6 metre deep over permeable 0.6-1.5 2-3 100-1566 |3.80-300
Subsoil 1.4-4.0 1-2 100-150 5-p 180
LOAM 1.0-4.0 1-4 25-75 5-6 90-30
0.15 to 0.45 metre deep over hardpan
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Suggested standards for the dgs of border-strip for deep-rooted crops

Soil Profile Percent off  Unit flow| Average Borderigt
slope per metre| depth df
of strip water width | length
width applied
Metres per Litres Milli- Metres
100 metres| Per second metres

SAND 0.2-0.4 10-15 100 12-3( 60-9D
Infiltration rate of 2.5 + cm per 0.4-0.6 8-10 100 9-12 60-90
hour 0.6-1.0 5-8 100 6-9 75
LOAMY SAND 0.2-0.4 7-10 125 12-300 75-150
Infiltration rate of 1.8 to 2.5cm 0.4-0.6 5-8 125 -19 | 75-150
per hour 0.6-1.0 3-6 125 6-9 75
SANDY LOAM 0.2-0.4 5-7 150 12-30] 90-25D
Infiltration rate of 1.2 to 1.8cm 0.4-0.6 4-6 160 -1 | 90-180
per hour 0.6-1.0 2-1 160 6 90
CLAY LOAM 0.2-0.4 3-4 175 12-30| 180-3Q0
Infiltration rate of 0.6 to 0.8cm 0.4-0.6 2-3 175 -1% | 90-180
per hour 0.6-1.0 1-2 175 6 90
CLAY 0.2-0.3 2-4 200 12-30 350
Infiltration rate of 0.25 to 0.6cm
per hour
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Figure 1: Borderstrip Irrigation
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Table 13: Climatic, Soil and Water requirements fo Crops.

Crop Total growing | Temperature| Specific climate constraints/ | Soil requirements

period (days) | required for | requirements
growth
optimum°C

Alfalfa 100-365 24-26 Sensitive to frost; cutting Deep, medium-textured,
interval related to temperature;well drained, pH=6.5-7.8
requires low RH in warm
climates

Banana 300-365 25-30 Sensitive to frost; Deep, well-drained loam
temperatures <% for longer | without stagnant water
periods causes serious damagpH=5-7
wind < 4m/sec

Bean Fresh: Sensitive to frost; excessive | Deep, friable soil, well

60-50 15-20 rain and hot weather drained and aerated pH = 5
Dry: 8
90-120

Cabbage | 100-150 15-20 Short periods of frost not | Well drained; pH=6-6.5
harmful; RH = 60-90%

Citrus 240-365 23-30 Sensitive to frost, strongdvin Deep, well aerated light to
high humidity, cool winter or | medium textured soils free
short dry period preferred from stagnant water pH=5-

Cotton 150-180 20-30 Sensitive to frost; strong or| Deep, medium to heavy
cold winds; temperature textured soils. PH=5.5-8
required for boll development;
dry ripening period required.

Grape 180-270 20-25 Resistant to frost during Well-drained, light soils are
dormancy but sensitive during preferred.
growth; long, warm to hot, dry
summer and cool winter
required

Groundn | 90-140 22-28 Sensitive to frost, for Well-drained, friable

ut germination temperature > medium textured soil with
20°C loose top soil; pH=5.5-7.0

Maize 100-140 24-30 Sensitive to frost; for Deep, well-drained aerated
germination temperature > | soils with deep water table
10°C; cool temperature causgsand without water logging
problem for ripening pH=5-7.0

Olive 210-300 20-25 Sensitive to frost; low wintef Deep, well-drained soils
temperature required for free from waterlogging.
flower bud initiation.

Onion 100-140 (30- Tolerant to frost; low Medium-textured sail,

35) in nursery | 15-20 temperature required for pH=6.0-7.0
flower initiation; no extreme
temperature or excessive rair.

Tomato 90-140 (25-35 Sensitive to frost, high RH, | Light loam, well-drained

in nursery 18-25 strong wind; optimum night | without waterlogging
temperature — 10 td@C. pH=5-7.6

Pea: Slight frost tolerance when | Well drained and aerated
young soils; pH=5.5-6.5

Fresh| 05-100 15-18
Dry 85-120
Pepper 120-150 18-23 Sensitive to frost Light mediaxtured soils

pH=5.5-7.0
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Pineapple| 365 22-26 Sensitive to frost; requires | Sand loam, with low lime
high RH; quality affected by | content pH=5-5.5
temperature

Rice 90-150 32-30 Sensitive to frost; cool Heavy soils preferred for
temperature causes hand  |percolation losses, hic
sterility; small difference in  ftolerance to 02 defici
day and night temperature is [pH=5.5-6.0
preferred.

Safflower Early Tolerant to frost, cool Fairly deep, well-drained

growth temperature
Spring | 120-160 15-20 Required for good Soils, preferably medium
establishment
200-230 Later growth  And early growth. TexturedA6-B.0
Autumn
20-30

Sorghum | 100-140 24-30 Sensitive to frost; for Light to medium/heavy soils
germination temperature relatively tolerant to
>10PC; cool temperature periodic water logging,
causes head sterility. pH=0-8.0

Soybean | 100-130 20-25 Sensitive to frost; for someg Wide range of soil except
varying temperature >3@ sandy, well-drained; pH=6-
required for flowering. 8.0

Sugar 160-200 18-22 Tolerant to light frost toward Medium to slightly heavy

beet harvest mean daily textured soils, friable and
temperature <1 for high well drained; pH=6-7.0
sugar yield.

Sugar 270-365 22-30 Sensitive to frost; during Deep well aerated with

cane ripening cool, dry, sunny ground water deeper than
weather is required 1.5-2m but relatively

tolerant to periodic high
water tables and,@leficit;
pH=5-8.5.

Sun 90-130 18-25 Sensitive to frost Fairly deep s@ld=6-7.5

flower

Tobacco | 90-120 (40- Quality of leaf depends on

60)in nursery | 20-30 Sensitive to frost soil texture; pH=5-6.5

Tomato 90-140 (25-35 Sensitive to frost, high RH, | Light loam, well-drained

in nursery 10-25 strong wind, optimum night | without water logging
temperature 10 to 2G pH=5-7.0

Water 80-110 22-30 Sensitive to frost Sandy loam is prete

melon pH=5.8-7.2

Wheat Spring: Spring wheat; sensitive to Medium-texture is

100-130 15-20 frost winter wheat: resistant to preferred; relatively tolerant
winter: frost during dormancy, to high water table; pH=6-
180-250 sensitive during post- 8.0

dormancy period; requires a
cold period for flowering
during early growth, for both,
dry period required for

ripening.
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Table 14: Crop characteristics.

CROP Water Sensitivity Sensitivity to| Fertilizer requirements

Requirements to water Salinity N: P: K

mm/growing supply (1) Kg/Ha/growing period (2)

period
Alfalfa 800-1600 0.7-1.1 Mod. Sensitivity ~ 0-40:55:85-100
Banana 1200-2200 1.2-1.35 Sensitive 200-400:4R460480
Bean 300-500 1.15 Sensitive 20-40:40-60:50-120
Cabbage 380-500 0.95 Mod. Sensitivity  100-150:50-60-130
Citrus 900-1200 0.8-1.1 Sensitive 100-200:35-45:60-
Cotton 700-1300 0.85 Tolerant 100-180:20-60:50-80
Grape 500-1200 0.85 Mod. Sensitivity ~ 100-160:40:60:230
Groundnut 500-700 0.7 Mod. Sensitivity ~ 10-20:1526-40
Maize 500-800 1.25 Mod. Sensitivity  100-200:50-831®0
Onion 350-550 11 Sensitive 60-100:25-45:110-220
Pea 350-500 1.15 Sensitive 20-40:40-60:80-160
Pepper 600-900 1.1 Mod. Sensitivity  100-170:25%66t00
Pineapple 700-1000 Low 230-300:45-65:110-220
Potato 500-700 11 Mod. 80-120:50-80: 60-100
Rice 350-700 High Mod. Sensitivity ~ 100-150:20-40BID
Sorghum 450-650 0.9 Mod. Tolerant 100-180:20-4865-
Soyabean 450-700 0.85 Mod. Tolerant 10-20:15-36@25
Sugar Cane 1500-2500 1.2 Mod. Tolerant 100-200202%-160
Sun flower 600-1000 0.95 Mod. Tolerant 50-100:20685125
Tobacco 400-600 0.9 Sensitive 40-80:30-90:50-110
Tomato 400-600 1.05 Mod. Sensitivity  100-150:65-160-240
Water melon 400-600 1.1 Mod. Sensitivity  80-10062535-80
Wheat 450-650 1.15 Mod. Tolerant 100-150:35-45:@5-5
(1) <0.85 = Low (2) 1Kg P 2.4 kp@%

0.85-1.15 = Medium 1Kg K = 1.2 kg®&
>1.15 = High
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Table 15 — Good yields of high — producing varietis adapted to climate conditions of the available
growing season under adequate water supply and higkvel of agricultural inputs under
irrigation farming conditions (ton/ha).

Climatic Regions
CROP Tropics’/ Subtropics/ Temperaté/
<20°C“ >20C <20C >20C <20C >20C
Alfalfa hay 15 25 10
Banana Fruit 40-60 30-40
Bean: fresh Pod 6-8 6-8 6-8
dry grain 1.5-25 1.5-25 1.5-25
Cabbage head 40-60 40-60 40-60
Citrus:
grape fruit 35-50 40-60
lemon fruit 25-30 30-45
orange fruit 20-35 25-40
Cotton seed cotton 3-4 3-4.5
Grape fruit 5-10 15-30 15-25
Groundnut nut 3-4 3.5-4.5 1.5-2
Maize grain 7-9 6-8 9-10 7-9 4-6
Olive fruit 7-10
Onion bulb 35-45 35-45 35-45
Pea: fresh pod 2-3 2-3 2-3
dry grain 0.6-0.8 0.6-0.8 0.6-0.8
Fresh pepper fruit 15-20 15-25 15-20
Pineapple fruit 75-90 65-75
Potato tuber 15-20 25-35 30-40
Rice paddy 6-8 5-7 4-6
Safflower seed 2-4
Sorghum grain 3-4 3.5-5 3-4 3.5-5 2-3
Soybean grain 2.5-3.5 2.5-3.5
Sugar beet beet 40-60 35-55
Sugarcane cane 110-15 100-140
Sunflower seed 2.5-3.5 2.5-3.5 2-2.5
Tobacco leaf 2-2.5 2-2.5 1.5-2
Tomato fruit 45-65 55-76 45-65
Watermelon fruit 25-35 25-35
Wheat grain 4-6 4-6 4-6
Y Semi-arid and arid areas only
% Summer and winter rainfall areas
Vi Oceanic and continental areas
Vi Mean temperature
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F M Al M J J A S
E, (table 4) (mm) 185 | 198 |182|160 | 158 |156 | 162 (177
ETcro= Eo X 0.80 (mm) | - 158 [(146|128 | 126 |125| 130 | -
Ke - 0.35(06|1.0|1.12|1.15| 0.6 | -
Advection correction - - - 1091] 09 |09 - -
Peak month correction | - - - - 1.1 |11 - -
ETcotton (MmM/month) 0 55| 88 11% 140 142 78 0
Pe (mm/month) 0 3 26| 16 0 0 0 7
Ge (Mm) - - - - - - -
W, (mm) (50 pre-irrigation - - -
NIR (mm/month) 50* 2 62| 99| 140 142 78 D

* pre-irrigation

(d) Calculate reference evapotranspiration {ETon a monthly basis, select
appropriate crop coefficient (K (Table 6), calculate crop water requirements
ETcrop = Ke ETo in mm/period.

Eventually adjust for advection and peak montl.ET

(e) Determine effective rainfall gpand ground water contribution §3o crop water
requirements in mm/period, and actual depth oflalks soil water over the depth
at the start of the growing period (JWin mm, calculate net irrigation requirement
using the following formula:

NIR = ETeop— (P + Ge + W) mm/period

Example
Semi-arid, hot and moderate windly climate. Clienaata collected prior to

irrigation development, cotton, grown early Mardmarvested end August.
Project size 100 ha; cropping intensity is 100%aunding is dry fallow land.

() Find gross irrigation requirements; evaluate quabf irrigation water and
drainage conditions, determine salinity level #a8) and determine leaching
requirement.

Determine irrigation efficiency, considering teotadi and managerial control,
delivery and application methods.

(g) Summarize calculation to find irrigation supplgu&ements.
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Example (Bachuma)

Cotton (as earlier), leaching required to 90% yi&@ of irrigation water
= 6 mmhos/cm, leaching is 85% effective, irrigatioy furrows, unlined
field canal, lined distribution canals. Flexibjlitactor = 1.05

From table 8, max. salinity for 90% yield = 9.@mos/cm

Ep = 0.65 (B) x 0.75 ()
LR (net) = 6/(5 x 9.6 — 6) = 0.13
LR (gross) = 0.13/0.85 = 0.153
IR = I/E, (NIR)/(1-LR) ~ =1/0.488 x NIR/(1-0.153)
= NIR/0.41

Y, = 10 x 100 x NIR

FI M| A M J J Al S
NIR mm 50| 2| 62| 99| 140 142 78 |
IR mm 122| 5| 151 241 341 346 190 |-
Flex. Factor - - - - - 1.05 - -
\V(‘000m?) 122 | 5 | 151| 241 341 363 190 |

If irrigation is done 7 days a week, 12 hours pay,dequired low at
project inlet is:

Vinet = 363,000 = 710 mi/day
31
= 11,710 = 976ni/hr = 271 1/sec
12

(h) Determine depth irrigation, irrigation interval, mber of furrows/basins/border
trips irrigated at the same time, taking into actdhe available water.

(i) Lay-out of supply system is done, main canalsyibistion canals and field canals
are designed, taking into account the availablemat

(1) Schedule of operation is prepared.
(k) Project costs and economical analysis is carried ou
5.6.2 Remarks
Similar calculations can be made for different argpown simultaneously in the
project area (see example). To arrive at an iiogasupply in terms of flow rate
(m¥/sec) and flow duration (hrs), the irrigation inalr (i) and the depth of
irrigation (d) are weighted for different crops aming to their respective field

acreages, blocks of fields, acreages served bralatend main canals, taking into
account irrigation efficiency and leaching requissits.
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However, to simplify the operation of the supplystgyn, in many irrigation
projects fixed irrigation intervals and/or fixedpdle or irrigation application are
used.

Since crop water requirements change over the ggweriod, the use of fixed
intervals and/or fixed depth for irrigation causgther over or under — irrigation
during the different parts of the growing perio@his in turn leads to inefficient
use of water or causes reduction in crop yield.

EXAMPLE:

Given:

Semi-arid, hot and moderate windy climate. Projgice 150 ha; cropping
intensity 200%. Cropping pattern: maize (90 hapfrMay through September
followed by berseem (90 ha) from October throughr&ary; cotton (60 ha) from
March through August followed by wheat (60 ha) frawovember through
March.

Calculation:
Maize 90 ha
berseem 90 ha
+++++++ +++++++++++
Cotton 60 ha
XXXXKXXHKKKHXHKKKKKKKXXXXXXXXXKX
Wheat 60 ha
J F M A M J J A S O N D T
ETmaize 85 140 275 225 115 840
ETberseem 80 95 65 90 70 400
ETcotton 45 110 225 285 280 120 1065
ETwheat 80 100 95 40 60 375
ETcrop 80 100 55 45 140 200 280 185 70 40 70 705132

mm/month weighted for acreage, or 90/150. ETm#i28/150. ETberseem
+ 60/150. ETcotton + 60/150. ETwheat, roundedafdarest 5mm.
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DRIP IRRIGATION

With drip system, irrigation water is supplied talividual trees, groups of plants
or plant rows by emitters placed on laterals deiingea flow (ge) of 2 to 10 1/hr
each. The stream size is determined by the nuarigbtype of emitters, soil type,
crop and allowable water depletion. In a well-@gped system a nearly constant
low soil water tension can be maintained in the mmme. For a selected level of
soil water depletion and knowing Ed, and soil infiltration rate, the frequency
and duration of application can be determinedorimation on flow rates is given
in Tables 16,17 and 18.

EXAMPLE:

Given:

Tomatoes; acreage (A) is 40 ha, ETpeak is 7mm/siail/intake rate is 5mm/hr;
total available soil water (AW) is 140mm/m soil depat time of irrigation
(1-p)Sa is 90 mm/m soil depth; rooting depth (D)Jlim. Row spacing (] is
1.2m with emitter spacing £l of 0.6m; emission uniformity (Eu) is 0.95;
application losses including evaporation 0.90; tanftow (ge) selected is 2 1/hr.
Calculation:

Fraction of surface area wetted (P) using Tables 18

w/(1; x L) = 0.4/(1.2 x 0.6) = 0.55

Depth of application (d) = (p.AW) D.P/ (Eu. Ea) = 32 mm
Irrigation interval (1) is (p.AW) D.P/ETcrop = days
Flow duration (t) is d x 4x L/qe = 11.5 hours
Operation unit (N) is (I x 24)/t = 8

Stream size required assuming continuous operation

the system 2.8A/N x ge/{k 1) = 39 1/sec

Table 16: Flow rates per Drip Emitter (ge) in I/hr, Continuous flow for
different Ec;ops and number of Emitters per ha.

ETcrop Emitters per ha

mm/day| 250 500 | 750 | 1000| 1500 2000 2500 50Q0
1.25 2.08 1.04 |0.69 |052 |035 |0.26 |0.21 |0.10
2.50 4.16 208 |138 [1.04 |069 |052 |0.42 |0.21
3.75 6.25 312 |2.08 [156 |1.04 |0.78 |0.62 |0.31
5.00 8.33 416 |2.77 |2.08 [139 |1.04 |0.83 |0.42
6.25 10.41 512 |3.47 |260 |1.74 |130 |1.04 |0.52
7.50 12.50 6.25 |4.17 |3.13 |208 |156 |1.25 |0.63
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Table 17: Flow rates per Tree, Continuous flow fodifferent Eops and Tree

spacing, I/hr.
Tree Spacing ETorchara mm/day

5 6.25 7.5
6 x 6 7.5 9.5 11
9 x 9 17 21 25
12 x 12 30 37 45
15 x 15 47 59 70
18 x 18 67 84 101

Table 18: Surface Area Wetted (w) in rafor Different Emitter Flow and Soil
infiltration rate.

Emitter Flow Solil Infiltration Rate mm/hr
L/hr 2.5 5 7.5
2 0.8 0.4 0.25
4 1.6 0.8 0.50
6 2.4 1.2 0.75
8 3.2 1.6 1.00
Table 19: Sprinkler characteristics.
Nozzle | Pressure Wetted | Discharge| Spacing| Area | Precipitation
mm | kg/cn? | Diameter| m®/hr m Irrigated | mm/hr
m m’
4.5 2.0 135 1.1 12 x18 215 5.0
2.5 14.0 1.2 12 x 18 215 5.5
3.0 14.5 1.3 18 x 18 325 4.1
5.0 2.0 135 1.3 12 x18 215 6.2
2.5 145 15 18 x 18 325 4.6
3.0 15.0 1.6 18 x 18 325 5.0
6.0 2.0 145 1.9 18 x 18 325 6.0
2.5 16.3 2.2 18 x24 430 5.0
3.0 16.5 2.8 18 x24 430 55
4.5/4.8 2.0 14.0 2.3 12 x18 215 10.8
2.5 14.8 2.6 18 x 18 325 8.0
3.0 15.5 2.8 18 x 18 325 8.8
5.0/5.5 2.5 16.0 3.3 18 x 18 325 10.2
3.0 16.3 3.6 18 x24 430 8.4
3.5 16.6 3.9 18 x 24 430 9.1
5.0/7.5 3.0 19.0 5.3 24 x 24 575 9.3
3.5 19.3 5.8 24 x 24 575 10.7
4.0 20.0 6.2 24 x 24 575 10.7
6.0/7.5 3.0 17.7 6.1 18 x 24 430 14.0
3.5 185 6.6 24 x 24 575 11.3
4.0 19.0 7.0 24 x 24 575 12.2
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7.

7.1

7.2

SPRINKLER IRRIGATION

GENERAL

In this method the water is applied as a spray algpgund, somewhat resembling
rainfall.

Most conventional systems, depending on the siztheffarm and the lay-out,
consists of:

. Pumping plant

. Mainline

. Sub mains or distribution lines

. Lateral line(s) with

. Sprinklers on

. Riser pipe (supported on stabilizers)

Portable systems are those where everything carshifeed; permanent (or
stationary) systems have everything permanentltaliesl. Very common are
semi-portable systems where pumping plant and ea#ntthe main line is
permanent, the rest is not.

Most laterals in portable and semi-portable systeans of quick-coupling
aluminium pipes; PVC is often used as buried mabrigin. In permanent
systems, steel pipes are sometimes used. Foresrdaimeter laterals, PE pipes
are less costly.

SPRINKLER OVERLAP AND SPACING

In order to achieve an uniform application, adjacgminklers must overlap. This
overlapping mainly depends on type of sprinkler aocurring wind conditions.

A common practise is a square or rectangular aemaegt. Triangular
arrangement mainly is used in permanent systems.

Overlap is (when winds are light or absent) som&®% of wetted diameter for
distance between laterals, and some 40% of wettedeader for sprinklers along
the lateral.

Under high wind velocity spacing is reduced by akf%o for a wind velocity of
3-6 km/hr, some 35% with wind velocities 6-10 km/Bome 65% for higher
velocities.

In practice, most medium pressure sprinkler opeedtectively at spacing of
about 12 x 12 to 18 x 18m.
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7.3

7.3.1

7.3.2

7.3.3

7.4

7.4.1

7.4.2

SPRINKLER CHARACTERISTICS

Discharge
Can be computed with

C.A. ./ 2g h. (itsec)

nozzle coefficient (coefficient (0.9 — 0.98)
cross-sectional area of nozzle’jm
acceleration due to gravity (m/Sec
pressure at nozzle (m)

STQ >0 Lo

Wetted Diameter

Indicates the range that the sprinkler will wetirgle. Can be approximated by
using the empirical formula:

R = 1.35d.h. (m)
h = head in m
d = diameter of nozzle in mm

Sprinkler Selection

The manufacturer normally provides sprinkler-ogamt characteristics; an
example is given in table 19 and figure 2. Theydided criteria for sprinkler
selection is based on preventing run-off and/orewampounding occurring.
Table 20 can be used if no direct local data islaie.

APPLICATION
Application Rate

Application rate (also termed precipitation densiivalent or accumulation
rate) are governed by discharge and spacing.

| = q x 1000
RXS

application rate in mm/hr
discharge in fthr
spacing between laterals in m

spacing between sprinklers on lateral in m.

N

Duration of Irrigation t

Is the time a given lateral is to stay at a panapply a given quantity.
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7.4.3

7.4.4

—
1

_r
I

duration in hours
gross irrigation requirement in mm
application rate in mm/hr

Ir

Irrigation Efficiency

Application efficiency E general ranges from 0.85 to 0.60 (under high
temperatures and high wind velocities). Water eyance efficiency Eis high,
since water is conveyed in pipelines.

Frequency of Irrigation

Time interval between two successive applications,

I
_
>
=

LN

Example

Maize, silt loam soil, rooting depth of 0.80 m, rmaMm ET¢op = 6.1 mm/day E
= 0.70, land slope is 2.5%, 12 working hours a dayleaching required.
Sprinkler selected (max. application rate = &8hr cfr table 20) from figure 2.

e Spacing 12 x 12m

+ Pressure 2.1 kg/cm

* Nozzle size 3/16 inch

« Gives application rate of: 8.13 mm/hr
Capacity of: 1.25 rithr
Wetted diameter of: 25.6m

Depth of irrigation = AWxDxP
= 140 mm/m x 0.80 x 0.55 = 61.6= 62mm
Frequency = 6210 days
6.1
Gross water requirement
= 62 =89mm
0.7

Duration of application
= _89 = 10.9 =11 hours
8.13
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Numbers of daily applications
= working hours= 12 = 1
duratio 11

Table 20: Recommended Maximum allowable Sprinklindrates (mm/hr)*

Maximum Allowable Sprinkling Rate, mm/hr

Describe of Soil and 0-5% 5-8 % 8-12 % Over 12 %
profile condition With With With With

Bare Bare Bare Bare

Cover Cover Cover Cover

Sandy Soil
Homogenous profile] 50 50 50 38 38 25 25 13
to depth of 1.8 m.
Sandy soll over 45 38 32 25 25 18 18 10
heavier soil
Light sandy-loamy
soil. Homogeneous 45 25 32 20 25 15 18 10
profile to 1.8 m.
Sandy-loam over 32 18 25 13 18 10 13 8
heavier soil.
Silty-loam sail.
Homogeneous 25 13 20 10 15 8 10 5
profile to 1.8m.
Sllty-!oam _50|I over 15 8 13 7 10 4 8 3
heavier soil.
Clay sail, Silty clay-
loam soil. 5 4 4 3 3 2 3 2

* Taken from the handbook of Engineering practitmsRegion 7, U.S.D.A, S.C.S. Part one —
Section 6: Planning Sprinkler Irrigation Systemsyp11 (1-6)

Table 21: Coefficient F for Plastic and Aluminum Laterals

Plastic lateral, r = 1.760 Aluminum lateral, r = 1852
n (@) (b) () €)) () ()
Fi ) Fs Fi1 ) Fs
5 0.469 0.337 0.410 0.457 0.321 0.396
10 0.415 0.350 0.384 0.402 0.336 0.371
12 0.406 0.352 0.381 0.393 0.338 0.367
15 0.398 0.355 0.377 0.385 0.341 0.363
20 0.389 0.357 0.373 0.376 0.343 0.360
25 0.384 0.358 0.371 0.371 0.345 0.358
30 0.381 0.359 0.370 0.368 0.346 0.357
40 0.376 0.360 0.368 0.363 0.347 0.355
50 0.374 0.361 0.367 0.361 0.348 0.354
100 0.369 0.362 0.366 0.356 0.349 0.352
200 0.366 0.363 0.365 0.353 0.350 0.352

(a) R is to be used when the distance from the latateat to the first outlet is,smetres.
(b) R, is to be used when the first outlet is near theréd inlet.
(c) F3is to be used when the distance from therdatnlet to the first outlet is s1 / 2 metres.
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Table 22: Table on Performance for Single nozzles

SPRINKLER SPACING
Nozzle Pressure 30' X 30’ 30" x 40’ 30" x 50" 40' x 40’ 30' x 60' 40' x 60'
size at nozzle Discharge Diameter 9m x 9m Imx12m [ 9mx15m [ 12mx12m| 9mx18m | 12mx18m
imp Std L/A RAINFALL EQUIVALENTS PER HOUR - STANDARD MODEL
inch psi  kglenf | gmp | m¥hr| ft m ft m inch mm inch  mm| inch mm| inch mn] inch mnl\ inch  mm
%3, 30 2.1 325 89| 8o 244 64 19% 4L 1041 d1 787 |24 410 |23 p.84 _ _ _
40 2.8 383 104 83 259 69 219 6p 1245 47 940 |28 T.11 [.2®m66..24| 6.10| _ _
50 35 433| 118 89 259 79 228 55 1397 4 19.41 [32 8.13 |.362| .27| 6.86] .21| 5.33
ey 30 2.1 381 104 83 259 69 198 4b 1245 .37 91.40 28 T1.11 |.2®B6[6.24| 6.10| _ _
40 2.8 450 | 1231 86 264 69 21.p 58 1473 43 10.92 [34 $64 |.387| 28| 7.11| .22| 5.59
50 35 505 138 88 264 74 225 65 1651 49 1245 |38 965 [.8B9| .32| 8.13| .24| 6.1C
60 4.2 541 1.47] 9o 274 79 24} 7p 17.78 42 13.21 [40 10.16 |.9.05| .34| 8.64| .26] 6.6(
%1 30 2.1 458 | 125/ 84 254 64 20f 58 1473 44 1118 [35 $.89 |[.823| .28| 7.11| .22| 5.59
40 2.8 533 145 87 264 74 228 68 17.p7 41 1295 [40 0.1 |.9.40( .33| 838 .26] 6.0(
50 35 6.00| 164 69 271 71 235 77 1956 48 1473 |45 1142 | .67 38| 9.65 .29| 7.3]
60 4.2 6.45| 176 91 271 81 24y .8 2180 .42 1575 |49 12.46 | m.68 .41| 1041 31| 7.8
Y 30 2.1 5.33| 1.45 85 25.9 - - 6 17.27 5L 12195 |41 10.41 |.385Pp.634| 8.64| .26| 6.60
40 2.8 6.16 | 1.68 91 27.7 - - 7 20.q7 .5p 1499 W8 1p.19 |454311.40| 10.14 .30| 7.63
50 35 6.91| 1.88 94 287 - - 8 221 .6p 1676 53 1B.46 |[507012.44| 11.1§ .33| 8.39
60 4.2 7.66 | 2.09 97 29.6 - - 9 2449 .7p 1880 59 1499 |.559713.49| 1245 37| 9.44
e 30 21 |6.08 1.66| 89 27,1 - - 7 1991 5B 1473 |47 1194 |441811.39| 991 .29| 7.37
40 2.8 |7.00 1.91f 94 28,7 - - 9 2296 .6f 17102 54 1372 |519512.45| 11.43 34| 8.64
50 35 [7.91 2.16] 971 29,6 - - 1. 25941 .7p 1930 |61 1949 |.57.48]4.51| 12.95 .38| 9.61
60 42 |[8.83 241 100 304 - - 1.3 2840 .86 21459 |68 17.27 |.68.26]1 57| 14.494 .43| 10.9p

Diameters quoted are maximum obtainable underaitilconditions. For normal operating conditionsthe field the effective diameters will be appneadely 10% less.
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Fig 2: Typical Sprinkler diagram

Pivot Pin

Swing Arm Spring Swing Arm

Range Nozzle

Spreader Nozzle or Blank

Body
Bearing Spring

Coupiing Nut 3." BSF

Connector Tube

7.5 Lateral hydraulics
7.5.1 Friction losses

The flow in a lateral decreases along its lengithe procedure for computing
head loss in a lateral is as follows:

0] select a sprinkler from catalog, capacity gagng $ and pressure h is
thus known

(i) numbers of sprinklers along the lateralisxletermined

(i) discharge at inlet of lateral (s determined

(iv)  alateral diameter, Dis selected

(v)  head loss (from nomograph) </x00d"

lateral length = 10x12m = 120m
head loss = 7x120 = 8.4m
100
(vi)  coefficient F = 0.402 (Table 21)
head loss in lateral = 8.4x0.402 = 3.4m
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7.5.2 Design

7.6

Since in a lateral friction losses occur, presgatgo to the sprinkler) will reduce.
It is common practice that discharges from sprirklghould not vary by more
than 10% of the designed discharge.

Hence, the criteria governing the size (and lengttg lateral in terms of pressure
head or known as the “20% rule”. This states thatpressure head variation
along a lateral (comprising both friction loss agldvation difference) must be
limited to 20% of the pressure head of the despgimkler.

Rules: (a) friction loss in lateral < 20% of destgrad if higher, select a
larger diameter D or reduce length of lateral.
(b) velocity < 2m/sec
(c) length for potable laterals should be limitethx. 250m, 400m
under specific conditions)
For portable systems, laterals are generally @fséime diameter throughout their
length.

NUMBER OF LATERALS OPERATING SIMULTANEOUSLY
The maximum numbers of laterals is governed by

* Available water
+ Total investment and economics.

The minimum number of laterals depends on layadt@op water requirements.
For example, for the field (see par. 7.3.4 andl}.deing 240 by 260m, the layout
is as sketched below.

240m
*
p 4
* ©
o
x® e
* 8
¥ main line *
N
47m
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1.7

Number of lateral settings (places wieelateral is supposed to be connected) is

Ls = _240 + (240 - 47)= 20+16.1 = 36
12 12

It would be possible (if available water permitg)donnect 36 laterals (with 10
sprinklers each) to the pump, and irrigate the whalea in 1 day. With a
frequency of 10 days (see 7.3.4), this would méanfor the other nine days, we
do not use the equipment!

On the other hand, since we require 1 to applyithgation requirement (11
hours), it would take us 36 days to irrigate theolghfield which is impossible
since we have to irrigate every 10 days.

Somewhere between 1 and 36 lies the optimum nuofbaterals.

The minimum number of laterals is

Lmin = _Lgx 1 (rounded up)
i m
Where
m
Ls
I

number of daily applications (shifts of latlgper day)
number of lateral settings
interval in days

In the example

Lmin =36 =3.6 =4 laterals

10
Maximum number of laterals kx is limited by available water.

If Lmax < Lmin then the area under irrigation should be reducedhours of
operation extended.

In the example, if we irrigated for 22 hours/day would put each lateral on 2
position (m = 2), hence minimum number of lateratguired would be:

36 x 1 =1.8 =2 laterals.
10 2

RISER PIPES

In order to achieve the characteristics indicatgdhle manufacturers, a riser pipe
(generally 1 diameter) must be installed between lateral andnidpr.
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7.8

7.9

Recommended minimum values are given in table RBough often they are
dictated by crop type.
Table 22: Riser pipe heights

Flow in 1/sec Height in cm
0.75 15
0.75-1.50 20
1.50-3.0 30
3-8 45
8 90

MAINLINE DESIGN

The function of the main lines and submains isaovey the required quantity of
water at the desired pressure to all lateral lin@sler maximum pressure
conditions. The selection should be based on enanconsiderations. Mainline
frictional lose of about 3 meters for small systeand 12 meters for large systems
may be allowed. The friction losses in main lireésportable aluminium pipe,
semi-rigid plastic irrigation, PVC pipes, asbestosment pipes are readily
available in the form of tables, formula’s monodrsp It is basically an hydraulic
problem, with the design based on the conditiort thdicates the maximum
hydraulic loss (function of lateral positions irethield).

Main lines, and distribution lines are often forger schemes or different
diameter.

PUMPING PLANT
In selecting a suitable pump, it is necessaryetertnine

» the capacity
» total dynamic head

The capacity can easily be found. It is the numblesprinklers times that
discharge. Any other requirement (domestic, livelstetc.) has to be added.

The total dynamic head against which the pump iwddk, is composed of the
following:

® Operating pressure at head of lateral, coimgjsif
* Sprinkler operating pressure
* Riser pipe height
e 75% of friction losses in the lateral
» difference in elevation in lateral
* local losses due to bends, valves etc.......
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7.10

(between 10 — 20% of friction losses)

(i) friction and local losses in mainline and ateally distribution lines.
(i)  difference in elevation in mainline and dibution lines

(iv)  local losses at pump outlet (valve, elbowtenge....)

(v) difference in elevation between mainline aratev source

(vi)  suction line losses.

Power of pump then can be calculated:

HP = h x Q (horse power)
75x E

h = total dynamic head (m)

Q = discharge (I/sec)

E = pump efficiency (fraction)

DETERMINATION OF SEQUENCE OF OPERATION OF LATERALS
ALONG MAINS/SUBMAINS

With the number of laterals operation simultanepusieir sequence of operation
is determined.

Two examples are given.

Fig 3: Two laterals coupled to a single off-take

Lateral 1 moves on upper part of field, lateral @ves on lower part of field.
After they finish in position 8, they move backgosition 1. Mainline is design
for 2 x flow in a lateral (2Q)

Fig 4: Two laterals, each covering half the field

Lateral 1 moves from position 1 to 4, then on thedr part from 4 to 1.
Lateral 2 moves from positions 5 to 8, then onldieer part from 8 to 5.

Mainline is designed
» for 2 Q, for first stretch (up to position 4)
» for Q, for the last stretch (from position 4 to 8)

It is also possible to have the two laterals wagksde by side, e.g. in position 1

and 2, 3 and 4 etc. This “block” system is eagananage with several laterals.
But the mainline should then be designed fog.2Q
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7.11

7.11.1

7.11.2

7.11.3

7.11.4

7.11.5

CONSIDERATIONS - REMARKS
Smaller Systems

For smaller systems, pressure at sprinkler sharige between 2 to 4 kg/ém
Although higher pressures allow greater spacing,should be avoided as there
is a risk of decreasing uniformity of applicatiend at the same time higher
pressure will be required.

Labour Requirements

Labour requirements for shifting laterals (amérgually distribution and main
lines) have to be taken into account when companmogking hours per day
with actual hours of irrigation. For a portablessym this is between 1.0 to 2.5
hours/irrigation/hectare depending on skill ancblaty

Duration

NEVER design a scheme to operate 24 hours per day.
Advised maximum 20 hrs/day.

Laterals
Laterals are generally positioned at right angdethie prevailing wind direction.
Limited Water Supply

When water supply is limited consideration on creglection and acreage
irrigated should be based on crop yields as affebtethe extent to which crop
water requirements are met by the available watgply over the growing

season. Considering the effect of limited seassnaply on crop yields and
production can make a first evaluation. Where srapder consideration are
sensitive to water supply deficits, schedulinghef supply is based on minimizing
water deficits on the most sensitive growth periodDuring periods of

unpredictable water shortages, within season adgrds of water scheduling
must be made in relation to the difference in tledyresponse to water deficits
on crops and their individual growth periods. Tapplies both to controlled and
uncontrolled water supply at the head works.
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Figure 3: Submain with two hand-moved laterals couled to a single takeoff

FIRST SETTING LAST SETTING
———————
1 / 0 5
) QU )
TAKE-OFF VALVE
2Q u 1 2 3 4 5 T 6 7 ( 8
— MAIN DISCHARGE 2Q u Q L
DIRECTION OF MOVEMENT u
2 @)

Figure 3: Submain with two hand-moved laterals eaclirrigating half of the field
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TAKE-OFF VALVE
1 2 / 3 4 5 6 7 8
MAIN ¢ ¢
————— ———
@ 2, Q,
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8

8.1.

8.2

WATER QUALITY FOR IRRIGATION WATER
GENERAL

Good quality water has the potential to allow maximeconomical returns.
With poor quality water, soil and cropping probleheve to be expected to
develop, which will reduce yields unless speciahagement practices are
adopted.

The suitability of water, from quality point of wig is determined by its
potential to cause problems and its relation to $pecial management
practices needed.

By selecting crops and adequate management one fimdythat water
considered “unsuitable” under the prior conceptqoflity may really be
“usable” under certain conditions. Poor qualitytevdas often better than no
water.

Following is some few guidelines on classificatafnrrigation water.

SALINITY CLASSIFICATION

Salts desolved in irrigation water will remain imetsoil when the water is
used by the plants. High salt content in soild wtluce the availability of
soil water to the plants.

Water for irrigation is divided into 4 classes degi@g on soluble salt
content as follows:-

C1 -Low salinity - less than 250 micromohs/cm (af@5

This can safely be used for irrigation of most sogm most soils, with a
very little hazard of salinity.

C2 - Medium salinity — 250 to 750 micromohs/cm

This can be used if moderate amount of leachingurscc Plants with
moderate salt tolerance can easily be grown in mmasés without special
practices for salinity control.

C3 - High salinity — 750 to 2250 micromohs/cm

This water cannot be used on soils with restriateginage, even with
adequate drainage, special management for saliméty be required and
plants with good tolerance must be selected.

C4 - Very high salinity — over 2250 micromohs/cm

This type of water is unsuitable for irrigation,cept under very special
conditions.
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8.3 SODIUM HAZARD CLASSIFICATION

High amount of sodium in irrigation water can causesevere soll
permeability problem. The greater the quantitysoflium present the
greater the risk of soil structural and pH probletaeseloping.

The most commonly used method for evaluating thdiuso potential is
sodium absorption rate (SAR):

Na

SAR = .
[ C+§+ M ++J
2

Where: Na, Ca and Mg represent the concentratianiiirequivalents per
liter.

The SAR determines the exchangeable sodium (ES®)sofl. A high ESP
defines a soil which has a high degree of saturatuith exchangeable
sodium — or an alkali soil. Four classes are galyerecognized or sodium
hazard:

S1- Low sodium water — SAR is 0 to 10
Can be used on almost all soils with little dangfethe development of
harmful levels of ESP.

S2 - High sodium water — SAR is 10 to 18
May present an appreciable Na — hazard in fineutegt soils,
especially under low-leaching conditions. This evainay be safely
used on course textured soils or organic soils gathd permeability.

S3 - High sodium water — SAR is 18 to 26
Will produce harmful levels of exchangeable sodinrmost soils and
will require special soil and water management, gapd drainage,
high leaching and organic matter addition.

S4 - Very high sodium water — SAR is over 26
Is generally unsatisfactory for irrigation purposegcept at low and
perhaps medium salinity with special managemenith Véference to
salinity and sodicity, 16 classes are recognissee-figure 5.

8.4 SODIUM TOXICITY

Most tree crops are sensitive to low concentratafrgodium. Most annual
crops are affected by higher concentrations. A&sctiop takes up the water,
it also takes up the sodium, which will accumulatéhe leaves as the water
is lost by transpiration.
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Damage (toxicity) will occur when this concentratiexceeds the tolerance
of the crops. Sodium toxicity is often modifieddalcium (Ca) is present.

8.5 BORON

Boron is one of the essential elements for plaoivgn but it is needed in
relatively small amounts. If excessive, it becortoesc.

Few surface streams have boron problems; it is mpoeealent in wells and
springs.

The relative sensitivity of crops for boron varigglely. Lemon is affected
when the water contains more than 1 ppm, while tneegives maximum
yields by a ppm of 1 to 2.

8.6 CHLORIDE TOXICITY

Chloride is not absorbed by the soil, but moveslitgavith the soil water. It
is taken up by the plants through the roots andraatates in the leaves.

Most tree crops are sensitive to low concentratiomsst annual crops are not
that sensitive.

8.7 NITRATE AND AMMONIUM NITROGEN

These two forms of nitrogen are nutrients. Butessc nitrogen in the
irrigation water will cause the same problem aseegcfertilizer will cause.
These include delaying of maturity, reduction irelgi lodging due to
excessive vegetative growth, growth of algae andat) plants in ponds and
lakes.

8.8 pH

The pH is a measure of the acidity or alkalinitytloé water. It is of interest as
an indicator, but seldom of real value by itselihe main use of the pH is a
quick evaluation of the possibility that the watesty be abnormal.

A pH 1 to 7 being acid, 7 to 14 being alkaline, véd@s a pH of 7 is neutral.
The normal range of irrigation water is from 6.48td; within this range crops
have done well. Irrigation water having valuessaié this range may still be
satisfactory but other problems of nutrition oritity become suspect.
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Figure 5: Sodium Hazard - Classification of the USsalinity Laboratory
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9. APPENDICES AND EXAMPLE ON IRRIGATION
9.1 PART E OF WATER SUPPLY MANUAL: APPENDIX

Included in part E: Appendix E of this Manual w&ttables and two maps giving some
general data on irrigation water requirements inyée

The tables give information on irrigation requirertee for average and dry months,
computed using a crop coefficient of 1.0, no leaghand an application efficiency of
0.60. Water conveyance efficiency is NOT included.

Map 1 gives average annual water requirement irusdwads cubic meters. Map 2
indicates design abstraction flow (flow neededndgtiof field) in litres per second per
hectares; with an application efficiency of 0.60,l@aching, irrigating 10 hours a day.

