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Occupation

«4——— Business man/Worker(%) ———p-

B Farmer(%) —_—

Districts and Grouping

Now Distoict Croup No. Dintrict Croop Now Dristrict Group
1 | Nairobi G-2 21} Garissa G5 41 Turkasa G-3
2| Kiambu G-3 22| Mandera G3 A2 Uasin-Grsha G4
3|Kirnyage Gs 13 W as 43| West Pokot G3
4| Muran gz G4 24) Kisi G3 41|Bungoma G-5
5| Nyandarua G5 25 Kixumo G4 45 |Busia G-5
§|Nyeri G3 25 Sizya G-5 46 |Kakamega G3
7| Kisf G-5 27| Homa-Bay G-5 AT Vikies G-5
; f:mn‘!f g_; g :F;’x;nu‘a gg Note: District grovpicg was made oo the basis of
I s o1 %0 Kijm P tangersiad decline Gomm 45 dagonal 13 shown
1 TainTavera o5 31]Kericho G5 e
12|Tana River G 32| Lakipia G5
13|Embu G5 33| Nakuru G4
14150t G-3 34 Nandi G-5
150 G-5 35[Narok G5
18} Machakos G5 35| Bomet G5
17 Marsabit G5 37| Baringo G-5
13| Mere a5 38| Elgeyo Marakwet G35
19| Maruent G5 3% | Samburu G-5
20 Teareka Nithi G-5 40} Ttans-Nzola G-4
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Figure - §.3.2
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Figure - 5.3.3
Unit Cost of Piping Treatment Work
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Figure-6.3.1{#/$) Implementation Schedule of Urban Water Supply Development Plan
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Figure-6.3.1(1/5) Implementation Schedule of Urban Water Supply Development Plan
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Figure-6.3.1(3/5) Implementation Schedule of Urbao Water Supply Development Plan
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Figure-6.3.1(1/5) Impkmeatation Schedule of Urban Water Supply Development Plan
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Figure-6.3,1(5/8) lmplementation Schedule of Urban YWater Supply Development Plan
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Figure - 6.1,2(1/4) Implementation Schedule of Large Scale Rural Water Supply Development Plan
|

Code District 1998 | 1999 | 2000 | 2001 } 2002 | 2003 { 2004 | 2005 | 2006 | 2007 | 2008 ; 2009 | 2010

210 (Kiambu On-poing
Planned/Designed
Rehabilitation e e e o
Newly proposed

220 {Kirinyaga Oo-going
Planned/Desigued |
Rehabilitation L A A S A T A LTS LIRS,
Newly proposcd
230 |Muranga | Ou-going
Planncd/Designed )
Rehabilitation P i o e L s
Newly proposed
240 |Nyandarua Oun-going
Planned/Designed
Rehabilitation T P e o s P e e

Ncw’ly proposed

250 |Nyert Go-goiog

Plapned/Designed ]
Rehabilitation P AR P P e e e ]

Newly proposed
310 [Kinifi Oo-going

| Planned/Besigned
Rehabilitation T T T B T

Newly proposed

320 {Kwale On-going

Planncd/Designed
Rebabilitaticn AL EA LSS SA L

Newly proposcd

330 |Lamu On-going
Planned/Designed
Rehabilitation ISP L
Newly proposcd
340 \Mombasa Qn-going

Planned/Designed [Ty rerroe ]
Rehabilitation L, .{///Mr’/fll AILTT LT, LIS,

Newly proposed
350 (Taita On-going
Planacd/Designed
Rehabilitation T L7 Il I LIS SS IS LSS ST
Newly proposed
360 {Tana River On-going
Planncd/Designed
Rehabilitation LTS I IA TS

Newly proposed
410 JEmbu On-going

Planped/Designed | 1 L
Rehabilitation LT L LIS LIS VLTSS,
Newly proposed

1t-F-18 The Afrercare Study on
the National Water Master Plan
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Figure - 6.3.2(2/4) Implementation Schedule of Large Scale Rural Water Supply Development Plan

Code Districa 1998 | 1999 1 2000 | 2001 | 2002 | 2003 | 2004 | 2005 | 2006 | 2007 | 2008 | 2009 | 2010

420 |Isiote On-going
Planned/Designed _ EN
Rehabilitation o o e P Pl ]