This general data can change with crop type, gpi,t method of irrigation, etc. and
conveyance efficiency should be added.

9.2 EXAMPLE ON COMPUTATION OF RAINFALL PROBABILITY

Computation of rainfall probability

An example is given in the following two pages, dsh®n yearly data. Using the same
method, monthly data can be determined.

EXAMPLE:

A simple method is by grouping the rainfall data;r@gh indication of rainfall
probability is obtained by the number of times tfearly amount falls within a group
divided by the number of years of record.

Year 1956 57 58 59 60 61 62 63 64 65 66 67 68 69 7D

Mm/month 75 85 50 65 45 30 20 65 35 80 45 25 60 A®D 55

Highest value is 85 and lowest 20mm. Using a 1Qynooiping:

0-9 0 50 - 59 2X
10-19 0 60 — 69 3x Rainfall will equal or exce&inm for
20-29 2X 70-79 2X 3 out of 4 years (or 12/16).
30-39 2X 80 -89 2X
40 - 49 3x 90 - 99 0
16

An improved estimate can be obtained computingpoiting rainfall probabilities.
The steps involved are:

» Tabulate rainfall totals for given period (line 2)
* Arrange data in descending magnitude and give mankber m (lines 3 and 4)
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» Tabulate plotting position (Fa) using 100m/(N + N.is total data number, m is rank
number with m = 1 for the highest value (line 5)

* Prepare vertical scale and plot rainfall accordingFa position on log-normal
probability paper (Fig.A.1)

Line

1 Year 1956 57 58 59 60 61 62 63 64 65 66 67 68 69 71

2 Mm/given 75 80 75 75 65 65 60 55 50 45 45 40 35 30 25 20
month

3 Sequence 85 80 75 75 65 65 60 55 50 45 45 40 B B 20

4  Number 1 2 3 4 5 6 7 8 9 10 11 12 13 14 15 16

5 Plotting 6 12 18 24 29 35 41 47 53 59 65 71 76 82 88 94
position
(Fa)

From Fig. 6: dependable rainfall 3 out of 4 years75% probability, for given month is
36mm; 4 out of 5 years, or 80% probability, 32mm et

A skewed frequency distribution, where points oa pnobability paper do not fall in a

reasonable alignment, may mean too few data aréable data are affected by some

physical occurrence causing consistent bias, omenadten, rainfall is not normally

distributed to allow simple statistical analysighe last can be partly overcome by:

* Plotting on probability paper the square root galithm of the same rainfall data; or

» For periods with little or no rainfall, use Ga =g1-p). Fa, where Ga is probability
of occurrence and p is the portion in which no fainoccurred. Sample: if no
rainfall is recorded in 6 out of 30 years in theipe considered then p = 0.20. Then
Fa is determined on a 24-year basis following tep sethod give above.

Drought duration frequency:

The lowest values of total rainfall for a given riuen of consecutive days, say 15, 30 and
40 days, are selected. The drought duration fregyuenobtained by plotting values for
each selected period of consecutive days accotditige given method. For additional
details see references. 1

y Ven Te Chow, Handbook of Applied Hydrology. Met&-Hill, 1964.

Linsley, Kohler and Paulus, Hydrology for EngireeMcGraw-Hill, 1958.
WHO, Guide to Hydrometeorological Practices, 1965.
USDA (SCS), Engineering Handbook Hydrology, Setdosuppl.A., 1957.
Ramirez, L.E.< Development of a procedure for ueileing special and time
variation of precipitation
in Venezuela, PRWG 69-3. Utah, 1971.
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Figure 6: Rainfall probability calculation
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1.2

INTRODUCTION
GENERAL

The purpose of this manual is to serve those caedewith water reservoirs within

the Water Sector as a guideline, but also to fiffiders when sent out in the field for
investigations as a kind of check list when sitiveyv possible reservoirs or to make
recommendations towards rehabilitation of existiams.

The manual is also meant for Water Managers irfigh@ when recommending new

dam sites for exploitation as certainly in the régnareas of Kenya the more qualified
pre-investigations by those officers will save dam-makers considerable time as
impossible or bad sites will have already been iekwed when the officers visit the

area

It should be recognized that the methodology is thanual for hydrology and soil-
mechanics is very brief and that in case of doublamer schemes or very high-
required reliability reference should be made tenmational handbooks.

RESTRICTIONS
The methods for design, described in this manudl| far safety and economical
reasons, have to be restricted to dams and reserebicertain dimensions and

construction methods.

For dams beyond those limitations internationadigognized hand books will have to
be utilized, such as:

* Design of small dams, U.S.B.R.
* Engineering of dams, Hinds, Greger & Justin
» Technique des barrages, French Government

The limits set for the dimensions are the following

(@) Dam height, for earth dams, up to 10 metrek witmaximum of 15 metres.
For higher walls knowledge of the specific soil id@eristics for stability
calculations become essential.

(b)  Reservoir capacity unto 200,00G with maximum of 500,000  Larger
reservoirs require more sophisticated water use bBs$ studies for
economical reasons. At the same time damage thrdaghfailure as a result
of insufficient stability calculations, will becomenacceptable. The upper
limit to be chosen, also depends on the extentiefibwnstream interests to
be safeguarded.

(c) Homogeneous earth dams with the possibilitg oEntral core are considered
only. Zoned dams require better knowledge of theerrads to be used.



1.3

(e) Concrete and other dams are not considerénsmmanual, although all pre-
studies and reservoir characteristics are the sanfier earth dams.

(d) Concrete and other dams are not considergloisrmanual, although all pre-
studies and reservoir characteristics are the samer earth dams.

For each decision concerning the limits of congionc (a) and (b) should be
appraised together, avoiding that both limits Wwélin their maxima.

DEFINING PROJECT

Previous to the design a proper investigation theogeneral requirements of the area
under consideration should be carried out.

The objectives and needs should be defined andewritiown. Contradictory
purposes should be marked and a solution or a aompe will have to be found.
The possibility of alternative sources to dam camdion should be considered,
mainly on economical grounds but also for healtthetical, environmental and
property reasons.

The construction of a dam will generally be a mplirpose project whereunder the
next items will have to be considered.

€)) Domestic Supply: Usually Reservoir waterafiyged and treatment required.
In the case that this is the only purpose natuatces or groundwater should
be investigated. The latter two usually may suppdger of such a quality that
treatment costs will be avoided.

(b) Stock Supply: Water of lesser quality tham the previous purpose is
permissible. If however in conjunction with domestsupply, straight
watering from the reservoir will not be possibledatraw-off facilities will
have to be provided.

(c) Irrigation: This is not interfering with thebove requirements. It is however
in the case of small earth dams usually an expensource of water for
irrigation purposes and requires policy and ecocahgonsideration.

(d) Conservation: If the sole purpose of the daonstruction is water
conservation per se, other means should be sogghtsais an expensive and
not very efficient way. In combination with otheurposes it will be useful.

(e) Flood control and stream flow regulation: Bothgti@able for smaller dams, but
will require reservoirs in ratio to the streamscbatents.

() Wildlife: As for stock supply, but usually not cbmable with domestic supply
because of the shy nature of the consumers.

(g) Fish Breeding: This is combinable with most otperposes, but requires
perennial over-sized reservoirs as storage depletith not be permissible.
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(h)
(i)

Industrial Use: Very well possible on smalake.

Hydro-power: This will be hardly practicableecause of the limited storage,
irregular draw-off not conceding with electricitequirements (day versus
night) and low heads available.

The following negative considerations should bekézbinto, as they could lead to
changing of the plans or even abandoning of thgpto

()

(k)

()

(m)

Sedimentation: The sand and silt load of @ash can be such that dam
construction will be economically unfeasible as taservoir's capacity will
decrease too fast. Either a concrete dam with goossibilities or a complete
change of plans or source should be considerdthwever dam construction
will still prove the only possibility, drastic aoth on soil conservation should
be undertaken in the catchment’s area.

Site suitability: Are sites available whehetratios between storage and earth
movement are favourable?

The following ratios should be considered.

Earth movement Water storage
(m%) (m°)
1 . 2 -3 poor site
1 . 5 fair site
1 : 10 decentsite
1 ;20 good site

Evaporation might be prohibitive, no shallow resew in high evaporation
areas, wells or boreholes should be consideredldvomwater requirements
closed steel or concrete reservoirs could be cersitl

Availability of other sources: A pumping sche form a nearby perennial
river or other source should be considered andcamamical comparison
made.

Construction water: Is enough water withircel® proximity available for
compaction of the embankment? This could scheith@leonstruction period
to the times of the year when waterholes and otivers are still yielding
sufficient water.

After having established the objectives of the gebp first, rough design and cost estimate
should be prepared in order to prove the feagibilitthe project, in connection to this the
cost estimate should, if possible, be compared alitrnative supply systems and sources.
The unit cost per capita and pet af water should also be calculated.
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15

WATER REQUIREMENTS

After having defined the project, the net waterursgments at the head of the
distribution system will have to be calculated. Baet A “Water Supply” chapter 2.

STORAGE RELIABILITY

Once the net water requirements are establishegdhied for which the storage
should cater will have to be fixed. The storageusthdast for the length of a dry
season. The length of an average dry season willmoas per definition half of the
dry season will not do, as per definition half bétdry season will not do, as per
definition half of the seasons are longer than dkierage dry season and would
therefore render the storage insufficient for 50P4he time. Consequently longer
periods will have to be accounted for. In the ardas one of the usual two rainy
seasons could very well miss out or render se litin-off that replenishment of the
reservoir will not be achieved, consequently sterfag a nine to eleven month period
will have to be catered for.

The reliability for which the dam shall be designedl depend on the use of the
water. For domestic water supply see Part A “W8&tgoply” Chapter 2.

The thus required period for storage computation lwa found from rainfall records
and stream discharge records, while local inforamatwill complete the picture. If no
stations are available within the catchment, comparwith other similar catchments
should be made.

However, in many of the catchments in the ruradsineo precipitation nor discharge
data are available and a guess towards the lerigteadry period will have to be
made. The next catering periods for different @irdreas are suggested:

Mean annual precipitation Dry period
mm (month)
1200 - 1000 5
1000 - 800 7
800 - 400 9
below - 400 11

The above suggested periods should be checkedsagatual information.

The net monthly water requirements and the nowbéskeed length of the catering
period give the total net water or storage requais
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2.1

221

2.2.2

2.2.3

2.2.4

2.2.5

DAM LOCATION
DAM SITE SELECTION

After having established the water reguients, a rough idea about the required
storage is available. The gross storage requiredtio to the net storage calculated
ranges from a factor 1.2 to 5.0 (i) depending anréservoirs being rather large and
deep in low evaporation areas to small and shaitowigh evaporation areas. An
estimate for the gross storage requirements oreervoirs capacity will have to be
made in order to select a suitable site, which fitithe estimated storage.

The following general considerations should benakéo account when looking for a
suitable site:

Proximity

The site should be as close to the consumers a&bfgsn order to avoid long and
expensive pipelines or long walking distances.

Size of Catchment

The size of the catchment area should be if pasgibielation to the required storage.
The catchment area should be big enough to enspienishment of the reservoir

even in moderate dry years. Yet the catchmentsdreald not be too big as otherwise
the spillway and freeboard (dam-height) will becoime large, hence too expensive
in relation to the dam wall. As a first indicatidowards the minimum size of

catchment area; the storage required should bel ¢équado of the mean annual

rainfall on the catchment area. The 5% represémtsiunoff factor, which includes a

safety for dry years as the normal runoff factardo average year is usually around
or above 20% for Kenya.

Cadastral, topographical and geological complicetioan have serious impacts on
this consideration.

Gravity Supply

If possible the site should be selected in suchag that gravity supply is possible,
avoiding recurrent pumping costs.

Sedimentation

Heavy sediment transport in a river (erosion upsirecan render a river thus the site
useless, on the spot investigations are required.

Pollution

Natural and/or man-made pollution can render ausigdess. The stream can carry
undesired minerals from its source or be pollutgdchbdustry or wet season surface
effluent from a village. In both man-made caseeaupstream of the pollution

source or on another stream should be consideredevier no treatment works are
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to be included. In case treatment is consideredsacomparison between more
extensive treatment and a cleaner source furthay atvould be made.

2.2.6 Property

Property to be effected on the site selected canapconstraint, as expropriation
might be too expensive or impossible leading tchange in plans. Ownerships of
reservoir area and dam site should be sorted otulghly.

Technical considerations to be looked into for epoksible site individually are the
following: -

2.2.7 Topographical

A narrow part on a river valley just downstreamaaklatively wide part on a stretch
of the river which is sloping as little as possiate sites to be considered.

2.2.8 Geological

Will the reservoir be able to hold the water. Tisiso say that the area should not be
sandy nor have extensive sand layers from old beels (which can be closed off by
a core trench) nor on heavy fissured rock, murramaterite.

Major geological faults can drain a reservoir seslg, although this becomes relative
unimportant for smaller reservoirs. Filling of treservoir causes a freatic water table
in the immediate surroundings changing the stgbdftthe soil, which could cause
minor landslides, but more important, heavy strregustanding on the shore of the
reservoir to be could be seriously affected byrtbe water table.

As for the foundation of the wall the material slibbe solid enough to carry the
weight of the dam, which usually is in Kenya exdeptswampy areas.

Care should be exercised with regards to piping\haseepage carrying soil particles
thereby developing channels which eventually l@eadam failure). Sand layers, rock
surface (and bad compaction) can lead to piping fitk of piping with smaller
dams because of the low water heads is usualltooaterious.

2.2.9 Construction material
Suitable material should be available nearby.

2.2 SPILLWAY POSSIBILITIES

With nearly all earth dam constructions the spijivehould be kept away from the
earth wall in order to avoid expensive protectibacures.

Consequently steep valleys, requiring much excandbr the spillway channel next
to the wall should be avoided.
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The places to look for are narrow valley stretcivith relative steep side’s upto the
required normal water level, above which at lease of the valley embankments
flattens off considerably to allow shallow cut tbe spillway channel.

In case of a depression in the valley embankmexdlirg into a side valley presents
itself this could be used as a natural spillwathé bottom level of this depression is
roughly at the required storage level.

If possible the spillway should be located on tedrbck, of which the weathered part
is normally rippable by the bulldozer downhill thegjuired level. Channels entirely in
earth are usually subject to erosion, certainlgrigas where the river's base flow will
pass for a few months or more, requiring speciacsires for protection.

Too steep valleys for earth channel excavationirequoncrete spillways either as a
concrete channel over the dam or as a Morning Gigrg through the wall. In those
cases, certainly for low walls, all concrete daimsud be considered.

The procedure to be followed locating a site is fibldowing keeping the above-
mentioned items in mind.

Maps should be consulted as for possible stretofigsvers to be utilized. If the
contour interval of the maps is less thdg of the expected dam height a first
selection of sites can be made from the maps. Xistireg 1:50,000 S.K. maps with
20 metres intervals amot suitable for site identification as all dam hegghiill fall
within this interval.

Once river stretches have been identified a safidirhave to be organized in order to
select a site on the spot. Part of the river dtrgtdl have to be walked, as the local
population usually cannot be relied upon for id@sdtion since they do not recognize
the problems involved with site selection.

It is very well possible that two or even more adtgive sites are spotted while heavy
bush or other problems prevent a final decisionatols the most economical site for
the relation between water stored and backfill-gatan required. In those cases a
global topographical (and geological) survey shobéd undertaken to enable the
selection of final site after all the cost of thesy is less than 5% of the total cost,
while a wrong decision can add considerably mor¢h& cost of the dam as it is
difficult without much experience to estimate thackfill and excavation within a
range of 25 — 100%, the latter being the major @wshponents of earth dam
construction.

FLOOD STUDIES

The majority of earth dam failures (around 90%j}ha world and also in Kenya are
due to under-designed spillways or under estimtoedis which cause over-topping
of the wall followed by erosion of the downstreaiwpe and finally the breaching of
the wall. Consequently obtaining accurate figures the flood expectation is the
most important part of the design from the safetiyipof view.

As flood studies are a field for specialized peapkhould be left to them to prepare
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the proper calculations and estimates. This willthe hydrology section of the
Ministry to which requests for flood expectationdl Wwave to be directed.

While investigating the dam site on the spot flanfbrmation should be gathered,

like looking for flood signs in the valley whichvg water heights hence discharges,
the size of the streambed in relation to the wslted the amount of sediments. Both
the latter give an idea of the size of flashfloadselation to the catchment area. The
local population can be questioned as to the hedfhihe floods in the past, this

information however is not always reliable as isigject to subjective observation

and exaggeration. All this information can be ussda modification towards the

calculations.

For many areas in Kenya, especially the Northerstr@ts, no contour maps are
available and as a result the hydrology sectiometdo the flood studies. However
as the dams still will have to be build a decerged spillway will have to be
included, hence flood expectations will have to grepared. In all those cases,
comparative studies will have to be made. Simikdcltment areas in regions where
flood studies have been carried out should be iiteht The similarity should be as
good as possible, precipitation wise, evaporatiagsewslope wise, vegetation wise
and size wise. The results should then be adaptédexirapolated for the reservoir
under study. Slight exaggeration through an ovenedisioned spillway will be
helpful as a higher factor of safety for dams iosth areas is actually desirable and
their remoteness prevents quick repairs in caséslofes.

In order to help establishing flood figures for eeenentioned areas and to allow
flood estimates for dam feasibility studies, a aéme list is given below, derived
from many flood studies for individual dams throoghKenya.

Catchment area Q (Flocod) *)
in Km? In m*s/Kn? of catchment
< 1 15
1 - 5 12 - 10
5 - 25 3 - 6
25 - 100 3 - 2
100 - 1000 1 - 04
> 1000 < 03

*) Figures quoted are for Q100 or 100 year retignqul.

The magnitude of the flood to be expected is ginéfs per Knf of catchment area
e.g. for a catchment area of 0.5 Kanflood of 0.5 x 15 = 7.5 ffs can be expected.

The range given in the flood column depends omtan annual precipitation and on

the size of the catchment, a larger catchment dives discharge per Kmhan a
smaller catchment.

C 11



The return period for the flood to be calculateghateds on the size (cost) of the
structure, the importance of the system it supgliesability factor), the importance
of all kind of woks downstream and whether they destructed when a dam
repaired in case of failure. Another point is tleéability of the date on which the
flood calculations are based, quite often raingéditions or discharge stations rather
far from the actual site are utilized for compuiat making their full credibility
slightly doubtful, and hence a higher safety fagtdr be required.

The presently commonly employed flood return perwd@®5 years (the chance of a
certain magnitude of discharge accruing once ime28 years) is found to be too
small. A minimum return period of 100 years is atbted, while for the bigger (over
20m) or more important dams a return period of g@ars (25 x 25) or even 1000
years should be employed.

SURVEY

Except for urban areas and possible private exaeptno maps of a suitable scale for
dam design are available within Kenya and topogcabphteams will have to be
sending out to enable their preparation.

The existing aerial photos are generally of togdaa scale to enable the preparation
of the required maps (except for large parts of h&os). Aerial surveys to this
purpose for the small dams under study are ustalgxpensive to be considered.

If the final site has not yet been selected thespreey for the several possible dam
sites should include the following for each site.

One cross section and valley at the axis of the déim 1-metre intervals extending
well above the expected dam height.

One longitudinal profile of the river with a fewoss sections (2-5 depending on the
length of the reservoir) up to the expected wateell

The thus acquired information should be sufficienénable the selection of the most
economical site from the topographical point ofwie

* failure occurs and finally on the chances oftet the dam ...
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Figure 1: Survey instruction for Dam Selection
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For the final site maps with more accuracy are ireqwhich should display the
following contour intervals and scales:

DESIGN RESERVOIR DAM AND SPILLWAY
Scales 1:100 - 1:5000 1:250 - 1:500
Contour intervals Im -2m 0.5m -1.0m

The survey for the final dam site should meet tiiteria listed below:

The planning and/or design engineer should indichte dam axis and the

required level above the river bed (in metres) toc extend the reservoir area
should be surveyed to ensure that the requiredggocapacity will be within the

surveyed range.

The dam area survey should be extended by 50mdmbalzabove the indicated
reservoir level and for 200 metres up and downstrefithe dam axis in order to
allow proper dam and spillway design.

The first 50m up and downstream of the dam axisushbave a grid or cross-
section distance of 10 or 5 metres depending omlaegr highly irregular
topography.

The next 150m up and downstream should have a sexs®n every 25 metres.

From 200 metres to 500 metres upstream of the c#sritee reservoir area should
be covered by cross section every 50 metres.

Above 500 metres one cross section every 100 metres
The contour at the level indicated by the engimeest close upstream.

Within the area covered, all men made structures @ntivations should be
indicated, if possible with their ownership.

As above but for a horizontal distance of 50 metetside the reservoir area,
elevation should be indicated.

A river crossing (road, pipeline etc within 500 nestdownstream of the dam axis
should be indicated.

As above but within a two metres vertical rangetigasn of the highest closing
contour.

Additional areas to the above mentioned may regsim@eying and should be
added. This may be the case if very large spillwargsexpected or depressions in
the valley embankment.
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5.1

5.2

« At least four solid concrete Bench Marks (B.M.) slibbe placed of which two
should indicate the dam axis. The Bench Marks shbalunderground for at least
0.30m to avoid removal or displacement of Bench Kdailevels should be
indicated by writing in the concrete, together wiltleir numbering.

SITE INVESTIGATIONS
Site investigations will have to be carried foe following reasons:-

« Location and condition of the bedrock. In Kenya bselrock is often very close
to the surface and can easily give (spillway) camsion or seepage problems.

* Location of permeable layers which might cause ssiwe leakage or even
undermine the dam.

* Location of foundation material under the wall gnodsible other structures.
BEDROCK

Bedrock at shallow depths should be detected. Téethvered parts under the dam'’s
foundation can cause serious leakage and shoulefone be removed.

Heavy fractured bedrock can cause serious lossesigh infiltration and another

dam site should be considered, or clay blanketiegpd the bottom of the reservoir.
The spillway could be badly affected by the bedraslsimple excavation and ripping
might not be possible, requiring expensive blastiityy the risk of fissuring the rock.

On the other hand the presence of the bedrock neigable the construction of the
spillway on the bedrock thereby avoiding the enesspmoblems common to earth
channels. In this connection it might be more eaaal to raise the dam use the
bedrock as a natural spillway, in order to avoigexmsive blasting.

PERMEABLE LAYERS

All permeable layers, like gravel and sand (olceriseds) or murram and laterite
under the dam or underlying the reservoir shouldidtected as extensive losses and
even dam failure can occur if their presence isdmitovered.

As a result a rather extensive investigation ofdaen site is required. International
handbooks advise on investigation into the sulzstiatdeep as the dam is expected to
be high. However, in view of the limited dam heiglealt with in this manual and in
view of the generally very tight soils in Kenya,dapth of 4.00 metres below the
surface being investigated is in most cases coreddgufficient, certainly since this
depth can be reached by hand, using local labohilevdeeper investigations will
require local labour, while deeper investigationsl wequire mechanical power,
which often might be difficult to get on the site.

Each site should still be considered individualtyits own merits and it necessary the
general test pit layout given in this manual adastecordingly.
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5.3

5.4

5.5

5.6

As for the reservoir area no test pits should bg 8ut visual reconnaissance should
be made, as to the presence of sand or other @ps.cOnly in case of doubtful areas
a few test pits can be sunk to ensure the qualithe underlying layers. Those test
pits should be resealed properly as otherwise sitersand layers hit might cause
serious losses.

BORROW AREA

As we are dealing with earth dams and earth chaspiblvays, the first investigation

is to see whether the material excavated from piievay channel is suitable for dam
construction, as this will save considerably onstarction costs. This is usually not
the case, but if the material is considered swet#blvill normally not be in sufficient

guantities, therefore other borrows areas for erkin@mt material will have to be
located.

In the first instance borrow areas should be latagghin the reservoir area, as this
will increase the storage capacity. If this prot@$e impossible borrow outside the
reservoir area should be located.

A few test pits should be sunk in order to test gsh&ability of the material and to
establish the quantity available, which shouldeatst be double the requirements for
the embankment backfill.

FOUNDATION

The test pits sunk in order to detect sand lensddayers under the dam to be, will
serve also for testing suitability of the walls falation. In Kenya there are generally
no problems with the foundation as the materialsiia are consolidated (natural
compaction) in such a way that practically anyleavéll can be build on it without
any problems. Only in swampy areas should carexeecised. Heavy structures,
coming with the construction of the dam, like allcrete spillways or power stations
etc. will require additional foundation tests.

SANDY REGIONS

There are large areas in Kenya of which considerghits are very sandy making
dam construction uneconomical because of heavyedoshrough leakage and
infiltration on top of the already enormous evapiora In those cases clay deposits
should be found in order to give the complete nesiea clay blanket (clay lining) or
the ultimate expensive solution of an artificiaifig — butyl lining — could be applied.
Those solutions should only be considered whetakr solutions (e.g. boreholes-
long distance piping etc) are impossible or evenenexpensive.

TEST PITS (T.P.)

Test pits should be at least 4.00 metres deepwn do bedrock if struck before. The
first two metres should be dug by hand the lastrvetres by hand auger.
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Along the dam axis test pits should be made ever@GLmetres and extended well
above the expected dam height or 50.00 metresdntalkzeither side of the expected
reservoir height, in order to cover the spillwayasdl. Eight more test pits should be
sunk in the valley, four each at 20.00 metreseeitfide of the dam axis to detect the
extent of permeable layers.

The future centreline(s) of the spillway(s) shobkl established, as good as possible
and T.P. should be dug every 10.00 metres alongédhgeline in order to establish
the position of the bedrock and for possible usthefmaterial for backfill. For T.P.
location see sketch below.

While making the test pits, records of the materi@und and over which depth
should be kept. Descriptions of the materials sthdwel simple and understandable for
every layman, e.g. solid rock, weathered rock, sartly clay etc.

When laboratory test will be made, samples of ifferént materials found should be

taken. Those samples should be marked with thenludber and the depth of which
it was taken, date when it was taken and shoulgbbén plastic bags.
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Figure 2: Test pits for Dam Selection and Design
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6

SOIL TESTS

6.1 VISUAL TESTS

6.2

With the eye a first classification of the avaikbils can be made, being unsuitable,
heavy, clays can be detected and classified assirabike, as their swelling, shrinking
and extensive cracking makes them highly dangepmmstruction or foundation
material.

Soils with most particles visible with the nakea eshould be classified as sandy and
generally considered unsuitable for homogeneous aarstruction soils with around
50% of the particles visible with the naked eye udtiobe considered good for
homogeneous dam construction.

Soils with hardly any patrticles visible with theked eye should be treated carefully
and preferably laboratory tested, as the clay ifvactvill probably be too large.
Organic material rich soils should be avoided.

SIMPLE FIELD TESTS

Add roughly 10% (volume) water to a soil samplesé® if cohesion is existant, and
try the following tests.

Soils which cannot be rolled into a ball are eittoer sandy or have a highly irregular
granular distribution and should be avoided. Alaivileposits of a fine sand, silt
mixture show the last feature.

Soils which can be rolled out to relative thin #@mle contain too much clay.
Consequently suitable soils are those which cdeaat be rolled into a ball and no
further than a thread with a diameter of a cigaretith a length of maximum 15cm,
before it starts breaking into pieces.

In case the cohesion appears to be suitable itdheuconfirmed that organic matters
do not cause this. Freshly sampled organic soius haalistinctive odour.

A ball made of the selected moisten material aadqad in water should disintegrate
slowly. Too fast (clearly visible) or no disintegom at all makes the material
unsuitable for construction purposes. For this testparticles larger than 0.42 mm
are usually removed from the sample.

The dilatancy or shaking test can be applied tanibesten sample. The pat should be
placed on the open hand palm shaken horizontdllywater comes to the surface
making it glossy, the sample should be squeezeadeeet the fingers and water and
gloss should disappear from the surface.

To rapid a reaction indicates lack of plasticityhigh indicate fine sand or silt (not

enough small particles for construction) no reaci all indicates a plastic clay or
peat (organic), making construction application latwl.
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6.3

The dry strength or breaking test. Remove all Hrgdr particles form the moisten
sample and let it sun dry. Test the sample by lmgakand crumbling it between the
fingers. A slight strength indicates silt or sitgnd or which the latter should be felt
between the fingers, making the souls unsuitablecémstructions. A high strength
indicates large quantities of clay, which coulduresuitable as difficult compaction,
and extensive cracking of the wall may occur.

Clay can also be distinguished by rubbing a nemarsdmple with the nail or a piece
of metal; a shiny surface indicates high clay cotgte

In case a glass jar or something similar is avialéire sample should be thoroughly
mixed in water. The deposits, which occur, willibdayers of granular distribution
and give a fair indication of the composition o ttomposition of the sample.

LABORATORY TESTS
Tests are done for two purposes:

» Suitability of foundation and construction material

» During the construction the checking of the plansaterial, whether it meets the
required compaction specifications or not.

If there is a possibility to get testing done bypesenced people in a laboratory
undisturbed samples should be taken from test qpiist away after excavation and
be brought to a (field) laboratory in sealed camtes where at least the following test
should be curried out:

) Gradation test: to see if a fairly even distribatof granularity is available

i) Water contents: of the soil on site in order tonpate the additional water
requirements for optimum compaction

i) Atterberg limits: to evaluate volume change pb&rand shooting strength
of soils.

V) Proctor Compaction: test indicates the greategtudiit weight obtainable
under optimum water contents. This should be ciatt@uring construction.
Usually 95% of the optimum compaction is specifi@ minimum
construction requirement.

Above described tests are to ensure good placidgcampaction of the soils to be
used for construction, in case laboratory equipmentavailable. Otherwise
compaction will have to be done by feeling and leetw five and ten percent —
volume wise — water should be added to ensure tleocempaction.

The percentage mentioned is commonly required thihsoils in Kenya.

Water should be added at the borrow area, to etatter distribution in the soil.

Other test on the materials can be carried outltevastability calculations for the
embankment (selection of embankment slopes).
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7

7.1

For those test and calculations well equipped kiooies and good knowledge of soil
mechanics are required, but are not essentialh®rdesign of small dams as only
relative minor savings on the backfill of the emkments are to be found in the
earlier mentioned handbooks. Guidelines, basedxpergnce, for the selection of
embankment slopes for different types of soilsgawen in section 7.2, Dam Design.

Dispersive soils: Cases are known of dispersivis soiKenya. This is also known as
deflocculating of clays and the result is that thatays do not have resistance to
erosion. Very small leaks in the dam wall can lead/ rapidly to failure of the dam.
The dispersivity should be checked by laboratosyste

DESIGN

RESERVOIR CAPACITY

The reservoir capacity is the required volume ofewatored behind the dam in order
to cater for the expected water demand — inclutbn¢gpsses — on a year round base.

For the selection of reservoir capacity a surfawt acapacity (volume) curve should
be prepared from the contour map previously drawn.

The reservoir capacity curve shows the accumulatddme for different (water)
heights, or the volume stored below different (watevels. The capacity curve is
calculated from the surface curve. Hereto smallughoheight intervals (0.50 —
1.00m) are multiplied by the average surface okisr lieight interval which give the
volume for the specific height interval which iseth accumulative represented in
capacity curve.

The net requirements calculated in chapter 2 df ddwater Supply’ will be used on
a monthly base for the capacity calculation (weekydaily figures will give more
accurate information, but are not recommended tstdabe used for the calculations
are not very accurate for most areas).

See also “graphical determination of reservoir céagain Part E, Appendix of
this manual, Appendix I.1.

The following parameters are considered:

) Dead storage

i) Monthly water demand of monthly consumption
1)) Flow of the steam in the dry period.

iv) Evaporation losses.

V) Other losses are supposed to be included undeagi€vaporation losses are
over-estimated since the4 total monthly evaporatsses are over-estimated
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Vi)

since the total monthly evaporation loss is considego take place at the
beginning of each month when the reservoir suriatiee largest.

Sedimentation. This is only briefly considered I texample given below,
however, as it is of great significance in manyaarsvith soil erosion in
Kenya some representative figures of the sedimesdd are given in the
following table:

Erosion Sediment Load
m*/km?/year
Low 500
Moderate 1000
Heavy 1500

All items mentioned are measured or estimated iamwe (n¥) except for evaporation
which is measured in water depth (height) (m or nramj consequently the volume
going into evaporation is a function of the resarveurface at the time of
consideration.

The graphical method comprises the following stge#g back in time, considering
the reservoir empty just before the rains — riviscloarge — start:

1)

2)

3)

4)

5)

Dead storage remains at the very end of the digosear the last dry month.
The volume reserved for the dead storage is sehouzontally from point
zero. Vertical transport of the volume gives theresponding reservoir depth
or water height, indicated by point a.

The monthly consumption (M.C.) minus the in-flowrithg the month in
guestion is set out horizontally from point a. ahdn transported vertically
back to the curve giving point b. which indicatésrage requirements for one
month or the last month of the dry period, exclgdavaporation losses. The
vertical transport indicates the loss of water Hefur the consumption
volume.

The monthly evaporation (EV) for the month undensideration is set out
vertically from point b. and then transported hontally back to the curve
giving point c. which now indicates the gross speraequirements for one
month or the last month of the dry period. The fmmtal transport indicates
the volume of water lost through evaporation.

As for 2 starting from point c. set out M.C. homtal and transport vertical to
point d.

As for 3 starting from point d, set out EV vertiald transport horizontal to

point e. which now indicates the gross storage irequor the last and the
forecast month or a two month dry period.
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6) As for 4 and 5 giving storage requirements forragkmonth dry period.

7) And so on uphill the number o month required teecébr the dry period as
calculated under section 1.5 has been covered.

An example for the graphical method is presentedppendix 1.1 of Part E of this
manual. In the example the following fictitious was have been used:

Dead Storage : 7,500°m(EL.3.65)
Monthly consumption : 10,000
Monthly flow of the stream

in the dry period : zero

Monthly evaporation : 0.20m

Those values are assumed constant over the drpdpem case the monthly

consumption or evaporation is expected to vary dher dry period, the varying

values should be incorporated for the different thenThis will mainly be important

in case large variations are expected due to famge the irrigation season starting
and/or ending. Changes in evaporation values andiyheealistic, as selected values
are long-term averages and not the actual valugh®rmonth in the year under
consideration, nor does one know exactly in whiatnth the river discharge will

cease and drawing water from storage will start.

Below are two examples for the use of the capaitye shown using the example in
Appendix 1.1 of Part E of this manual.

1. 7 months dry period

Reservoir capacity or gross storage : 122, 560 m
Dead storage : 7,500°m
115,000 m
Net storage require: 7x10,006 m : 70,000
Total evaporation losses : 45.000 m

Evaporation losses are 65% of the net storage neagents. Total losses are 75% of
the net storage requirements. OR: Evaporation $036&6 of reservoir capacity, total
losses 42% of reservoir capacity, the latter megiiat nearly the double of the
expected water demand has to be stored to safetheaodntinuous water supply.

The capacity curve also shows that the hydraulightef the dam or the water depth

in the reservoir will be 9.95m. This is in turn ttesign level of the spillway crest
above riverbed level.
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7.2

2.

4 months dry period :

Hydraulic height : 8.65m
Reservoir capacity or gross storage : 60,560 m
Dead storage : 7,500°m
53,000 M
Net storage require: 4x10,006 m : 40,000 mM
Total evaporation losses © 13,000 m

Evaporation losses 32.5% of net requirements ds%21of reservoir capacity. Total
losses respectively 50% and 34%.

Note that evaporation losses are not only largeminome but also in percentage for
longer dry periods as a result of the flattening @uthe valley (hence the capacity
curve) for higher water levels. This is exposedh®y/increasing length of the (dotted)
line for the horizontal transport of the evapomatlmack to the curve for larger water
depths.

In Appendix 2H mathematically calculated values giken for evaporation losses to
be expected as a percentage of the net-storageafavus reservoir shapes and
consumption patterns. Those values will help durthg feasibility studies as
indicators for dam siting and project evaluation.

If the catchment area is 3km2 and with a low rdtsiltation of 500/m3/km2/year, for
a design life of 20 years a volume of 3 x 500 x280,000n should be added.

DAM DESIGN

In those cases that proper soil sample taking ssipte and qualified personnel for
supervised laboratory tests are available and déhénhwhen safety of the structure or
the economy or backfill (volume of the dam wall)rveants those lengthy and relative
expensive procedures a dam design engineer sheukbested to do the design as a
good knowledge of soil mechanics is essentiallferrtecessary stability calculations.

In all other cases for designs of dams meetingdk#ictions set out in chapter 2 a
more simplified design method will have to be felld, as outlined below:

The basic design of the embankment will includermttnecessarily be limited to all
components identified in figure 3.
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Figure 3: Dam Design Basic Considerations
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7.2.1

7.2.2

7.2.3

7.2.4

7.2.5

Dam Axis

The dam axis should normally be designed straigldss special topography features
dictate a bend or a curved axis. The dam axis dhmeilocated in such a way that the
minimum amount of backfill will be required for tleenbankment. A narrowing down
of the contour intervals on the topographical mspally indicates this.

Foundation

It should be expected that the wholenfitation area of the dam will have to be
cleared of all vegetation and the topsoil contagrmnganic materials, as their rotting
will create seepage paths and localized settlemé&upsally should all the sand (or

mud) be cleared from the riverbed. No foundatiaypset of over 20% (max 30%)

should be allowed.

Steep slopes will create either dangerasliding planes, through embankment
settlement against the naturally compacted origgodl(in situ) making seepage lines
(planes). In case of riverbed gullies unequal eettint between two embankment
sections might occur, also creating seepage planes.

Height of Wall

Establish approximate height of the daall, this is the water depth calculated in
chapter 11.1 plus the required freeboard (safety)chapters 11.3 & 4.

It is noted that dams with a height under 5.00 eseshould be carefully considered
before further design as the freeboard is usuaftyurad 1.00 — 1.50 metres,
evaporation in arid areas 2.00 — 2.50 metres par lpaving 1.50 metres or less out
of the 5.00 metres for actual net storage or copsiom, which means relative large
quantities of backfill for little effective storage

Only special cases will economically justify thenstruction of very low dams.

Fill Material

Decide whether it will be an all homogeus embankment or whether a core will be
required. The latter in case the soil to be usedvakfill is rather sandy. Decision to
be based on the investigation of the Borrow Area.

Slopes of Wall

Slopes of the dam are dependent orhéight as well as the materials used. The
following slopes are recommended:
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7.2.6

71.2.7

7.2.8

SLOPES
HElgﬁl\'l/l DAM TYPE
(m) Upstream Downstream

Below 5 Good granular distribution 125 1:2
5.10 Good granular distribution; 1:2.5 1:2
very clayey 1:2.5 1:2.5
10-15 Good granular distribution, 1:2.5 1:2.5
clay 1:3 1:2.5

Application of a clay core does not change the edpfhowever, in cases that the
foundation proves to be bad (e.g. clay) flattepekshould be selected.

Crest Width

The crest width of the dam should ®5netres minimum in case heavy machinery
will be used for the construction, as this is asoemble minimum width for the
machines to be manoeuvred comfortably.

A 1.50 metres to 2.00 metres crest width can bd@reg in cases of labour intensive
construction methods.

Dam crest. If the dam crest is not used for traffishould be covered with 200 mm
gravel to avoid drying out and shrinking.

Core Trench

A core trench is used to cut off baddentying layers, See chapter 9. In case
machinery will be used for the construction the imium width of the core trench
should be about 1.5 times the excavation widthhefrhachine. The depth of the core
trench that should have been established by theitsswill have to be confirmed by
the Resident Engineer during the excavation, ectr should not exceed a depth of
1/3 — 1/2 of the dam’s height.

Filter

A toe filter and drain are used to v piping or seepage appearing on the
downstream slope.

The toe filter is made from sand. In case gradedl 9a available it should be
employed if not any sand without organic mattergecfound in the vicinity can be
used.

The thickness of the toe filter can be 1.00 metfewidth 5.00 — 1.00 metres

depending on the height of the dam. The extenthef filter should be up to an
elevation 4.00 to 5.00 metres under the crest lef#fle embankment.
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7.2.9

The toe drain made from rocks or riprap of variabe (25mm — 250mm diameter)
to be placed against the sand filter to preventwheer draining from the filter of
carrying too many soil particles (piping)

The toe drain is kept outside the embankment fsiee@onstruction purposes, simple
lorry dumping is possible and no angled filters erguired. It also forms a barrier
against cattle wandering up the embankment.

Upstream Slope Protection
In case of a long reservoir (large fetch) when rgiravave development can be

expected, the upstream slope of the embankmentldshmeu protected by rip-rap
(rough stone pitching) over the area, which willdffected by the wave action.

7.2.10 Draw Off

7.3

7.3.1

7.3.2

7.4

7.4.1

A draw off system or compensation ouslebuld be included, as pumping straight
from the reservoir will prove to be awkward witletfluctuating water levels.

Either mentioned system will be crossing in or unttee embankment for either
gravity supply or connection to a pumping system.

As this crossing pipe is a possible seepage hazame should be taken with the
backfill (well compacted) around the pipe concreddiars should be constructed at
set intervals around the pipe to lengthen the ggepath and render it less straight.
Those collars are usually made around the pipésj@amnorder to strengthen those.

INTAKE

Intake Structure

A simple intake structure, made from a perforatgue pfG.S.), weld mesh or a
similar wire netting to prevent leaves or other enals from blocking the
perforations in the pipe to be fixed in a concidteck to ensure stability.

Valve Chamber

A gate or sluice valve just downstream the embamiknpreferably with a washout
possibility to be fixed in a valve chamber (loclalflpossible).

SPILLWAY DESIGN
Spillway Type Selection

For smaller earth dams he common type selectedhenetrth channel spillway
excavated next to the embankment. Only in rarescadere the valley sides are too
steep and channel excavation would become tooyc(atays) in comparison, an
all concrete overflow spillway (weir) forming ontagrated part of the embankment
could be opted for, however as cubic metres of @acare about 50 times as
expensive as cubic metres of backfill (or excavatio case of an earth channel
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7.4.2

spillway and a concrete section in the middle otarth embankment gives seepage
problems along the concrete surface, careful censibn should be given to this
solution.

Another alternative when the valley slides are steep and then only when the
catchment area is very small (under 25 ha), heheerdturn flood to be expected
which might have to be evacuated through the saillis a concrete channel
“floating” on the embankment. This solution shobkla last resort solution should be
a last resort solution as seepage will follow theer side of the channel, this can be
prevented by collars at regular intervals. Secors#iitlement of the embankment
might cause the channel; collars can prevent thisegular intervals. Secondly
settlement of the embankment might cause the chamroeack seriously as a result
of which water might escape form the channel andefundermine the embankment.

N.B. For very small discharges culverts throughtteof the embankment, could be
considered.

Spillway Location

The concrete spillway have been basically discusséuke previous chapter. One has
to assure however that they discharge on bedrdkknwise costly stilling basins will
have to be provided to prevent erosion and embankorm&ermining.

The earth channel spillway have to be located ahsuway that minimum quantities
of excavation are required and at the same timspHlevay discharge channel should
have slopes flat enough in order to deep waterciteds down to an acceptable level
preventing erosion of the channel. Maximum accdeptablocities on Kenya’s hard
soils, also in view of the short discharge periate thought to be 2.50m/s.
Consequently the spillway usually is located ort Hide of the dam where the valley
side is flattest. With large (wide) spillways it ghi be cheaper-less excavation — to
have two spillways at either side of the dam.

Because of erosion considerations the spillway lshalways be excavated in the
original soil (soil in situ) avoiding the relativeose backfill of the embankment or
any other backfill for the matter.

Because of the cost of rock blasting extensive saavation should be avoided, this
might well invalidate one valley side or even thieole design in the latter case an all
concrete spillway be considered for smaller resesvor other special solutions

falling beyond the scope of the manual. On the rotfamd a rather horizontal rock
bed level provides a natural lined spillway chanine¢ of erosion problems. Such a
rock strata could very well lead to a change in mé®ervoir capacity, certainly in

cases where the rock level is higher above the bed than the required water height
(reservoir capacity) behind the dam. In those cé#sissprobably cheaper t increase
the height of the wall (reservoir capacity) modelatthan to start expensive rock
excavation.

The possibility that the spillway evacuates thed@water into a valley other than that

of it is original can be considered in case a depom in the ridge separating the two
valleys could be employed as a natural spillwayben this requires only moderate

C 29



7.4.3

excavation. It should be realized that the evaonatf water from the valley could
adversely affect the consumer’s down-stream otthestruction.

Spillway Design

For the design and calculations only earth chagpidivays will be considered in this
manual, for all other types of spillway referenoartternational bankbooks will have
to be made.

The spillway normally consists of thee parts:
) Crest

i) Inflow section

1)) Outflow section

ad i. The crest of the spillway controls the ndrmater level in the reservoir, hence
the reservoir capacity. The crest is the highevatked part of the spillway and unless
the crest is naturally fixed by bedrock it shoutdflxed by a solid concrete sill at the
designed storage — capacity level, as erosioneoé#tnith channel will lower this level

(probably only section) and will consequently reglibe reservoir’'s capacity. This

still which normally designed in line with the daamis. The angle of the sill and the
exact location however remain dependant on logaidmaphy.

ad ii. The inflow section leads the flood waterthe crest. This part usually slopes
moderately — one to two percent — upwards to theusd it's cross section narrows
down towards the sill, both features to preventoa &brupt transition of water

velocities, as the latter is an erosion hazard.e TEBmgth depends entirely on the
topography, although it should be made sure thatwhter flowing to the intake

remains far enough away from the dam wall.

ad iii. The outflow section evacuates the floodwab a safe distance from the
embankment preventing the washing out or the unidérmof the wall. This section
discharges the excess or floodwater back intoitleglred (or a neighbouring river),
either straight away or through a minor tributaffpe outflow section is usually the
largest erosion risk because of increasing watecitees; hence the design should be
such that those velocities are kept down to acbéptavels — below 1.50m/s. This is
mainly done through slope selection, while the Ifgillway outlet should either be
back to riverbed level or on solid rock. Wheneveis twould lead to too long
channels a drop-structure (concrete, gabions é¢tolld be in-corporated. A cost
comparison will indicate whether this drop struetus more economical and also
where it should be located.

Further erosion preventive measures are the imslusf more sills in the outlet
section, which sills will fix the channel elevat®at certain points. The lining of the
channel bottom with riprap is an additional podgibi

This riprap should be made of solid rock, at |€a80m thick and provided with an
underlying coarse sand filter.
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In regions where relative long base dischargesaime expected the design of the
spillway channel should be such that a 2.50 — 1h80e wide section away from the
dam wall can contain this base flow in order topgke@essible erosion as far away
from the dam wall as possible.

This section is created by raising the remaindehefbottom by 0.05 — 0.25 metres,
leaving the lower section as final control struettor the reservoir levels.

Instead of the bottom elevation difference mentibradove, a culvert could be
included, collecting the water just after the credit and brining the base flow as
quick as possible through the ground to the riveriteis solution will be applicable
for minor base flows only.

Spillway Dimensions

The calculations covering this chapter are expthineAppendix 1.3. The return flood

calculated under section 3 is the base of the lzions. Before deciding on the final
dimensions of the spillway which will have to benéan relation to the embankment
height as explained in section 7.5, the decisioetiwr one or two spillways will be

employed will have to be made.

For several alternatives for the spillway width arcavation estimate for the
following possibilities must be made: -

1. Full spillway capacity (width) on one side.
2. Half spillway capacity (width) on either side.

For the excavation estimates the following formeda be employed as explained in
the figure in Appendix 1.3 of Part E of this manual

VE:_2xbx[ AhxsxhxS+, / h_XSg_XthSz]
9

This formula does not allow for the slopes in tipdlway, a horizontal spillway
bottom is assumed. It should also be realizedttigformula is too inaccurate for the
calculations for the Bill of Quantities, for thisugpose cross sections at regular
intervals over the final selected spillway desigowdd be employed.

In case property or real estate dictates the didheospillway the estimates for the
several alternatives should be made for one sitle on
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Figure 4: Spillway Excavation Estimate

Sz

PARABOLA SURFACE = 2h.s

3
EXCAVATION VOLUME:

Ve=2.b.(h.s+h.sn/ hshs )

9

IN CASES 0S,

Ve=1 .b.(s+s2)[hl+hz+ / n.hz‘]

9

FORMULAS ARE VALID FOR SPILLWAYS

WITH 0% SLOPE
FORLULAS TO BE USED FOR ROUGH ESTIMATES
OR CALCULATION CHECKING PURPOSES ONLY
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7.5 DAM AND SPILLWAY DIMENSIONS
The hydraulic height of the dam has been estalisinder section 7.2

The total height of the dam is equal to the hydcalakight plus the gross freeboard,
the latter being a function of the width of thellsyay. The wider the function of the

width of the spillway (more excavation) becomeg $imaller the freeboard require,
therefore the lower the dam (less backfill) anagwisrsa.

The optimal solution is the construction though athihe cost of spillway excavation
plus the cost of embankment backfill is lowest be tost of intake and other
structures remain the same. Only in highly cultddaaireas the cost of expropriation
will have to be included.

For cost optimilization the final dam heights shibblke established for the different
spillway widths calculated under the previous sedj 7.2 to 7.4, but alternatives are
usually sufficient.

Quantity estimates for spillway excavation and emikp@ent backfill should be
prepared for the selected alternatives. For tHensy excavation as explained before
for the embankment backfill a minimum of 10 crosst®ns (at least every 5.00 —
10.00 metres) of each alternative for volume calitoih should be used. In case local
rates for excavation and compacted backfill arenkmahey should be employed for
the comparative cost calculations.

However the cost are not constant in time (infl&tinor is the cost of backfill equal

to the cost of excavation. On the average theafostcavation is about % of the cost
of compacted backfill, which allows a volume comgan instead of a cost

comparison (in Kenya), as a result the sum of tital tvolume of embankment

backfill plus three quarters of the volume of spdl excavation for each alternative
can be compared.

V o1 =V EmeankmeENT + ¥ V spiLLwAy EXCAVATION

The alternative with the lowest total volume is tifeapest and should be adopted,
better however is to put the total volume in a gragainst the spillway width, which
will show the most economical spillway width.

In case spillway excavation is partly common andtlparock excavation, this
separation is included into the calculations. Far final selected dimensions proper
volume calculations should be made in case thetiwart®n is put up for tender. For
the spillway this is to be performed through cresstions at 5.00 — 10.00 metes
interval, for the embankment through the plan megeof the horizontal sections at
1.00-metre interval.

7.6 OUTLET WORKS
It is in most cases not recommendable to let epleaple or livestock near or in the

reservoir, because of the pollution risk. Consetjyendraw off system will have to
be included.

C 33



7.7

This draw off system is normally an intake at thatdm of the reservoir with a
pipeline crossing under the dam at low level. Tipeline is then connected either to
the gravity supply or to the pump house in casesnwphumping is required as
pumping straight from the reservoir will be difflctbecause of the rather great
fluctuations of the reservoir’'s water level comnvaith small dams.

This pipeline can also be used for compensationdlm safeguard downstream water
rights.

The intake should be placed in such a way thattemtmuch sediments or floating
materials will get near nor that siltation will athe intake.

The intake structure can be made of a concretk Isopgporting a standing perforated
pipe, preferably not in plastics as they degradéensun during low water levels.

The perforations should be protected form rottewes or other debris by a wiring at
some distance from the pipe.

The draw off pipe should have a minimum diametel@mm in order to decrease
the risk of the pipe getting blocked by debris itirentering the pipe, as this pipe can
never be reached any more. As this pipe forms paggepath collars should surround
the pipe at regular intervals to decrease the geepassibility, as a high degree of
seepage might lead to piping.

SCOUR

Scour is the flushing of sediments from the resiervy the run off through a fairly
sized bottom outlet.

The minimum diameter of a scour outlet should b@n&f. The control structures for
such a system through an earth dam are difficuliuidd, as a downstream control
valve (or penstock) will give the risk of a sedirhéhed pipe, thus useless. The risk,
however, can be reduced if the valve is openedyeveek.

An upstream control can not be reached becaudeede@diments. Scours are usually
adopted for minor concrete dams only.

A possibility of cleaning the reservoir is scoopitigis however gives 1#of water
stored for every rhof excavation contains voids (porosity) thus watéile even a
poor dam site gives at least 2 to>3mhwater stored for everyYof backfill.

Consequently it will be cheaper to build a new ddmwnstream (possibly using the
sediments for the old dam) and use the old danitasap. This of course only when
topography, property, etc. allow to do so. It skoalso be considered whether a
possible change from gravity supply to pumped suf@t increased pumping head)
will in the long run not be more expensive thanogung.
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CONSTRUCTION ASPECTS

The main items to be watched during the constractice the foundation and the
compaction of the backfill.

During excavation of the core trench it should lbsesved whether the test hole
results gave the right information, during thisgstat should be decided whether
excavation should go deeper in case more or dgegeious layers are found than
indicated by the test pits.

Control of the compaction should be exercised ascompaction can lead to seepage
and piping and eventually dam failure. Compactignsheep foot roller or similar
rollers should be done in layers not exceedingr.25 easy method of compaction
control when standard equipment, is impossible btaia is to have backfill
excavated by hand. In case this excavation is lplessnly by hoe, a decent degree of
compaction has been obtained in all cases whenlg &asy excavation by shovel is
possible compaction should be considered insufficie

For the actual construction heavy machinery orlalitensive methods can be used.

Labour intensive methods require very good supnvisf the compaction as failures
because of insufficient compaction have been olesert should also be noticed that
manual labour can do about 2m2 of fill a day a @ershich means 10,000 man days
for 20,000 m3. This means an army of 100 men féeadt 100 days.

Heavy machinery has problems in remote areas \Wethstipply lines (fuel), which
should be considered.

Unworkable whether will have to be taken into actoudeavy machinery will be
unable to move on muddy grounds. Rainy seasonsdcoairy the risk of an
embankment not yet raised to final/level being veaistway by the floods. In case the
rains are expected before the termination of thestraction, the construction could
be started at either end of the dam wall leavirgg@a in the middle to be filled at a
later stage after the rains, it is however prefierab continue the raising of the
embankment in one go during the dry season.

Actual construction should be carried out in layevkich can be compacted. So the
wall's cross-section will show a pyramid shape.

The pushing of soil by bulldozer will not do aspstée formations will show up
during construction anywhere over the unfinishedba&nkment surface, which will
create long holes which will be difficult to compaghen the next load is pushed
over. Those incompact long holes are a dangerapmage and piping risk.

The best way for construction and setting out tbestruction is by 0.5m or 1m
horizontal layer through many wooded pegs whichcetg the width and height of
the layer to be backfilled. The layer is then @llby spreading the material in 5cm
layers, with a compactor (herds of sheep or gaaiglde employed)

moving around continuously and water spraying fataming the required moisture
contents.
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MAINTENANCE ASPECTS.

Maintenance to dams is little and not very codtlghould however be attended to as
minor erosion signs on the embankment and in tikvay still can lead to serious
erosion and possible dam failure. A responsiblegeshould inspect the site once in
a while and at least at the end of every rainy@seas

The items to be watched are:

)

Erosion by rain or runoff in the spillway. Embankmhesrosion should be
refilled with compacted material or puddle clay amdssed. Spillway erosion
should be refilled with riprap.

Possible population of rats and or coypus shoulddmoved as they can
seriously undermine the dam.

No livestock should be crossing the dam as theyr waathe embankment.
The possible fencing should be repaired.

The outlet works should be checked and the maiw dffibe flushed in order
to remove possible sediments. Gates should be tepevace every week.

The spillway channel should be kept clear of higlgetation and should be

cleared before the wet season. A short grass advire channel should be
encouraged as this provides a good erosion protecti
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1.0

11

111

1.1.2

INTRODUCTION

BACKGROUND

Basic Concepts

EIA is the study of the effects of a proposed actm the environment. The
“environment” is taken to include all aspects ok thatural and human
environment.

EIA identifies both negative and positive impacts adevelopment activities
and how they affect the people, their property #ral environment. EIA in
addition identifies measures to mitigate the negatimpacts, while
maximizing on the positive ones. EIA is essentialypreventive process,
which seeks to minimize adverse impact on the envnent.

The EIA Studies covers all physical, biologicalciaty economic and other
impacts arising from an action on the environmdiite studies vary from
action and include studies on weather, flora anohda soil erosion, human
health, urban irrigation and employment.

EIA seeks solutions to all feasible alternativest tlepresents an optimum mix
or balance of environmental and social-economitscaisd benefits.

The technical work involved in EIA is the estimatiof the changes in
environmental quality which may be expected as slteof the proposed
action i.e. EIA attempts to weigh environmentaleets on a common basis
with social-economic costs and benefits in the a@roject evaluation.

The ultimate objective of EIA is to aid judgmentkdcision making by giving
the decision maker a clear picture of the altemeatwhich are considered, the
environmental changes which are predicted, thestddfs of advantages and
disadvantages for each alternative.

Objectives

The objective of Environmental Impact Assessmet)EStudy is to ensure that
the project conforms to regulations of the “NatioBavironmental Management
Authority (NEMA)” of Kenya and in general of the gwailing Kenya’s
environmental rules and regulations.

1.1.3 Legal Framework

Environmental Management Coordination Act (EMCA) 929 give
authoritative legislature framework within whichetkenvironmental protection
and management shall take place.

The Environmental Impact Assessment (EIA) is guidgdhe Environmental
and coordination Act, 1999 through National Envirmmtal Management
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Authority (NEMA). The Act became effective on i4lanuary 2000 after
receiving Presidential Assert off Banuary 2000.

» The provision of water supply services falls undéater Supply and Sewerage
disposal works EMCA schedule 2 activities and isré¢fore, expected to
comply with the EIA requirement under the same @ its regulations.

e The preparation of EIA Study and subsequent appiaregedures are set out
in the Environmental Impact Assessment Study, lagate 101 of 2003.

1.1.4 EIA Regulations

In accordance with NEMA regulations, a proponeralistubmit to the Authority
an environmental impact assessment study repastpocating but not limited to
the following information.

(i)
(if)
(iii)
(iv)
(V)
(vi)
(vii)
(vii)
(ix)
(x)
(xi)

(xii)

(xiii)

(xiv)

(xv)
(xvi)

The proposed location of the project

The objective of the project

The technology, procedures and process to be usétk implementation
of the project

The materials to be used in the construction angleémentation of the
project.

The products and by-products and waste generatéuelgroject

The environmental effects of the project includitite socio-cultural
impacts, effects and direct, indirect, cumulativegversible, short-term
and long-term effects anticipated.

A concise description of national environmentalidgive and regulatory
framework, baseline information and any other infation related to the
project.

A description of the potentially affected environthe

Alternative technologies and processes availabderaasons for preferring
the chosen technology and processes.

An analysis alternative including projects sitesiga and technologies and
reasons for preferring the proposed site, desigrterhnologies.

An environmental management plan proposing the umeas for
eliminating, minimizing or mitigating adverse impson the environment,
including the cost, time frame and responsibility implement the
measures.

The provision of an action plan for the preventemd management of
foreseeable accidents and hazardous activitigseircause of carrying out
activities or major industrial and other developinenojects.,

The measures to prevent health hazards and to ees®aurity in the
working environment for employers and for the mamagnt of
emergencies.

An ldentification of gaps in the knowledge and uteiaties which were
encountered in compiling the information.

An economic and social analysis of the project

An indication of whether the environment of anyeststate is likely to be
affected and the available alternative and mitigatheasures.

D5



1.15

1.2

121

1.2.2

123

124

(xvii) Any other matters as the authority may require.
Reasons for EIA Study

Reasons for carrying out an EIA will include:

* Assurance of adequate procedures for managing cermental risks and
compliance with procedures.

* Improved statutory compliance

» Identification of environmental risks and problemeas, early warning and
prevention of potential adverse environmental eé$fec

* Improved planning through the identification of dtg and potential capital,
operating and maintenance costs, associated wiilrnemental activities.

e Improved preparation for emergency and crisis 8dnananagement.

e Improved corporate image and positive public relsi

« Enhancement of environmental awareness and re$jldgsinroughout the
corporate hierarchy.

* Improved relations with regulatory authorities

» Facilitation of obtaining insurance coverage fovimnmental impairment
liability.

PROJECTS TO UNDERGO EIA

According to Clause 58(1), (4) of EMCA Act, projedisted in 2% schedule
require to undergo EIA study before being issueith @h Environmental Licence.
Sections 1.2.1-1.2.9

General

(@) an activity out of character with its surrounding

(b) any structure of a scale not in keeping with its@unding
(c) major changes in land use.

Urban Development Including: -

(@) designation of new townships

(b) establishment of industrial estates

(c) establishment or expansion of recreational areas

(d) establishment or expansion of recreational towssim mountain areas,
national parks and game reserves

(e) shopping centers and complexes.

Transportation Including: -

(@) all major roads

(b) all roads in scenic, wooded or mountainous aredsnatlands
(c) railway lines

(d) airports and airfields

(e) oil and gas pipelines

)] water transport

Dams, Rivers and Water Resources Including: -
(@) storage dams, barrages and piers
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(b) river diversions and water transfer between catctisne

(c) flood control schemes

(d) drilling for he purpose of utilizing ground wateesources including
geothermal energy.

1.2.5 Aerial Spraying

1.2.6 Mining, Including Quarrying and Open-cast Extraction of: -
(@) precious metals
(b) gemstones
(c) metalliferous ores

(d) coal
(e) phosphates
) limestone and dolomite

(9) stone and slate

(h) aggregates, sand and gravel

(1) clay

() exploration for the production of petroleum in dagm
(k) extracting alluvial gold with use of mercury

1.2.7 Forestry Related Activities Including: -
(@) timber harvesting
(b) clearance of forest areas
(c) reforestation and afforestation

1.2.8 Agriculture Including: -
(@) large-scale agriculture
(b) use of pesticide
(c) introduction of new crops and animals
(d) use of fertilizers
(e) irrigation

1.2.9 Processing and Manufacturing Industries Including:-
(@) mineral processing, reduction of ores and minerals
(b) smelting and refining or ores and minerals
(c) foundries
(d) brick and earthware manufacture
(e) cement works and lime processing
)] glass works
(g) fertilizer manufacture of processing
(h) explosive plants
(1) oil refineries an petro-chemical works
()] tanning and dressing of hides and skins
(k) abattoirs and meat-processing plants
() chemical works and process plants
(m)  brewing and malting
(n) bulk grain processing plants



2.0

2.1

2.1

EIA REQUIREMENTS

EIA EXPERTS

1 Criteria for Listing

Below is the criterion for listing EIA Experts.

Category | Assignment Requirements
expert
1 | Lead Entitled to Conduct Minimum 2" degree in an fieldnd:
Experts | EAI studies Trained in EIA and 2 years of experience in
independently under conducting EIA
their name as or
professional 5 years research work in any disciplaed
2 years experience in conduction EIA
3 | Associatel Entitled to undertake Phd. In environmental related
Experts | EIA studies only studiesand
under the guidance 2 years research experience
of a Lead Expert. or

Phd in any discipline, an environmental cours
and 2 years research experience.
or

Engineerswith an environmental course
and 2 years of working experience.

. 2" degreein any disciplineand 2 years of

working experience

or

First degreein Environmental Sciences,
environmental Law, Natural Resources
Management, Social Sciencasd

3 years of field experience

or

Diploma in Environmental Management
Studies

and 4 years of field experience.

However the following should be noted: -

The criteria for listing of EIA Experts can at adastage be revised to fit the National
capacity requirement.
The rational of selecting the Lead and Associat@efxis mainly based on the
experience in conducting EIA studies. One finisteeaminimum of 2 years as
Associate Expert. Preference is given on numbeEldf studies undertaken rather
than the years.
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2.1.2 Procedures for Registering with NEMA

An applicant should prepare the following:-

* An application in the subscribed form to the Dicgcteneral NEMA

e A detailed CV mentioning the academic performansgned and dated
highlighting relevant experience in the field ofAEl

* Three letters of recommendation (references) froiffierdnt recognized
experts of Institutions acting in the field of emnmental management and/or
EIA.

* A detailed list of studies, publications and coteruties undertaken indicating
whether acting in a team, his role and contribution

* Any other relevant material which may help appriectae qualification of the
applicant.

2.1.3 Fees

The charge is KShs 6,000/= to 20,000/= per year per attached schedule:-

Fees
Application fee
(KShs.) Annual fee (KShs.)
citizen Nqn citizen | Non citizen
citizen
1 | Application by individual expert:
(a) Lead Expert 3,000 9,000 5,000 15,000
(b) Associate Expert 2,000 6,000 3,000 9,000
2 | Application by a firm of Experts:
(@ The firm's fee 5,000 15,000/ 20,00060,000
3 Inspection of records/register .......... 200 per reaeglster
4 Environmental Impact Assessment Licence ..... 0.1%hetotal cost of the project
5 Surrender, transfer or variation of Environmentapact Assessment licence
T 5,000

Source: - Kenya Gazette Legal Notice No.101 of ROGS.
2.2 LICENCES FOR EIA
2.2.1 EIA Licence Fees

To obtain EIA licence, KShs. 5,000 to 500,000 isdpas detailed in schedule
below.
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2.2.2 Inspection Records Fee

Between KShs.200 to 500 is required to inspectrodscddowever if photocopy is
to be obtained, and additional KShs.4 per pagais @ttached is the schedule.

Inspection fees | Extraction fee
(KSh.) (KSh.)
1. Environmental Impact Assessment Report 200 Hapge
2. Environment Audit Report 200 4 per page
3 Eg\rl)lg?tnmental Impact Assessment Study 500 4 per page
4. Register of Experts 500 Not for extractipn
5. Access to Data Banks 500 Not for extractjon
6. Register of projects 500 Not for extractipn
7. Other/public documents 500 4 per page.

2.3 TERMS OF REFERENCE (TOR)

2.3.1 TOR of EIA Study

(@)

(b)

(©)

An environmental Impact Study shall be conducteddecordance with the
TOR to be developed by the Applicant in consultatith the authority.

Based on Environmental, Social, Cultural, Econormaod Legal
considerations, the EIA Study shall:-

(i)

(i)
(iii)
(iv)
v)

Identify the anticipated Impacts of the project
Predict the extent and scale of the impacts
Identify mitigation measures including alternatives
Identify mitigation measures including alternatives
Propose a monitoring and evaluation plan

The proponent shall take appropriate measures gk te views of the
persons who may be affected by the project dutiegstudy by:

(i)
(i)
(iii)

Publicising the intended projects and its anti@gagffects in the
local mass media and by public postures.

Holding public meetings to consult the local peoptetheir views
of the projects

Incorporating the views of the local communitiestle report of
the study.

2.3.2 Environmental Audit

The Audit shall be carried out through questioremisite visits and Test Analysis
and in the manner shown hereunder:-
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(@)

Initial Auditing

The Auditor in conduction an Initial Audit shall:

make a precise description of the project

present the objective, the scope and the critérfaudit

collect and review all relevant environmental lawda regulator
frameworks on health and safety, sustainable usenaifiral
resources and or acceptable national and intemratitandards.

Verity the level of compliance by owner with conadiits of regulations
31(iii)

Evaluate knowledge and awareness of and respdtsioil application of
relevant legislation on the laws:

Review existing project documentation related td ialfrastructural
facilities and designs.

Examine monitoring programmes parameters, procedureplace for
control and corrective actions.

Evaluate the relationship with the Authority or etlelevant bodies

Inspect all buildings, premises and yards in whitdnufacturing, testing,
transportation within and without the project aseaell as storage
and disposal of goods is carried out and give arceof all
significant environmental risks associated withrsactivities.

Example and seek views on health and safety idsuesboth the project
employees, the local and other potentially affeatedhmunities
and

Prepare a proritised list of health and environmeocbncerns of past and
on going activities and provide recommendations estimated
costs, corrective and rehabilitation measures anest t
implementation

METHODOGOLOGY

3.1

3.1.1

3.1.2

DEFINITIONS RELATED TO EIA

EIA

EIA refers to a critical examination of the effeofsa project on the environment
before its implementation.

Screening

A process used to determine whether a project megjuan Environmental
Assessment and what type and level of Assessmaritilbe necessary.

3.1.3 Scoping

A procedure for attempting to ensure that an Emvitental Assessment
focuses on the key Environmental issues assocwteda project on omitting
irrelevant material.
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3.14

3.1.5

3.1.6

3.1.7

3.1.8

3.2

3.2.1

Environmental Management Plan (EMP)

An Action Plan or system which addresses the holmenywho, where and what
of integrating environmental mitigation and moningr measures throughout an
existing or proposed operation or activity. It empasses all the elements that are
sometimes addressed separately in mitigation, mmg and Action Plans.

Environmental Audit

A management too comprising a systematic docuneripdic and objective
evaluation of how well a project, organization qugment is performing with the
aim of helping to safeguard the environment. ThediAwshould facilitate
management control of environmental practices asdss compliance with policy
objectives and regulatory requirements.

Strategic Environmental Assessment (SEA)

A similar technique to EIA but normally applied policies, plans, programmes
and groups of projects. SEA provides the potentigbortunity to avoid the
preparation and implementation of inappropriatenplgorogrammes and projects
and assists in the identification and evaluatioprofects.

Alternatives and Identification of cumulative effecSEA comprises two main
types:-

Sectorial SEA (Applied when many new projects #éathin one sector) and
Regional SEA (Applied when broad economic develapne planned with one
region)

Project

A project is defined as a specific set of Humanviis in a particular location
and time frame and intended to achieve any obje)v

Environment

The term “Environment is used in its broadest giessense to embrace not only
physical and biological systems, but also socimenuc systems and their inter-
relationships.

LEVELS OF ENVIRONMENTAL IMPACT ASSESSMENT

Small Projects

Small scale projects whose potential Adverse Emwrental Impacts can easily be
identified and for which mitigation measures caadity be prescribed and can be
included in the Design and/or Implementation of pineject. This type of project

will be normally approved on the basis of mitigatimeasures without the need of
a detailed EIA study requiring field investigations
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3.2.2

3.2.3

3.2.4

3.2.5

3.3

3.3.1

Projects Suspected

Projects for which there is some level of uncettaon the nature and level of
Impacts. Decisions will be made during the scoophgse whether the project
requires a full study or a partial study. The rewiat this stage also examines
various alternatives, so that the decision maker ssdect options which do not
have significant environmental impacts.

Projects with Significant Impacts

Projects which clearly have significant adverseantp. The study will determine
the nature and the extent of these impacts and iarathe alternatives and the
mitigation measures. Conducting such EIA requiregigr public participation.

Strategic Environmental Assessment (SEA)

SEA can be undertaken at a range of levels, frofitips to programmes and
plans.

Auditing and Monitoring

An environmental Audit differs for EIA which aim® tpredict Environmental

Impacts in that it is multidisciplinary process objectively reviewing the

environmental performance of an operating projectenterprise including its

processes, material storage, operating procedaceg&m@vironmental Management
to identify potential environmental impacts andiigies.

APPROACH PRINCIPLES

General

* Focus on the main issues

0 Avoid covering too many topics in too much detail

o] Screen to limit to only the most likely and mostices of the
environmental impacts.

0 Work on mitigation measures that are workable aroejatable

* Involve the appropriate persons and groups
0 Resourceful actors for EIA Study
0 Decision makers

» Link information to decision about the project
0 Organize EIA early enough to provide informationitgprove basic
designs, and progress through the several stagbs pfoject planning
and implementation.

* Present clear options for mitigation measures aodnd environmental
management.
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The approach to EIA study should include:

Preliminaries activities
Impact identification
Baseline study

Impact evaluation
Mitigation measures
Assessment
Documentation
Decision making

Post auditing.

3.3.2 Preliminary Activities
Identification of the activities and the actors time project that will
include:-
Decision makers
Project team
Description of actions
Review of existing legislation
3.3.3 Impact Identification
e Check list of impacts
» Selection of important impacts based on
Magnitude
Extent
Significance and
Special sensitivity
3.3.4 Baseline Study
Data prior to proposed action — bench mark
3.3.5 Impact Evaluation
Quantification or qualification of impacts
3.3.6 Mitigation Measures
Identification of actions to eliminate or minimiaelverse environmental impacts.

3.3.7 Assessment of Alternatives

Combination of environmental losses and gains it socio-economic
costs and benefits for each alternative.

3.3.8 Documentation

« Reference documents that will confirm detailed rdcof the work
done in the EIA.
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* Working documents that convey information for imnagel action.
3.3.9 Decision Making

Decision making to be based on:-

* Socio-economic and environmental considerations

» Political considerations

* Choice not between “bad” and “good” but between otjo and
“better”. However, the decision maker must:

Accept one of the project alternatives

Request further study or
Reject ant proposed action altogether.

3.3.10 Post Audits
Conducted to determine the closeness or how aecarat the predations of the
EIA.

* Provide information in a form useful to decisionkees
0 Terms and formats of conclusions of EIA Must be arsthndable by
decision makers.

REPORT WRITING
4.1 EIA SCOPING

(@) Executive summary

(b) The proposed project

(d) Approach and methodology

(e) Potential alternatives

) Study limits

(9) Environmental policy, legislative and planning franork
(h) Existing environmental conditions

(1) Scoping the environmental impacts

g) Scooping the assessment

(k) Scooping the environmental management aspects

() Recommendations

(m)  Technical appendices

(n)  Administrative appendices — this will be consulsatinerary, etc

4.2 FULL EIA STUDY
(1) Executive summary

(2) Presentation of the project
e project selection
* project location
* project description and associated activities
» alternatives.

D 15



3)

(4)

()

(6)

(7)

(8)
(9)
(10)

Approval and methodology
* General approach
* Assumptions, uncertainties and constraints.

Environmental policy, legislative and Plannirgamework
* Environmental policy and legislative framework

» Consultation and public participation

* Institutional capacity

* Relevant ongoing projects

Existing environmental conditions
Assessment of environmental impacts and mibganeasures
* Prediction of potential environmental impacts aeddfits

« Enhancements

Environmental Management Implementation
* Environmental monitoring

* Environmental management capacity

e Environmental management

Conclusion and recommendations
Technical appendices

Administrative appendices
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5.0 EIA FORMS
Attached are forms in relation with EIA.
FORM 1 (r.6)

THE ENVIRONMENT MANAGEMENT AND COORDINATION ACT

SUBMISSION OF PROJECT REPORT

PART A: DETAILS OF PROPONENT

Al Name of proponent (Person or Firm ..........coiiiiiiiiiiiie e e e e nee e
A2 PIN N oot e e
A3 AGAIESS et e e e s
A4 Name Of CONTACT PEISON ... .uiit ittt e e et e e enas
A5  Telephone NO. .........ccovviii i, A6 Fax NO. .....ccovveee i,
A7 E-mall o

PART B: DETAILS OF THE PROJECT REPORT

Bl Title of the PropoSed ProOJECT..........ve i e e
B2 Objectives and scope of the project ..........ccccvviv i i i e,

B3 Description of the aCHIVILIES ..........vviiiiie e e e e e
B4 Location of the proposed Project ..........c.uvuiieiieiiiiie i e e e

PART C. DECLARATION BY THE PROPONENT
| hereby certify that the particulars given above eorrect and true to the best of my

knowledge.

SIGNALUIE ... e e
Onbehalf of.......oviii

(Firm name and seal)
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PART D: DETAILS OF ENVIRONMENTAL IMPACT ASSESSMENEXPERT
Name (INdividual/firm) ... e e e e e e e e e e e
Certificate of registration NO. .........ooiiii it e e e e e e
AN .ttt e e e e e

PART E: FOR OFFICIAL USE
APProved/NOt BPPIOVEA ... e e e e e e

(O70] 1010 011 15

Officer: .........cceiiits Sign: o Date:....ccooviiiiiii

NB: 1. If the Project Report does not contain sigft information required under the
Environmental (Impact Assessment and Audit) Reguiat the applicant may be
requested to give further information concerning pinoject or be notified of any defects

in the application and maybe required to providedtditional information.

2. Any person who fraudulently makes a false staténm a project report or alters
the project report commits an offence.

Important Notes Please submit the following:
(@) Three copies of this form
(b) 10 copies of the project report

(c) the prescribed fees to:

Director-General,

The National Environment Management Authority,
Kapiti Road, South C,

P.O. Box 47146,

NAIROBI.

Tel. 254-02-609013/27/79 or 608900 Fax. 254-02980



FORM 2 (r.19)
Application Reference NO............coooevviiiiiiinnnn.
FOR OFFICIAL USE
THE ENVIRONMENT MANAGEMENT CO-ORDINATION ACT

SUBMISSION OF ENVIRONMENTAL IMPACT ASSESSMENT STUDY
REPORT

PART A: DETAILS OF PROPONENT

Al. Name of proponent (Person or Firm) ........cccouveiiiriie e e s e e
A2 PIN NO. o e e
A3 AAAIESS. it e e e
A4 Name Of CONtACT PEISON ....iuvitii it e e e e e e
A5 Telephone NO. ............ccoeenee AB Fax NO. ..o,
A7 Bl o

PART B: DETAILS OF THE ENVIRONMENTAL IMPACT ASSES@ENT STUDY

REPORT.

Bl Title of the PropoSe ProjJECt .......c.vieiie i e e

B2 Objectives and scope of the project ..........coovivviiiii i i e,

B3 Description of the aCtiVItIeS ..........ooiiiiii i e em e

B4 Location of the proposed Project ..........covvviiiiiiiii i e veeeee s

PART C: DECLARATION BY THE PROPONENT

| hereby certify that the particulars given above eorrect and true to the best of my

knowledge.

(Firm name and seal)
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PART D: DETAILS OF ENVIRONMENTAL IMPACT ASSESSMENEXPERT
Name (Individual/firm) ... e e e
Certificate of registration NO. ..........ooiiiiii i e e e e
AAAIESS .t

PART E: OFFICIAL USE
APProved/Not APPIOVEA ... e e e e e e e e

@70 11010 1] 1 154

Important Notes: Please submit the following:
(@) Three copies of this form
(b) 10 copies of the project study report
(c) the prescribed fees to:
Director-General,
The National Environment Management Authority,
Kapiti Road, South C,
P.O. Box 47146,
NAIROBI.

Tel. 254-02-609013/27/79 or 608999 Fax. 254-02997
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FORM 3 (r.24)
Application Reference NO: .........cccvvviiiiiiii i,
Registration NO.: ...,
FOR OFFICIAL USE
THE ENVIRONMENTAL MANAGEMENT AND CO-ORDINATION ACT

ENVIRONMENTAL IMPACT ASSESSMENT LICENCE

This is to certify that the Project Report/Enviragmtal Impact Assessment Study Report
................................................ received from ...,
(name of individual/firm) ... ... (address)ulsmitted to the

National Environment Management Authority in ac@rce with the Environmental

Impact Assessment & Audit Regulations regarding ... cceeeeveovviiiiiiiiiiiinineenns
................................................ (title of project whose objectivis to carry on
(briefly describe purpose) located at ............ccooviiiiiiiiii e (locality and

District) has been reviewed and a licence is heligbyed for implementation of the

project, subject to attached conditions.

Date this .................. day .......coovevveeneen o 0f 200

SIGNATUIE ... e e e e
(seal)

Director-General

The National Environmental Management Authority.

Conditions of Licence:

1. This licence is valid for a period of .................... (time within which the
project should commence) from the date hereof.

2. The Director General shall be notified of amgnsfer/variation/surrender of this

licence.
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FORM 4

(r.14 (2))
Application Reference NO. ...........ccoceiviiinn.
FOR OFFICIAL USE
THE ENVIRONMENTAL MANAGEMENT AND CO-ORDINATION ACT

APPLICATION FOR REGISTRATION AS AN ENVIRONMENTAL IM  PACT

ASSESMENT/AUDIT EXPERT

PART A: DETAILS OF APPLICANT

Al
A2.
A3
A4
A5

A6

A8

A9

Al0

All

Al2

Al3

Name of proponent (Individual or Firm) ............ovie i,

NAtIONAIILY ...

List of professional and their academic/proi@sal qualifications and their

nationalities (where applicable)
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PART B: DECLARATION BY APPLICANT
Bl | hereby certify that the particulars given ab@re correct and true to the best of

my knowledge and belief.

Signature of applicant Full name in Block letters  Position
Onbehalfof .........cooeeiinis
Firm name and seal Date
PART C: FOR OFFICIAL USE
APProved/NOL APPIOVE ... ... it e e e e e et

Important Notes: Please submit the following
(@) Application Form in duplicate
(b) Curriculum vitae of all applicants: and

(c) the prescribed fee, to:

Director-General,

The National Environment Management Authority (NEMA
Kipiti Road, South C,

P.O. Box 47146,

NAIROBI, KENYA

Tel. 254-02-609013/27/79 or 608999 Fax. 254-02980

E-mail ...
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FORM 5 (r.14(4))

Application Reference NoO: ................eeeee
Registration NO: ........c.cooiiiiiiiiiiiiineenes

FOR OFFICIAL USE

THE ENVIRONMENTAL MANAGEMENT AND CO-ORDINATION ACT

CERTIFICATE OF REGISTRATION AS AN ENVIRONMENTAL IMP  ACT
ASSESSMENT/AUDIT EXPERT

This is to certify M/S ..o e i i ne e anean. O
...................................... (Address) has been registered aEavironmental Impact
Assessment Expert in accordance with the provisainthe Environment Management
and Coordination Act and is authorized to practioe the capacity of a Lead

Expert/Associate Expert/Firm of EXperts (TYP€) ....vvvaeeaetieiiiiiiieiieiieie e aae

Date this ..................... day .........oeevvnenn.0f 200

SIGNALUIe ..o

(seal)

Director — General.

The National Environmental Management Authority
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FORM 6 (r.15(2))

Application Reference No. ............ccoeiienne.

FOR OFFICIAL USE

THE ENVIRONMENTAL MANAGEMENT AND CO-ORDINATION ACT

APPLICATION FOR LICENCE TO PRACTICE AS AN ENVIRONME NTAL
IMPACT ASSESSMENT/AUDIT EXPERT

PART A: DETAILS OF APPLICANT

Al Name of proponent (Individual of Firm)............c.ccoii i iiicecin e,
A2 NAONAIILY ....ee et e e
A3 PIN NO. oot e e e e e

A4 Firm (LOCAl/FOreign) ..o e e e e e e e ee e
A5 Business registration No. (where applicable) ... . ooioiiiiiiinnn..

Date ...
A6 AGAIESS e e
A7  Telephone NO. ..........cocoiviiiiiiiiennns A7 Fax No. ......ccvvviiennn.
A9 o =
Al10 Applicants academic/professional qualifications................cooevviviiieneennnn.

All List of professionals and their academic/prsi@sal qualifications and their
nationalities (where applicable) ...

Al2 Experience in Environmental Impact Assessmelated activities..................
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PART B: DECLARATION BY APPLICANT

Bl | hereby certify that the particulars given ab@re correct and true to the best of
my knowledge and belief.

Signature of applicant Full Namein Block letters Position
Onbehalfof ...
Firm Name and seal Date
PART C FOR OFFICIAL USE
ApPProved/NOt apPrOVEd ... e e e e e e e e

(@70 1101 ] 1 155

Important Notes
Please submit the following:
(@) Application Form in duplicate
(b) Curriculum vitae of all applicants; and
(c) The prescribed fee, to
Director-General,
The National Environment Management Authority (N&M
Kapiti Road, South C,
P.O. Box 47146,
NAIROBI, KENYA.

Tel. 254-02-609013/27/79 or 608999 Fax. 254-02980

E-mail ...
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FORM 7 (r.15(2))

LicenCe NO.: ...ieii i
FOR OFFICIAL USE
THE ENVIRONMENTAL MANAGEMENT AND CO-ORDINAITON ACT
ENVIRONMENTAL IMPACT ASSESSMENT/AUDIT PRACTICING LI CENCE

VS e (Individual or firm) of

................................................................................. is licensed to practice
in the capacity of a (Lead Expert/Associate Expami of Experts) ...........c.ccovevveennns

.................................................................. in accordance with the preions
of the Environmental Management and Coordinatioth Ac

Datethis .......c.ccocevvveeecday oo (0] 121 0 R

SIGNALUIE . e e e e e

(Seal)

Director-General,
The National Environmental Management Authority.

Conditions of Licence:
1. This licence expires on 3December, 20................
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FORM 8 (r.21)
THE ENVIRONMENTAL MANAGEMENT AND CO-ORDINAITON ACT

NOTICE TO THE PUBLIC TO SUBMIT COMMENTS ON AN
ENVIRONMENTAL IMPACT ASSESSMENT STUDY REPORT.

Pursuant to Regulation 21 of the Environmental @otpAssessment and Audit)
Regulations, the National Environmental Impact Assgent Study Report for the
implementation of the proposed Project..........ooovi i i e e e

..................................................... (locality) of ...coovriiiiii
District. The said project anticipate the followimgpact ...............coo i i,

(describe anticipated impacts and proposed mitigatieasures).

The full report of the proposed project may be @wsed during working hours at:
€)) The NEMA Headquarters.
(b)
(©)

NEMA invites members of the public to submit oraMgitten comments within ............
days of the date of publication of this notice $siat the Authority in the approval process
of the project to:

(@) Director — General, NEMA,

(D)
(d)
Dated this ..........c.ccccivvnnnne. day.....cocovviiiinnnnn. of 20..........
SIGNATUIE ..o e e e
(seal)
Director-General,

The National Environmental Management Authority.
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FORM 9 (r.25)

Application reference No. ...............
Licence NO. ......ocovvvviiiiiiiiiieea
FOR OFFICIAL USE
THE ENVIRONMENT MANAGEMENT AND CO-ORDINATION ACT

APPLICATION FOR VARIATION OF ENVIRONMENTAL IMPACT
ASSESSMENT LICENCE.