Newly proposed
430 |Kitui {n-going
_ Planned/Pesigned @

Rehabititation T a7 e O T

Newly proposed

440 |Masaku On-poing

Flanped/Ikesigned )
Rchabilitation PSS L LS LTS LT L S

Newly proposed

450 |Marsabit Qa-going
Planned/Designed
Rehabilitation IS A AT ST LA T T

Newly proposed

460 |Mero | On-going

Pianned/Designed
Rebabilitation | T T P T P e 27,

Newly proposed

470 [Nyambene On-going

Planncd/Designed
Rchabilitation e e P e A A T ol A a ]

Newly proposed

480 |Tharaka Nithi On-going

Plansed/Pesigoed frr-o oo POCOOCOOOCO IODOOOOCH
Rchabilitation oA T LTSS ST LIS AT D

Newly proposed
490 {Mwingi On-going

 PlanncdDesigned [Forrmnr s T
"Bchabﬁhaﬁon f?ﬂ/{///// 37././/{7;"17/2{/"7/-'(/:/&,./f//z

Newly proposed

4A0 IMakueni On-going

Pianned/Desigocd
Rehabilitation R P e T,

L ') I +

Newly proposed

$10 [Garissa On-going

Planped/Designed
Rehabilitation AL AT AT L LS ST TS L

Newly proposed @
520 (Mandera ] On-going |

Planncd/Designed {F0rmmsy Prr o o P TR

T ¥

11
Rehabilitation e A S e T P o A2
Newly proposed

530 |Wajir Or-going

Fla llﬂCdeCSigﬂtd R O R

| 1

1
Rehabilitation A L T A A L o L LA

Newly proposed

The Aftercare Study on lI-%-19
the Narional Water Master Plan
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Figure - 6,3.2(3/4) Implementation Schedule of Large Scale Rural Watcr Supply Development Plan

Code

District

1998 | 1999 | 2000 | 2001 | 2002 | 2003 | 2004

2005 | 2006 | 2007 | 2008 | 2009 | 2010

610

Gusiy

On-going

Planned/Desigoed

Rehabilitation

TP AT TP AT LTS

Newly proposed

620

Kisumo

On-going

Planned/Designed

...............................

Rebabilitation

I T TR

Newly proposcd

630

Siaya

On-going

Planned/Designed

__Rehabilitation

P AT AT IS AT AT

Newly proposed

640

Homa Bay

On-poing

Planncd/Designed

Rehabilitation

A P P 7o P o Pt e s

Newly proposed

Migoni

Qa-going

Planned/Designed

Rehabilitation

P T et o

A,

Newly proposcd

660

Nyamira

Onp-going

Planned/Designed

Rehabilitation

LT AT AT AT T

Newly proposcd

710

Kajiado

On-going

Planned/Designed

Rehabilitation

IS A AL LT ST,

Newly proposed

720

Kipsigis

On-going

Planned/Designed

Rehabikitation

PRl S AT

P,

Newly proposed

730

Laikipia

Oe-going

Planocd/Designed

Rehabilitation

e A

Ntvﬂy proposcd

74D

Nakuru

On-going

Planncd/Designcd

Rehabilitation

LTSS A LT ST LS LTL

Newly proposcd

750

WNarok

On-going

Planncd/Designed

I

- Rebabilitation

J//f/,:’-'?’/ty/i//////%}’/c?/-;// '7//{’/ e !}I//I/Ir?j/f// .

Newly proposed

760

Trans Nzoia

On-going

Flanoed/Designed

Rebabilitation

L 7L T,

Newly proposed

1
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Figure - 6.3.2(4/4) Implementation Schedule of Large Scale Rural Watcr Supply Development Plan

Code District 1998 | 1999 | 2000 | 2001 | 2002 | 2003 | 2004 | 2005 | 2006 | 2007 § 2008 | 2009 | 2010

770 {Uasin Gishu On-going
Plapned/Designed
Rchabikitation A S LTSS F LIl S ST

Newly proposed

750 |Bomet ____ On-going
Planned/Destpned

| Rehabilitation L L L LT LTI

Newly proposed

790 [Transmara Og-going

Planned Desigoed
Rehabilitation A, {:7/17.;:7/:7 fY/fV/o‘l//.»-?‘/ ’//Jf//ul A

2

Newly proposed

T - T

8§10 [Baringo On-going
Planoed/Designed
Rehabilitation P B T TP S A
Newly proposed
820 {Flzeyo On-going
Marakwet Planned/Designed
Rebabifitation P 2 e P AP T
Newly proposed
830 [Nandi On-going
PlappcdDesigned
Rehabilitation AT LA LTSS AT S LTI L
Newly proposed
8§40 [Samburu On-going
Planncd/Desigaed |Smem s r e e