PART A: PREVIOUS APPLICATION
No previous application for variation of an envineental impact assessment licence.*
The Environmental Impact assessment licence wasopidy amended.*

PART B: DETAILS OF APPLICANT

Bl Name (Individual or firm): ... . e
B2 Business Registration NO: ..o e e e e
B3 6 [0 =T3S P
B4 Name Of CONTACT PEISON: ... .uiie ittt e e e e e e e e e een s
B5 POSItion Of CONtACE PEISON: .....e it e e e
B6 Address of CONtACT PEISON: . ... et e e e e e e ee s

o 010 1= 1| T

PART C: DETAILS OF CURRENT ENVIRONMENTAL IMPACT ASISSSEMENT
LICENCE.

C1 Name of the current Envirtonmental Impact Assesd licence holder .............

C2 Application No. o the current Environmental IropAssessment licence ...........

C3 Date of issue of the current Environmental Inigessessment licence ..............
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PART D PROPOSED VARIATION STO THE CONDITIONS IN CWHEENT
ENVIRONMENTAL IMPACT ASSESSMENT LICENCE.

D1

D2

D3:

D4

D5

D6

D7

Describe how the environment and the communitghinbe affected by the
[o]ge]oJoKsT=To R = Ta =1 i o] 4 1€S) TS PPUP

Describe how and to what extent the environniggegormance requirements set
out in the EIA report previously approved or projpoofile previously approved
or project profile previously submitted for this oppct may be affected

Describe any additional measures proposed toiredte, reduce or control any
adverse environmental impact arising from the pseplovariation(s) and to meet
the requirements in the Technical Memorandum on irBnmental Impact
ASSESSIMENT PrOCESS. .. ...ttt et e e e e et e e
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PART E: DECLARATION BY APPLICANT.

| hereby certify that the particulars given above eorrect and true to the best of my
knowledge and belief. | understand the environmentpact assessment licence may be
suspended, varied or cancelled if any informatiorery above is false, misleading or
incomplete.

Name Position Signature

Company name and seal Date

PART F: OFFICIAL USE
APProved/NOt apPPrOVEA ... e e e e e e

Important Notes

Please submit:-

(@) 3 copies of this completed Form: and
(b) The prescribed fee to:

Director-General,

The National Environment Management Authority,
Kapiti Road, South C,

P.O. Box 47146,

NAIROBI.

Tel. 254-02-609013/27/79 or 608999 Fax. 254-02980

E-mail ...

*Delete where applicable
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FORM 10 (r.25)

Application Reference NO................c.ce. ...
Certificate NO........oovviiiii e,

FOR OFFICIAL USE

THE ENVIRONMENTAL MANAGEMENT AND CO-ORDINATION ACT

CERTIFICATE OF VARIATION OF ENVIRONMENTAL IMPACT
ASSESSMENT LICENCE.

This is to certify that the Environmental Impacts@ssment Licence No. ..................
.......................... Issuedon ..........cccevvvvvveeneenn . (date) to e
........................................................ (name of individual/firm) of .............
....................................................................................... (address)
=0 = Lo {115
......................... (title of project) whose objective iS 10 v .evve v i v,
..................................................................... (briefly  describe  purpose)
located At ....cooniii i (locality and Distt) has
DEEN VANEA 10 ...t e

.............................. (nature of variation) with effect from ......................(date
of variation) in accordance with the provisiongtod Act.

Dated this ..........cooiiiiiiiinn. day ....coooiiiiiiiin. of 20
Signature ..........cooiiiiiiiii,

(Seal)

Director-General
The National Environmental Management Authority.
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FORM 11 (r.26)
Application reference NO........................
Licence NO:....oovviiiiii i,
FOR OFFICIAL USE
ENVIRONMENTAL MANAGEMENT AND CO-ORDINATION ACT

NOTIFICATION OF TRANSFER OF ENVIRONMENTAL IMPACT
ASSESSMENT LICENCE.

PART A: DETAILS OF CURRENT LICENCE

Al Name of the current Environmental Impact Assessgrticence holder............
A2 PIN N O, oo e e e e e e e
A3 AdAress .......ccoooeiiiiiiiiiiii i, AdTel o e
A5 Fax NO. ..o AG.E-mail ...
A7  Application No. of current Environmental Impakssessment license ..........
A8 Date of issue of current Environmental Impacséssment license .............

PART B DETAILS OF THE TRANSFEREE

Bl Name (Individual/firm)..... ... e e
B2 PIN N O, o e e e
B3 AdAreSS ... AdTelr o,
B5 Fax NO. ... B6. E-mail ....ooooviiii

B7 Name Of CONTACT PEISON. .. ..uit ittt e e e e e e e ea e
B8 Capacity of transferee to run the project (fmmah technological, manpower) .....

PART C: REASONS(S) FOR TRANSFER OF LICENCE
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PART D: DECLARATION BY RANFEROR AND TRANSFEREE

It is hereby notified that ................cooiiiiiiii OF on
thisdayof ........coooiiiiiiiiiii, transferred EIA licence Na............... to........

..................................................... Of o
who will assume his responsibility for all liabylitinder this project.

Transferor Transferee

Name ..o, Name ..o,

Address .......cooveiiiiin e AdAress .......coovvviiiiiiiiean,

Signed ... Signed ...

Date ... Date .....coovviiiii

PART E: FOR OFFICIAL USE

PN o] o1 ()Y =T AN Lo} =T o] o 10 1/=To [

Important Notes:

1. Where an Environmental Impact Assessment licaaceansferred, the person to

whom it is transferred and the person transferttirghall jointly notify the Director-

General, of the transfer.

2. The person holding an environmental impact &ssest licence assumes
responsibility for the transfer of the licence omyrespect of the project to which this

licence was issued.

3. Any transfer of an environmental impact assessiigence, shall take effect on the

date the Director General is notified.
4. This Form must be submitted in quadruplets with
5. Prescribed fees, to:
Director General,
The National Environment Management Authority,
Kapiti Road, South C,
P.O. Box 47146,
NAIROBI.
Tel. 254-02-609013/27/79 Fax. 254-02-608997
E-mail ...,
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FORM 12 (r.26)

Application Reference No: ............
Certificate NO. ........cccoviiiiieinnnns

FOR OFFICIAL USE
THE ENVIRONMENTAL MANAGEMENT AND CO-ORDINATION ACT

CERTIFICATE OF TRANSFER OF ENVIRONMENTAL IMPACT
ASSESSMENT LICENCE

This is to certify that the Environmental Impacts@ssment Licence NO....................
ISSUEd ON ... (date) to ..o,
.............................................. (name of previous holder) of ...........cccce....t.
....................... (address) regarding ..........ouveiie i

L0 0 0] [>T 1
WhOSE ODJECHIVE IS 10 ...ttt et e e e e e e e e enas

(briefly describe purpose) located at ...........ccoovviiiiiinie i e (locality and
District) has been transferred t0 ..o (name of
new holder) of ..........c.o e (@ddress)  withffect
0] 0 PP (date of transfer)
in accordance with the provision of the Act.

Dated this .............cocenen. day ...ocooiiiiiiiii, of 20.......cunnn.

SIgNAtUre ...oee e

(seal)

Director — General,
The National Environmental Management Authority.
I mportant notes

1. The transferee as well as the transferor ofenfie under this regulation shall be
liable for all liabilities and the observance of abligations imposed by the
transfer in respect of the license transferred.

2. The transferor shall not be responsible for faryre liabilities or any obligations
so imposed with regard to the license form the tfsdransfer is approved.
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FORM 13 (r.27)
Application reference NO: ...
Licence NO: ..o,

THE ENVIRONMENTAL MANAGEMENT AND CO-ORDINATION ACT

NOTIFICATION OF SURRENDER OF ENVIRONMENTAL IMPACT
ASSESSMENT LICENSE.

PART A: PROPONENT DETAILS

Al Name: (Individual or firm) ..........ooiiime e
A2 PIN NO. oo
A3 AAAIESS e
A4 Name of CONtaCE PEISON ... c.uiuiiiii i e
A5 Position of contact Person ..........ccoveviviie i
A6 Address ...........ccoveininnn. Tel oo, Fax No............

E-mail ..o

PART B: DETAILS OF THE CURRENT ENVIRONMENTAL IMPAT
ASSESSMENT LICENCE.

Bl Environmental Impact Licence NO...........cccoiiiiiiiiiiiiiiii e,

B2 Title of project under the current Environmentapact licence

B3 Please state the following details of the Enuinental Impact Assessment licence
to be surrendered.

() Scope/scale Of ProJECL(S). .. uuure it ie et e e e e e e aaaaas

(b) Conditions onthe EIALICENCE .......covniirii e e e e veme e e
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PART C: REASON(S) FOR SURRENDER

PART D: DECLARATION BY PROPONENT
| hereby certify that the particulars given above eorrect and true to the best of my
knowledge and belief.
Name of applicant Full name in block letters i#on
onbehalfof ...

Company name and seal Date

PART E: FOR OFFICIAL USE
PY o ol 0AVZ=To FAN [o] =T o] o1 (0 1/=To N PP

Important Notes:
Intent to surrender an environmental impact assesstitense should be communicated

to the Authority at least six months before theed#tsurrender.
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FORM 14 (r.27)

Certificate NO.: ..o

FOR OFFICIAL USE

THE ENVIRONMENTAL MANAGEMENT AND CO-ORDINATION ACT

CERTIFICATE OF SURRENDER OF ENVIRONMENTAL IMPACT
ASSESSMENT LICENCE.

This is to certify that the Environmental Impacts@ssment License No:...............

Issued ON .....coooiiiii i, (date) tO ..uene i
(name of individual/firm) of ... (addss) regarding

................................................................................................... (title of
project) whose 0DJective IS t0 ... e (briefly
describe purpose) located at ..cceo.ooviiei i (locality

and District) has been duly surrendered with effemn ...,
(date) to the National Environment Management Adthoin accordance with the

provisions of the Act.

Dated this ..........ccccovviinnn.. day ....cooovviiiiii of 20...........

SIgNAtUre ..o

(seal)

Director-General

The National Environmental Management Authority.
Important Note:

A surrender shall be without prejudice to any lidles or obligations which have accrued

on the holder of the license prior to the dateurfender.
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FORM 15 (r.29)

Reference NO. ....coooeiee i

FOR OFFICIAL USE

ENVIRONMENTAL MANAGEMENT AND CO-ORDINATION ACT

NATIONAL ENVIRONMENT MANAGEMENT AUTHORITY
APPLICATION FOR ACCESS TO INFORMATION

PART A: DETAILS OF APPLICANT

Al. )= 1 1
AAArES S, .o e e

Telephone: ..., Fax .o

A2 NAME OF EMPLOYER (if applicable)..........cociuiiiie e e,
AAANE S S .o e e e

Telephone: ... FaX: oo,
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PART B: INFORMATION DETAILS

Bl1. TYPE OF INFORMATION REQUIRED (tick as appropea
Project Report

Environmental Impact Assessment Study Report
Environmental Audit Report

Strategic Environmental Assessment Report

Environmental Monitoring Report

O ood oo

Approvals
Licenses for Project Reports
Licenses for Environmental Impact Assessment

Environmental Impact Assessment Experts (Indiviidua

Oogd o

Environmental Impact Assessment Experts (Firms)

B2 DOCUMENT

Record of Decision (ROD) for Environmental Impagissessment

Title Of the dOCUMENL ...
UL O e e e e e e e e e e

B3 HOW THE INFORMATION IS EXTRACTED?
Reading

[]
[ Environmental Impact Assessment Experts (Indiviidua

B4 PURPOSE FOR REQUIRING THE INFORMATION
] Educational ] Research
] Affected party ] Interested party

Important note:

A prescribed fee of KShs.200 will be charged forcems to information per

record/register.
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FORM 16A

REGISTER OF ENVIRONMENTAL IMPACT ASSESSMENT/AUDIT EXPERTS: (FIRMS)

(r.47)

Name of Firm

Registration No.

Date of Registration

Contact Address

Area of
specialization

Experience &
Category (eg. Lead,
Associate)

Signature of Filing
Officer.
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FORM 16B

REGISTER OF ENVIRONMENTAL IMPACT ASSESSMENT/AUDIT EXPERTS: (INDIVIDUALS)

(r.47)

Name of
Person

Registration No.

Date of Registration

Contact Address

Area of
specialization

Experience

Signature of Filing
Officer.
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FORM 16C

REGISTER OF ENVIRONMENTAL IMPACT ASSESSMENT PROJECT REPORTS SUBMITTED TO NEMA)

(r.47)

Name of
Proponent

Title of
Project

Location of
Project

Sector

Date
Received

Status of
Project

Signature of Filing
Officer.

Decision of
NEMA
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FORM 16D

REGISTER OF ENVIRONMENTAL IMPACT ASSESSMENT STUDY REPORTS SUBMITTED TO NEMA

(r.47)

Name of
Proponent

Title of
Project

Location of
Project

Sector

Date
Received

Status of
Project

Signature of Filing
Officer.

Remarks

D 44




FORM 16E

REGISTER OF STRATEGIC ENVIRONMENTAL ASSESSMENT REPORTS SUBMITTED TO NEMA)

(r.47)

Name of
Proponent

Title of
Project

Location of
Project

Sector

Date
Received

Status of
Project

Signature of Filing
Officer.

Remarks
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FORM 16F

REGISTER OF ENVIRONMENTAL IMPACT ASSESSMENT LICENCES

(r.47)

Project Name of Location of Value of Licence |Date of Conditions Date Status of  |Name of Date and Remarks
Title Proponent Project Project (KShs) [No. Issue attached to filed Licence Filing Signature
Licence (if any) Officer of filing
Officer

Note: Details of Status of Licence

(@) New
(b) Transferred

(c) Surrendered
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FORM 16G

REGISTER OF ENVIRONMENTAL IMPACT ASSESSMENT AUDIT REPORTS

(r.47)

Title of
project

Name of
Proponent

Location of
Project

Sector

Date

received

Status of
project

Signature of
Filing Officer

Date

Remarks
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FORM 16H

REGISTER OF ENVIRONMENTAL IMPACT ASSESSMENT MONITORING REPORTS

(r.47)

Title of
project

Name of
Proponent

Location of
Project

Sector

Date

received

Status of
project

Signature of
Filing Officer

Date

Remarks
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FORM 16l

REGISTER OF THE PROPRIETARY INFORMATION

(r.47)

Title of
Firm

Name of
Proponent

Licence
Register

Contact
Address

Type of
Proprietary
Information

Status of
project

Signature of
Filing Officer

Remarks

D 49




PRACTICE MANUAL

FOR

WATER SUPPLY SERVICES

IN

KENYA

PART E

APPENDIX

E1l



LIST OF CONTENTS

LIST OF PARTICIPANTS

PART A - WATER SUPPLY

Appendix A
Al
A2
A2.1
A2.2
A2.3
A2.4
A.2.5
A.2.6
A2.7
A3
A4
A5
A.6

Appendix B
B.1
B.2
B.3

Appendix C
C.1
C.2
C.3
Cc4

Appendix D
D.1
D.2
D.3
D.4
D.5

Appendix F:
F.1
F.2

F.3

Map of Water Services Boards in Kenya, 2005.
Maps of water services boards, 2005

Nairobi Water Board

Central Region WSB

Coast Region WSB

Rift Valley Board

Northern Board

Lake Victoria North Board

Lake Victoria South Board

Long-term guidelines for the location of irdteucture facilities.

Schedule of principles towns and service asnte
Land Potential
Population growth rates in the district betwd®79 and 1999

Mean annual rainfall in Kenya
90% probability map of annual rainfall in Keny
Month to month of rainfall in Kenya

Tools and laboratory equipment
Kenya Standards

ISO Standards

British Standards

Project summary sheet

O & M Expenditure summary sheet
Check list for PD

Check list for FD

Check list for TD

Title blocks for drawings

Symbols for water supply, plumbing, heatingntidation and
ducting

Symbols in ground investigations

E 2

PAGE
E4

E4

ES
E6
E7
ES8
E9
E10
Ell
E12
E13
E22
E24

E28

E28

E29
E30

E31
E31
E34
E35
ESS

EG5
E65
E66
E67
E70
E73

E76
E76

E80
E87



F.4
F.5

Appendix G

G.1
G.2
G.3
G.4
G.5
G.6
G.7
G.8
G.9
G.10
G.11

Symbols for concrete reinforcement
Bar scheduling

Present value of future payments

Annual capital costs (annuities)

Construction costs for piped rural water sigspl
Unit pipeline costs (UPVC)

UPVC pipes ex-factory prices

Unit pipeline costs (Steel and DI)
Construction Costs for treatment works
Construction cost shillings per storage volume
Unit costs of miscellaneous items

Staff requirement

Civil service salary scales

PART B - IRRIGATION

Appendix H

H.1
H.2
H.3
H.4

Average Irrigation requirements (mm)

Irrigation requirements Dry conditions (1 in(&m)
Annual water Requirements for Irrigation inria
Design Water requirements for Irrigation

PART C - SMALL DAMS

Appendix |
1.1
1.2
1.3
1.4

Appendix |
1.1

1.2
1.3
1.4

Graphical determination of reservoir capacity
Evaporation and Useful storage

Spillway calculations

Information to be included in design report

Protection of natural springs to prevent pdin by surface run-
off

A Spring box

Three protected springs connected to a sift tr

Artesian contact spring of large lateral width

E 3

E89
E93

E102
E102
E103
E104
E105
E106
E107
E109
E111
E113
E114
E115

E1l16

E116
E116
E117
E118
E119

E120

E120
E120
E121
E123
281

E130

E130
E130
E131
E132



PART A: WATER SUPPLY

APPENDIX A:

DISTRICT BOUNDARIES & WATER SERVICE BOARDS
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A.l.1:

ATHI WATER BOARD

ES



A.1.2:
CENTRAL REGION WSB

*  Urban water supply
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A.1.3:
COAST REGION WSB

TANA RIVER

MALINDI

Wunganyi VD1
TAITA TAVETA
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A.l1l.4:

RIFT VALLEY BOARD
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A.1.5:

NORTHERN BOARD

' [_sambun |

3 Garissi %,

E 9



A.1.6:

LAKE VICTORIA NORTH BOARD
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Al.7:

LAKE VICTORIA SOUTH BOARD
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A.2:

(SOURCE: PPD’'S CHART FOR URBAN AND RURAL ORGANISA®N).

FACILITIES IN THE VARIOUS LEVELS OF CENTRES

LONG TERM GUIDELINES FOR LOCATION OF INFRAS TRUCTURAL

LEVEL/ PRINCIPAL URBAN RURAL MARKET LOCAL
FACILITY TOWNS CENTRES CENTRES CENTRES CENTRES
Population > 1,000,000 > 100,000 > 50,000 > 15,000 > 5,000
served
Resident > 100,000 > 5,000 > 2,000 Negligible Negligible
population
Civic services| Sewage disposal | Sewage disposal | Sewage public water | Public water
system, water system, grid water | disposal system, supply supply
supply, electricity, | supply, electricity | grid water
fire station. supply
electricity
Education Teacher training Senior secondary | Secondary Secondary Full primary
services college, (Primary school (To form school (at least | school, school (2-3
level) technical VI), technical to form V). primary and | streams),
school (secondary | school (Primary Technical nursery nursery
and senior level), primary and| school (primary| schools school
secondary school (tp nursery schools. level) primary
Form VI) primary and nursery
schools. schools. Village
polytechnic.
Health Specialized hospital| General hospital Health center +| Health sub dispensary
services ambulance ambulance maternity unit | centers
including
family
planning
service
Recreation Museum/ ART. Stadium, public Mobile library | Public Public
and other Center library, library, recreational service sports | meeting meeting
social cinema theatre, park, social hall field, social place, bars place, bars
services social halls, hall, mobile
recreational park, cinema show
stadium ground
Communi- Served by Served by nationall Served by Served by Served by
cation international/nationg primary road primary/ secondary/ secondary/
| trunk road, head | departmental post | secondary road, minor road minor roads
post office, office, telephone | departmental radio call or | radio call
telephone facilities | facilities, regional | post office, telephone, telephone,
automatic exchange)) bus service, air radio telephone| sub post sub post
regional bus service| strip facilities, local | office, airstrip| office, local
airfield. bus service air | (in remote bus service
strip areas only) air strip (in
local bus remote areas
only)
Commercial Residential hotels | Local hotel and Local hotel and | General General
and restaurants, restaurant, branch | restaurant dukas and dukas and
banks and insurance bank, wholesale mobile bank small market | small market
companies, and retail facilities, | service, general| teashops. tea shops
wholesale facilities | large market rural | shops and
— warehousing, industrial medium size
shopping center development market.

with spec. market

centres

retail facilities
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A.3:

SCHEDULE OF PRINCIPAL TOWNS AND SERVICE CENTERS

CENTRAL PROVINCE

Principal | Admin. Urban centres Rural centrgs Market centres Locdtes
towns District
Nairobi Nairobi
(2,143,2
54)
Thika Thika Ruiru (53,000)
(106,707 Juja (6,009)
)
Kiambu Limuru (68,326) Gatunguya/ | Kilima- Lusigeti Mitubiri Kiranga Gathangari
Kiambu (60,605) | Mangu Mbogo Kamangu Kirinyange  Thogoto Ikinu
Kikuyu (156,131) | Uplands Kabati Cianda Munyu Uthiru Kibichoi
Githunguri (5,370)| Kalimoni Kartu Kagwe Wamwangi  Rironi Kiratina
Gatundu Kiganjo Githiga Kimunyu Mwimuto Gacoiri
Karuri Ngenda Gighioro Kamunyaka Lower Katwa
(Kiamwani) Ngewa Gachika Kabete Riuki
Kamwangi Kairi Gatitu gikambura Kambaa
Ngorongo Tinganga Nyamanger Kamangu Kihara
Mataara Marigo a Kanyoni Ndumberi Magina
Tigoni Kimende Biberioni Ruaka Gacharage
Muguga Makutano  Kiambaa Gatunguru
Ngecha Marboukia  Miguta
Kijabe Kahuho Kamburu
Wangige Kamuchege
(Mughumu)
Kirinyaga | Kagio (260) Kianyaga Mururi Mwea/ Murinduki/  Nguka Kibirigwi
Kerugoya ( ) | Kutus Kiamutugu Karima Tongonyes  Mutithi Rukanga
Sagana (8,439) Baricho Ithareni Kagumo Githure Kiamwanja Kiandai
Wanguru (8,181) Mukarara Makutano Karucho Gitumgi Kiamuthabi
Baricho (261) Kimbimbi Gatithi Karumandi  Kangei (kanyekini)
Kutus ( Kiangueny  Kiamichiri Riakiania
Kianyaga (2,541) Kimunye Kiangai Rwambiti
Kimunye (1,606) Gathigiriri Kiamaina Kadongu
Nyangati Mutitu Ndindiruku
Kiriko Kiburu Muthigiini
Muranga Muranga (58,007) Kaburo Kahuhia Gatura Gakubwe Gaikoigo Wajengi
(Muriranjes) | (Karuri) Mugomoini | Gakuyu Maragua (Gituto)
Kirwara Gitugi Kangare Gakoe Ridge Muri  Mukarara
(Gatanga) Kanyenyaini  Kinyona Githunguri  Kano Chumini
Kigumo Njumbu Muthulu Kiamaia Nyagainga Kigwa
Kiriaini (Nyakianga) Ndunyu Kiathe Tuso Kiruri  Makangu
Kangema Gacharageini chege Kiangage Chichi Ndakaini
Githumu Kaweru Muchungu- Ichagaki Gatakaini
Gaichanjiru  (Mugeka) chaKirate  Kamahuha Makombok
(Kangunduin  Gaturi) Githembe Rwathis i Gacharage|
i) Kaharati Kiria Kipanga Kahuti Gakui
Gacharage  Kiunyu Gaitwa Kariua Machocho
Kateti (Kihumbui | Giatutu Kagumoini  Kamokabi
Githiga ni) Kigumo | Muruka Ngutu Githagara
Gatara Ithanga Githunguri  Gitugu Giloe
Mariira Makutano Murarandia Gathera
Mariaini Q) Kaganda
Kaburumo  Koimbi Mitubiri
(Muthithi)
Maragua Kandara (37,311)
Makuyu (28,878)
Kabati (1,696)
Saba saba (1,600)
Nyandaru | Ol Joro Orok N. Kinangop | Ngano Ndungu Igwamiti Nyairoko Kimathi
a (2,223) Kipipiri Ndaragwa Njeri Kangui (Passenga) (Malewa)
Nyahururu (Miharati) Kaheho Murungaru | Dundori Pondo Kiriko
(16,000) Rurii Magumu Sabugo Wanijohi (Turasha)
Njabini (4,251) Ngorika Milangine Githioro Weru Gathandia
Ol Kalou (49,865) Gete (Mawingo)  (Muruaki) (Tumaini)
Maili Inya (3,580) Koinange Gathanji Mukeo

E 13



Engineer (3,292) (Karati) Kambaa Gichaka
Mugumo (2,949) Heni (Pesi) Munaka
Ndunyu Njeru (Karati) Gathara (Githioro)
(2,446) (Tulafa) Migaa
Miharati (1,479) Gichungo
Ndaragwa (1,101) Karangatha
Wanijohi (1,035)
Nyeri Nyeri Karatina (126,337)] Wamagana | lhururu Tumutumu | Ndathi Kangaita Kahati
(101,238 Othaya (9,966) Kigannjo Kinunga Giakaibai Muthuaini Kiawarigi Kaharo
) Mweiga (2,707) (Kirichu) Gatitu Dichichi Muruguru Gikororo Thageini
Naro moru (2,861) Kibiruini Mahiga Gichira Ndimaini Tambaya
Endarasha (2,862) Ruthagati Gathinga Gachika Kianjogu Ichamara
Mukurweini Giakanja Mahuti Kiamariga  Ngandu Gumba
(1,758) lhithe Gakindu Gatunganga Kaikuyu Gilondi
Kiandu Waraze Ngorano Gatondo Kanunga
Gachatha Ihuririo Gatarakwa
Gatumbiri Karema Hombe
Gathuthi Dirithia Ambogi
Kigwandi Kagicha Embaringo
Chinga Muyogo
Kagere
COAST PROVINCE
Kilifi Kilifi (75,527) Kakoneni Gongoni Fundisha Roka
Mariakani Mazeras Mambrui (Kibaoni) Mtondio
(68,509) Gede Hadu Sikoke
Mtwapa (18,397) Watamu Ngomani Dida
Kaloleni (4,431) Vitangeni Marikubuni Jaribuni
Majengo (4,427) Ganze Marata Junja
Bamba (1,369) Takaungu Garashi Jeuri
Vipingo Baricho Ribe
Rabai Chakama Jimba
Kinagoni Dugamra Kiduluni
(Bulu) Jilore  Kwa Damu
Kakuyuni Golani
Maziwani Kibaoni
(Ganda) Mdangoni
Msabana Gongoni
Mbuyuni
(Tsagwa)
Kwale Kwale (15,890) Msambweni | Tiwi Tsunza Mwareni
Kinango (1,707) Ngombeni Gandini Gulanzi
Lunga lunga (967) Ramisi Matuga Shambini
Vanga (2,532) Kikoneni Waa (Vigurungani)
Ukunda (Diani) Ndavaya Kigato Matumbi
(43,916) Samburu Munuka Kinangoni
(Mwabungu) Mackinnon
Gazi Road Maji ya
Shiraoni chumvi
Majoreni Silaloni
Mwangoye Makamini
Lamu Lamu (11,831 Witu Hindi Kiunga Faza
Matondoni (1,722) Manda bay Mkunumbi Pate
Mokowe (1,387) Kizingitini Siyu Bargoni
Mpeketoni (867) Majengo Mangai
Mararani
Mombasa | Mombasa
(665,018)
Taita Voi (33,077) Bura Station Dembwa Kajire
Wundanyi (6,930) Maktau (Wusi) Bungula
Taveta (55,580) Nganga Kungu Ghala
Mwatate (5,613) Msau (Wesu, Ziwani
Ghazi Ngaronyi) Mazera
Rukanga Bura (Nghoniji)
Sugala (Mission) Kilometa Saba
Kimongo Mtugua Kiwaiwa
Mwanda Eldoro
Warughu Kijabe
Mgambonyi  Timbila
Kiwa
Kigombo,
Ndemi
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Tana River | Hola (10,543) Kipini Masabubu Tarasa/Ngao
Garsen (4,977) Bura Saka Nanighi
Masalani Karokora Mnazini
Matambala Sankuri Maxora
Mororo Wanja
Malindi Malindi (118,428)
Mamburui (1,658)
EASTERN PROVINCE
Principa | Admin. Urban centres Rural centrgs Market centres Loceles
| towns | District
Embu Embu Runyenjes (58,223) Manata Karingari Kathanjure Kibugu Gikuuri Kiambera
(52,446) (Kairuri) (Nembure) Karurumo Kiamurin  Kathunjuri Mavuria
Ishiara Kianjokoma Kanyambora | ga Kigumo Ngandura
Kiritia Kavoe Ena  Gachoka Musonoka Kangunu Gathomu
(Kangethia)  Karaba Mbebori (Gichicho) Riakanau
Kanja Ugweri Makutano
Mukuuri Keria Kanguru
Kyani
Mulu
Isiolo Isiolo (32,684) Modo Gashe | Maai Saricho Kinna Bulossa  Kula mawe|
Merti (3,446) Garba Tula Ol Doinyo
Garba Tula (1,991) Nyiro
Kinna (4,122)
Kitui Kitui (106,873) Ndoa Mutune Kathibo Enziu Nseluni
(Mutito) Kalulani Kabati Syongila Mwitika Thitani
Mutomo (1,674) Kyoso Mulango Katsa Kakumuti Inyui Tharaka
Tulia (631) Kisasi Nuu Tselkuru Musebe Kyatuna Kimangau
Matinyani Mui Walta Yatta Kyoani Muvokoni
Ikutha Zambe Ngomeni Tiva Muthue Usueni
Kanziko Miambani Kavisuni Mosa Kamugwan
Voo Chuluni Nguni Wikiilya gu
Mwingi (2,000) Migwani Matha Endau lkanga Ithookwe Mathunyam
Mbitini i
Kwa-vonza
Machakos Machakos Masii Kaani Kimutwa Kibandhini  Kanzulu Kyamua
(143,274) Kithimani Kimulwa Ekarakara Mutondoni  Mutondoni Kitwil
Kangundo/Tala (Yatta) Mitituni Kalangi Kiatineni Kiitwii Kailli
(179,449) Uaani/Tawa | Muthethaai Kangondi Kamuthang Ikombe Kilili
Mavoko (Athi Mitaboni Wamunyu Mbiuni u Nzukini Thabu
River) Kileme Kivaani Matheeni Ngelani Myanani Maiara
(27,168) (Nunguni) Matuu Kathiani Kivumbu Makutano Okia
Mbooni Mumandu Kawathei Lema Kwandoo Kavumbo
(Kikima) Kalawa Kaviani Kinyata Kitandi Mutembuk
Nzaini Ithaeni Kivani u
Konza Kaloleni Kyangata Kihungo
Mutula Vyale lluni Ndauni
Upete Nguluni (Katuaa) Mwanyani
Kianzabe Kali Kithumain
Mwaani Utangwa Wathini
(Mukaa) Ngolenii Muyambua
Kaiani Kathama
Kusyomuom lIthetani
0 Makaveti Kambuu
Miu Mbuani
Kithioko Koma Rock
Kabaa Miondoni
Mikuyuni Kithayoni
Daajani Muisuni
Kaloleni
Mwingi Mwingi (66,212)
Migwani (462)
Makueni Wote (58,195) Mwata/ Kikoko Kathonzweni | Kiongwani
Makindu (6,226) Siadhani Kila Mavindini Masongale
Sultan Hamud Nziu Kikumini ni
(4,452) Katulani Ngwata Syumila
Kibwezi (3,824) Mbumbuni Katangini
Emali (3,649) Matiliku Masumba
Kikina (1,871) Kasikeu Kiu
Machinery (1,581) Maiyani Kako
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Mbumbuni (1,258) Makindu llani
Talw (693) Kilala Enzai
Mtito Andei Kiboko/
(53,745) Ngonyo
Sabuk
Marsabit Marsabit (11,982) | Moyale Laisamis Loiengalani Kalacha lllaot
Sololo (2,541) lleret Logo Logo
North Horr (2,401) Maikona
Kargi (1,064)
Meru Meru Nkubu (7,725) 1goji Thimagiri Mukuuni Kienduru Mariani
(65,700 | Central Chogoria (2,000) Kanekine Timau Mitheru Kathurina Kiereni
) Mitunguu (3,724) Marima Kiirua Kaanwa Ngenyi Chera
Timau (1,564) Muthamba Githengo Chakanyinga| Nthimbiri Weru
Mariamanta | Kibirichia Chiokarige Mpuri Momboni
Miathene Mujwa Gathunga Katheri Karimba
Kangeta (Imenti) Kianjai Kaongo Makatuni
Late Gaitu Muthara Kithirune Kanjuki
Mariene Mikinduri Thege Iriga
Miguriri Kiguchwa Giaki Kanjora
Chuka (2,000) Mikumbuna  Gatumune Ruiri Tunyai
Maua (2,000) Kibugw Muluati Kiangua Kalangachini
Kiriani Kionyo Kanuti
Keiemana  Karama
Kathara Ruitu
Nyandene  Mbaranga
Keringa Anchenge
ltugururu Kiengu
Ikuu Milu Tatu
Mwiria Atheru
Keria Ruujine
Theera
Kaongo
Kamau
Meru Maua (15,475)
North Lare (2,141)
(Nyamben
e)
Meru Chuka (7,271)
South
Mbeere Siakago (3,230)
NORTH EASTERN PROVINCE
Garissa Garissa (69,203) Mulugho Balambala | A;omkigir Sankuri
Dadaab (4,580) Bura Banana Korokora
Liboi (2,540) Masalani Wardeglo Masabubu
Mundo Gacha Hara Saka
(4,148)
Anuna (1,971
ljara liara (1,265)
Mandera Mandera (43,916) Asahaba Arabia Asabito Simmbirr
Malka Mari  Takaba Kalaliyo Faduma
El Roba Gadeiff
Banisa Wangai
Harere Dahan
Gololibia Bur Manisa
Ramo Nur Mansa
Dimtu Nur Mansa
Omar Jilo
Figho
Dandu
Koba Arba
Fakat
Wajir Wakor (44,272) Habasweom | Girillu Tarbao Gurar Elben
Buta (2,808) Bura Kulaley Knorot Harar
Eldas (2,575) Ajao Korondile
Buna (1,709) Banana Wajir Bot
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El Wak (11,128) Batalu Luhalay
Rhamu (7,437)
Moyale Moyale 924,874)
NYANZA PROVINCE
Kisii Keroka (40,328) Nyambunwa | Myamaia Monianku Nyakoa
Manga (2,000) Kabirigo Gesima Miruka Matongo
Kisii (65,235) Kaumbu Mogonga (Riochanda) Kamagambo
Suneka (31,739) Nyamacha Gesusu Obwari Kiogoro
Masimba (21,219) | Kenyanya lgara Tombe Makairo
Nyamarambe| Nyanturago Riana Kenyenya
Magomgo Ikoba Musobeti
Magwagwa Mukomani Rigoma
Ikonge Iltumbe Nyamasibi
Nyangusu Matonto Nyacheki
Tina Kegogi Magema
Riosiri Maroo Marabu
Kiamorkama Pala Nyamesege
Marani Matongo Kerongo
Ramasha Karota Kegeti
Magencha Nyarambe Chengombei
Etago Iseche Matutu
Mosocho Rioma Mogumo
Birongo
Chepnyalil
Ogembo (2,000) Nyamira
North Kisii | Nyamira (100,083)
(Nyamira) Nyasiongo (32,305)
Migori Migori (95,446)
Awendo (90,153)
Rongo (79,817)
Sorr (4,339)
Rachuonyo | Oyugis (65,894)
Kendu Bay (22,048
Homa Bay Homa Bay (56,297
Ndhiwa (1,498)
Suba Mbita (46,223)
Nyando Muhoroni (35,145)
Ahero (30,327)
Chemelil (6,864)
Katito (4,042)
Koru (992)
Kabongo Oiyier
(201)
Bondo Bondo (29,202)
Usenge (5,771)
Suba Sindo (1,637)
Wadiaga (156)
Kuria Kehancha (151,465
Kisumu Kisumu Ahero (2,000) Miwani Chiga Kibos Nyabondo
(322,734) Maseno (2,900) Chemelil Kibigori Rabula Makindu
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Sondu Rabuor )Ombeyi) (Kowawa)
Muhoroni Awach God Abuoro  Koru
Kambawa Kusa Songhor Tamu
Kiboswa Paponditi Masogo Kipasi
Awasi Ambaka Kaloka
Kisian Nyamasaria Magwar
Pawakucha Karowa Reru
Awach Onijiko Akaco
Oronglo (Otha) Bodi
Daraja Mbili Kiboko Kondik
Onyungo Wath Orego
Nyamarimba Ulalo
Sigeti Nyag Bondo
Bodi
Nyanganda
Dajaja Mbili
Siaya Ukwala (1,768) Bondo Boro Randago Uwai
Yala (40,125) Asembo Nderi Kadenge Siluo
Siaya (41,162) Rangala Usengi Urenga Bondo
Ugunja (29,513) | Nyangweso | Wagusu Mwer Jera
Ngiya Aram Nyalgunga Umina
Madiani Nyapiedho
Saga (Maranda) Nzoia
Sigomere Wangarot Mbosia
Sindindi Anguongi Madhiero
Akala Usigu Malanga
Ndori Nyamonye Muhanda
God Kapolo  Sianga
(Nyagoma) Ramula
Nyilima Kudho
Lwak Nyagongo
Ragengani Sirembe
Manywanda Kambare
Ndigwa Nyang'oma
Ajigo
S. Nyanza Mbita Omoya Isibania Lieta Gendia
Kihancha Lwanda Taranganya | (Kabunde) Ramula
Karungu Ogongo Mariwa Ngegu Karota
Macaler Homa Lime Rapogi Nyangweso  Mambolea
Mine Kadel Uriri Ndiru Pala
Sara Doho Kosaie ~ Mugoro Awach Ringa
Kabondo Mohoru Tende Nyamburu
Ober Magunga Kamasengra Gangre
Samba Orinda Aora Sena (Sino)
Miriu Chuodho Ukula Oring
Gucha Ratanga Kwoyo Rakwaro
Ranon Kagaga Obando Nyambija
Rangwe Mawego North Huri Rakwaro
Rodi Kpany Sidede Odienya
Kandiege Opaya
Kanam Dede
Omboga Asumbi
Wagwe Nyawi;a
Otaro Oboke
Nyahera Imbo
Rioma Ongeng
Kwoyo Magina
Oyombe Kakrao
Nyabisawa God Jope
Masaba Okenge
NyangoreKie Bondo
rege Nyironge
Kurliange God Kwer
Nyairtiro Othoch
Intimaru Rakuom
Ndonyo Wath Onger
Kagega Lwanda
Oyoni Migwar
Osogo Nyandhiwa
Gogo Kiabuya
Mikei Agolo Muok
Otati
Osani
Mirogi
Rapedhi
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RIFT VALLEY PROVINCE

Principal | Admin. Urban centres Rural centreq Market centres Locdtes
towns District
Baringo Kabarnet (16,931 Kituro Kabluk Kamimoi Tangulbet
Marigat (4,738) Tenges Kapturwo Sinonin Churo
Kampi ya Samaki Kinyang Saretunin Sabatia Kipedo
(728) Emening Pemwai Saos Mugurin
Tangulbei (586) Kamungei Esageri Kisanana
Karbartonjo (384) Kipcherere Torongo Olkokwa
Bariolimo Sirwa Maji ya moto
Poi Makutano Loboi
Bartabwa Radad Sagut
Timborwo Loiminnage  Noiwel
Mogorwo Loruk
Katwa
Keiyo Tambach/Item Chepkoiro Kaptarakwa Cheptongei Kamorin Turesia
(22,710) Chebiemit Tot Chebara Bugar Kipsaos
Kimwerer (965) Kapsowar Chebororwa Chesegon Seroit Tumeiyo
Kanwosor (621) Kapcherop Chesongoch  Biretwo Musgut
Cheserek (288) Koitilial Kessup Chebloch
Kaptalamwa  Kapieren Chesoi
kipsoen Nyeru
Kajiado Kajiado (9,165) Magadi Il Bisil Nonkoopirr Oltepis
Ngong (20,701) Mashuru Elangata waus Mosiro
Kitengela (9,327) Kiserian Isinya Ol
Namanga (6,205) Oliosetti Kilamattan
Loitokitok (6,150) Ngata taak Bulbul
Rombo (1,885) Salengai Waso
Lengesim Kadong
Rongai Malasia
Kimana Ongata
Lassit Rongai
Kericho Kericho (93,213) | Sosiot Kaitui Ainamoi Mogogosiek  Chepelelwa
Londiani (34,187) | Rorat Isondo Kimutot Kabenet Gorgor
Kipkelion Longisa Kapkatet Kapkugerwet Loiwa Gelegele
(26,786) Lumbwa Kapkoros Chpsir Ainabkoi Siongiroi
Kaboson Chemosit Kapsuser Kabianga Moyet
Ndanai Kipchimchim  Sotik North ~ Tarakwa
Tenwek Kapsoit Kaitet Merigi
Chebuno Kiptera Kabkuress Kapkimoiwa
Sigor Kapsarok Keseagetiet Mulot
Kedowa Kipsitet Ng'oina Sorget
Fort Ternan Cheborge
Laikipia Nyanyuki (49,330)| Rumuruti Ngarua Lumuria Sosian
Doldol (695) Umanda South
Kimanjo Marmanet
Nyahururu Mithigia
Murara Noprth
Marmanet
Nakuru Nakuru Njoro (16,510) Mau Narok Bahari Mabruk Mgwatamorp Ambuskat
(231,262) Molo (96,156) Elburgon Solai Elementaita Kibunja Morendat
Naivasha Gilgil Subukia Banita Turi North Karati
(158,678) Rongai Nyamamithi Mausummit ~ Maraigushu
Elburgon (23,173) Olenguorone Kabasi Molo South  Kongoni
Gilgil (20,362) Longonot Kandutura Ikumbi Kariandus
Dundori (6,056) Kijabe Kampi ya Kerisoi Karunga
Mau Narok Moto Eburru
(3,344) Siape Mount
Salgaa (875) Kamwaura Margaret
Subukia (1,905) (Mai Mahiu)
Rongai (1,499)
Olenguruone
(1,362)
Keringet (1,007)
Nandi Kapsabet (48,729] Kabiyet Cheptarit Chepsonol Sangato Kamngoriam
Nosoriot (1,507) Lessos Kaiboi Chepkumia Gurgung Ndutia
Kabiyet (1,015) Kaptumo Kipkarren Baraton Ndalat Kemeloi
Kaigat Chepterit Kablemit Chekunan
Chipterwai Kapsisywa Kipyesi Maraba
Kilibwoni Kipsigek Chemnowet
Mugondoi Kosiral Arwos
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Chemmase Mutwol Chepkunyuk
Kobujoi Birbirlet
Serem Lelmokwo
Kabisaga
Lolkeringet
Narok Narok (41,162) Enabelbel Siyapa Mosiro Entasekera
Nairegie (1,970) Narosura Siyabel Rotich Emaril
Laisamis (1,938) Mulot Olchoro Enangipeti Shartuka
Olukurto (869) Lolgorien Sakutiek Olokurto Enosaan
Suguta (1,369) Lidamat Morijo Angata
Olulunga Naikarra Baragoi
Lemak Maguarra Keekorok
Altong
Samburu Maralal (24,502) Opiroi Kirimon Tum
Kisima (580) South Horr Losuk Marii Lodongokwe
Baragoi (4,345) Barsaloi lllaut Serolevi
Archers post Kisima Nguronit
(3,966)
Wamba (3,950)
Kitale Trans Endebess Kwanza Suam Kapretwa Makutano
(86,282) Nzoia Kiminini Saboti Kimothon Kisawai Nzoia
Cherangani Kimothon Teldet Kapsara
Suwerwa Chepchoina Kipsoen Sirende
Kiptagat Kibuswa
Sikhendu
Turkana Lodwar (34,904) | Kalokol Kakuma Eliye Loiya Todenyang
Lokitaung (1,617) | Lokitaung Lorekumu Kerio Khaekongole Kating
Katilu (406) Lokori Kaputir Kataboi Lokichar Lomelo
Turkwel (392) Oropoi Lowerangak Lochakula
Kapendo (46) Nachakwi
Lokichogio
(13,728)
Kakupia (9,107)
Eldoret Uasin Timboroa (3,038) | Kipkabus Soy Leseru Kiboloss Matunda
(197,449) | Gishu Burnt Forest Turbo Kaptagat Kapsaret Chepsaita Ainabkoi
(30,166) Moiben Ainabkoi Elgeyo Border Ngenyilel East
Turbo (2,701) Moi's Bridge | West Plateau Osorongai Nabkoi
Olessos (796) Panon Tatsagoi Cengalo
Soy (523) town Kipkurere
Kipkaren (145) Ziwa Kaptabei
Moi’s Bridge
(21,844)
Matunda (11,214)
West Pokot | Kapenguria/ Kacheliba Kaibibich Morkwijit Kanyerus Kapchemogen
Makutano (Kongelai) Kanyarkwat Kisaunet Koidich Chesegon
(48,730) Sigor Kanyao Serewa Nakuyen Lomut
Cheparenia Nyapong Kerenget Kasei Lolongot
(18,470) Ortum Chepkono Kowriong Tankal
Kapsait Chepnyai Sebit
Kapsangar Ploiyo Wakor
Chepkobei
Bomet Bomet (84,320)
Sotik (8,042)
Litein (2,637)
Nandi Nandi Hills
(77,574)
Koibatek Eldama Ravine
(32,192)
Maji mazuri
(4,635)
Mogotio (3,816)
Emining (449)
Trans Mara | Kilgoris (2,478)
Nkararo (1,296)
Lolgorian (1,119)
Buret Chebitat (1,142)
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WESTERN PROVINCE

Bungoma Webuye (70,137)| Kapsakwany | Mayanja Kaptema Chebukwa Lukhone
Kimilili (71,461) Tongareni Makatero Kapkateny | Kibabil Kuywa
Bungoma (73,048), Sangalo Bokoli Nzoia Khachonge
Sirisia (23,520) Kabula Nalondo Kimaeti Chebukwabi
Malakasii (12,102) Nyanga Lugulu Chepkube Sitikho
Chwele (3,018) Kamakoiwa  Naitiri Changara Mbakalo
Misikhu (1,495) Ndalu Maleka Makutano
Bumula Nalianda Makukuywa
Sibembe Kongoli
Butonge Majaha
Chesamisi Milo
Sikhendu Muchi
Ndivisi Kandunyi
Namotio Kibuke
Chemogu
Kaboywa
Sikusi
Busia Busian (44,211) | Nambale Chelelemuk Kolait Bukhalatire
Port Victoria Hakati Mataba Kolanya Bakayi
(23,009) Butula Amukura Mundika Bukiri
Bumala (19,791) | Muandas Matayo Igara Lugara
Fungula Sio Port Kwangamor Luanda
(Nyangina) Buhuyi Mungatsi Lupida
Likoli Luamwa
Murumba Lugulu
Buyolu Alupe
Mabunge
Tingolo
Siribo
Jairos
Namuduru
Machakus
Chamasiri
Kakameg | Kakamga Malava (24,248) | Khwisero Shinyalu Kakunga Mahanga Bungasiwa
a (74,115) Navakholo Bukura (Mwanza) Ekambuli Samaki
Kiboswa Lubao Indoise llungu Munami
Shianda Likmgili Magada Jeprok Matungu
Ebusiralsi Koyonzo (Muganda) | Kinu Makunga
(Esibuye) Shikulu Eshibinga Banja Eshisiru
Khayege (Musoli) Eregi Senenda Matana
(Mukumu) Soy Malinya Kiritu Muregu
(Sigalagala) Matere Chamakanga Lukumo
(Ikolomani Cheptik Samitsi
Kagubdu Kambiri
(Ishiru) Chimangeti
Litambitsa Butali
(lgunu) (Chebwai)
Sabatia Chimuche
(Buchenya) Luandeti
Manyula Nambirima
Ematundu Mabusi
(Wambulishi)  Likhuyani
Shiatsala Mauwama
Musanda Mbaraka.
Virembe
(Isechero)
Mt. Elgon Kapsokwony Chesakaki
(5,687)
Cheptais (3,675)
Vihiga Vihiga (109,508) | Kaimmosi Sabati
Luanda (66,289) | Hamisi Serem
Maseno Gambogi
Lugari Lumakanda Soy
(11,386)
Lugari (2,769)
Teso Malaba (45,637) | Amagoro
Butere/ Butere (9,771)
Mumias Mumias

Note: - All the figures in Brackets are 1999 p@tign estimates
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A.4: LAND POTENTIAL
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A.5: POPULATION GROWTH RATES IN THE DISTRICTS 1979 TO 1999

Rate of growth

Rate of growth %

gggt‘; :gtce / 1979 (000's) 1989 (000's] 1999 (000's] % per annum | per annum 1989
1979 to 1989 to 1999
Nairobi 828 1,325 2,137 6.00 6.13
Kiambur** 686 914 742 3.32 5.20
Thika*** 647 5.20
Kirinyaga 291 392 455 3.47 1.61
Murang'a™ 648 858 351 3.24 2.01
Maragua™ 389 2.01
Nyandarua** 233 345 466 4.81 3.51
Olkalao*** 3.51
Nyeri 486 607 655 2.49 0.79
Central Province 2,344 3,116 3,705 3.29 1.89
_'fi"ﬁ 431 592 555 3.74 4.14
Malindi 282 4.14
Kwale 288 383 497 3.30 2.98
Lamu 42 57 73 3.57 2.81
Mombasa 341 462 653 3.55 413
Taita 148 207 248 3.99 1.98
Tana River 92 128 183 3.91 4.30
Coast Province 1,342 1,829 2,491 3.63 3.62
Emb“ 263 370 277 4.07 0.72
Isiolo 43 70 101 6.28 4.43
Kl 464 653 517 4.07 0.72
Mwingr** 303 0.72

+
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Rate of growth

Rate of growth %

g?:t‘; :the/ 1979 (000's) 1989 (000's] 1999 (000's] % per annum | per annum 1989
1979101989 | to 1999
Machakos™ 1,023 1,402 915 3.70 2.00
Malkuenr™ 767 2.00
Marsabit™ 96 129 122 3.44 3.64
Moyale™ 54 3.64
Meru 830 1,145 3.80
Mbeere™ 173 3.86
Q/Ieru Central** 500 386
Q/Ieru North*** 608 386
Tharakar 101 3.86
Nithi™ 205 3.86
Eastern Province 2,719 3,769 4,643 3.86 2.32
Garissa 129 125 390 -0.31 21.20
Mandera 106 124 250 1.70 10.16
Wajir 139 123 321 115 16.10
horth Basten 374 372 961 .0.05 15.83
Kisii* 870 1,137 3.07
4Ifisii Central*** 487 276
Gueha™ 464 2.76
4Ifisii North*** 500 276
Kisumu 482 664 500 3.78 2.00
Nyando™ 297 2.00
Slaya’ 475 639 480 3.45 1.25
Bondo™ 239 1.25
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Province / Rate of growth | Rate of growth %
District 1979 (000's) 1989 (000's) 1999 (000's) % per annum | per annum 1989
1979 to 1989 to 1999
South Nyanza* 818 1,067 3.04
Migori™™* 517 3.35
Kuriar 152 3.35
roma - Bay™ 201 3.35
fachuonyo*** 308 335
Suba 156 3.35
Nyanza Provinceg 2,645 3,507 4,391 3.26 2.52
Baringo™ 204 348 265 7.06 1.58
Eoibatek*** 138 158
moeye 149 216 4.50
feiyo*** 142 3.10
i/larakwet*** 141 310
Kajiado 149 259 405 7.38 1.08
Kericho™ 633 901 472 4.23 4.93
Bomet™ 384 4.93
Irans Mara**} 172 493
Buret™ 317 4.93
Laikipia**** 135 219 323 6.22 4.75
Nakuru 523 849 1,197 6.23 4.10
Narok 210 434 363 10.67 1.08
Nandi 299 398 582 3.31 4.62
Samburu 77 109 142 4.16 3.03
Trans-Nzoia 260 394 575 5.15 4.59
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Province / Rate of growth | Rate of growth %
District 1979 (000's) 1989 (000's) 1999 (000's) % per annum | per annum 1989
1979 to 1989 to 1999
Turkana 143 184 447 2.87 14.29
Uasin Gichu 301 446 617 4.82 3.83
West Pokot 159 225 309 4.15 3.73
Rift valley 3242 | 4,982 6,991 5.37 4.03
Bungoma™ 504 679 878 3.47 4.92
Mt. Elgon™ 135 4.92
Busia™® 208 402 371 3.49 3.48
Teso™ 171 3.48
fakamega** 1,031 1,464 605 4.20 2.29
Euiere/Mumias** 478 299
Lugarr 217 2.29
Vinigar™ 499 2.29
prestern 1,833 2,545 3,354 3.88 3.18
Total Kenya 15,327 21,445 28,673 3.99 3.37
NOTES: * Districts subdivided after 1989 and name ceased to exist

** Districts subdivided after 1989 but old name retained

*** Districts created after 1989

*** Part of District shifted elsewhere

* of 1989.
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APPENDIX B:

B.1:
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APPENDIX C:

C.1: TOOLS AND LABORATORY EQUIPMENT
ITEMS WITH NO RELEVANCE TO THE PARTICULAR SCHEME SH OULD
BE DELETED
ITEM DESCRIPTION OF ITEMS QUANTITY
Tools
1. Pipewrench 48" for pipesize25-125 mm 2 No.
2. Pipewrench 36" for pipesize  8-80 mm 2 No.
3. Pipewrench 24" for pipesize  8-65mm 2 No.
4. Pipewrench 18” for pipesize 8-50 mm 2 No.
5. Pipewrench 14” for pipesize 8-40 mm 4 No.
6. Pipewrench 12” for pipesize 8-40 mm 4 No.
7. Pipewrench 10" for pipesize 4 No.
8. Chain Pipewrench 48" for pipesize  40-200 mm 2 No
9. Chain Pipewrench 36" for pipesize 50-150 mm 2 No
10. Adjustable screw spanner 18" for pipesjze 2 No
11. Adjustable screw spanner 12” for pipesize 2 No
12. Adjustable screw spanner 8" for pipesize 2 No.
13. Adjustable screw spanner 4” for pipesize 2 No.
14. Open spanner ¥%2"-2" (14 pps 2 sets
per set)
15. L and Key set 1 set
16. Plier Combination 1 No.
17. Poly grip 1 No.
18. Stock & Dies 15-50 mm 1 set
19. Stock & Dies 65-100 mm 1 set
20. Stock & Dies 100-150 mm 1 set
21. Potable pipe vice 8-50 mm 1 set
22 Pipecutter 1 No.
23 Torches 1 No.
24 Brease hand drill *Up to ¥ 1 No.
holes)
25 Cold chisel 200 mm 2 No.
26. Punches 1 set
27 Crow bar 1 No.
28 Hack saw frame 12" 2 No.
29 Blades to —do- (plet of 100) 1 No.
30 Screw driver 9 x 200 2 No.
31 Screw driver 6 x 100 2 No.
32 Screw driver 4 x 75 2 No.
33 Screw driver 6 x 100 star 2 No.
type
34 1 No.

Medium coarse file 6" flat
tyre a‘
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ITEM DESCRIPTION OF ITEMS QUANTITY
35 Medium coarse file 8” flat tyre 1 No.
36 Medium coarse file 10” flat tyre 1 No.
37 Medium coarse file 6” round tyre 1 No.
38 Medium coarse file 8” round tyre 1 No.
39 Medium coarse file 10” round tyre 1 No.
40 Hammer engine %2 kg 1 No.
41 Hammer sledge 5 kgs 1 No.
42 Knife 1 No.
43 Axe 1 No.
44 Tool box 18” 1 No.
45 Hurrican lamp 1 No.
46 Pressure lamp 1 No.
47 Oil can 0.5 litre + 5 litres of oil 2 No.
48 Grease gun standard with 10 nipples and 10 cafilidges 1 No.
49 Bucket 10.0 litres 2 No.
50 Jerry can 10.0 litres 2 No.
51 Empty steel drum 200 litres 3 No.
52 Wall clock (battery) 1 No.
53 Stop watch 1 No.
54 Ladder light alloy 5m 1 No.
55 Tape measure 50 m 1 No.
56 Tape measure 3m 1 No.
57 First aid kit (10 persons) + box 1 No.
58 Bow saw + 2 extra blades 36" 1 No.
59 Wheel barrow heavy duty 1 No.
60 Shovel standard type 5 No.
61 Pick with handle 5 No.
62 Garden rake with handle 2 No.
63 Panga 2 No.
64 Grass slasher 2 No.
65 Jembe with handle 4 No.
66 Forkjembe with handle 4 No.
67 Karai 4 No.
68 Broom 2 No.
69 Paint brush 50 mm 2 No.
70 Miscellaneious paint
71 Diesel, 400 litres if necessary
Office Equipment

72 1.5 x 0.9 mm office table with 6 No. drawerdd&able 1 No.

73 Office chairs 2 No.
Laboratory Apparatus

74 Beaker 600 cc plain (Borosillicate hard glass) N6

75 Beaker 400 cc (Borosillicate hard glass) 6 No.
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ITEM DESCRIPTION OF ITEMS QUANTITY
76 Burette 50 cc 4 No.
77 Winchester quart bottle (400 ml) for calciumbdity test 4 No.
78 Graduated glass measuring cylinder 25-250 cc 0.4 N
79 Conical flask 250 cc 6 No.
80 Plain glass funnel (for Whatman No.1 filter) 8.N
81 Whatman’s No.1 filter paper 185 mm (box of 100) 10 No.
82 Speciman jar cylindrical ground with glass s&p®00 cc
capacity for alum and soda ash solutions (jar tests 4 No.
83 Pipette graduated 0.100 to 1.0 cc 6 No.
84 25 cc pipette with one mark to deliver precisargity 4 No.
85 Glass stirring rods min. 20 cm long 4 No.
86 Wooden double tripod stand for burette 2 No.
87 Comparator an dcolourmetric determination blogge 2000
lovibond complete with indicator disc in leatheeett 1 No.

88 Test tubes 10cc (for residual chlorine test) Nb2
89 a| Disc Cresol Red 7.2 to 8.8 (for pH test) 1 No.

b | Disc Bromo Thymol Blue 6.0 to 7.6 (for pH test) b.N

¢ | Thymol Blue 8.0 to 9.0 (for pH test) 1 No.

d | Disc Chlorine 0.1 to 1.0 ppm (resid. cholor.test Nd

e | Disc Chlorine 0.2 to 2.0 ppm (resid. chlor. Test) Nd
90 D.P.D. Tablet (box of 100 No.1 for free residctallorine 1 No.
91 D.P.D. Tablet (box of 1000 No.4 for total resilohlorine) 1 No.
92 Dropping bottles 60 cc 4 No.
93 Sulphuric acid N/50 in 0.25 litre bottle 10 No.
94 Counter scale Avery C/with weights measuringaup5 kb 1 No.
95 Photographic scale complete with weights forto 20g 1 No.
96 Turbidity rod 1 No.
97 Cresol red indicator solution 0.25 litre bottle 2 No.
98 Bromo Thymol blue solution in 0.25 litre bottle 2 No.
99 Thymol blue solution in 0.25 litre bottle 2 No.
100 | Thymol red solution in 0.25 litre bottle 2 No.
101 | Phenol phethelein solution in 0.25 litre bottle 2 No.
102 | Distilled waer 5 litre container 1 No.
103 | Fire extinguisher (Cp5kg 1 No.
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C.2:

KENYA STANDARDS
(SOURCE: CATALOGUE OF KENIA SRANDARDS, 2005)

Building Industry

KS 02-17 :
KS 02-18 :
KS 02-19:
KS 02-20 :
KS 02-21:
KS 02-22:

KS 02-93 :
KS 02-95:
KS 02-97 :

KS 02-98 :
KS 02-99 :
KS 02-100

KS 02-101
KS 02-102
KS 01-103
KS 02-104

KS 02-105 :
KS 02-106 :

KS 02-108 :
KS 02-110:

1976
1978
1976
1976
1976
1976

1983
1983
1982

1982
1982
: 1982

: 1983
: 1983
1083

: 1983
1982
1983

1983
1983

Chemical process

KS 03-85:
KS 03-155
KS 03-221

1979
11978
11981

Specification for sawn timber

Specification for steels for builgliand construction.

Nomenclature for commercial Kengdbers

Definitions and terminology for cants

Specificaitons for Portland cement

Specifications for hot rolled nskeel bars for reinforcement of
concrete.

Glossary of terms used in timber

Specification for natural aggregdite concrete

Specification and methods for fisbuilding limes, quick lime and
hydrated lime.

Glossary fo terms used in lime land products

Glossary of terms relating to bituons materials

Specification for asbestos-cenmmtugated sheets for roofing and
cladding

Methods for detainling reinforoedhcrete

Architectural and building dravengpcabulary

Specification for the use fo coldrfed steel structural members

Specification for cold rolled $teections.

Specification for hard drawn steie¢ for reinforcement of concrete.

Standard bending dimensions aneldsding of steel bars for
reinforcement of concrete

Glossary of termsfor concrete rantforced concrete

Symbols for plumbing, water suppbating, ventilating and ducting

Specifications for aluminium suligha
Specifications for sodium carb®raf echnical grade
Specification for lime for chenhicadustry

Electrical Engineering

KS 04-178 :

KS 04-179 :
KS 04-182 :
KS 04-183 :
KS 04.187 :

1980

1978
1982
1982
1980

Glossary of terms related to esbkonductors and accessories for
electricity supply

Specifications for rigid PVC coitgland fittings for electrical wiring.

Specification for contactors

Specification for low-voltage fsise

Specificaiton for conductors arsdilated cables
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Mechanical Engineering

KS 06-02 : 1975

1976

KS 06-08 : 1976

KS 06-72 : 1978

KS 06-149 :

KS 06-217 :

KS 06-219 :

KS 06-259 :
KS 06-320 :
KS 06-321 :
KS 06-323 :
KS 06-324 :
KS 06-355 :
KS 06-356 :
KS 06-430 :

1079

1981
1981

1981

1981

1981
1982
1981
1982
1982
1982
1982
1982

Part 1. Specification for galvadiplain steel sheets

Part 2. Specification fahg Corrugated steel sheets

Sl units and recommendations ferube of their multiples and certain
other units

Specification for nails

Specification for unplasticized/@pipes for cold water services.

Part 2. Dimensions, nmhpressure (metric series)

Part 3. Dimensions, m@ahoutside diameter and wall thickness (metric
series)

Specification for unplasticizedlypmyl chloride (uPVC) pipes and
fittings for buried drains and sewer pipes

Specification for hexagonal squmés, screws, nuts, and lock nuts,
metric and inch threads.

Specification for steel pipesviater and gas suitable for screwing

Specificaiton forPVC water hoses

Specification for low pressureberwater hoses

Specification for ISO metric tldea

Specification for high pressuilgber water hoses

Hot dip galv. Coatings on iron atekl articles

Specification for mild steel progu

Specification for eddy curreneddbn of defects.
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C.3: ISO STANDARDS

Reference

Ed Page Title

TC 5 Ferrous metal pipes amd metallic fittings.

ISO 7/1-1982

ISO 7/2/1982

ISO 13-1978

ISO 49-1983
ISO 50-1977

ISO 65-1981

ISO 221-1976

ISO 228/1-1982

ISO 228/2-1980

ISO 559-1977

ISO 657/14-1982

ISO 1127-1980

ISO 1129-1980

ISO 1179 - 1991

ISO 2016-1981

ISO 2037-1980

ISO 2084-1974

ISO 2441-1975

2

4

UDC 621 6432124 -4

Pipe threads where pressure-jagihts are made on
the threads. Part 1 : Designation dimensions and
tolerances.

Pipe threads where pressure-tmjhtsj are made on
the threads — part 2 : Verification by means ofitlim
gauges.

Grey iron pipes, special casting$ grey iron parts
for pressure main lines.

Malleable cast iron fittings thréadSO 7/1

Metal pipes — Steel sockets screagedrding to ISO
7

Carbon steel tubes suitable faveag in accordance
with ISO 7/1

Steel tubes — wall thicknesses

Pipe threads where pressurée-joghts are made on
the threads — Part 1 : Designation, dimensions and
tolerances.

Pipe threads where pressurejoghts are not made
on the threads — Part 2: Verificaiton by meansdruoit|
gauges.

Welded or seamless steel tubewdter, sewage and
gas.

Hot-rolled steel sections —t Pk4: Hot-finished
structural hollow sections — Dimensions and seetion
properties.

Stainless steel tubes — Dimessitolerances and
conventional masses per unit length.

Steel tubes for boilers, sup¢enga and heat
exchangers — Dimensions, tolerances and convehtiona
masses per unit length.

Pipe connnecitons, threadetb@® 228/1, for plain
end steel and other metal tubes in industrial
applications.

Capillary solder fittings for cepgubes. Assembly
dimensions and tests

Metal pipes and fittings — staslsteel tubes for the
food industry

Pipelene flanges for general usd/etric series,
Mating dimensions.

Pipeline flanges for general useShkapes and
dimensions of pressure-tight surfaces.
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ISO 2531-1979

ISO 2546-1973

ISO 2547-1973

ISO 2851 - 1973

ISO 2852-1974

ISO 2853-1976

ISO 2937-1974

ISO 2938-1974
ISO 3304-1985

ISO 3305-1985

ISO 3306-1995

ISO 3419-1981
ISO 3545 - 1981

ISO 4019-1982
ISO 4054-1980
ISO 4144-1979
ISO 4145-1979
ISO 4179-1985
ISO 4200-1985
ISO 5251-1991

ISO 5252-1977
ISO 5256 - 1985

ISO 6594-1983
ISO 6600-1980
ISO 6600-1980
ISO 6708-1980

ISO 6758 198
ISO 6759-1980

36

10

21

11

13

10
12

25

54

Ductile iron pipes, fittings amtessories for pressure
pipe-lines
Addendum 1-1980

Seamless plain end tubes made dirmatioyed steel
and without quality requirements.

Welding plain endtubes made fonailayed steel and
without quality requirements.

Metal pipes and fittings — S&sis steel bends and
tees for the food industry.

Metal pipes and fittings — Stnlsteel clamp liners
with gaskets for the food industry

Metal pipes and fittings — Sesal steel screwed
couplings for the food industry.

Plain end seamless steel tubes nfiechanical
application.

Hollow steel bars for machining

Plain end seamless precision sibes — technical
conditions for delivery

Plain end welded precision stekés — Technical
conditions for delivery.

Plain end as welded and sizecigiwa steel tubes —
Technical conditions for delivery.

Non-alloy and alloy steel butding fittings

Steel tubes and tubular shapeekaories with circulr
cross-section — Symbols to be used in specification

Cold-finished steel structurallldwo sections -
Dimensions and sectional properties.

Couples, loose spigots and basesp for use in
working scafforlds made of steel tubes. Requirégmen
and test procedures

Stainless steel fittings bhreadd80 7/1

Non-alloy steel fittings threattedSO 7/1

Ductile iron pies for pressure dmon-pressure
pipelines — Centrifugal cement mortar lining — Gahe
requirements

Plain end steel tubes, weldellsaamless — General
tables of dimensions and masses per unti length.

Stainless steel butt-weldingnfit

Steel tubes — Tolerance systems

Steel pipes and fittings faediror submerged pipe
lines — External and internal coating by bitumen or
coal far derived materials.

Cast iron damage pipes andd#tirSpigot series.
Ductile iron pipes. Cenrigugal cement mortar Iqil
Composition controls of freshly applied mortar.
Ductile iron pipes. Centrifugal cement mortar lignir
Composition controls of freshly spplied mortar.

Pipe components. Definition ahimal size

Welded steel tubes for heat exadrang

Seamless steel tues for heat Bgemsa
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ISO 6761-1981

ISO 7186-1983

ISO 7268-1983

ISO 7369-1983

ISO 7598 - 1982

ISO 7657 - 1984

ISO 7658 - 1984

ISO 8179 - 1985

ISO 8180-1985
ISO 8444-1985

ISO 8445-1985

ISO 8446-1985

TC 10

ISO 128-1982

ISO 129-1985

ISO 406-1982

ISO 1046-1973

ISO 1101-1983

Extract/Extrait

ISO 1101/2-1974

ISO 1302-1978

1

NN N

15

12

24

13

Steel tubes. Preparation of efidabes and fittings
for welding.

Ductile iron pipes and accessdidesnon pressure
pipe-lines

Pipe components — Definition of im@ahressure
Amendment 1-1984

Pipework — flexible metallic hosed/ocabulary of
general terms Bilingual edition

Stainless steel tubes suitalbe $crewing in
accordance with ISO 7/1
Amendment 1-1984

Pipework — Stripwound flexibleetad hoses -
Specificaitons and temperature — related requirésnen
for use.

Pipework — Stripwound flexibletad hoses — Testing
and verification fo characteristics

Ductile iron pipes — Externakztoarting

Ductile iron pipes — Polyethylstezving

Pipework — double overlap flexiletal hoses (coper
packing, limited tightness, circular section, in
protected carbon steel)

Pipework — double overlap flexibieetal hoses
(asbestos packing, leakproof, circular section, in
protected carbon steel)

Pipework — double overlap flexibieetal hoses
(asbestos packing, leakproof, circular section, in
austenitic stainless steel)

Technical drawings

UDC 744.4
Technical drawings - General plas of
presentation.
Technical drawings - Dimensions General

principles, definitions, methods of execution and
special indications

Technical drawings — Linear anduargtolerncing —
indications on drawings

Architectural and building draveing Vocabulary —
Bilingual edition

Technical drawings — Geometritalerancing —
Tolerancing of form, orientation, location and rowt
— Generalities, definitions, symbols, indications o
drawings.

Technical drawings -Geometrical tolerancing
Toleranced characteristics and symbols — Examgles o
indication and interpreration.

Bilingual edition

Technical drawings — Toleranoésform and of
position — Part 1l: Maximum material principle.

Technical drawings — Method rafidating surface
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ISO 1660-1982

ISO 2162-1973
ISO 2203-1973

ISO 2594-1972

ISO 2595-1973

ISO 3040- 1974

ISO 3098/1-1974

ISO 3098/2-1984

ISO 3098/4-1984

ISO 3511/1-1977

ISO 3511/2-1984

ISO 3511/3-1984

ISO 3511/4-1985

ISO 3753-1977
ISO 3766 - 1977

ISO 3952/1-1981

ISO 3952/2-1981

ISO 3952/301979

ISO 3952/4-1984

ISO 4066-1977

ISO 4067/1-1984

ISO 4067/2-1980

ISO 4065/6 1985

21

10

19

18

12

texture on drawings.
Technical drawings — Dimensiorang tolerancing of
profiles
Technical drawings — represemtatfesprings
Technical drawings-conventionapresentation of

gears
Building drawings-Projection mekho
Building drawings — Dimensioning pfoduction

drawings — Representaiton of manufacturing work
sizes.

Technical drawings — Dimensignamd tolerancing
cones

Technical drawings — LetteringPart 1 : Currently
used characters.

Technical drawings — LetteringPart 2: Greek
characters

Technical drawings-Lettering Part 4 : Cyrillic
characters

Process measurement control ctifuns and
instrumentation — Symbolic representation — Part 1:
Basic requirements.

Process measurement control tifmsc and
instrumentation — Symbolic representation — Part 2:
Extension of basic requirements.

Process measurement control ctifuns and
instrumentation — Symbolic representation. Part 3 :
Detailed symbols or instrument interconnection
diagram.

Industrial process measurememtra functions and
instrumentation symbolic representation. Part 4siBa
symbols for process computer, interface, and shred
display control functions.

Vacuum technology — Graphicaltsym

Building and civil engineerimgwlings — Symbols for
concrete reinforcement.

Kinematic diagrams — Graphgahbols — Part 1 —
rilingual edition

Kinematic diagrams — Graphgahbols — Part 2 —
Trilingual edition.

Kinematic diagrams — Graphigaht®ls — Part 3 —
Trilingual edition

Kinmatic diagrams — Graphicahlgls — Part 4 —
Trilingual edition

Building and civil engineering wiregs — Bar
scheduling.

Technical drawings — Installadie- Part 1. Graphical
symbols for plunbing, heating, ventilation and dugt

Building and civil engineerimgwings — Installations
0 Part 2 Simplified representation of sanitary
appliances.

Technical drawings — Instaltatie- Part 6: Graphical
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ISO 4068-1978

ISO 4069-1977

ISO 4157/1-1980

ISO 4157/2-1982

ISO 4172-1981
ISO 5261-1981
ISO 5455-1979
ISO 5457-1980
ISO 5459-1981

ISO/TR 5460-1985

ISO 6410-1981

ISO 6411 - 1982
ISO 6414-1982

ISO 642801982
ISO 6433-1981

ISO 7083-1983

ISO TR 70684-1991

ISO 7200-1984
ISO 7518-1983

ISO 7573-1983

ISO 8015-1985

ISO 8048-1984

ISO/TR 8545-1984

Iy
U'll—‘o

16

71

(3]

ONwWwOo

21

symbols for supply water and drainage systemshnt e
ground.

Building and civil engineering wiregs. Reference
lines.

Building and civil engineering wligs -
Representaiton of areas on sections and views —
General principles.

Building drawings — Part 1: Qastion of buildings
and parts of buildings.

Technical drawings - Constructidrawings -—
Designation of buildings and parts of building +tPa
: Designaiton of rooms and other areas.

Building and civil engineering wliirags — Drawings
for the assembly of prefabricated structures

Technical drawings for structumatal work

Technicl drawings - Scales

Technical drawings — sizes andubyf drawing
sheets

Technical drawings — Geometritalerancing —
Datums and datum-systems for geometrical tolerances

Technical drawings — Geonmdtritolerancing —
Tolerancing of form, orientation, location and rount-
Verification principles and methods Guidelines.

Technical drawing — Conventioregresentation of
threaded parts.

Technical drawing s- simplifiedpresentation of
center holes.

Technical drawings for glassware

Technical drawings — Requiremientsiicrocopying

Technical drwins — item references

Technical drawings — Symbols foeorgetrical
tolerancing — Proportions and dimensions.

Technical drawings — codind eeferencing systems
for building and civil engineering drawings and
associated documents.

Technical drawings — Title blocks

Technical drawings - Constructidrawings —
Simplified  representation of demolition and
rebuilding.

Technical drawings — Item lists

Technical drawings — Fundamentalerdncin
gprinciple

Technical drawings - constructidnawings -—

representation fo views, sections and cuts
Technical drawings — Instafiai— Graphical symbols
for automatic control.
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TC 12

ISO 31/0-1981

ISO 31/1-1978

ISO 31/2-1978

ISO 31/3-1978

ISO 31/4-1978

ISO 31/5-1979

ISO 31/6-1980

TC 24

ISO 565-1983
ISO 2194 - 1972
ISO 2395-1972
ISO 2591-1973
ISO 3310/1-1982
ISO 3310/2-1982
ISO 4782-1981

ISO 4783/1-1981

ISO 4783/2-1981

ISO 4783/3-1981

ISO 7805/1:1984

ISO 7806-1983

11

Quantities, units, symbols, conversion facts and
conversion tables
UDC 389.16 + 53.081

General principles concernin@ngjties, units and
symbols.

Quantities and units of spacetiamel
Amendment 1-1985

Quantities and units of periodiad a related
phenomena
Amendment 1-1985

Quantities and units of mechanics
Amendment 1-1985

Quantities and units of heat
Amendment 1-1985

Quantities and units of elediriand magnetism
Amendment 1-1985

ISO 31 — Quantities and unidsnendment 1
Amendment 1 1985

Sieves, sieving and other sizing methods
UDC 621,928

Test sieves — woven metal wirthcloerforated plate
and electroformed sheet — Nominal sizes of openings

Wire screens and plate scremnmdustrial purposes
— Nominal sizes of apertures

Test sieves and test sieving alvalary

Test sieving

Test sieves — Technical requents and testing — Part
1 : Test sieves or metal wire cloth.

Test sieves — Technical remerds and testing — Part
2: Test sieves of metal perforated plate.

Industrial wire screens and woweine cloth —
Diameters of metal wire.

Industrial wire screens andemowire cloth — Guide
to the choice of aperture size and wire diameter
combinations — Part 1 : Generalities.

Industrial wire screens and wowée cloth — Guide
to the choice of aperture size and wire diameter
combination — Part 2 : Preferred combinations for
woven wire cloth.

Industrial wire screens and wowée cloth — Guide
to the choice of aperture size and wire diameter
combinations — Part 3 : Preferred combinations for
pre-crimped or pressure-welded wire screens.

Industrial plate screens — ParfThickness of 3 mm
and above

Industrial plate screens — Caatifoim for designating
perforations.
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Reference Ed Page Title

TC Measurement of fluid flow in closed conduits
UDC 532.57

ISO 2186-1973 34  Fluid flow in conduits — Conneet for pressure
signal transmissions between primary and secondary
elements.

ISO 2975/1-1974 11 Measurement of water flow osell conduits — tracer
methods — Part 1 : General

ISO 2975/2-1975 9 Measurement of water flow insetb conduits —
Tracer methods — Part Il : Constant rate injection
method using non-radioactive tracers.

ISO 2975/3-1976 11 Measurement of water flow ilwsed conduits —
Tracer methods — Part Il : Constant rate injection
method using radioactive tracers

ISO 2975/6-1977 13 Measurement of water flow ilwsed conduits —

Tracer methods — Part VI : Transit time method gisin
non-radioactive tracers.

ISO 2975/7-1977 9 Measurement of water flow insetb conduits —
Tracer methods — Part VII: Transit time method gsin
radioactive tracers.

ISO/TR 3313-1974 24  Measurement of pulsating fllmv in a pipe by
means of orifice plates, nozzles or venturi tubes,
particular in the case of sinusoidal or square wave
intermittent periodic-type fluctuations.

ISO 3354-1975 26 Measurement of clean water flowlosed conduits —
velocity area method using current meters.

ISO 3966-1977 39 Measurement of fluid flow in @dsconduits —
velocity area method using pitot static tubes.

ISO 4006-1977 23 Measurement of fluid flow in @dsconduits —
Vocabulary and symbols — Bilinual edition

ISO 4053/1-1977 10 Measurement of gas flow in odsd— Tracer
methods — Part 1: General

ISO 4053/4-1978 9 Measurement of gas flow in casdy- Tracer

methods — Part IV : Transit time method using
radioactive tracers.

ISO 4064/1-1977 6 Measurement of water flow insetb conduits —
Meters for cold potable water — Part | Specifioait

ISO 4064/2-1978 2 Measurement of water flow insetb conduits —
Meters for cold potable water — Part 1I: Instaitai

requirements.
2  Addendum 1-1983
ISO 4064/3-1983 16 Measurement of water flow imsed conduits —
Meters for cold potable water — Part 3 : Test mésho
and equipment.
ISO 4185-1980 21 Measurement of liquid flow in sdd conduits —
weighing method.

ISO 5167 - 1980 65 Measurement of fluid by meafsowfice plates,
nozzles and venturi tubes inserted in circular £ros
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ISO 5168-1978

ISOTR 6817-1980

ISO 7145-1982

ISO 7194-1983

ISO 7858/1-1985

TC 70

ISO 1204 - 1972

ISO 1205 - 1972

ISO 2261-1972

ISO 2274-1972

ISO 2314-1973
ISO 2710-1978

ISO 3046/1-1981

ISO 3046/2-1977

ISO 3046/3-1979

ISO 3046/4-1978

ISO 3046/5-1978

ISO 3046/6-1982

ISO 3249-1975

ISO 3977-1978
ISO 4548/1-1982

25

15

11

24

20
22

25

33
7

section conduits running tull
Measurement of fluid flow — Esfiion of uncertainty
of a flow-rate measurement
Measurement of conductive fluid flowrate in sgd
conduits — method using electromagnetic flowmeters
Determination of flowrate of disiiis closed conduits
of circular cross-secion — Method of velocity
measurement at one point of the cross-section
Measurement of fluid flow in @dsconduits —
Velocity area methods of flow measurement in
swirling or asymmetric flow conditions in circular
ducts by means of current meters or pitot stabesu
Measurement of water flow insebb conduits —
meters for cold potable water — Combination meters
Part | : Specifications.

Internal Combustion engines
UDC 621 — 43

Reciprocating internal combustioengines —
Designation of the direction of rotation.

Reciprocating internal combustioengines —
Designation of the cylinders

Reciprocating internal combustengines — Hand
operated control devices — Standard direction of
motion.

Reciprocating internal combustioangines -
Definition of right-hand and left-hand single bank
engines.

Gas turbines — Acceptance test.

Reciprocating internal combustio engines.
Vocabulary - Trilingual edition
Addendum 1-1982

Reciprocating internal conibust engines —
Performance — Part 1 : Standard reference condition
and declarations of power, fuel consumption and
lubricating oil consumption

Reciprocating internal combustioengines
Performance — Part 2 : Test methods

Reciprocating internal combustioengines
Performance — Part 3: Test measurements

Reciprocating internal combustioengines
Performances — Part 4 : Speed governing

Reciprocating internal combustioengines —
Performances — Part 5 : Toprsional vibrations

Reciprocating internal comlmusti engines —
Performance — Part 6 : Overspeed protection

Reciprocating internal combustioengines —
Definitions of locations on an engine.

Gas turbines — Procurement

Methods of test for full flowbhicating oil filters for

E 43



ISO 4548/2-1982

ISO 4548/3-1982

ISO 4548/6-1985

ISO 6826-1982

TC 71

ISO 1920-1976

ISO 3893-1977
ISO 4012-1978

ISO 4013-1978

ISO 4103-1979
ISO 4108-1990

ISO 4109-1990
ISO 4110-1979
ISO 4111-1979
ISO 4848-1980
ISO 6274-1982
ISO 6275-1982
ISO 6276-1982
ISO 6782-1982

ISO 6783-1982

ISO 6784-1982

FNQEN

wWN

©

NEFEDNDN

internal combustion engines — Part 2: Pressure drop
flow characteristics

Methods of test for full flowbhicating oil filters for
internal combustion engines.- Part 2: Errent byspas
component characteristics.

Methods of test for full-flowbhicating oil filters for
internal combustion engines — Part 3 : Resistance t
high pressure drop and to elevated temperature.

Methods of test for full-flowbhicating oil filters for
internal combustion engines — Part 6 : Static bust
pressure tessée also TC 22

Reciprocating internal combustiemgines — Fire
protection.

Concrete, reinforced concrete and pre-streged
concrete
UD 691.32

Concrete tests — Dimensions, &otms and
applicability of test specimens.

Concrete — classification by casgive strength

Concrete — Determination of cosgive strength of
test specimens

Concrete — Determination of flekwstrength of test
specimens

Concrete — Classificaiton of cstesicy

Concrete — Determination of tensplitting strength
of test specimens

Fresh concrete — Determinatiomhefconsistency —
Slump test

Fresh concrete — Determinatiomhefconsistency —
Vebe test

Fresh concrete — Determinationcofsistency —
Degree of compactibility (Compaction index)

Concrete — Determination of ainteot of freshly
mixed concrete — Pressure method

Concrete — sieve analysis of agges

Concrete, hardened — Determinafialensity

Concrete, compacted fresh — Détation of density

Aggregates for concrete — Detatiin of bulk
density.

Coarse aggregates for concreteeterminaiton of
particle density and water absorption — Hydrostatic
balance method.

Concrete — Determination of statidulus of
elasticity in compression.
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TC 77

ISO 160-1980
ISO 390-1977
ISO 391-1982
ISO/R 392-1964
ISO 393/1-1983

ISO 393/3-1984

ISO/R 394-1964

ISO 395-1983
ISO 396/1-1980

ISO 396/2-1980

ISO 396/3-1980

ISO 880-1981
ISO 881-1980

ISO/R 1896-1971
ISO 2785-1974

ISO 4482-1979
ISO 4483-1979
ISO 4486-1985
ISO 4488-1979
ISO 7336-1984

ISO 7337-1984

TC 113

ISO 555/1-1973

ISO 555/2-1974

ISO 555/3-1982

11

13

11

o ~

16

16

19

Products in fibre reinforcement cement
UDC 691.328.5

Asbestos-cement pressure pipepants

Asbestos-cement products — Sagatid inspection

Building and sanitary pipes in atigecement

Asbestos-cement pipe fittingsbiailing and sanitary
purposes

Asbestos cement products —1Pa@orrugated sheets
and fittings for roofing and cladding

Asbestos cement products — BarAsymmetrical
section corrugated sheets and fittings for roofmgl
cladding.

Asymmetrical section corrugatbdets in asbestos —
cement for roofing and cladding.

Asbestos cement slates

Products in fibre reinforced cetmePart 1 : Asbestos
— cement flat sheets.

Produtcts in fibre reinforced eatm- Part 2: Selica-
asbestos-cement flat sheets.

Products in fibre reinforced cetmePart 3 : Cellulose
— asbestos — cement flat sheets.

Asbestos-cement siding shingles

Asbestos-cement pipes, jointdi#timys for sewerage
and drainage.

Thermal insulating asbestosdsoa

Guide to the selection of aslsestoent pipes subject
to external loads with or without internal pressure

Asbestos-cement pipelines — dgoidiaying

Asbestos-cement pipelines — peddsure testing.

Asbestos-cement ventilation duatsl fittings —
Dimensions and characteristics

Asbestos-cement pipes and jontthrust-boring and
pipe jacking

Asbestos-cement pipelines — Guigelfor hydraulic
calculation

Asbestos reinforced cement preducbuidelines for
one-site work practices.

Measurement of liquid flow in open channsl
UDC 532.57:532.543:627.133

Liquid flow measurement in opbannels — dilution
methods for measurement of steady flow — Part 1:
constant rate injection method.

Liquid flow measurement in opbannels — Dilution
methods for measurement of steady flow — Part 1l :
Integration (sudden injection) method

Liquid flow measurement in opbannels — Dilution
methods for measurement of steady flow — Part 3 :
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ISO 748-1979

ISO 772-1978

ISO 1070-1973

ISO 1088-1985

ISO 1100/1-1981

ISO 1100/2-1982

ISO 1438-1975

ISO 1438/1-1980

ISO 2425-1974

ISO 2537-1985

ISO 3454-1983

ISO 3455-1976

ISO 3716-1977

ISO 3846-1977

ISO 3847-1977

ISO 4359-1983

ISO 4360-1984

ISO 4363-1977

ISO 4364-1977

ISO 4365-1985

ISO 4366-1979
ISO 4369-1979

23

35

21

21

33

36

27

15

51

13

13

30

Constant rate injection method and integration meth
using radioactive tracers.

Liquid flow measurement in opbanmels — velocity
area methods

Liquid flow measurement in opehammels -
Vocabulary and symbols — Bilingual edition

Liquid flow measurement in opemarctels — Slope
area method.

Liguid flow measurement in opkannels — Velocity
area methods — Collection a processing of data for
determination of errors in measurement.

Liquid flow measurement in opbannels — Part 1 :
Establishment and operation of a gauging station.

Liquid flow measurement in opgbannels — Part 2:
Determinaiton of the stage-discharge relation

Liquid flow measurement in opaanmel using thin
plate weirs and Venturi flumes.

Water flow measurement in agreamnels using weirs
and Venturi flumes — Part 1 : Thin-plate weirs

Measurement of flow in tidal aiela
Amendement 1-1982

Liquid flow measurement in opeanmels — Cup-type
and propeller-type current-meters

Liquid flow measurement in opkammels — Director
depth sounding and suspension equipment.

Liquid flow measurement in openarntiels —
calibration of rotating-element current meters in
sraight open tanks.

Liquid flow measurement in openartiels -
functional requirements and characteristics suspend
sediment load samples.

Liquid flow measurement in opearctels by weirs
and flumes — free overfall weirs of finit crest wid
(rectangular broadOcresed weirs).

Liquid flow measurement in opearctels by weirs
and flumes — End depth method of estimation of flow
in rectangular channels with a free overfall.

Liquid flow measuremnt in opearutels, rectancular,
rapezoidal and U-shaped flumes

Liquid flow measurement in opdannel by weirs
and flumes — Triangular profile weirs.

Liquid flow measurement in opearttels — Methods
for measurement of suspended sediment

Liquid flow measurement in opdrammels — Bed
material sampling

Liquid flow in open channels digent in streams
and canals — Determination of concentration, pagic
size distribution and relative density.

Echo sounders for water depth uneasents

Measuremnt of liquid flow in op#annels — Moving
boat method.
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ISO 4371-1984

ISO 4373-1979

ISO 4374-1982

ISO 4375-1979

ISO 4377 1982

ISO 6416-1985

ISO 6418-1985

ISO 6419/1-1984

ISO 6420-1984

ISO/TR 7178-1983

ISO 8333-1985

ISO 8368-1985

TC 115

ISO 2548-1973

ISO 2858-1975

ISO 3069-1974

ISO 3555-1977

ISO 3661-1977

TC 138

ISO 161/1-1978

ISO 161/2-1977

11

18

17

23

20

13

18

27

16

34

36

2

Measurement of liquid in opennde¢s by weirs and
flumes — End depth method for estimation of flow in
non-rectangular channels with a free ovrfall
(approximate method)

Measurement of liquid flow in emdannels — water
level measuring devices.

Liquid flow measurement in opéanmels — round
hose horizontal crest weirs.

Measurement of liquid flow in opehannels —
cableway system for stream gauging.

Liquid flow measurement in opaannels — Flat V
weirs

Liquid flow measurement in opehammels -
Measurement of discharge by he ultrasonic (acqustic
method.

Liquid flow measurement in opehammels -
Ultrasonic (acoustic) velocity metres.

Hydrometric data transmissiorstesns Part 1
General

Liquid flow measurement in opearctels — position
fixing equipment for hydrometric boats.

Liquid flow measurement irempchannels velocity
area methods — Investigation of total error.

Liquid flow measurement in op&anmel by weirs
and flumes — V shaped broad cested weirs.

Liquid flow measurement in opencieds — Guidlelins
for the selection of flow gauging structures

Pumps
UDC 621.65/.69

Centrifugal, mixed flow and axpaimps — Code for
acceptance tests — Class C

End-suction centrifugal pumpstinga 16 bar).
Designation, nominal duty point and dimensions.

End suction centrifugal pumps -mdéisions of
cavities for mechanical seals and for soft packing.

Centrifugal, mixed flow and axpaimps — Code for
acceptance tests — Class B

End-suction centrifugal pumps -—septate and
installations dimensions.

Plastics pipes, fittings and valves for thtransport
of fluids
UDC 621.643.29_4.678

Thermoplastics pipes for thengpart of fluids —
Nominal outside diameters and nominal pressure —
Part 1 : metric series.

Thermoplastic pipes for the foans of fluids —
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ISO 264.1976

ISO/R 265-1962

ISO 580-1973

ISO 727-1985

ISO 1167-1973

ISO 2035-1974

ISO 2043-1974

ISO 2044-1974

ISO 2045-1973

ISO 2048-1973

ISO 2505 - 1981

ISO 2506-1981

ISO 2507-1982

ISO 2536-1974

ISO 2703-1973

ISO 3114-1977

ISO 3126-1974
ISO 3127-1980

Nominal outside diameters and nominal pressures —
Part Il : Inch series.

Unplasticized polyvinyl chlorideV(®) fittings with
plain sockets for pipes under pressure — layingtlen
— metric series.

Addendum 101982

Pipes and fittings of plasticdamals — Socket fittings
with spigot ends for domestic and industrial waste
pipes — Basic dimensions : Metric seris

Moulded fittings in uplasticized lyminyl chloride
(PVC) for use under pressure — Oven test

Fittings of unplasticized poly\tichloride (PVC-U),
chlorinated  polyvinyl  chloride (PVC-C) or
acrylonitrile/butadiene/styrene  (ABS) with plain
sockets for pipes under pressure — Dimensions of
sockets — Metric series.

Plastics pipes for the transpoft fluids -
Determination of the resistance t internal pressure

Unplasticized polyvinyl chloridd®MC) moulded
fittings for elastic sealing ring type joints faseiunder
pressure — pressure-resistance test.

Unplasticized polyvinyl chloridd®MC) moulded
fitting sfor elastic sealing ring type joints foseiunder
pressure — Oven test

Unplasticized polyvinyl chloridd®MC) injection
moulded solvent welded socket fittings for use with
pressure pipe — Hydraulic internal pressure test

Single sockets for unplasticizexdyypnyl chloride
(PVC) pressure pipes with elastic sealing ring type
joints — Minimum depth of engagement.

Double socket fittings for unptazed polyvinyl
chloride (PVC) pressure pipes with elastic seating
type joints — Minimum depths of engagement.

Unplasticized polyvinyl chla@id(PVC) pipes -
Longitudinal reversion — Test methods and
specification.

Polyethylene pipes (PE) — Lomigial reversion —
Test methods and specification

Unplasticized polyvinyl chlorid®VC) pipes and
fittings — Vicat softening temperature — Test metho
and specification.

Unplasticized polyvinyl chlorid®C) pressure pipes
and fittings, metric series — Dimension sof flanges

Buried unplasticized polyvinyl aide (PVC) pipes
for the supply of gaseous fuels O Metric series —
Specification.

Unplasticized polyvinyl chlorid®MC) pipes for
potable water supply — Extractability of lead aimd-t
Test method.

Plastics pipes — Measurementoédsions

Unplasticized plyvinyl chlorideV(®) pipes for the
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ISO 3212-1975
ISO 3213-1975

ISO 3458-1976

ISO 3459-1976

ISO 3460-1975

ISO 3472-1975

ISO 3473-1977

ISO 3474-1976

ISO 3477-1981

ISO 3478-1975

ISO 3480-1976

ISO 3501-1976

ISO 3503-1976

ISO 3514-1976

ISO 3603-1977

ISO 3604-1976

ISO 3603-1976

ISO 3607-1977

ISO 3608-1976

ISO 3609-1977

ISO 3663-1976

=

transport of fluids — Determination and specifiocatof
resistance to external blows.

Polypropylene pipes — bust tegtirements

Polypropylene pipes — Reductiopasfissible stress
as a function of time and temperature.

Assembled joints between fittirggsl polyethylene
(PE) pressure pipes — Test of leakproofness under
internal pressure.

Polyethylene (PE) pressure pipdpirts assembled
with mechanical fittings — Internal under-presstest
method and requirement

Unplasticized polyvinyl chloridePMC) pressure
pipes. Metric series — Dimensions of adapter for
backing flange.

Unplasticized polyvinyl chloridePMC) pipes -
Specificaiton and determination of resistance to
acetone.

Unplasticized polyvinyl chlorid@MC) pipes — effect
of suphuric acid — Requirement and test method.

Unplasticized polyvinyl chloridePMC) pipes -
specification and measurement o capacity.

Polyprophylen (PP) pipes andn@it — Density —
Determination and specification.

Polypropylene (PP) pipes - Deteation of
longitudinal reversion.

Polypropylene (PP) pipes — Maximpermissible
longitudinal reversion.

Assembled joints between fittirggsl polyethylene
(PE) pressure pipes — Test of resistance to ptll ou

Assembled joints between fittiragsl polyethylene
(PE) pressure pipes — Test of leakproofness under
internal pressure when subjected to bending.

Chlorinated polyvinyl chloride P pipes and
fittings — Specification and determination of déysi

Fittings for unplasticized polytirchloride (PVC)
pressure pipes with elastic sealing ring type fot
Pressure test fr leakproofness.

Fittings for unplasticized polytirchloride (PVC)
pressure pipes with elastic sealing ring type fot
Pressure test for leakprofness under condition of
external hydraulic pressure.

Unplasticized polyvinyl chloridePMC) pipes -
Tolerances on outside diameters and wall thickrsesse
Polyethylene (PE) pipes — Tolexanon outside

diameters and wall thicknesses.

Chlorinated polyvinyl chloride &P pipes -
Tolerances on outside diameters and wall thickrsesse
Polypropylene (PP) pipes — Tolsranon outside

diameters and wall thicknesses.

Polyethylene (PE) pressure pipeis fétings, metric
series — Dimensions of flanges
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ISO 4056-1978

ISO 4059-1978

ISO 4065-1978
ISO 3459-1976

ISO 3460-1975

ISO 3472-1975

ISO 3473-1977

ISO 3474-1976

ISO 3477-1981

ISO 3478-1975

ISO 3480-1976

ISO 3501-1976

ISO 3503-1976

ISO 3514-1976

ISO 3603-1977

ISO 3604-1976

ISO 3606-1976

ISO 3607-1977

ISO 3608-1976

ISO 3609-1977

ISO 3663-1976

ISO 4056-1978

H

H

Polyethylene (PE) pipes and §#ir Designation of
polyethylene, based on nominal density and melt flo
index.

Polyethylene (PE) pipes — Pressige in mechnical
pipe-jointing systems — method of test and
requirements.

Thermoplastic pipes — Universdl thackness table.

Polyethylene (PE) pressure pipgsints assembled
with mechanical fittings — Internal under pressiast
method and requirement.

Unplasticized polyvinyl chlorid®C) pressure pipes
— Metric series — Dimensions of adapter for backing
flange.

Unplasticized polyvinyl chloridePMC) pipes -
specification and determination of resistance to
acetone.

Unplasticized polyvinycl chlorid@/C) pipes — effect
of sulpuric acid — Requirement and test method.

Unplasticized polyvinyl chloridePMC) pipes -
Specification and measurement of capacity.

Polypropylene (PP) pipes andndit — Density —
Determinaiton and specification.

Polypropylene (PP) pipes - Deteation of
longitudinal reversion

Polypropylene (PP) pipes — maximpenmissible
longitudinal reversion

Assembled joints between fittirggsl polyethylene
(PE) pressure pipes — Test of resistance to ptll ou

Assembled joints between fittirggsl polyethylene
(PE) pressure pipes — Test of leakproofness under
internal pressure when subjected to bending.

Chlorinated polyvinyl chloride P pipes and
fittings — Specification and determination of déysi

Fittings for unplasticized polytirchloride (PVC)
pressure pipes with elastic sealing ring type fot
Pressure test for leakproffness.

Fittings for unplasticized polytirchloride (PVC)
pressure pipes with elastic sealing rin type joiats
Pressure test for leakproofness under conditions of
exernal hydraulic pressure.

Unplasticized polyvinyl chloridePMC) pipes -
Tolerances on outside diameters and wall thickrsesse
Polyethylene (PE) pipes — Tolexanon outside

diameters and wall thicknesses

Chlorinated polyvinyl chloride &P pipes -
Tolerances on outside diameters and wall thickrsesse

Polypropylene (PP) pipes — Tokmanon outside
diameters and wall thicknesses.

Polyethylene (PE) pressure pipeis fétings, metric
series — Dimensions of flanges

Polyethylene (PE) pipes and §#ir Designation of
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ISO 4059-1978

ISO 4065-1978
ISO 4132-1979

ISO 4433-1984

ISO 4434-1977

ISO 4439-1979

ISO 4440-1980

ISO 4451-1980

ISO/TR 6285-1980

ISO 6455-1983

ISO/TR 7024-1985

ISO 7245-1984

ISO 7246-1984

ISO 7279-1984

ISO 7349-1983
ISO 7370-1983

ISO 7387/1-1983

ISO/TR 7471-1978

ISO/TR 7472-1979

13

37

10

12

10

polyethylene, based on nominal density and melt flo
index.

Polyethylene (PE) pipes — Presinage in mechanical
pipe-jointing systems — Method of test and
requirements.

Thermoplastic pipes — Universdl thackness table.
Unplasticized polyvinyl chlorid®VC) and metal
adaptor fittings for pipes under pressure — Laying

lengths and size of threads — Metric series.

Polyolefin pipes — Resistancectemical fluids —
Immersion test method — System for preliminary
classification.

Unplasticized polyvinyl chloridePMC) Adaptor
fittings for pipes under pressure - Laying lengtid a
size of threads — Metric series.

Unplasticized polyvinyl chlorid®\VC) pipes and
fittings — Determination and specification of depsi

Polyethylene (PE) PIPES AND FITGBI -
determination of melt flow rate.

Polyethylene (PE) pipes and §tthDetermination of
reference density of uncoloured and black
polyethylenes.

Pipes and fittings of acryiole/butadiene/styrene
terpolymer (ABS) chemical resistance with respect t
fluids.

Unplasticized polyvinyl chlorideMC) fittings with
elastic sealing ring type joints for pipes undezgsure
— Dimensions of laying lengths — Metric series.

Above-ground drainage — Recentad practice and
techniques for the installation of unplasticized
polyvinyl chloride (PVC-U) sanitary pipework for
above-ground systems inside buildings.

Pipes and fittings of acryloratr butadiene — styrene
(ABS) — General specification fo rmoulding and
extrusion materials.

Pipes and fittings of acrylorevstyrene/acrylester
(ASA) — General specification for moulding and
extrusion materials.

Polypropylene (PP) fittings fopgs under pressure —
Sockets for fusion and using heated tools — Metric
series — Dimensions of sockets.

Thermoplastics valves — connecgtgrences.

Glass fibre reinforced thermosegttplastics (GRP)
pipes and fittings — Nominal diameters, specified
diameters and standard lengths.

Adhesive with solvents for agsdg of uPVC pipe
element — Characterization — Part 1 : Basic test
methods.

Polypropylene (PP) pipes figthgs — Chemical
resistance with respect to fluids.

Low density polyethylene (idipipes and fittings —
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ISO/TR 7473-1979

ISO/TR 7474-1979

ISO 7508-1985

TC 147

ISO 5663-1984

ISO 5665-1984

ISO 5666/1-1983

ISO 5666/2-1983

ISO 5666/3-1984

ISO 5667/1-1980

ISO 5667/2-1982

ISO 5667/3-1985

ISO 5813-1983

ISO 5814-1984

ISO 5815-1983

ISO 7346/3-1984

ISO 7393/1-1985

ISO 7393/2-1985

10

10

13

13

10

chemical resistance with respect to fluids to be
conveyed.

Unplasticized polyvinyl chtteipipes and fittings —
Chemical resistance with respect to fluids.

High density polyethylene pipand fittings -
Chemical resistance with respect to fluids to be
conveyed.

Unplasticised polyvinyl chlorid@V(C-U) valves for
pipes pressure. Basic dimensions — Meric series.

Water quality
UD 614-777:543.3

Water quality — Determination Kgeldahi nitrogen —
Method after mineralization with selenioum.

Water quality — Determination afnaonium —
Distilation and titration method.

Water quality — Determinationtofal mercury by
flameless atomic absorption spectrometry — Part 1:
Method after digestion with permanganate-
peroxodisulfate

Water quality — Determinationtofal mercury by
flameless atomic absorption spectrometry — Part 2 :
Method after pretreatment with ultraviolet radiatio

Water quality — Determinationtofal mercury by
flameless atomic absorption specutrometry — Pgrt 3
Method after digestion with bromine.

Water quality — Sampling — RartGuidance on the
design of sampling programmes.

Water quality — Sampling — Part Guidance on
sampling techniques.

Water quality — Sampling — BartGuidance on the
preservation and handling of samples.

Water quality — Determination @fsdlved oxygen —
lodomeric method.

Water quality — Determination @fsdlved oxygen —
Electrochemical probe method.

Water quality — Determination mfchemical oxygen
demand after n days (BODn) — Dilution and seeding
method.

Water quality — Determinatioh tle acute lethal
toxicity of substances to a freshwater fish
(Brachydanio rerio Hamilton — Buchanan (Teleostei,
Cyprinidae)) — Part 3 : Flow-through method.

Water quality — Determination fife chlorine and
total chlorine — Part 1 : Titrimetiric method usiNgN-
diethyl-1,4-phenylenediamine

Water quality — Determination figfe chlorine and
total chlorine — Part 2 : colorimetric method usiNg
N-diethyl-1, 4-phenylenediamine, for routine cohtro
purposes.
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ISO 7704-1985

ISO 7827-1984

ISO 7828-1985

ISO 7875/1-1984

ISO 7875/2-1984

ISO 7887-1995

ISO 7888-1985

ISO 7899/1-1984

ISO 7899/2-1984
ISO 5961-1985
ISO 6058-1984
ISO 6059-1984
ISO 6107/1-1980
ISO 6107/2-1981
ISO 6107/3-1985
ISO 6107/4-1984
ISO 6332-1982

ISO 6341-1982

ISO 6439-1984

ISO 6595-1982

ISO 6703/1-1984

ISO 6703/2-1984

ISO 6703/3-1984

ISO 6703/4-1985

18
33
23

11

11

6

6

Water quality — Evaluation of meanie filters used
for microbiological analyses.

Water quality — Evaluation in gueous medium of
the “Ultimum” aerobic biodegradability of organic
compounds — Method by analysis of dissolved organic
carbon (DOC).

Water quality — Methods of biotadi sampling —
Guidance on handnet sampling of aquatic benthic
micro-invertebrates.

Water quality — Determinatiorsoffactants — Part 1 :
Determinaiton of anionic surfactants by the methgle
blue spectrometric method

Water quality — Determinatiorsoffactants — Part 2 :
Determinaiton of non-ionic surfactants using
dragendorff reagent.

Water quality — Examination andexeination of
colour.

Water quality - Determination oflectical
conductivity.

Water quality — Detection andmeeration of faecal
streptococci — Part 1 : Method by enrichment in a
liquid medium.

Water quality — Detection andmeeration of faecal
streptococci — Part 2 : Method by membrane filbrati

Water quality — Determinationcaimium — Flame
atomic absorption spectrometric methods.

Water quality — Determination afcmm content —
EDTA titrimetric method

Water quality — Determination leé sum of calcium
and magnesium — EDTA titrimetric method.

Water quality — Vocabulary # Ralrilingual edition.

Water quality — Vocabulary # Ralrilingual edition.

Water quality — Vocabulary # Balrilingual edition.

Water quality — Vocabulary -t BaFrilingual edition.

Water analysis — Determination imin - 1,10-
phenanthroline photometric method

Water quality — determinationha tnhibition of the
mobility of Daphnia magna Straus (Cladocera,
Crustacea)

Water quality — Determination dkpol indix —4-A
minoantipyrine  spectrometric methods  after
distillation.

Water quality — Deermination dat@rsenic — Silver
diethyldithiccarbamate spectrophotometric method.

Waer quality — Determinationcgénide — Part 1:
Determination of total cyanide.

Water quality — Determinatidncganide — Part 2 :
Determinaiton of easily liberatable cyanide.

Waer quality — Determinationcgbnide — Part 3 :
Determination of cyanogens chloride.

Water quality — Determinationcghide — Part 4 :
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ISO 6777-1984
ISO 6778-1984

ISO 7027-1984
ISO 7150/1-1984

ISO 7346/1-1984

ISO 7346/2-1984

Determinaiton of cyanide by diffusion at pH6.

Water quality — Determination dfite — Molecular
absorption spectrometric method.

Water quality — Determination ammonium -
Potentiometric method.

Water quality — Determinationurbtdity.

Water quality — Determinatib@mmonium — Part 1 :
Manual spectrometric method.

Water quality — Determination thé acute lethal
toxicity of substances to freshwater fish (Brachyda
rerio, Hamilton-Buchanan (Teleostei, Cyprinidae)) —
Part 1 : Static method.

Water quality — Determination tbé acute lethal
toxicity of substances to a freshwater fish
(Brachydanio rerio Hamilton-Buchanan (Teleostei,
Cyprinidae)) Part 2 : Semi-static method.
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C.4:

BRITISH STANDARDS

BRITISH STANDARD AND CODE OF PRACTICE (BS AND CP)

Pipes, fittings and accessories.

21
65
78

143

336
416

437
460
486
534
567
567
760

778
1010

1194
1196
1211

1212

1387

1710
1740
1965
1968
2035
2051
2456
2494
2879
3063
3251
3284
3505

1973
1981
1965

1968

1980
1973

1973
1964
1981
1981
1973
1973
1984

1966
1973

1969
1971
1958

1953
1970
1979
1967

1984
1971
1963
1953
1966
1973
1973
1976
1980
1965
1976
1967
1968

Pipe threads

Clay drain and sewer pipes includingasigfwater and fittings

Part 2. Cast iron spigot and socket pipestically cast) and
spigot and socket fittings.

Malleable case iron and cast coppey glipe fittings for steam,
air, water, gas and oil. Screwed BSP taper thoeaP! line pipe
thread

Fire house couplings and ancillary empeipt

Cast iron spigot and socket soil, wastk ventilating pipes (sand
cast and spun) and fittings

Cast iron spigot and socket drain pipes

Cast iron rainwater goods

Asbestos cement pressure pipes

Steel pipes, fittings and specials fatewvand sewerage

Asbestos-cement flue pipes and fitt{igh quality)

Asbestos-cement rainwater goods

Underground fire hydrants and dimensiais surface box
openings.

Steel pipes and joints for hydrauliqpoges. Obsolescent

Draw-off taps and stop valves for wamises (screw — down
pattern). Part 2

Concrete porous pipes for under-drainag

Clayware field drain pipes

Centrifugally cast (spun) iron pressuipes for water, gas and
sewage.

Specificaiton for float operated valvesc{aging floats)

Part 1. Piston type
Part 2. Diaphragm type (brass body)

Part 3. Diaphram type of cold water serv{pésstic body)

Steel tubes and tubulars suitable foeveng to BS 21 pipe
threads

Specification fo identification of piipes and services

Wrought pipe fittings, iron and steeréwed BSP thread)

Butt-welding pipe fittings for presspreposes

Floats for ball valves (copper)

Cast iron flanged pipes and fittind#8()

Tube and pipe fittings for engineepagposes. Part 1-2

Floats and ball valves (plastics) tod avater

Joint rings for pipework and pipelines

Draining taps (screwed — down pattern)

Dimensions of gaskets for pipe flanges

Hydrant indicator plates

Polythene pipe (Type 50) for cold watawices. Obsolescent

Unplastized PVC pipe for cold waterpy$1982)
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3506
3601
3604

3605

3656
3974

4127
4504

4576
4622
4625
4660
4771
4772
4865

5105
5152

5153
5154

5155
5156
5157
5158
5159
5160

5164
5178
5255
5292
5412
5413
5433
5481
5556

5572

1969 Unpalstized PVC pipe for industrialause

1974 Steel pipes and tubes for pressureopeasp

1978 Steel pipes and tubes for pressureopasp
Low and medium alloy steel.

1973 Steel pipes and tubes for pressureopasp
Austenitic Stainless steel

1981 Asbestos-cement pipes and fittingsdéarerae and drainage.

1974 Pipe supports. Part 1. Pipe hangegrsind roller type

1978 Part 2. Pipe clamps, cages, contileveratadhments

1980 Part 3. Large bore, high temperature, mauneother applic.

1972 Light gauge stainless steel tubest 2P@:1981)
Flanges and bolting for pipes, valves atidds

1969 Part 1. Ferrous

1974 Part 2. Copper alloy and composite flanges

1970 Unplasticized PVC rainwater goods (1982

1970 Grey iron pipe and fittings (1983)

1970 Prestressed concrete pressure pippdsdiimg fittings)

1973 Unplasticized PVC underground draire @ipd fittings

1980 Specification for ductile iron pipesl dittings.

1980 Specification for ductile iron pipesl dittings.
Dimensions of gaskets for pipe flanges $04B804

1972 Part 1. Dimensions of non-metallic gaskets

1973 Part 2. Dimensions of metallic spiral wogadkets

1974 Cast iron wedge and double disk gdteesdor general purposes.

1974 Cast iron globe and globe stop and kchvedves for general
purposes (1983).

1974 Cast iron check valves for general paep (1983)

1983 Copper alloy globe, globe stop and kchelteck and gate valves
for general purposes.

1984 Specificaiton for butterfly valves

1974 Screw down diaphragm valves for genmrgloses

1974 Steel gate (parallel slide) valvegyfameral purposes

1974 Castiron and carbon steel plus vdtwesneral purposes

1974 Cast iron carbon steel ball valvegéoreral purposes

1977 Specification for flanged steel globéves, globe stop and check
valves for general purpose.

1974 Double flanged cast iron wedge gatevegalfor waterworks
purposes

1975 Prestressed concrete pipes for draindesewage

1976 Plastic waste pipe and fittings

1980 Specificaiton for jointing materials dancompounds for
installations using waer etc.

1976 Specifications for the performance @wdoff taps with metal
bodies for water serices part 1-5

1976 As above but with plastic bodies

1976 Specificaitons for underground stopesifior water services

1977 Specification for unplasticized PVCepgnd fittings for gravity
sewers.

1978 Specification for general requiremeiits dimensions and
pressure ratings for pipe of termoplastics material

1978 Code of practice for sanitary pipework
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5834

59011

5927
5949

5955

6087

6437

CP 312
CP 2010

Concrete and

12
882
890
1370
3797
4027
4449

4461
4466
4482

4483
5075

5328
5337

6073

Surface boxes and guards for undergrowplalves for gat and
waterworks purposes

1985 Part 1. Specification for guards, incl. Fdation units

1983 Part 2. Specification for small surface lsoxe
Precast concrete pipes and fittings foindige and sewerage

1981 Part 1. Specification for concrete cylindricpipes, bends,
junctions and manholes, unreinforced and reinforati steel
cages and hoops.

1982 Part 2. Specification for inspection chamal@erd gullies

1982 Part 3. Specification for ogee jointed cetepipes.

1980 Guide for laying asbestos-cement pipe

1980 Asbestos-cement pipes and joints foustkboring and pipe
jacking.
Code of practice for plastics pipework

1980 Part 6. Installaiton of unplasticized PV@ework for gravity
drains and sewers.

1983 Part 7. Recommendations for methods of takfusion jointing.

1981 Specificaitons for flexible joints feast iron drain pipes and
fittings (BS 437) and for cast iron soil waste amatilating pipes
and fittings (BS 416)

1984 Specificaiton for polyethylene pipegoét 50) in metric diameters
for general purposes.

1973 Plastics pipework. Part 1-3
Pipelines. Part 1-5 1966-1975

reinforcement

1978 Portland cement (ordinary and rapid-harag

1983 Aggregates for natural sources for agrdiincluding granolithic)

1972 Building limes

1979 Low heat Portland cement

1976 Lightweight aggregates for concret&2)9

1980 Specificaiton for sulphate-resistingtieod cement.

1978 Specification for hot rolled steel b&ws the reinforcement of
concrete (1984)

1978 Specification for cold worked steelsbfor he reinforcement of
concrete (1984)

1981 Specificaiton for bending dimension arstheduling of
reinforcements of concrete.

1969 Hard drawn mild steel wire for the feimcement of concrete.

1969 Steel fabric for the reinforcementaiaete
Concrete admixtures

1982 Part 1. Specificaiton for acelrating admigf) retarding
admixtures and water-reducing admixtures

1982 Part 2. Specification for air-entraining atores

1985 Part 3. Specificaiton for superplasticizaagnixtures

1981 Methods for specifying concrete ; idolg ready-mixed concrete

1976 Code of practice for structural usecohcrete for retaining
aqueous liquids.
Precast concrete masonry units

1981 Part 1. Specificaiton for precast concregsonry units
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6089
6588
8110

CP 110
CP 114

1981

Part 2. Method for specifying precast caiecneasonry units

1981 Guide to the assessment of concretegilr in existing structures.
1985 Specification for Portland pulverizegifash cement

1985
1985

Structural use of concrete
Part 1. Code of practice for design andtcoctson
Part 2. Code of practice for special circamses

1972 The structural use fo concrete. Part
1969 Structural use of concrete in bogdi

Structural steel and other building materials.

4

405
449
648
690

743

747

1199
1281
1286
1369
1494

2094

3189

3416
3921
4848

4868
5247

1980

1945
1973
1964

1981

1973
1974
1975
1976
1970
1977
1976
1974
1974
1947
1951
1964

1954
1954
1954
1954
1954
1956
1956
1964
1973

1975
1974

1975
1972
1980
1972
1975

Structural steel sections

Part 1. Specification for hot-rolled sections.

Expanded metal (steel) for general mepo

The use of structural steel in building

Schedule of weights of building material
Asbestos-cement slates and sheets

Part 2. Specification for asbestos-cemedtcaatiulose asbestos-
cement flat sheets.

Part 3. Corrugated sheets

Part 4. Slates

Part 5. Lining sheets and panels

Part 6. Fittings for use with corrugatedesfie
Materials for damp proof cources. Meatmnits
Roofing felts (bitumen and fuxed pitch)

Building sands from natural sources

Glazed ceramic tiles and tile fittifmsinternal walls
Clay tiles for flooring

Metal lathing (steel) for plastering

Fixing accessories for building purgose

Part 1. Fixing for sheet, roof and wall cavg
Glossary of terms relating to iron andlstee

Part 2. Steel making

Part 3. Hot rolled steel products (exclesh&rip, tubes)
Part 4. Steel sheet and strip

Part 5. Bright steel bar and steel wire

Part 6. Forgings and drop forgings

Part 7. Wrought iron

Part 8. Steel tubes and pipes

Part 9. Iron and steel founding

Phosphate treatment of iron and steel pfotection against
corrosion.

Black bitumen coating solutions fodcapplication
Bricks an dblocks of fired brickeardycor shale
Hot rolled structural steel sections.

Part 2. Hollow sections

Part 4. Equal and unequal angles

Part 5. Bulb flats

Profiled aluminium sheet for building

Corrugated asbestos cement
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5390
5400
5493

5628

CP 102
CP 143

1976 Code of practice for stone masonry4198
Steel, concrete and composite bridgest 1PHdc 1978-82
1977 Code of practice for protective coathgon and steel structures
against corrosion
Code of practice for use of masonry
1978 Part 1. Unreinforced masonry (1985)
1985 Part 2. Structural use of reinforced andtpessed masonry
1985 Part 3. Materials and components, desigmakmanship
1973 Protection of buildings against whatam the ground
Sheet roof and wall coverings. Pa#, 10, 11, 12, 15, 16, 1958-
74

Testing and measuring

410
599
812

1042

1377
1427
1647

1796

1976 Test sieves

1966 Methods of tesing pumps
Testing aggregates

1975 Part 1. Methods for determination of pagtgize and shape

1975 Part 2. Methods for determination of phylgicaperties

1975 Part 3. Mechanical properties

1976 Part 4. Methods for determination of chehpcaperties

1984 Part 101. Guide to sampling and testingeggges

1984 Part 102. Methods for sampling

1985 Part 103. Method for determination o fpéetsize distribution.

1985 Part 105. Section 105.1. Flakiness index

1985 Part 106. Method for determination of sheglhtent in coarse
aggregate.

1985 Part 119. Method for determination of a@tisble material in
fine aggregate.

Methods of measurement of fluid flow insgd conduits.

1981 Part 1. Section 1.1 Orifice plates, nozzesl Venturi tubes
inserted in circular cross-seciton conduits runriing

1984 Part 1. Section 1.2. Specification for squedged orifice plates
and nozzle (with drain holes, in pipes below 50 diameter, as
inlet and outlet devices) and other orifice platad Borda inlets.

1984 Part 1. Section 1.4. Guide to the use eicds specified in
sections 1.1 and 1.2.

1983 Part 2. Section 2.1. Method of using pétatic tubes

1983 Part 2. Section 2.2. Method of measureméntelmcity at one
point of a conduit of circular cross section.

1984 Part 2. Seciton 2.3. Methods of flow measer in swirling or
asymmetric flow conditions in circular ducts by meaf current-
meters or pitot static tubes.

1965 Part 3. Guide to the effects of departwmfthemethod in Part 1.

1975 Methods of testing soils for civil amggring purposes

1962 Routine control methods of testing wased in industry

1961 PH scale

1984 Part 1. Specification for pH scale

1984 Part 2. Specification for reference valandard and operational
standard solutions.

1976 Method for test sieving (1985)
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1881

1924
2690

3148
3680

1970
1970

1971
1983
1983
1983
1983
1984
1983

1975

1964
1965
1967
1968
1968
1970

1971
1972
1972

1972
1974

1978
1984
1979

1983
1983
1979
1984
1983
1983
1983
1981
1981
1981
1984
1981
1981
1980

1983

1964
1983

Methods for testing concrete
Part 1. Methods for sampling fresh concrete
Part 5. Methods for testing hardened coecfet other than
strength.
Part 6. Analysis of hardened concrete
Part 101. Method of sampling fresh conaretsite
Part 102. Method of determination of slump
Part 103. Method of determination of comipgcfactor.
Part 104. Method for determination of Vabeet
Part 105. Method for determination of flow
Part 106. Method for determination of aimteat of fresh
concrete.
Methods of test for stabilized soils
Methods for testing water used in industry
Part 1. Copper and iron (1974)
Part 2. Dissolved oxygen, hydrazine andnsaiép
Part 4. Calcium and magnesium
Part 6. Chloride and sulphate
Par 7. Nitrate, nitrate and ammonia (frakne and albuminoid)
Part 9. Appearance (colour and turbiditylow, susp. and
dissolved solids and electricity conductivity
Part 11. Anionic, cationic and non-ioniceadgénts and oil
Part 12. Nickel, zink, chromates, total chiton and manganese
Part 13. Dichromate value (chemical oxygemahd), non-
volatile organic carbon, tannins and chlorine
Part 14. Arsenic, lead and sulphide
Part 15. Free EDTA, total salts of EDTA, yaarylate and
polymetachrylate
Part 100. Foreworkd, scope and generalnregents
Part 101. Dissolved oxygen
Part 10-2. Hydrazine : Spectraphotometrichoee (4-dimethl-
aminobenzadehyde)
Part 104. Silica : reactive, total and sodpd
Part 105. Soluble phosphate and organopbasplompounds
Part 106. Reactive aluminium : spectrophetommethod
Part 109. Alkalinity, acidity, pH value acargon dioxide
Part 115. Cyclohexalamine : spectrophotametethod
Part 116. Morpholine : spectrophotometrithoe
Part 117. Long-chain fatty amines; specitghetric methods
Part 119. Odour
Part 120. Suspendid solids
Part 121. Dissolved solids
Part 123. Sodium
Part 124. Potassium : flame photometric ateth
Part 125. Lithium : flame photometric method
Tests for water for making concrete.
Methods of measurement f liquid flows imchels
Part 1. Glossary of terms
Part 2. Dillution methods
Part 2A. Constant rate injection
Part 2C. Method of measurement using ratii@tacers
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3681

3889

4408

4426
4624

1980
1983

1983
1980

1981
1969
1981
1981
1980

1981
1981
1970
1973
1971

1973
1983

1980

1980

1971

1981

1980

1980

1973

1983

1965

1966

1969
1969
1970
1971
1974

1969
1981

Part 3. Stream flow measurement
Part 3A. Velocity area method
Part 3B. Guide for estalishment and oparattb a gauging
station.
Part 3C. Methods of determination of thgestiischarge relation
Part 3D. Moving-boat method
Part 4. Weirs and flumes
Part 4A. Thin-plate weirs.
Part 4B. Long-base weirs.
Part 4C. Flumes
Part 4D. Compound gauging structures
Part 4E. Free overfall weirs of finite cre@dth (rectangular
broad-crested weirs)
Part 4F. Round-nose horozontal crest weirs
Part 4G. Flat-V weirs
Part 5. Slope area method of estimation
Part 6. The measurement of flow in tidahcteds
Part 7. The measurement of liquid leveb@ta
Part 8. Measuring instruments and equipment
Part 8A. Current meters incorporating atmogeelement
Part 8B. Recommendations for direct deptlhindimg and
suspension equipment
Part 8C. Calibration of rotating-elementrent-meters in straight
open tanks.
Part 8D. Cableway system for stream gauging
Part 9. Water level instruments
Part 9A. Specification for the installatiand performance of
pressure actuated liquid levelmeasuring equipment.
Part 9B. Float operated water level recarderechanical and
electromechanical)
Part 10. Sediment transport
Part 10B. Measurement of suspended sediment
Part 10C. Bed material sampling
Methods for the sampling and testindigiftweight aggregates
for concrete. Part 2. Metric units (1983)
Non-destructiove testing of pipes and tubes
Part 1. Method of automatic ultrasonic tegfor the detection of
imperfections in wrought steel tubes
Part 2A. Eddy current testing of ferrousegipnd tubes
Part 2B. Eddy current testing of non-ferrtulse (1982)
Recommendations for non-destructive methods test for
concrete
Part 1. Elecromagnetic cover measuring devic
Part 2. Strain gauges for concrete invetsigsa
Part 3. Gamma radiography of concrete
Part 4. Surface hardness methods
Part 5. Measurement of the velocity of slrac pulses in
concrete
Method of test for sodium hypochlosibéution
Methods of test for asbestos-cemeidibgiproducts
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5080

5316

5728

5835

5857

5886

1974 Methods of test for structural fixingsconcrete and masonry.

1976
1977

1979
1980
1984

Part 1. Tensile loading (1982)

Acceptance tests for centrifugal, mixeavfend axial pumps.
Part 1. Class C tests

Part 2. Class B tests

Measurement of flow of cold potable wateclosed conduits
Part 1. Specifications for meters

Part 2. Specification for installation cdrais for meters

Part 3. Methods for determining principarelcteristics of meters

1980 Recommendations for testing of aggesgat

1980
1980

1980

1980

1980
1980

Drawing Practice

308

1192

1553

Miscellaneous

417

879

916
1083
1244

1247
1563

1984
1972
1972

1984
1984

1977
1950
1950

1964
1973

1985
1953
1965

1956
1982

1975
1949

Part 1. Compatibility test for graded aggregate

Measurement of waer flow

Part 1. Section 1.1 General

Part 1. Seciton 1.2 Constant rate injectisethod using non-
radioactive tracers.

Part 1. Section 1.3. Constant rate injetimethod using
radioactive tracers

Part 1. Section 1.4. Transit time methochgision-radio-active
tracers

Part 1. Section 1.5. Transit time methodgisadio-active tracers.

Methods for field pressure testingstfestos-cement pipelines.

Engineering drawing practice

Part 1. Recommendations for general priasipl
Part 2. Dimensioning and tolerancing of size
Part 3. Geometrical tolerancing

Construciton drawing practice

Part 1. Recommendations for general priasipl
Part 4. Recommendations for landscape dgswin
Specification for graphical symbols for geal engineering
Part 1. Piping systems and plant

Part 2. Graphical symbols for power genegapiant.
Part 3. Graphical symbols for compressiagtpl

Galvanized mild steel cisterns and coversks and cylinders
Part 1. Imperial units

Part 2. Metric units

Water well casing

Part 1. Specification for steel tubes fairog

Black bolts, screws and nuts. Obsofgsce

Precision hexagon bolts, screws argl @iisolescent

Metal sinks for domestic purposes

Part 1. Imperial units with metric equivate(l977)

Part 2. Specification for stainless stagt sops

Manhole step irons (Malleable cast)iron
Cast iron sectional tanks (rectanguilagy
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1564
1565

1580

1768

1769

1782

1906
2633

2971

3628
3674
3746
3978
4082

4213

4515

4882

4994
5000

5119
5315
5423
5514

5930
5973

5974
5975
5977

5997
6031

1975

1949
1973

1962
1965
1963

1951

1951

1952
1973

1977

1963
1981
1964
1966

1969
1969
1975

1984

1973
1973

1980
1976
1980

1981
1981
1982
1982
1981
1983

1980
1981

Presses steel sectional rectangulis {4983)

Galvanized mild steel indirect cylinderanalar or saddle-back
type.

Part 1. Imperial units

Part 2. Metric units

Unified screw threads

Parts 1 & 2. Diameters % in the larger (3985

Part 3. Diameter below Y4 in (1985)

Unified precision hexagon bolts, scramd nuts (UNC and UNF
threads)

Unified black hexagon bolts, screws aats. (UNC an d UNF
threads) Heavy series. Obsolescent.

Hose couplings’(din to 8 in nominal sizes) other than fire hose
couplings.

Hose couplings (air and watéy)n to 1¥4 in nominal sizes.
Class 1 arc welding of ferritic stegdegvork for carry fluids
(1981)

Specification for class Il arc weldofgcarbon steel pipework for
carrying fluids (1982)

Hose clip (worm drive type) for gengrapose use. Obsolescent
Specification for sodium carbonatekftezal grade)

PVC garden hose (1983)

Water for laboratory use

External dimensions for vertical in-linenttdugal pumps

Part 1. “I” type

Part 2. “U” type

Cold water storage cisterns (polyolefirolefin copolymer) and
cistern covers.

Specification for process of weldingtafel pipelines on land and
offshore

Bolting for flanges and pressure caoirigi purposes.

Vessels and tanks in reinforced plastic

Rotating electrical machines of particulgoe or for particular
applications. Part 2,3,10,11,15,17,25,40,50,60 @8d (1973-
1984)

Specifications for general purpose eubater hoses

Hose clamps

Specificaiton for portable fir extingjuers

Specificaiton for reciprocating internal mdmustion engines :
performance. Part 1 — 6. 1978 - 1984

Code of practice for site investigati@ormerly CP 2001)

Code of practice for access and workicgffolds and special
scaffold structures in steel.

Code of practice for temporarily insthlsuspended scaffolds and
access equipment.

Code of practice for falsework

Lintels

Part 1. Method for assessment of load

Part 2. Specificaiton for prefabricateddist

Guide to British Standard codes oftprador building services.

Code of practice for earthwork
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6068 : Water quality

1982 Part 1. Section 1.1. Terms relating to tygfesater and treatment
and storage of waste water

1982 Part 1. Section 1.2. Additional terms retato types of water,
and treatment and storage of water and waste waer,terms
used in sampling and analysis of water.

1983 Part 2. Section 2.1. Determination of totakenic, silver
diethyldithiocarbamate spectrophotometric method.

1983 Part 2. Section 2.2. Determination fo irori01 penanthrolin
photometric method.

1984 Part 2. Section 2.3. Determination of digstl oxygen:
iodometric method.

1984 Part 2. Section 2.4. Determination of toareury by flameless
atomic absorption spectrometry: method after digestwith
permanganate-peroxodisulphate.

1984 Part 2. Seciton 2.5. Determinaiton of tot&rcury by flameless
atomic absorption spectrometry : method after pagtnent with
ultraviolet radiation.

1984 Part 2. Section 2.6. Determination of tota&rcury by flameless
atomic absorption spectrometry : method after digeswith
bromine.

1984 Part 2. Section 2.7. Determination of ammnwoni distillation and
titration method.

1984 Part 2. Section 2.8. Determination of cafticontent — EDTA
titrimetric method.

1984 Part 2. Seciton 2.9. Determination of then ©of calcium and
magnesium : EDTA titrimetric method.

1984 Part 2. Section 2.10. Determination of amoman: potentio-
metric method.

1984 Part 2. Section 2.11. Determination of amona : manual
spectrometric method.

1984 Part 2. Section 2.12. Determination of phemdex : 4-
aminiantipyrine (4-aminophenazone) spectrometri¢chot after
distillation.

1984 Part 2. Section 2.13. Determination ofitlit

1984 Part 2. Section 2.14. Determinaiton of b&ical oxygen
demand after 5 days (BOD): dilution and seedinghot

1984 Part 2. Section 2.16. Determination ofiteit: molecular
absorption spectrometric method.

1983 Part 5. Section 5.1. Determination of thaikition of the
mobility of Daphnia magne Staus (Chadocera, Crestdc

1981 Part 6. Section 6.1. Guidance of the desafnsampling

programmes
1983 Part 6. Section 6.2. Guidance on sampdiclgniques
6150 : 1982 Code of practice for painting of builgh
6565 : 1985 Method for dimensioning and designaliolgs, screws, studs and
nuts.
CP 310 : 1965 Water supply
CP 2010 : 1974 Foundation for machinery
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APPENDIX D:

D.1: PROJECT SUMMARY SHEET

PrOJECT ..t Alternative No. .............
Design Stage ..oooovviieiiie e, Date .ovveie e
Province ........ccoviviiiiiiiii e, DISHICE ..o e
Reference Code .........cooviviiiiiiiiin i, Land potential ..............come v e,
SOUMCE e e Safe Yield ......ooovvveeeieeieeeeeeen, m/day
LT L 0TS 0 PP
Raw water system ................. % gravity % pumgin
Distribution system ............... Y%gravity % punmg

0

Population served (NO.) e i
Livestock served (LU e i e
Livestock served

(out of total) (LU s i
Population demand @) e )
Livestock demand (25 N
Institutional demand (25 N
Industrial demand (25 N
Other demand () o e,
Total demand (D) oo e,
Individual connections (90) e e e

Phase  Year of Population Area Designed Construc- Costs
implemen served served Demand tion Shs/  Shs/ Shs/
-tation  (Tot.) KmiTot) m%d(Tot) Shs Capita Km? m®

Annual Costs Initial ~ Shs/ni Future  Shs/ni  Ultimate  Shs/ni
Shs Shs. Shs.
Direct O & M COSIS ciiiiis it e e i
Establishment coStsS .. .o i s s i
Capital COSIS i e e i e e,
(CHPTT 90) s e s s s
Total i e s e i,
Annual reVENUE i s e e i

Limits of supply, see attached plan (Format A4)
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D.2: O & M EXPENDITURE SUMMARY SHEET

1 Project

5. Raw Water SystemGravity ............. % Pumping ...............
..................... %

6. Distribution System Gravity............. % Pumping...............
..................... %

7. Power

8. Year Initial 1+5 1+10 1+15 1+20
Item - Operation () years years years years

Shs. Shs Shs. Shs. Shs.

Chemical
Electricity
Diesel

Lubricating Oil
Laboratory Reagents
Staff
Transport
9. Item — Maintenance Shs. Shs. Shs. Shs. Shs.

Tools
Laboratory
Spare parts —
Mechanical
Spare-parts — Electrical
Meters
Pipelines
Paints, Timber etc.
10 Revenue Shs. Shs. Shs. Shs. Shs.

Revenue Earning
11 Operation Hrs Hrs Hrs Hrs Hrs

Operation per day

All costs valid for the price level in year 20....
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D.3: CHECK LIST FOR PRELIMINARY DESIGN

The aspects to be checked in a Preliminary Deslggnvapplicable are:
1. Report coverage — use of correct wordings.

N

. Compliance with the scope of engagement.
3. Date of submission
4. Names of District indicating boundaries of diggp

5. Complete summary — compared with the infornmagjiiven in the main test. Standard
Project Summary Sheet and O & M Expenditune®ary Sheet.

6. Map showing the supply area

7. Existing Supplies:

(a) Details regarding ownership

(b) Operating agency

(c) Source

(d) Quality

(e) Treatment

(f) Constraints

(9) Original Design

(h) Reliability

(i) Technical and economical assessments of thHewsacomponents.
(1) Number of connections and CPW'’s.

8. Traditional sources — their quality and disgris in use.
9. Climate, Hydrology described in detail

10. Recommended sources-Reliability, quality armhemy. Comparison between other
alternatives basis for selection.

11. Actual abstractions — existing water permits.

12. Surfaces water sources — flows — Flood andflimws probability.

13. Rainfall comparisons and correlation of flows

14. Rainwater harvesting — rainfall probabilitattiern. Roof area, tanks.

15. Geological data — soil profile, soil samplpsrmeability and seepage, possible
siltation calculation and control measures, grqaf soils, site investigations.
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16.

17.

18.

19.

20.

21.

22.

23.

24

25.

26.

Ground water sources Boreholes, existing records, dimensions, depthaildeof
investigation of aquifers, adequacy of test pumpiloge, capacity of test pump,
drawdown level, rest level, recovery period, inflube on observation holes,
determination of recharge, basis for siting.

Sprints and shallow wells, existing and ptédnreliability.

Dams:

(@) Selection of site, subsurface conditions

(b) Storage volume, methods of calculations basedrun-off data draught
periods, evaporation, seepage losses, silt roagditatthn losses.

(c) Stability — kind of material for core and skder cover, provision of free
board, correlated wave action, fetch and wind ve&s; influence of
earthquakes.

(d) Study of alternative construction methods dejpgg on availability of
materials.

(e) Provision of surplussing arrangements andivapyl based on adequate
calculating — compensation water — consequencedstirgs for population
both up and down stream — comparison of alternatiee spillways and
cutlets — calculations and basis for selection.

()  Provision made and control features for paggireater floods.

(g) Arrangements for scour release — study ancemwslhed management, for
control of erosion.

Subsurface dams — Details in para 15 and B8isfysconditions therein.

Protection of the catchment area.

Water quality — Adequate number of samplesnguviarious seasons and during
maximum — minimum flows, physical, chemical andtbaological tests.

Pollution control — Existing and known futureaste water and sewage outlets,
other possible sources of pollution, means of @@ind protection.

Population — People and livestock growth ragpesjections, industries, institutions
affecting demography, immigration and emigration.

Sources of information of demography, demanddasts for population, industries,
schools, health facilities and other institutionstudies on local conditions present
and future — correlation with W.D. criteria.

Socio-economic aspects
Economic Analysis
(@) Economics and Quality of proposed system coetpavith alternatives —

include all relevant items.
(b) Justification for proposal selected.
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27.

28.

29

30

(c) Relevancy of rates — construction cost inelgdicontingencies and over
heads, power, fuel, chemicals, interest rates fesgnt value comparisons,
escalation costs, depreciation, staff costs etc.

(d) Maintenance cost — O & M cost rates.

(e) Production costs perrfor present, and final stage of design period.

() Cost per capita — present and final

(g) Expected revenue — present and final

Technical review of proposed system

(@) Selection of intake site — study of siltati@md erosion problems, access to
site.

(b) Intake structures — levels, variation of cafyawith water level at intake.

(c) Dimensions and alignment of raw water maimsngarison and alternatives,
running time, capacity surge.

(d) Pumping stations — access, energy supply, @omal selection fo site,
means of control and operation staff (-houses),ndation, pump
installations, stand by, phasing, sump.

(e) Treatment plants — siting including prelimyaoil investigations, drainage,
justifications for the selected method of treatmeapacity.

()  Data for dosage of chemicals, coagulants, gijdsiment, prechlorination etc.

(@) Mixing means.

(h)  Flocculation — mechanical or other means.

()  Sedimentation — surface load, detention pershailge storage

()  Filters — type of filters, surface load, badsi system, economy.

(k) Balancing tank, pump capacity

()  Sludge and waste disposal

(m) Access to sites, power supply.

(n)  Requirement of staff for proper maintenan@eiding of staff.

(o) Possibility of phased implementation and fatertensions.

Distribution system -

(a) Basis and justification for the proposed lay;o alignment, cross
connections, pressure zones, and economics

(b) Balancing tanks, consumption pattern, peakdlalegree of service

(c) Means of distribution — criteria as per MOWREarglards, for location of
CWPs, people served and up take rates for varietieds and various areas
of the project, kiosks, retailers, cattle trougkdip(s), connection to various
industries and institutions.

(d) Means and Design Flows for mains, levels tifoal sections.

(e) Pipe line material proposed — basis.

Optimum scope of the project and phasing, gresrbetween different areas within
the project boundaries and adjacent projects.

List of materials, design criteria, materiahstards
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31 Recommendations on further investigations amzesu

32 Maps — Kenya, district, scale, contour interveésar.
33. Any other relevant aspect concerning the scheme

D.4: CHECK LIST FOR FINAL DESIGN

The following aspects are to be checked for Firegin when applicable.
1. Whether the agreed additions and alteratiortbedPreliminary Design have been
incorporated.

2. Whether all the other instructions issue havanbmmplied with.
3. Whether any additional investigations were earout.
4.  Whether the summary is sufficiently detailed.

5.  Whether the report includes an adequate sumrofrthe Preliminary Design
findings.

6. Whether detailed site investigations have beamied out and detailed data
acquired and used in the design calculations fer dtnuctures involved in the
project.

7.  Distribution system

(a) Basis and calculations for design flow.

(b) Pipe materials, pressure classes and chasticer

(c) Formula used for frictional flow

(d) Allowance for water hammer

(e) Location and sizes for air valves, scoursyagts and sectional valves.

() Position of Water points — Traditional Commiyrpoints.

(g) Optimised used of balanced zones.

(h) Economic calculations of storage volumes fatabcing, emergency and
breakdown purposes. Comparison with variation pe pdimensions and
pump capacities.

(i) Details of thrust and anchor blocks, valve andter chamber, junctions, air
valves and wash outs, markers.

() Anyunnecessary air valves or sectional valves

(k) Minimum and maximum pressure requirements.

()  Utilisation of the existing system.

8.  Treatment plant
(&) Any additional analysis of water required.
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10.

11.

12.

13.

14.

15.

16.

17.

18.

19.

(b) Justification for the proposed method.
(c) Capacity — allowance for water used in thatireent process (see check list
Preliminary Design item 26).

Control devices for raw water inflow — overfloand inflow quantities within
specified limit.

Mixing devices — feeder arrangement, dosingpegent, contact period, energy
input, chemical mixing equipment, operation aspects

Pretreatment such as pre-chlorination, pH &ajeist, aeration, pre-sedimentation.

Flocculation

Horizontal flow arrangements — energy inputs, mea@ means, velocities,
detention period, number of compartments, sludgkeiou

Flocculation

Vertical flow arrangements - velocities, obstructo flexible bleeding
arrangements, sludge bleeding cone bottom outlet.

Sedimentation

Load factor, detention time, sludge storage andeb(gcour), inlet arrangements,
inlet velocity, outlet troughs — position , veloeg, V-notch, length-bottom slope,
width-length ratio, sludge treatment.

Filtration - (Rapid gravity filters)

Load factor, level control limits for variable héask filters, media dimensions of
supporting bed, filtration media (grain sizes, amihity coefficient, availability of
media) inlet and collection arrangements, bypass ifdially filtered water,
overflow, free board, airbinder.

Backwash system

Capacity rate of period, pressure (-distributioai, timing, means of control,
facility or arrangements available for the operdatobserve the filters during the
backwash operation, outlet and distribution of waslter, capacity in relation to
chosen filermedia, calculation of head losses.

Filtration — slow sand filters as for item 15.
Chlorination
Mixing and dosing equipments, as separate frorardtinctions, corrosion control,

corrosion resistant pipes and ventilation.

Pipework
Without treatment plant — economic dimensioningytoa valves, meters.
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20.

21.

22.

23.

24.

25.

26.

27.

28.

29.

30.

31.

Storage of treated water, level indicator.

Office, store and laboratory
Ample space, equipment, installation (electricalimbing etc) ventilation, waste
water disposal, laboratory equipment, furniture.

Drainage
Where necessary under and around structures.

Concrete and reinforcement

Classes, strength requirement, actual load, eartkey factors, cover, lapping,
construction joints, movement joints, water banmsioant of reinforcement with
regard to static and dynamic loads and cracking.

(Note special requirements for water retainingctrres)

Choice of material for cast-in pipes and fgsn flexible joints where necessary,
puddle flanges.

Proposed protection against corrosion of metal

Whether items such as pipes, fittings, valwesta Water Department standards,
nominal diameters of pipes proposed.

Pumping Station:

Foundation, plinths (size), vibration, layout oftallations, lifting gear, ventilation,
cooling and fuel system for engines, control devjicehoice of pumps, pump
characteristics, rating of engines (influence ditade etc.) priming, suction head
and other hydraulic factors, gate and check valves.

Building (General)

Lay-out, foundation, proposed structural materiacohomical consideration),
roofing materials method of fixing, roof trussesoysion against windload
earthquake, rainwater disposal, ventilation, tremimof surface dimensions of
doors and windows preservation of timber worksahations etc.

Sewerage systems
Manholes septic tanks, soak ways.

Access roads, parking areas

(Layout and section drawing) Surface water drainagstem and models of
disposal. Bends, slopes on roads inside compou(Rrevide roads only where
needed and footpaths elsewhere)

Lighting
Standards, insulation, wiring, earthing
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32.

33.

34

35.

36.

37.

38.

39.

40.

41.

Fences and Gates
Sizes, foundation, materials, painting coats, adlow provision for future
extensions.

Staff Houses
Adequacy, standards, future extensions.

Energy Supply
Supply of electricity — arrangements with EAP&L adability and distance, tariffs.

Dams
(see check list for Preliminary Design items 18)arger dams to be checked by
independent, water rights and permits.

Intakes
(Surface water) — Layout, screens, scour, safetyfoahdations of protective
measures, flood protection, permits

Intakes.
(Bore Holes) — design of screen, foot valve, casligipting gear for submerged
pumps, criteria as discusses under item 27 abeveifs.

Cost Estimates
Construction cost based on actual bill of quargjti®asis of rates — other details as
discussed in item 26 © to (g) in check list forliPnenary Design.

Drawings.

(@) Whether all the drawings are fully dimensiot@de useful for constructional
purpose.

(b) Do the drawings contain all the required aatbwant information to fully
cover all problems likely to occur on site duriranpstruction.

Draft Operation and Maintenance Manual (Searsg list of requirements)

Any other relevant aspects.
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D.5: CHECK LIST FOR TENDER DOCUMENTS.
The Tender Documents shall comprise of the follgwtems:

1.  Conditions of tender and instructions to tendere

2. Form of tender with appendix and schedule

3.  Form of tender surety

4.  Form of performance surety undertaking

5.  Form of performance bond

6. Form of site certificate

7.  Form of security bond (for advance paymentpif)a

8. Form of Agreement

9. Conditions of contract for works of Civil Engiring Construction (FIDIC)

10. Conditions of contract Part Il — Conditions epfrticular application and
amendments to Part | General Conditions MOWD.

11. Conditions of contract Part Il — Conditions gfrticular application and
amendments to Part Il General Conditions.

12. Standard Specification.
13. Special Specification

14. Bills of Quantities incl. Preamble, ScheduleDafy Works and Schedule of Basic
prices.

15. Drawings
The “Conditions of tender and instructions to testishall include the following
headlines:-
Invitation
Documents
Tender
Tender surety
Performance bond
Variation of tender
Incomplete tender
Duration of tender
Rejection of tender

OCO~NOOITA~WNPE
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10
11
12
13
14
15
16
17
18
19
20
21
22
23
24

Award of contract

Service of notice
Documents confidential
Explanations of documents
Completion of tender

Errors in tender

Site visit

Submission of tender
Expense of tendering
Training levy

Price variation

Preliminary design
Alternative designs
Quantities approximate

Any additional information
Schedules shall include:-

(&) Major items of plant

(b) Supervisory staff

(c) Construction programme
(d) Insurance (s)

(e) Sub-contractors

(H Alternative standard (only in exceptionates)
(g) works executed and references
(h) Any other schedule.
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APPENDIX F:

F.1.1:

TITLE BLOCKS FOR DRAWINGS

TITLE BLOCK
SCALE - 1:1

130

MINISTRY OF WATER

DEVELOPMENT

HEADQUARTERS

10—

KIBARANI DISTRICT

STANDARD TITLE BLOCK

SCALE -
FIGURED DIMENSIONS ONLY TO BE TAKEN FROM T
THIS DRAWING 7
SURVEYED BY DATE
DRAWN BY D, WAKABA DATE
TRACED BY DATE |
CHECKED BY DATE T
DESIGNED BY DATE
CHECKED BY DATE
SECTION HEAD DATE DIVISION HEAD DATE |
1
BRANCH HEAD DATE DIRECTOR DATE i

DRG.

No.

M.o. W. D.

7.01-HO068-001
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TITLE BLOCKS FOR DRAWINGS

F.1.2:
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TITLE BLOCKS FOR DRAWINGS

F.1.3:
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TITLE BLOCKS FOR DRAWINGS

F.1.4
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F.2: SYMBOLS FOR WATER SUPPLY, PLUMBING, HEAT ING
VENTILATION AND DUCTING

Ho, DESCRIPTION SYMBAL
1 Plpe, general symbal
1.1 Method A: the symbols indicate the location

of the plpe In ralatlon to the section S

vislble at section -
concealed at section in
front of or above section

1.2 Methed B: the symbols indicate the
nature of fluids

13 Crossing pipe, not connected |

14 Crossing pipe, not connected J

15 Tee - Reducing
Tee - Equal

18 Flexible plpe: hose PNV

1.7 Dlrectlon of flow %

1100
1.8 Dlrectlon of fall 7%

18 Expansion joint, general symbol — ]

1.10 Cap nut

111 Sliding support :

1,12 Anchor palnt —%—
113 Air release device +

a) single air valve

b) double air valve ﬁt
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Mo, DESCRIPTION SYMBAL
1,14 End plug 4<]

15 Reducer Taper D
1.16 Bends ] S,

A7 Clean - out bend E‘
8 | Ebow ‘
119 Surge arrestor |f|
1,20 Union D[
.71 Bush - equal

&
1.22 Mpple - equal r—’—,ff
&

2 JOINTS
21 Joints, general symbol 4’7
22 Spigot and socket :)
23 Flange —
24 Collar E—
25 Flexlble socket —_—)
2.6 Welded or cement joint e —
27 Threaded joint male, female —|_|—
28 Stapped coupling jolnt —1

WALVES!

Valve, general symbol: also used for shut - off
and regulating valve, two - way
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No, DESCRIPTION SYMBAL

3.2 Shut-off and regulating valve, three way 4%_
33 Shut-off and regulating valve, four way 4%
* |t nomshadad 1o shded partof re syl —<—
35 Safety valve or pressure release valve .

36 Safety valve (small trlangle! hlgh pressure) —[;><—
7 Vacuum breaker .

38 Draw - off

39 Hydrant, general symbol T
340 Sprinkler head —_—e
3.1 Constant flow valve —b—
312 Float valve _Drj
313 Soour valve or wash out %

4 GULLIES

41 Gully, general symbol |:|

4.2 Gully, with trap T
43 Separator, general symbal

.
-
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No. DESCRIPTION SYMBAL
5.1 Apparatus, general symbol (|t Is preferred that the
circular symbol be used for apparatus in which there Y |:|
are rotating parts: for other apparatus the rectangular R
symbol| |s used
s
52 Pump —f\ »
5.3 Steam frap %
5.4 Stralner, general symbol @—
5.5 Heater
56 Mixing tap H
57 Shower i\
5.8 Trap Views
Seclon \/
54 Draln and Inspection opening
5.10 Water meter —{g—
5.11 Trap } F 1
B STRUCTURES FOR WATER SUPPLY
H...‘_._ e
8.1 Intakes — —
6.2 Treatment works —@—
6.3 Pumping station !F_;:.T-“
8.4 Storage tanks )
_/
6.5 Break pressure tanks —.@#
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No, DESCRIPTION SYMBAL
6.6 Communal water points flf
6.7 Bore hale with ref. ho. O
7 SYMBOL FOR VENTILATION AND AIR COMDITIONING INSTALLATIONS
DUCTA
7.1 Duct, general symbol —
| |
7.2 Supply duct Vislble sectlon EM i@
| =
Hidden section i I:X:I i Y
| —
L Exhausl duct Visible section I| I/I i @
I e
Hldden section : I///| i \{ﬁ
|
74 Direction of flow %
—
—
8 APPLIANCES AND FITTINGS
8.1 Air supply fittings D E—
L
1 |
—
8.2 Air exhaust fitting i
e
—
8.3 Damper @
84 Air grill %
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Mo, DESCRIFTION SYMBAL
85 Apparatus, general symbol { it is prefemred that the circular symbal be used
. Yy
for apparatus In which there are rotating parts: for other apparatus the ()
rectangular symbol is used
86 Pan @
87 Air filter
.. e
88 Humidifier ~
89 Silencer EI
8.10 Air heater [y
811 Alr Cooler @

9 SYMBOLS FOR CONTROL AND REGLULATION COMPONENTS

a1 Hand - operated, general symbol T
9z Automatic, general symbol I%
=
93 Springs *—'MT?
94 Weight I:l
-\‘I
95 Float —
96 Piston %I
. £y
a7 Diaphram T
98 Electrlc motor (IVD
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No. DESCRIFTION SYMBAL
99 Solonold #
10 SYMBOL FOR SENSING ELEMENTS )
10,9 Temperature %
10,2 Pressura %
103 Flow <g
10.4 Humldlty J_
10.5 Level g
11 SYMBOL FOR INDICATING GAUGES, METERS AND RECDRDERS”
14 g
11. Indlcating gauge or meter LA
W
Ay
11,2 Recorder !
o/

1) By comblining the symbols of clauses 5 & 6, different types of
Indlcating and recording Instruments can be [llustrated
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F.3: SYMBOLS FOR GROUND INVESTIGATIONS

F.3.1: Identified layers of Soll

] o

S

SAND

7 i
TOP S0IL ST GRAVEL
B
qS| BOULDERS ey
<o i3 sToMES
1Se
IDENTIFIED LAYERS OF SOIL
ASSUMED ROCK
A FIRM BOTTOM
BOULDER OR ROCK
Aya THE SOUNDING TERMINATED
WITHOUT FIRM CONCLUSION
L STONE OR BOULDER vi
-
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F.3.2: Symbols for Site Investigations on Plans

SYMBOLS FOR SITE INVESTIGATIONS ON PLANS

PENETRATION TESTS 7} SIMPLE SOUNDING
Nt
STATIC SOUNDING (WEIGHT SOUNDING)
DYNANIC SOUNDING {SPT, LIGHT PERCUSSION SOUNDING)
ADDITIONALS ;) SOUNDING TO FIRM BOTTOM
( ") SOUNDING TO ASSUMED ROCK SURFACE
i
SR DISTURBED SAMPLE

UNDISTURBED SAMPLE

GROUND WATER INVESTIGATIONS

GROUND WATER LEVEL ESTABLISHED

TEST PUMPING

PORE PRESSURE MEASUREMENT

OTHER INVESTIGATIONS

YANE BORING

SEISMIC INVESTIGATION

TRIAL PIT
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F.4: SYMBOLS FOR CONCRETE REINFORCEMENT

INTERNATIONAL STANDARD

SO 3766 - 1977 (E)

1

Building and civil engineering drawing - Symbols for

concrete reinforcement

, SCOPE AND FIELD OF APPLICATION

This International Standard esterblishes a system of symbols for use on drawings for reinforcement

in reinforced concrete and in prestressed concrete

2, GRAPHICAL SYMBOLS

2.1, OrdInary relnforcement

New

DESICGNATION AND DESCRIPTION

SYMBAL

]

1.1 Reinforcing bar, continuous exira - thick line

1.2 Section of reinforcement bar

13 Bar with end anchorages

a) with hooks

b} with rlght angle bends

1.4 Bar without end anchorages

not separated on the drawing

If necessary to Indlcate ends of the bar where bars are o -

15 Anchorage rlng or plate

R

A6 End vlew of anchorage

A7 Bar bent at right angle away from the reader

and for microfilming

Alternatively for clarlty where bars are very close

[ ]

[ =

1.8 Bar bent at right angle away from the reader

and for microfllming

Alternat|vely for clarlty where bars are very close
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No, DESIGNATION AND DESCRIPTION SYMBAL
221 Prestressing bar or cable, long chain double - dashed

extra thick line - - = = —
222 Sectlon of post - tensloned relnforcement In plpes or .

conduits W
223 Section of prestressed reinforcement n
224 Anchorage at tenslonlng end 1) ‘_/M
2.25 Flxed anchorage '/ E
228 End vlew anchorage ) SE
227 Movable splice™)

— == - —

228 Flxed spllce "
WELDED FABRICKS
Na. DESIGHATION SYMBAL
231 One sheet of fabric, shown on plan
232 |dentical sheets of fabric in a row —
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Mo,

CONVENTION

SYMBAL

3

Bends shall normally be drawn io scale

Bends with the smallest permitted bend radius may be
drawn with Intersecting stralght lInes

N

32

A bundle of bars may be drawn with a single llne, end
markings indicating the number of bars in the bundle

Example ! Bundle with three Indentlcal bars

Each set of identical bars, stimups or links shall be indicated
by ane bar, stirrup or lInk drawn with contlnous extrathlck lines,
with a continous thin line across the set terminated by short
obligue lines to mark the extreme bars, sflrrups or lInks

A clrcle drawn with a contlnuous thin line connects the
“set line" with the correct bar, stirrups or link

34

Bars placed In groups, each group spaced over the same
distance and contalning an |dentlcal number of |dent|cal
bars, may be indicated as shown in the figure

La
tn

Two-way relnforcement shall be shown In sectlon, or
marked with text or symbol in order to show the direction
of bars in the outside layer on each face of the construction
[n the plan or elevatlon

3.6

On plan drawing for simple arrangements the top - layer and
bottom - layer reinforcement shall have letters indicating the
location of the layer added to the symbol

|f end marks are used, the end marks shall be drawn
upwards or to the left for the botiom - layer and downwards
or fo the right for the top layer

(B bottom T itop)
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Ma,

CONVENTION

SYMBAL

ar

On elevatlons of walls wlth relnforcement on bath faces,
the relnforcement shall have |etters added to the symbol,
indicating the location of layer

If end marks are used, the end marks shall be drawn
upwards or to the |eft for far face relnforcement, and
downwards or to the right for near face reinforcement

{NF: near face FF: far face)

FF

FF

NF
FF

FF

38

I the arrangement of the reinforcement is not clearly
shown by the sectlon, an addllonal sketch showing the
relnforcement may be drawn outslde the sectlon

39

All the types of stirrups or links present shall be indicated
on the drawlng, If the arrangement |s complicated, It may
be clarlfled by the ald of a sketch In connectlon with the
notation

[
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F.5: BAR SCHEDULING

INTERNATIONAL STANDARD ISO 4066-1977 (E)

BUILDING AND CIVIL ENGINEERING DRAWINGS - BAR SCHEDULING

0 Introduction
The purpose of this International Standard isnsuee uniformity of practice in
the scheduling of steel bars for the reinforcendntoncrete. To establish a
clear and unambiguous system for scheduling, iteisessary to specify the
method of indicating dimensions to be used and diger in which the
information is given on the bar schedule.

As the use of preferred shapes | considered teebg advantageous both for
simplifying design and manufacture and for the wdecomputers, the
opportunity has been taken to include a list ofggred shapes and a coding
system; the layout of the bar schedule is basati@nse of preferred shapes.

1. Scope
This International Standard establishes a system tifie scheduling of
reinforcing bars, and comprises:-
e The method of indicating dimensions
» A coding system for the bar shapes
» Alist of preferred shapes
e The bar schedule

2. Field of application
This International Standard applies to all typek steel bar for the
reinforcement of concrete.

Steel fabric and prestressing steel reinforcemenéxcluded.

3. Methods of indicating bending dimensions
The bending dimensions shall be indicated as stmpfigures 1 to 5.

Dimensions shall be outside dimensions, exceptrddius and the standard
radius of bend shall be the smallest radius pesznhilly national standards or
regulations.

The total length (cutting length) shall be calcethton the basis of the
appropriate bending dimensions with connectionbfemds and allowances for
anchorages.

4. Notations.
Iltems of information concerning reinforcement shbé written in the
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4.1

4.2

4.3

longitudinal direction of the bars or along refereriines indicating the bars in
qguestion.

The following information concerning reinforgibars shall be given:

(@) number

(b) size

(c) quality

(d) length

(e) Spacing in millimeters

() bar reference number

(g9) location in slab or wall

The following information concerning bundles r&inforcing bars shall be
given:

(@) number of bundles

(b) number of bars in a bundle

(c) size

(d) quality

(e) length

() bar reference number

(9) spacing of bundles in millimeters

(h) location

Items of information for welded fabric shall be tten along the diagonal line

The number of sheets for fabric shall be indicategkther with the fabric type
reference.
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4. CODING SYSTEM FOR BAR SHAPES

The shape code number consists of two or, if esdgtitree or four characters, as
defined in table 1.

Table 1 - Code number composition

First character| Second character Third character urtFFcharacter
0 — No bends | 0-Straight bars (optional 0-No end anchorage | S-Where a national
(optional) (optional) standard specifies a

special radius of bend
(for example stirring
links) this shall be
indicated by use of the
characters.)

1-1 bend 1-90bend(s) of standard | 1-end anchorage at one
radius all bent in the same| end, as defined in
direction national standards

2-2 bends 2-dbend(s) of non- 2-end anchorages at both
standard radius, all bent in| ends, as defined in
the same direction national standards

3-3 bends 3-18bend(s) of non-

stranded radius, all bent in
the same direction

4-4 bends 4-dbends of standard
radius not all bent in the
same direction

5-5 bends 5-bends <9@ll bent in the
same direction

6 — Arcs of 6-bends <99 not all bent
circles in the same direction

7-Helices 7-Arcs or helices

81-89 — shapes defined in national standards

99 - Special non standard shapes defined by
a sketch. It is recommended that codes
shapes 99 for all non-standard shapes be
used. However, the numbers 91 to 99 are
available for countries which require more
than one number for special shapes.

NOTE: This table explains the logic behind the nenmy of the shapes in table 2. It is
not to be used for making up codes of additionapsis.

E 95



6.1

6.2

6.3

List of preferred shapes

When a third character is used, the direction ef ¢ind anchorages shall be as
shown by the dotted lines in the examples in table

It is recognized that in some countries hooksuaesl to end anchorages.
The letter symbols refer to the dimensions whithlide given in the bar schedule.
Bar scheduling

The bar schedules is the document used to specdyidentify reinforcing bars
The format specified below incorporates the usgreferred shapes.

Information content

A bar schedule shall contain the following infotroa in the sequence listed

below:

(&) member — identification of the structural nibemin which the bar is located,

(b) bar mark — unique reference of the bar;

(c) type of steel;

(d) diameter of bar;

(e) length of each bar (cutting length, allowfogloss or gain at bends, calculated
from the dimensions and radii given in e lause 3);

() number of members;

(@) number of bars in each member;

(h) total number of bars (f) x (g);

(i) total length (e) x (h);

() shape code (as defined in clause 5);

(k) bending dimensions;

(I) revision letter

(m) title block

An example of a form of bar schedule is shown agep7.

Special shapes
When special shapes are required, these shahdensby a dimensioned sketch
drawn in the space normally used for bending dinogiss

Title block
The title block shall be placed below the schedal®l shall contain the following
information:
(&) name of the structural designer;
(b) title of the project;
(c) date prepared;
prepared by
checked by
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(d) drawing number;
(e) bar schedule reference;
() revision letter and date of last revision;

(g) a statement that the schedule has been ptepar@ccordance with th
requirements of 1ISO 4066.

Summary sheet

If required, summary sheets may be used; sepahstets shall be used for each
type of steel.
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TABLE 2 — preferred shapes

SHAPES
conr SHAPES EXAMPLES
08 | ; | I |
l _
1 ]
1 l_
| 2 |
2 | : Y,
| a
= A
13 | & | J i .
)] )N/ )
| a
A\‘H
T i T /
.5 o \\H“u\/ T N HH“'"M_ [
| . ~— |
| b |
14 “’ o -
1 s ]
| b |
Y \
BN >+ ’
16 T » ‘P %, \_/
—r—]
/\|“C_’|_
) 1
. % : NI




preferred shapes

SHAPES
SHAPES EXAMPLES
CODE
——— T
k) | - _
1 i 1 = [
I I
—o—
33 .'/- _\‘\i JL /(_
. 42|_l \ J
) - —— o | 1 3
L_l |_] L I — ]
o
44 o e _-llu [
[
| ¢ | 1
_ﬁ - =
o | TS T M
| \ £ | / :_\ /_]
—c—|
e
51 L ‘__ q4— i = 1 _
1 |
—a—
- e
T | ()
7 - B | I
[~ T ~ ), ’
? I AN
e T ““i l'\“./'
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preferred shapes

ISO 4066 - 1977 (E)

BENDING DIMENSIONS

)
=1 S, ,-ff A
! S
- b -
FIGURE 1 FIGURE 2
I L
— .f-_—-- - =5 —
) -
u u '7\
\ / |'.|'-
KL _/ \\
c b {
FIGURE 3 FIGURE 4

a(flnal dlameter

FIGURE 5

C: NUMEBER OF COMPLETE TURNS
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Example of ISO bar schedule - expression in millimeters

Member Bar mark |Type of |Diameter |Length of [INumber [Number |Total |[Total Rending dimensions Revision
steel bench bar|of of bars |number|length shape a b c d elf letter
members [in each code
member
A, B, CED and Partners Preparation date Drawing Bar schedule Revision date
ZXY Street, London, WIA (TITLE OF PROJECT) Prepared by number reference Revision letter
Phone : 01-000-0000 Checked by

Schedule has been prepared in accordance with the requirements of ISO 4066.
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APPENDIX G:

G.1 PRESENT VALUE OF FUTURE PAYMENTS

Year Discount Rate P P=1-10% Year
n 1 2 3 4 5 6 7 8 9 10 n
1 0,990099| 0,980392| 0,970874| 0,961538| 0,952381| 0,943396| 0,934579| 0,925926| 0,917431| 0,909091| 1
2 0,980296| 0,961169| 0,942596| 0,924556| 0,907029| 0,889996| 0,873439| 0,857339| 0,841680| 0,826446| 2
3 0,970590| 0,942322| 0,915142| 0,888996| 0,863838| 0,839619| 0,816298| 0,793832| 0,772183| 0,751315| 3
4 0,960980| 0,923845| 0,888487| 0,854804| 0,822702| 0,792094| 0,762895| 0,735030| 0,708425| 0,683013| 4
5 0,951466| 0,905731| 0,862609| 0,821927| 0,783526| 0,747258| 0,712986| 0,680583| 0,649931| 0,620921| 5
6 0,942045| 0,887971| 0,837484| 0,790315| 0,746215| 0,704961| 0,666342| 0,630170| 0,596267| 0,564474| 6
7 0,932718| 0,870560| 0,813092| 0,759918| 0,710681| 0,665057| 0,622750| 0,583490| 0,547034| 0,513158| 7
8 0,923483| 0,853490( 0,789409| 0,730690| 0,676839| 0,627412| 0,582009| 0,540269| 0,501866| 0,466507| 8
9 0,914340| 0,836755| 0,766417| 0,702587| 0,644609| 0,591898| 0,543934| 0,500249| 0,460428| 0,424098| 9

10| 0,905287| 0,820348| 0,744094| 0,675564| 0,613913| 0,558395| 0,508349| 0,463193| 0,422411| 0,385543( 10
11| 0,896324| 0,804263| 0,722421| 0,649581| 0,584679| 0,526788| 0,475093| 0,428883| 0,387533| 0,350494| 11
12 | 0,887449| 0,788493| 0,701380| 0,624597| 0,556837| 0,496969| 0,444012| 0,397114| 0,355535| 0,318631| 12
13| 0,878663| 0,773033| 0,680951| 0,600574| 0,530321| 0,468839| 0,936208| 0,367698| 0,326179| 0,289664| 13
14 | 0,869963| 0,757875| 0,661118| 0,577475| 0,505068| 0,442301| 0,387817| 0,340461| 0,299246| 0,263331| 14
15| 0,861349| 0,743015| 0,641862| 0,555265| 0,481017| 0,417265| 0,362446| 0,315242| 0,274538| 0,239392| 15
16 | 0,852821| 0,728446| 0,623167| 0,533908| 0,458112| 0,393646| 0,338735| 0,291890( 0,251870| 0,217629| 16
17| 0,844377| 0,714163| 0,605016| 0,513373| 0,436297| 0,371364| 0,316574| 0,270269| 0,231073| 0,197845| 17
18 | 0,836017| 0,700159| 0,587395| 0,493628| 0,415521| 0,350344| 0,295864| 0,250249( 0,211994| 0,179859| 18
19| 0,827740| 0,686431| 0,570286| 0,474642| 0,395734| 0,330513| 0,276508| 0,231712| 0,194490| 0,163508| 19
20| 0,819544| 0,672971| 0,553676| 0,456387| 0,376889| 0,311805| 0,258419| 0,214548( 0,178431| 0,148644| 20
21| 0,811430| 0,659776| 0,537549| 0,438834| 0,358942| 0,294155| 0,241513| 0,198656| 0,163698| 0,135131| 21
22| 0,803396| 0,646839| 0,521893| 0,421955| 0,341850| 0,277505| 0,225713| 0,183941| 0,150182| 0,122846| 22
23 | 0,795442| 0,634156| 0,506692| 0,405726| 0,325571| 0,261797| 0,210947| 0,170315| 0,137781| 0,111678| 23
24| 0,787566| 0,621721| 0,491934| 0,390121| 0,310068| 0,246979| 0,197147| 0,157699| 0,126405| 0,101526| 24
25| 0,779768| 0,609531| 0,477606( 0,375117| 0,295303| 0,232999| 0,184249| 0,146018| 0,115968| 0,092296| 25
26 | 0,772048| 0,597579| 0,463695| 0,360689| 0,281241| 0,219810 0,172195| 0,135202| 0,106393| 0,083905| 26
27 | 0,764404| 0,585862| 0,450189| 0,346817| 0,267848| 0,207368| 0,160930| 0,125187| 0,097608| 0,076278| 27
28 | 0,756836| 0,574375| 0,437077| 0,333477| 0,255094| 0,195630( 0,150402| 0,115914| 0,089548[ 0,069343| 28
29 [ 0,749342| 0,563112| 0,424346| 0,320651| 0,242946| 0,184557| 0,140563| 0,107328| 0,082155| 0,063039| 29
30| 0,741923| 0,552071| 0,411987| 0,308319| 0,231377( 0,174110| 0,131367| 0,099377 0,075371| 0,057309| 30
31| 0,734577| 0,541246| 0,399987| 0,296460| 0,220359| 0,164255| 0,122773| 0,092016| 0,069148 0,052099| 31
32| 0,727304| 0,530633| 0,388337| 0,285058| 0,209866| 0,154957| 0,114741| 0,085200| 0,063438| 0,047362| 32
33| 0,720103| 0,520229| 0,377026| 0,274094| 0,199873| 0,146186| 0,107235| 0,078889| 0,058200 0,043057| 33
34| 0,712973| 0,510028| 0,366045| 0,263552| 0,190355| 0,137912| 0,100219| 0,073045| 0,053395| 0,039143| 34
35| 0,705914| 0,500028| 0,355383| 0,253415| 0,181290| 0,130105| 0,093663| 0,067635| 0,048986 0,035584| 35
36 [ 0,698925| 0,490223| 0,345032| 0,243669| 0,172657| 0,122741| 0,087535| 0,062625| 0,044941| 0,032349| 36
37| 0,692005| 0,480611| 0,334983| 0,234297| 0,164436| 0,115793| 0,081809| 0,057986| 0,041231| 0,029408| 37
38 | 0,685153| 0,471187| 0,325226| 0,225285| 0,156605| 0,109239| 0,076457| 0,053690| 0,037826| 0,026735| 38
39| 0,678370| 0,461948| 0,315754| 0,216621| 0,149148| 0,103056| 0,071455| 0,049713| 0,034703[ 0,024304| 39
40 ] 0,671653| 0,452890| 0,306557| 0,208289| 0,142046] 0,097222| 0,066780| 0,046031| 0,031838] 0,022095| 40
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G.2: ANNUAL CAPITAL COST (ANNUATIES)

Year Discount Rate P P=1-10% Year
n 1 2 3 4 5 6 7 8 9 10 n
1 1,010000| 1,020000f 1,030000f 1,040000{ 1,050000| 1,060000| 1,070000| 1,080000( 1,090000{ 1,100000{ 1
2 | 0,507512 0,515050| 0,522611| 0,530196| 0,537805| 0,545437| 0,553092| 0,560769| 0,568469| 0,576190| 2
3 | 0,340022 0,346755| 0,353530| 0,360349| 0,367209| 0,374110| 0,381052| 0,388034| 0,395055| 0,402115| 3
4 0,256281| 0,262624| 0,269027| 0,275490| 0,282012| 0,288591| 0,295228 0,301921| 0,308669| 0,315471| 4
5 | 0,206040f 0,212158| 0,218355| 0,224627| 0,230975| 0,237396| 0,243891| 0,250456( 0,257092| 0,263797| 5
6 0,172548| 0,178526| 0,184598| 0,190762| 0,197017| 0,203363| 0,209796( 0,216315| 0,222920| 0,229607| 6
7 | 0,148628| 0,154512| 0,160506| 0,166610| 0,172820| 0,179135| 0,185553| 0,192072 0,198691| 0,205405| 7
8 0,130690| 0,136510f 0,142456| 0,148528| 0,154722| 0,161036/ 0,167468| 0,174015| 0,180674| 0,187444| 8
9 | 0,116740] 0,122515| 0,128434| 0,134493| 0,140690| 0,147022| 0,153486| 0,160080 0,166799| 0,173641| 9
10 | 0,105582] 0,111327| 0,117231| 0,123291| 0,129505| 0,135868| 0,142378| 0,149029( 0,155820| 0,162745| 10
11| 0,096454| 0,102178| 0,108077| 0,114149( 0,120389| 0,126793| 0,133357| 0,140076| 0,146947| 0,153963| 11
12 | 0,088849| 0,094560( 0,100462| 0,106552| 0,112825| 0,119277| 0,125902| 0,132695 0,139651| 0,146763| 12
13| 0,082415| 0,088118| 0,094030| 0,100144| 0,106456| 0,112960| 0,119651| 0,126522| 0,133567| 0,140779| 13
14| 0,076901] 0,082602| 0,088526f 0,094669| 0,101024| 0,107585| 0,114345| 0,121297 0,128433| 0,135746| 14
15| 0,072124| 0,077825| 0,083767| 0,089941| 0,096342| 0,102963| 0,109795| 0,116830| 0,124059| 0,131474| 15
16 | 0,067945| 0,073650( 0,079611| 0,085820| 0,092270| 0,098952| 0,105858( 0,112977 0,120300| 0,127817| 16
17| 0,064258| 0,069970| 0,075953| 0,082199| 0,088699| 0,095445| 0,102425| 0,109629| 0,117046| 0,124664| 17
18 | 0,060982| 0,066702| 0,072709 0,078993| 0,085546| 0,092357| 0,099413| 0,106702 0,114212| 0,121930| 18
19| 0,058052| 0,063782| 0,069814| 0,076139| 0,082745| 0,089621| 0,096753| 0,104128| 0,111730| 0,119547| 19
20 | 0,055415| 0,061157| 0,067216f 0,073582| 0,080243| 0,087185| 0,094393| 0,101852 0,109546| 0,117460| 20
21| 0,053031| 0,058785| 0,064872| 0,071280 0,077996| 0,085005| 0,092289| 0,099832| 0,107617| 0,115624| 21
22| 0,050864| 0,056631| 0,062747| 0,069199| 0,075971| 0,083046| 0,090406| 0,098032 0,105905| 0,114005| 22
23| 0,048886| 0,054668| 0,060814| 0,067309| 0,074137| 0,081278| 0,088714| 0,096422| 0,104382| 0,112572| 23
24| 0,047073] 0,052871| 0,059047 0,065587| 0,072471| 0,079679| 0,087189( 0,094978 0,103023| 0,111300| 24
25| 0,045407| 0,051220| 0,057428| 0,064012| 0,070952| 0,078227| 0,085811| 0,093679| 0,101806| 0,110168| 25
26 | 0,043869| 0,049699| 0,055938| 0,062567| 0,069564| 0,076904| 0,084561| 0,092507 0,100715| 0,109159| 26
27 | 0,042446| 0,048293| 0,054564| 0,061239| 0,068292| 0,075697| 0,083426| 0,091448| 0,099735| 0,108258| 27
28 | 0,041124| 0,046990| 0,053293| 0,060013| 0,067123| 0,074593| 0,082392| 0,090489| 0,098852| 0,107451| 28
29 | 0,039895| 0,045778| 0,052115 0,058880| 0,066046| 0,073580| 0,081449| 0,089619| 0,098056| 0,106728| 29
30 | 0,038748| 0,044650| 0,051019| 0,057830| 0,065051| 0,072649| 0,080586( 0,088827| 0,097336| 0,106079| 30
31| 0,037676[ 0,043596| 0,049999| 0,056855| 0,064132| 0,071792| 0,079797| 0,088107| 0,096686| 0,105496| 31
32| 0,036671| 0,042611| 0,049047| 0,055949| 0,063280| 0,071002| 0,079073| 0,087451| 0,096096| 0,104972| 32
33| 0,035727( 0,041687| 0,048156| 0,055104| 0,062490( 0,070273| 0,078408| 0,086852| 0,095562| 0,104499| 33
34 | 0,034840( 0,040819| 0,047322| 0,054315| 0,061755| 0,069598| 0,077797| 0,086304| 0,095077| 0,104074| 34
35| 0,034004( 0,040002| 0,046539| 0,053577| 0,061072| 0,068974| 0,077234| 0,085803| 0,094636| 0,103690| 35
36 | 0,033214| 0,039233| 0,045804| 0,052887| 0,060434| 0,068395| 0,076715| 0,085345| 0,094235| 0,103343| 36
37| 0,032468( 0,038507| 0,045112| 0,052240| 0,059840( 0,067857| 0,076237| 0,084924| 0,093870| 0,103030| 37
38 | 0,031761| 0,037821| 0,044459| 0,051632| 0,059284| 0,067358| 0,075795| 0,084539| 0,093538| 0,102747| 38
39| 0,031092 0,037171] 0,043844| 0,051061| 0,058765| 0,066894| 0,075387| 0,084185| 0,093236| 0,102491| 39
40 | 0,030456] 0,036556] 0,043262| 0,050523| 0,058278| 0,066462| 0,075009] 0,083860| 0,092960| 0,102259| 40
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CONSTRUCTION COSTS FOR PIPED RURAL WATER SUPPLIES

G.3:

anwy
(WA OS5 & VIAY K1dNS) X3LVYM TVINS Qdld ¥0d L850I

NOILNGIdLEIT

NOILINNLEND D

OVYOLE INIINIVIXL VINS  NIVIW NIV AV N ———

o

W Ny K¥Q 37d O 6€ BE LE9F SE #E €€ ZE IE 0F 67

W ONYWIO SR "Svady IYLLNZIOd H9IH

LS R

Z

T

Gz iz 9z STV 17 4T 0T 6 O Ly 9 siti g T b o 68

:

~T

]
4
syadv IVILNILOd M0

oAl S S
et

t t

- 0000Q0}

— 000001
—056'00€

i

00000F

000005

o viav
| 474l S WY X34 SHS

E 104



S0T 3

EXTERNAL DIAMETER (mm)

350

300

N
al
o

200

150

100

50

5000

UNIT PIPELINE COSTS ROUGH ESTIMATES UPVC

10000 15000 20000 25000
UNIT PRICE (Shs per metre)

30000

35000

V'O

(OAdN) S1SOD ANIT3dId LINN



G5:

UPVC PIPES EX-FACTORY PRICES

6 METRES EFFECTIVE LENGTH

UNIT RATE PER CLASS
DESCRIPTION (SIZES OD) B C D E
20mm M 150 180 240 240
25mm M 200 225 290 285
32mm M 240 290 340 450
40mm M
50mm M
63mm M 550 660 986 1230
75mm M
90mm M 1200 1350 2685 3000
110mm M 1624 2800 3108 4018
140mm M
160mm M 2900 4704 5410 6247
200mm M
225mm M 5715 8680| 12460| 15939
280mm M 8295| 13629 15438| 18685
315mm M 13450 17325| 24710 31640
355mm M
400mm M
450mm M
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G.6: UNIT PIPELINE COSTS (Steel and DlI)

PRICE ESTIMATE FOR STEEL PIPES

160

140
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100

SIZE (mm)
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0 5000 10000 15000 20000 25000
PRICE in Kshs
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Steel Pipes to AWWA C200 Fusion bonded Epoxy to AWWA C213 with Cement mortar

lined to AWWA C205 with Socket and Spigot pushfit joint to BSCP 2010
US$ KShs
Description Unit |Unit Rate
80[m 16,56] 1258,56
100|m 21,94 1667,44
150|m 28,79] 2188,04
200|m 35,96/ 2732,96
250|m 44,44| 3377,44
300|m 57,6 4377,6
350|m 62,83| 4775,08
400|m 80,53| 6120,28
450|m 85,08/ 6466,08
500|m 103,11 7836,36
600|m 142,57] 10835,32

6 METRES EFFECTIVE LENGTH

c
z
3

RATE PER CLASS

DESCRIPTION (SIZES OD) B C D E
15 750 980 999 1250

20 890 1250 1300 1500
25 1450 1560 2040 2400
32 1650 1890 2630 3053

40 1875 2076 3035 3533
50 2401 2917 4210 4877

65 4026 4496 6001 7000
80 4722 5766 7627 9376

100 7058 9500 11144 13663
125 9427 13686 15893 16973

3331313131313 1313]|3

150 12747 15085 18020 20956
200
250

300
350

400

450

500

550

600

700

800

900

1000

1100

1200

1300

1400

1500
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G.7:

Construction Cost (Kshs/cub.m/day)

UNIT COST OF

CONSTRUCTION OF FULL TREATMENT PLANT

25000

The cost includes:
Site Works: —

20000 -

>Operator's House, Gravity Sand Filters,
Laboratory Chemical Tanks,Clear Water

Tanks, Sedimentation Tanks, Clear Water

Tanks, Store pipeworks, Laboratory
Equipment, Electrical and Mechanical Works.
Exclude: Access road, Power Supply,
Pleriminary Contingencies I

15000
\ y = - 5973.7 In(x) + 60706
RS
10000 - \’\\
"‘\‘\
\N
—~—_
5000 -y
0 | |
0 2000 4000 6000 8000 10000 12000 14000

Capacity of Plant(cub. m/day) Source: the AfterCare Study 1998
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G.7.1: CONSTRUCTION COSTS FOR TREATMENT WORKS

DATA SERIES
X y X y Y Y
0 #ZAHL! 500/ 23581,8 50 1500 2950| 10609,38| 3125,721| 1637,57 50| 1500 2950| 10609,38| 3125,721| 1637,57
500 23581,7956 1000| 19441,1 100 1550 3000| 9084,244| 3053,574| 1600,589| 100| 1550| 3000| 9084,244| 3053,574| 1600,589
1000 19441,14229 1500/ 17019 150 1600 3050| 8192,099| 2983,717| 1564,22| 150/ 1600/ 3050| 8192,099| 2983,717| 1564,22
1500 17019,01537 2000| 15300,5 200 1650 3100| 7559,112| 2916,01| 1528,442| 200| 1650| 3100| 7559,112| 2916,01| 1528,442
2000 15300,48898 2500| 13967,5 250 1700 3150| 7068,13| 2850,325| 1493,236| 250/ 1700| 3150/ 7068,13| 2850,325| 1493,236
2500 13967,49634 3000| 12878,4 300 1750 3200| 6666,967| 2786,543| 1458,585| 300| 1750| 3200| 6666,967| 2786,543| 1458,585
3000 12878,36206 3500| 11957,5 350 1800 3250 6327,79| 2724,559| 1424,471| 350| 1800| 3250 6327,79| 2724,559| 1424,471
3500 11957,51215 4000/ 11159,8 400 1850 3300| 6033,981| 2664,273| 1390,878| 400| 1850 3300| 6033,981| 2664,273| 1390,878
4000 11159,83566 4500/ 10456,2 450 1900 3350| 5774,823| 2605,595| 1357,791| 450| 1900 3350| 5774,823| 2605,595| 1357,791
4500 10456,23514 5000| 9826,84 500 1950 3400| 5542,998| 2548,441| 1325,193| 500| 1950 3400| 5542,998| 2548,441| 1325,193
5000 9826,843032 5500| 9257,49 550 2000 3450| 5333,287| 2492,734| 1293,071| 550| 2000| 3450| 5333,287| 2492,734| 1293,071
5500 9257,488611 6000| 8737,71 600 2050 3500| 5141,836| 2438,403| 1261,412| 600] 2050| 3500| 5141,836| 2438,403| 1261,412
6000 8737,708749 6500| 8259,56 650 2100 4965,718| 2385,381 650 2100 4965,718| 2385,381
6500 8259,557626 7000| 7816,86 700 2150 4802,658| 2333,607 700, 2150 4802,658| 2333,607
7000 7816,858833 7500| 7404,72 750 2200 4650,853| 2283,023 750/ 2200 4650,853| 2283,023
7500 7404,716116 8000| 7019,18 800 2250 4508,849| 2233,576 800/ 2250 4508,849| 2233,576
8000 7019,182352 8500| 6657,03 850 2300 4375,456| 2185,216 850/ 2300 4375,456| 2185,216
8500 6657,029049 9000| 6315,58 900 2350 4249,691| 2137,896 900, 2350 4249,691| 2137,896
9000 6315,581832 9500| 5992,6 950 2400 4130,727| 2091,572 950, 2400 4130,727| 2091,572
9500 5992,600473 10000| 5686,19 1000 2450 4017,866| 2046,204 1000| 2450 4017,866| 2046,204
10000 5686,18972 10500| 5394,73 1050 2500 3910,513| 2001,752 1050| 2500 3910,513| 2001,752
10500 5394,731916 11000| 5116,84 1100 2550 3808,155| 1958,18 1100| 2550 3808,155| 1958,18
11000 5116,835299 11500| 4851,29 1150 2600 3710,348| 1915,454 1150| 2600 3710,348| 1915,454
11500 4851,293805 12000| 4597,06 1200 2650 3616,704| 1873,542 1200| 2650 3616,704| 1873,542
12000 4597,055436 1250 2700 3526,883| 1832,414 1250| 2700 3526,883| 1832,414
1300 2750 3440,586| 1792,041 1300] 2750 3440,586| 1792,041
1350 2800 3357,546| 1752,394 1350] 2800 3357,546| 1752,394
1400 2850 3277,526| 1713,45 1400] 2850 3277,526| 1713,45
1450 2900 3200,315| 1675,183 1450] 2900 3200,315| 1675,183
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G.8

Construction Cost of Storage Volume(Kshs/ cub.m)

12000

UNIT COST OF PIPING STORAGE WORK

10000

Including:

>Excavation and Backfill

Civil Works , Internal Piping
External, Valve, Chamber, W/Piping

8000 1 Excluding
>Access road
special foundation, preliminaries,
contigencies.
6000
4000 \’\Q\N}\‘\‘
s o
y =-2200.3Ln(x) + 19217
v 9
2000 -
0 ‘ ‘
0 500 1000 1500 2000

Storage Volume(cu.m)
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G.9: UNIT COSTS FOR MISCELLANEOUS ITEMS

UNIT COSTS FOR MISCELLANEOUS ITEMS AT THE 2005 PRIC E LEVEL

DESCRIPTION OF ITEM COST

KSHS.
Hand drilled well with pvc lining depth e — 15m iasive 100,000.00
survey costs.
Hand dug well with concrete ring lining depth 5-18mlusive | 120,000.00
survey costs
Borehole with lining depth 50-200m single 6,000(00
Borehole with lining, depth approximate 50m 5,000.
Hand pumps for wells upto 20m - 30,000|00Afridev
Aluminum delivered to the District Hgs. 23.0®er kg.
Soda Ash delivered to the District Hgs. 275, 0er kg
T.C.L. delivered to the District Hgs. 45.3®er kg
Diesel 60.00
Electricity 9.50| KWH

The following is the survey costs for pipelinesc(irding mobilization, clearance,
beaconing, benchmarks, trial pits and presentétilvawings as per the Institution of

Surveyors of Kenya.

Grid survey in KShs/Ha

Flat Medium Rough (more)
KShs. KShs. KShs.
Open 13,500 16,800 22,500
Low 16,800 22,500 30,000
Medium 22,500 30,000 42,000
High 30,000 42,000 57,000

The following is the cost for pipelines.(inclusim®bilisaiton, beacons, bench marks,

trial pits and presentation of drawings).
Average — 7,500/km

Bush clearing for every 100m

Light bush - KShs.1, 800/ 100m
Medium bush - KShs.500 / 100m
Heavy - KShs.10, 000 / 100m
Profiling - KShs.2, 200/ hr
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G10:

STAFF REQUIRED FOR OPERATION OF WATER SUPPLIES

(maintenance is normally handled by ambulating tebot remote supplies may require

extra staff)

Staff Category Job group Full treatment watBlo treatment or only
production >500 sed + chlorination >
m’/day Operation 500m3/dat operation
13-24 h/day 13-24 h/day

Water Operator Grade | EorF 1 -

Water Operator Grade I1A E 1 1

Water Operator Grade 11B D 1 1

Water Operator Grade Il C 1 per 200 installed 1 per 200 installed

water meters water meters

Chemical or general B 3 2

attendant Grade |

Pump attendant Grade | B 1 per pumping | 1 per pumping station

station

Pipe fitter Grade | C 1 1

Pipe fitter Grade Il B 1 1

Labourer B 4 4

Line Patrollers B 1 per 25 km of 1 per 25 km of

pipelines pipelines.

For smaller supplies than 500° mutput per day and for supplies which will inial
operate for less than 13 hours per day shouldttfelse reduced as decided by the O &

M Branch.
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G.11:

CIVIL SERVICE SALARY SCALES

GROSS SALARIES FOR CIVIL SERVANTS AS PER MAY 2005

JOB BASIC SALARY RANGE MEDICAL HOUSE ALLOWANCE AVERAGE GROSS
GROUP KSHS. P.M. ALLOWANCE RANGE KSHS. PAY RANGE
MINIMUM |AVERAGE | MAXMIMUM KSHS. P.M. IMINIMUM |AVERAGE [MAXMIMUM P.M.

A 4.985 2.508 5.015 375 1.800 2.400 3.000 5.285
B 5.015 5.045 5.075 375 1.800 2.400 3.000 7.820
C 5.085 5.300 5.515 375 1.800 2.400 3.000 8.075
D 5.155 5.625 6.095 375 1.900 2.600 3.300 8.600
E 5.515 6.135 6.755 495 2.600 2.900 9.230
F 5.875 6.625 7.375 495 2.100 2.500 2.900 9.620
G 7.665 9.375 11.085 750 2.300 3.650 5.000 13.775
H 8.965 10.475 11.985 990 2.300 3.650 5.000 15.115
J 10.045 11.865 13.685 990 3.000 4.500 6.000 17.355
K 15.235 17.935 20.635 1.245 5.000 7.500 10.000 26.680
L 17.235 20.135 23.035 1.500 10.000 15.000 20.000 36.635
M 20.135 20.585 27.035 1.500 10.000 15.000 20.000 40.085
N 22.435 25.860 29.285 1.740 11.000 17.500 24.000 42.825
P 48.935 52.085 55.235 1.740 12.000 26.000 40.000 79.825
Q 51.935 55.310 58.685 1.995 12.000 26.000 40.000 83.305
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PART B - IRRIGATION

APPENDIX H:
H.1: AVERAGE IRRIGAITON REQUIREMENTS (mm)

Station Jan Feb Mar __ |April__ |[May |Jun Jul Aug [Sept |Oct Nov_|Dec Total
1|Ahero 168 127 96 22 44 95 103 126 161 153 95 122 1312
2|Ainabkoi 126 126 99 11 3 8 9 0 16 34 8 61 501
3|Archers Post 252 253 236 169| 223 261 263 284 290 238| 137 183 2789
4/Bachuma 224 208| 187| 158| 139| 189 186| 191| 195 199| 152 180 2208
5|Baricho 217 242| 212 114 97| 157| 178] 210| 208 182 135 136 2088
6|Busia 129 113 66 10 0 8 42 49 71 43 30 83 644
7/Chebloch 215 202 175 94 92 111 64 87 155 178| 143 181 1697
8|Eldoret 202 173 162 52 43 29 11 4 51 128| 144 167 1166
9|Equator 180 177 141 27 19 10 2 3 19 66 81 149 874

10|Garissa 250 229| 222| 174] 241 207| 232| 234| 245 243| 136 149 2562
11|Gede 242 202 191 65 12 15 39 91 172 160| 137 181 1507
12|Habaswein 315 322 305 204| 343 245 350 363 374 320| 164 225 3530
13|Hola 246 264| 235 155 202| 180| 198| 227| 229| 215| 149 189 2489
14|Isiolo 236 232 199] 125 245| 286| 293| 315/ 325 225 81 150 2712
15|Kabondori 200 184 99 27 69| 107 159 146| 213] 125 26 87 1442
16|Kapenguria 163 163 119 27 9 15 2 4 21 40 82 144 789
17|Kapsabet 152 141 115 24 4 5 4 4 23 48 82 124 726
18|Kaputir 278 263| 211 149| 152| 190| 175| 194| 232] 225| 210 251 2530
19/ Katumani 160 157 98 34 82| 130] 139, 160] 205 172 30 117 1484
20|Kedong 170 147|130 43 36 70 98| 135/ 177/ 181 123 123 1433
21|Kericho 97 80 36 1 0 0 0 0 0 1 9 24 248
22|Kiambu 182 162 109 13 10 22 59 85 196 134 50 110 1132
23|Kibos 177 145/ 103 41 57| 116| 140, 125| 150| 183 112 135 1484
24 Kimakia 43 59 31 0 0 0 0 0 15 13 4 15 180
25|Kipkabus 167 197 152 9 25 10 12 8 73 114 91 118 976
26|Kisumu 116 142 90 26 31 64 101 104 125 152| 105 112 1168
27|Kitale 216 169 152 52 21 26 5 14 68 79| 117 163 1082
28| Kitui 170 223| 127 29| 100] 185| 201 216| 248 184 13 41 1737
29|Koru 115 103 47 10 0 12 24 24 70 71 83 86 645
30/|Lamu 310 275 265 96 23 28 80 185 215 238| 229 236 2180
31|Lamuria 102 109 73 53| 134 140 137 122 197 92 30 49 1238
32|Lodwar 275 250 254 186| 270 260 247 271 305 306| 240 266 3130
33|Likichokio 262 244| 175| 123] 216| 197| 166| 184| 244] 241 197 231 2480
34|Likitaung 310 289| 270| 155| 237| 271] 255| 288| 322| 289| 242 269 3197
35|Machakos 161 155 96 26 47 114 151 176 223 164 31 68 1412
36|/Magadi 257 250 238 138| 172 238 277 281 302 297| 238 236 2924
37|Makindu 174 208| 155 93| 149| 184| 200| 219| 260] 222 56 72 1992
38|Malindi 274 261 223 84 15 18 64| 128| 204| 185| 163 227 1846
39|Mandera 305 291] 283] 153| 231| 288 282 299 307/ 182 190 272 3083
40|Maralal 192 182 161 76/ 102 84 62 59 154 147| 104 160 1483
41| Marigat 241 238 210 142| 149 158 113 140 218 215| 183 213 2220
42| Marsabit 177 188 126 20 55| 134| 168 189 212 86 41 76 1472
43|Masara 177 150 94 21 25 92| 160| 169 182] 152 80 127 1429
44|Meru 38 105 92 7 17 57| 104| 193] 178 47 1 7 846
45|Molo 130 137 117 23 16 15 10 6 25 58 45 103 685
46/Mombasa 237 257 220 76 25 66 100 143 170 154| 154 175 1777
47|Moyale 292 256| 211 37 48| 144 167| 204) 209, 100| 114 200 1982
48|Muguga 138 157] 139 14 2 26 40 70| 160] 164 65 107 1082
49|Mwea Tebere 204 210 149 36 33 94 119 189 214 147 57 155 1607
50|Mwingi 192 213 150 64| 165 188 182 239 251 203 31 81 1959
51|Nairobi Kab. 155 169 109 19 8 34 58 86 163 140 41 104 1086
52|Nairobi Sth 191 180| 113 26 30 57 90| 139| 204| 171 81 131 1413
53|Naivasha 182 163 142 55 74 97| 121| 120| 150] 144| 104 151 1503
54|Nakuru 139 174 130 35 50 63 64 52 94 92 66 150 1109
55|Nanyuki 180 168 118 31 50 96 92 104 131 87 44 112 1213
56|Narok 108 96 85 33 41 76 106 136 166 170| 110 106 1233
57/Ngao 251 251 243] 121| 101| 121] 165| 200] 207| 217| 154 191 2222
58|Nyeri 191 165/ 130 31 10 38 37| 106/ 178] 111 39 88 1124
59|0I Joro Orok 117 132 140 29 30 24 6 5 36 51 48 69 687
60| Oloitokitok 77 53 20 24 67 111 98 136 168 187 18 27 986
61/P. Victoria 160 145 89 35 24 89| 141| 135 169 139 99 138 1363
62| Ruiru 143 137/ 109 10 0 15 52 68| 146| 167 37 47 931
63|Rumuruti 199 196/ 185 96| 127| 121 89 98| 182 179, 118 180 1770
64|Sigor 162 172 152 30 59 91 39 51 97 89| 108 192 1242
65|Sth Kinangop 51 51 27 1 0 0 1 2 9 17 10 21 190
66|Subukia 124 155| 134 24 6 12 9 12 37 31 51 98 693
67| Taveta 176 193] 107 52 81| 158| 169 193] 229| 225 126 148 1857
68| Thika 195 210 111 17 44 78 97| 125| 194| 157 48 116 1392
69|Voi 193 224 172 119| 170 206 208 209 219 222| 135 95 2172
70| Wajir 294 274 245 164| 215 249 246 257 265 211 172 231 2823
71|Wayu 262 252| 213] 157| 215| 191] 199| 263] 235/ 210| 148 158 2503
72|Yatta 200 207| 129 64| 110| 147| 143] 206] 230 185 66 140 1827

Note: lIrrigation application efficiency of 60%
Crop and landuse coefficient of 100%
Data from "Water Requirements for Irrigation in Kenya", M. Mesny & J/ Kalders
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H.2: IRRIGATION REQUIREMENT - DRY CONDITION (1 IN 5) (mm)

Station Jan Feb| Mar| Aprill May| Jun Jul| Aug| Sept Oct| Nov Dec
1|Ahero 297 262 239 71 107 129 192 197 256 231 216 218
2|Ainabkoi 211 191] 190 0 0 0 0 0 29 85 6 136
3|Archers Post 276 280 293 219, 258 275 289 307 326 292| 208 248
4|Bachuma 307 275 276 214, 204 233 231 241 264 278 235 263
5|Baricho 299 287| 281| 207| 182| 200| 242| 265| 277 274| 244 181
6|Busia 222 176 158 14 0 0 92 85 181 98 84| 1455
7|Chebloch 281 257| 266| 195/ 167| 185 106| 174| 237 251| 228 256
8|Eldoret 262 239 247| 107 78 56 0 0| 107| 194| 203 238
9|Equator 245 240 250 65 49 4 0 0 0 137| 153 231

10|Garissa 286 259 278| 250| 278| 235 262| 263] 279 292| 211 226
11|Gede 292 242 278 153 2 13 89 157 256 270, 256 284
12|Habaswein 348 342 355 293 412 360 368 385 392 374 258 290
13|Hola 310 311 315| 243| 264| 223] 255| 281] 300 282 237 291
14|Isiolo 305 295 273 192| 308 303 321 348 359 295, 151 240
15|Kabondori 264 226| 194 71 153] 129| 183| 163| 245 209 73 135
16|Kapenguria 218 221 193 66 0 27 0 0 17 66| 135 194
17|Kapsabet 233 221 208 63 0 0 0 0 36 94| 146 186
18|Kaputir 311 286| 277| 227| 246| 234| 245| 256| 289 296/ 270 284
19|Katumani 258 219 179 92| 149 164 166 177 242 244 74 193
20|Kedong 219 189 220 117 80 123 132 164 220 239, 196 208
21|Kericho 170 169 62 0 0 0 0 0 0 0 0 50
22|Kiambu 284 243 190 12 13 62 129 141 246 221 116 184
23|Kibos 273 237| 204 88 101 170] 219| 194| 236 261 218 221
24|Kimakia 111 128 72 0 0 0 0 0 25 23 0 27
25|Kipkabus 218 232 243 35 71 8 21 6 206 193] 193 229
26|Kisumu 255 222| 178 62 63 114 138| 148) 202| 220/ 193 196
27|Kitale 271 235 231 124 27 48 0 32 147 118| 201 234
28| Kitui 259 283 225 82| 190 221 228 251 285 293 24 790
29|Koru 188 188| 172 0 0 27 51 76| 127| 128] 137 181
30|Lamu 341 293 316 193 40 69 153 236 286 318, 312 307
31|Lamuria 187 157| 138| 131 211| 178 208| 180 247 161 91 133
32|Lodwar 312 281 299| 254| 323| 290| 297| 306| 333] 340/ 290 313
33|Likichokio 304 295 270 218 266 250 262 253 308 307, 332 307
34|Likitaung 349 337| 344| 239| 304| 306| 315 324| 356| 336/ 315 330
35|Machakos 234 225 184 41 98| 155| 191| 197| 265 243 73 122
36|Magadi 344 321 330 238 258 276 309 303 344 349, 318 335
37|Makindu 275 276 253| 182| 196| 204| 217| 226| 284| 283 134 125
38|Malindi 322 292 303 199 6 43 124 182 288 289, 290 310
39|Mandera 324 308 333 221 283 298 301 316 326 255, 257 305
40|Maralal 230 233] 226| 145| 168| 146| 112| 123| 224| 193] 162 219
41|Marigat 302 286 293 215 226 222 200 204 283 271 247 277
42|Marsabit 253 244| 214 34| 131 196| 213| 224 252| 194| 111 149
43|Masara 268 238 167 37 56| 161| 223| 223| 260 222| 178 205
44|Meru 97 187 192 0 14 127 156 229 225 132 0 0
45|Molo 214 205 199 33 32 36 21 0 64| 106 74 149
46/Mombasa 314 302 305 163 70 115 146 211 246 258, 258 226
47|Moyale 341 299 186 81 87 186 207 243 265 189| 206 247
48|Muguga 250 240, 221 28 0 64 87| 123| 194| 244| 150 225
49|Mwea Tebere 280 275 228 89 92 153 164 224 264 235, 110 198
50|Mwingi 284 276 255| 138| 228| 210| 205 268| 278 281 84 159
51|Nairobi Kab. 218 243 207 32 6 82| 110] 139| 210, 202 90 165
52|Nairobi Sth 278 263 213 42 61 114 134 178 264 244, 159 235
53|Naivasha 238 216/ 205| 107/ 116 126| 177| 168] 206| 198| 166 208
54|Nakuru 185 232 201 93 87 113 117 97 174 160| 108 187
55|Nanyuki 231 216 189 71 85 129 158 158 182 148| 100 150
56|Narok 198 159| 167 61 90| 123| 140| 176| 211] 218] 190 184
57|Ngao 299 283 320 225 196 177 235 264 291 300, 225 300
58| Nyeri 278 229| 185 63 0 88 66| 165/ 215 224| 107 139
59|0l Joro Orok 175 191] 209 80 66 45 7 0| 105 115 92 144
60| Oloitokitok 159 97 47 66| 116 149 123 152 200 256 75 67
61|P. Victoria 234 227| 175| 106 43| 145| 208| 204| 211] 208| 183 198
62|Ruiru 254 209 194 0 0 41 16 123 197 258 99 82
63| Rumuruti 249 243 260 166| 174 155 156 163 242 238, 198 222
64| Sigor 214 238 226 66| 115 167| 108 87| 129| 157| 196 247
65|Sth Kinangop 115 112 72 0 0 0 0 0 0 44 0 43
66| Subukia 190 227 217 85 0 22 7 20 93 50 89 193
67| Taveta 257 259 191 114 135] 194] 202| 225| 268 279| 220 202
68| Thika 283 280 208 40| 114 132 133 151 242 227, 116 185
69| Voi 240 278 258| 202| 213| 233] 239| 238| 266| 278 227 157
70| Waijir 326 302 306 223 263 263 271 277 294 269, 244 282
71|Wayu 312 284 279 250, 263 238 262 285 296 281 220 261
72|Yatta 293 267| 234| 156| 185 185/ 172| 231] 268 277| 161 216

Note: Irrigation application efficiency of 60%
Crop and landuse coefficient of 100%
Data from "Water Requirements for Irrigation”, M.Mesny & J. Kalders
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3: ANNUAL WATER REQUIREMENTS FOR IRRIGATION
AVERAGE.
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H.4: DESIGN WATER REQUIREMENTS FOR IRRIGATION

& i 2 W &
i
p—d »
Mndl

S o0

“1/')_-7)

> B

@ ablt

_2‘
'
Jalic

~

" s
“Maralal
«Hadasweln 7.,
= o Enass >
o

=
£, Eidoret / /
-Busi; Mariga
Kapsabet Rumurut!
Yal -
(2 c

LAK
AR
15
b
<
&
H
4

11
2

DESIGN WATER REQUIREMENTS
FOR IRRIGATION

Design abstraction flow

¢10 hours per day)
0 20 40 60 80 100 km

20 .

Litres per second per hectare

As per typical cropping pattern
Irrigation efficiency of 60 %
g’ 40"

Jll

E 118



PART C — SMALL DAMS:

APPENDIX I:

Graphical determination of reservoir capacity
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[.2:  EVAPORATION AND USEFUL STORAGE

EVAPORATION AND USEFUL STORAGE

Using fictitious capacity curves for small and krgeservoirs of different shapes, the
method described under appendix H1 has been entpfoy@umerous different monthly

consumptions. Evaporation was found to range fid® of the net requirements for
large, deep reservoir in low evaporation areas 200% of the net requirements for
shallow reservoirs in high evaporation areas vatigldry periods (11 months).

In the tables below the useful storage is indicatedunction of the reservoir capacity
related to the hydraulic height of the dam walu@lexcluding the gross freeboard) and
the dry period in months for high evaporation areas

For example, the reservoir with a capacity of 50,66 and a hydraulic height of 5.00 m
will have a net storage of 25,008mhen the reservoir will have to cater for a 9 month
dry period, the net storage will drop to 20,080mhen the reservoir has to cater for 11
months. In the first example the net monthly regmient can not exceed 2,750im the
second this is reduced to 1,800m

Average monthly evaporation is 225 mm. The givgures are the usefull capacity in
m?>, the difference is lost through evaporation.

Gross reservoir capacity 20,000m

Hydraulic height (m)| Net storage for specified dry period
7 months 9 months 11 months

3 6,000 - -

5 10,000 7,500 -

7.5 12,000 10,000 8,000

Gross reservoir capacity 50,006 m

Hydraulic height (m)| Net storage for specified dry period
7 months 9 months 11 month
3 14,000 11,000 -
5 27,000 25,000 20,000
7.5 31,500 27,000 24,000
10 36,000 32,000 29,000
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Gross reservoir capacity 100,000m

Hydraulic height (m)

Net storage for specified dry period

7 months 9 months 11 month
3 28,000 22,000 9,000
5 47,000 36,000 28,000
7.5 62,000 53,000 43,000
10 80,000 74,000 67,000

Gross reservoir capacity 200,008 m

Hydraulic height (m)

Net storage for specific dry period

7 months 9 months 11 month
4 75,000 55,000 35,000
5 85,000 73,000 50,000
7.5 120,000 98,000 90,000
10 150,000 135,000 120,000
15 165,000 150,000 145,000
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[.3:  SPILLWAY CALCULATIONS

GENERAL SPILLWAY CALCULATION

The calculations below are an earth channel spjlivia enable quick reading of the
required spillway dimensions for different chanmétiths. This method allows quick
economical comparisons for different dimensionativeays for the same return flood.

Included in the calculations is the required fresdoabove the spillway crest as safety
against overtopping of the earth wall.

The calculations are based on the principals thyaidly varied flows and eddies are not
allowed due to high erosion risks. Equally theavatelocities will have to be limited to

a maximum of 2.50m/s which is thought the maximwmissible on the very solid soils

in situ — in Kenya. Anywhere where higher velastwill occur channel protection will

be required.

The calculations are done for a pre-selected spyllwidth, bottom slope and maximum
admissible velocities in the channel.

The assumptions are that the spillway crest isdfiftgough means of a concrete sill at
level with the channel bottom and that the caladathannel bottom slope will gradually
lead the water back into the original riverbed.

SPILLWAY CHANNEL — OUTFLOW SECTION

For this section the Manning Strickler formula &d, assuming that a uniform flow has
developed after the crest:

Q=Ks R®. 82 A 1)
In which:

Q = Discharge in m3/s for adopted return flood

Ks = Strickler’s coefficient

R = Hydraulic Radius in m

S = Slope in decimals

A = Wet surface in

As spillway channels are near rectangular channétl, the width far larger than the
water depth, the hydraulic radius is approximagzjyal to the water depth (h) in which
case formula (1) can be written as:

Q=Ks.h?®.872 A 2)
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For d the width of the channel,
A=dhand gqd = Q, hence the formula becomesnatre width of the channel:
q =K. 3. 8% (3)

In which:
Q = (n¥/s)/m, discharge per metre width
Ks = Strickler’s coefficient, throughout assumed&40 (metric system) as we
are dealing with non maintained earth channels

For any known Q (return flood) and preselected {di q is known. As per definition:
Q=va (@)

In which:
V = the mean velocity in the channel using abaveted definitions for Q
and A formula (4) becomes:

q=vh ®)

As ¢ is known and v has a maximum of 2.50 m/s, tdam(5) gives the minimum
admissible water depth (h). With h known formuld ¢8ves the maximum admissible
channel slope.

In case the assumed Ks — value will be too highe(wtougher channel conditions are
expected) and a lower value should have been adioptean be seen from formulas (3)
and (5) that where g has out of necessity to rernersame (return flood condition) the
water height will increase (formula (3)) and heneéocities will decrease (formula (5)),

consequently a decreased erosion irks, but andaseteovertopping risk of the wall for

the subcritical flows.

SPILLWAY CREST

The calculation of the flow over the spillway créstimportant for the determination of
the required freeboard for the dam wall.

Two flow conditions are possible:
(@) Sub-critical flow in the outflow section, undehich condition the flow pattern in
the outflow section has an influence on the resewater level, hence the free-

board.

(b) Supercritical flow in the outflow section and mfluence of this section on the
reservoir level.
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(@)

Subcritical flow in outflow section

When the water depth in the outflow section is kigtihan the critical depth, the
subcritical flow condition will revert.

The following formula has been derived from the rigeiilli-energy equation and
is applicable for free entrance into a channel:

Ha=h +h—aV2 (6)
29

in which: Ha is now the water height above the crest in thervesr and is called
the NET-FREEBOARD.

Ha = Water depth above the crest level in m in tlilew part of the channel.

Va = Water velocity at the same point, (m/s)

h; = Water depth in the channel calculated undeoth#tow section, (m)

he = Head loss due to friction expressed in termgetdcity at the section of
h for the subcritical flows, (m) plus velocity heddlae same section.

a = Coefficient depending on water velocities amoathness of walls.

As a V_Az is the velocity head of the approaching flow, ethis usually very

29
small and is about zero in the middle of the resierthis factor can be ignored,
hence equation (6) becomes:-

Ha= h+he (7)
For subcritical flow kis expressed as:
he=C V)2 (8)
29
in which:

C.= a coefficient which has an average value of 102% well rounded
entrance, which is assumed to be the case.

V1= Water velocity at the section of Bnd also calculated under the outflow
section.

Substituting formula (8) in formula (7) gives :

Ha=h + G Vi 9)
29

making the Net Freeboard a direct function of tlaewnvelocity and height in the
outflow section. After substituting equations (5)da(3) in formula (9) an
exponential equation is derived which makes (t#e net freeboard) a function of
a g and the outlet channel slope.
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(b)

It should be noted that the calculations showetlftireslopes of around 0.0075 or
steeper for the outlet section the flow become muipeal, hence slopes weaker
than 0.0075 are presented only as for the supegatrilows the slopes do not
have an influence on A consequently a relation between q and H
independent of the slope as explained in the néxchapter.

Super critical flow in the outflow section

In this case the crest sill will act as a weir,hwitater depth over the sill at critical
depth.

The critical depth equation is:

he = .3/ flg (10)

in which: h = critical water depth (m) on top of the credit sAs the critical
depth is two third of the original depthg+ 2/3 Hy, formula (10) becomes:

Ha= 3 o/ iy (11)

2
Formula (11) is basically the same as the weir tdanthe latter being more
refined through the introduction of a coefficied} {o account for entrance
conditions. The weir formula is:

Q=0385xfxbx/ 2gxi? (12)
or per unit width (m):
q=0.385xfx/ 29 xk¥? (13)

The factor f ranges from 0.9 for bad conditionsltd for good conditions, the
average of 1.0 has been adopted for the calcutation

Equation (13) gives a relation betweeg (the Net Freeboard) and q,

GROSS FREEBOARD

The gross freeboard is calculated from the netbfraed plus a safety factor, as
overtopping of an earth wall is under ciccumstances allowed.

All reservoirs will have wave development and set(water being piled up on one side
of the reservoir due to wind forces) which will sauthe water to rise higher than the
average lake level (1 at the windward shores. Whenever the shoreeethbankment
additional safety is required.

As pointed out in chapter 2 most reservoirs will'émall’ and significant set up is not
expected and therefore not included in the calmriat Wave development however can
still be significant.
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Most formulas require knowledge about the localdpreinant wind directions and
velocities and as those are usually unknown facthes Mallet and Pacquant formula,
which considers wave height and wave velocity, kedha function of the FETCH has
been used:

GROSS FREEBOARD = k+h,+ VS (14)
29

In which:

Ha = Net Freeboard (m)

hy = Wave height (m)

Vi = Wave Velocity (m/s)
And hy = 0.5+ 0.33\/\L

' = 1.5+0.66.
In which L =Fetch or reservoir length in wind elition (towards the
Dam) in Km.

Formula (14) is an empirical formula and valid femaller reservoirs, the fetch not
exceeding 3km. For larger fetches a safety fauftdr10 will have to be introduced.

General

Net freeboard of over 1.50 m is for the size of dammder consideration generally
uneconomical.

Generally water velocities should be kept down 1502m/s in earth lined channels.
Velocities are however shown up till 6.00 m/s towalfor design of the spillway on more
solid materials, mainly solid rock or riprap lining

The topography might require the design of twolapys, one on either side of the dam.
The total width of the spillway however remains faene as required.
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[.4:  INFORMATION TO BE INCLUDED IN DESIGN REPORT

INFORMATION TO BE INCLUDED IN DESIGN REPORT

DaAIM ot

1. SALIENT FEATURES

1.1 S.K.Map SheetNO. .......coeiiiiiiiiinnnn.
Grid Ref .o

1.2 PURPOSE:

1.3 REFERENCE DRAWINGS:
SUBJECT

1.4 SITE AND CATCHMENT SITUATION:

= CaAlCNMENT ArBA . ev it e e e e e
- Length catChment area .........co.viuiii i e e Km

- Maximum catchment altitude ..............ccoiii i m
- AlGItUdE @t M SItE ..t e m

- Mean annual potential evaporation .............cooviii i i mm

- Mean estimated annual runoff ... MCM
- Q25 years flood ...
= Q100 YEAS fIOOM ... e e e e Ris
- Mean annual rainfall ... ...
= T OPOGIAPNY ot e

= VEOELALION ...t e
= ETOSION o
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Reservoir
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BN e
MaxXimum AePLN ...

Dam wall

Structural helght ... e
Height above ground level ....... ...
Hydraulic heights ... e
Netfree Doard ..o
GroSs freehDOArd ...
Crest WIALh ...
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APPENDIX J

J.1 PROTECTION OF NATURAL SPRINGS TO PREVENT POLLUT ION BY
SURFACE RUN-OFF
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J.3THREE PROTECTED SPRINGS CONNECTED TO A SILT TRAP
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J.4 ARTESIAN CONTACT SPRING OF LARGE LATERAL WIDTH
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