Rchabilitation T P 7 7 P AT AT A TR 7 77

Newly proposed

850 |Turkana On-going
Planoed/Desigoed
Rebhabilitation ////’/.(////f?lf///'/ {'/////?l/.//// {//.{f' {ff’/f/
Newly proposcd
860 [West Pokot Ou-going
Planued/Desigoed
| Rehabilitation L AT LA o LS LT A

Newly proposed

910 {Bungoma On-going
Planncd/Desigoed [P o i o o s
Rehabilitation L, .{////ﬁr///fy LA f’//// {///I//

3
Newly proposed -

@20 [Busia Op-going

Plaooed/Designed
Rchabilitation P R e AR r P e T

Newly proposcd
93¢ |Kakamega On-going

Planned/Designed )
Rehabilitation T T 7 Pl P

Newly proposed

The Aftercare Study on N-F-21
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Figure - 6.3.3(1/4)

Figures

Emplementation Schedule of Small Scale Rural Waler Supply Development Plan

Distrial

1995 | 1999

04

2005

2006 | 2007 ] 2003 | X9 [ 2010

210

Kiamba

Qn-going

Planned Desigaed

Rehabilitation

Newly proposed

220

Kirinyage

Qun-going

Planncd Designed

Rehabilitation

Newly proposed

3D

Murangs

Qn-going

Planned Designed

Rchabilitation

Newly proposed

240

MNyandama

On-golng

Planned Designed

Rehabilitation

Newly proposed

250

On-going

Planncd, Designed

Rehabilitation

Niewly proposed

310

Kalif

On-going

Planned Designed

Rchabilitation

Newly proposed

Kwals

On-going

Flanned Designed

Rehabilitation

Newly proposcd

On-going

Pianned, Designed

Rehabilitation

Newly proposed

Mombxasa

On-going

PlanntdDesigned

Rechabilitation

Newly proposed

3N

Taitz

COn-going

Flanntd/Designed

Rehabilitation

Newly proposed

Tara River

On-going

Planned, Designed

Rehabilitation

Newly proposed

410

Emtu

On-going

Planned Desigred

Rchabilitation

Newly proposed

420

Istoto

Ou-going

Planncd;Designed

Rehabilitation

Newly proposed

43¢

On-going

Planned Designed

Rehabititation

¥ewly proposed

Masaku

On-going

Planoed Designed

Rchabilitation

Newly proposed

11-F-22
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Figurc - 6.3.3(2/4) Implemcntation Schedule of Small Scale Rural Water Supply Pevelopment Plan

Disraa 1993 | 1999 | 2000 | 200% | 2002 | 2003 § 2004 | J003 | 2006 | 2007 | A3 | 2009 | 2010

130 [Marsata i On-going — : — ]
Planncd Designed
Rehabilitation
Newly proposed
0 iMery On-golng .
Planned Designed
Rehabilitation
Newly propesed
470 |Nyambente Co-going
Flanned Designed
Rehabilitation
Newly proposed
430 | Tharska Nuih On-going
Planned Designed
Rehabilitation
Newly proposed
490 |Mwing On-going
Planncd Designed
Rehabilitation
Newly proposed ]
140 (Makuend On-going
Planbed Designed
Rchabilitation
Newly proposed
510 \Ganssa On-zoing
Planned Designed
Rehabilitation
Newly proposed
520 Mandeca Oa-going
Planncd Designed
. Rehabilitation
Newly proposed
Wajir Oa-going
Planncd Designed
Rehabilitation
Newly proposed
810 [Gushs On-going
Planned Designed
Rchabilitation
Newly proposed
620 (Kisumu Oo-pgoing
| Planncd Designed
Rehabilitation
Newly proposed
630 \Siaya | On-going
Planned Pesigned
Rehabilitatjon
Newly proposcd
430 (Horna Bay Cn-going
Planncclfl)esigntd R R RIS
Rohabilitation
Newly propased
650 Mipori | On-going
Planned Designed
Rehabilitation
Newly proposed
&0 [Nyvamira | Ongoing
___Hanncd Designed
__ Rehabilitation
Newly proposed

&
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Figure - 6.3.3(3/4) Implementation Schedule of Small Scale Rural Water Supply Development Plan

Distriat

1998

1999

2000 | 200t | 2002

2003

2004 | 2006

2006 | 2007 | 2008

2009 1 G0

O

Kajiado

On-going

|

Planned Deslgned

Rehabilitation

Newly proposed

120

Kipsigs

On-going

Planned Designed

Rehahilitation

B Newly proposed

730

Lajkipia

On-going

Planned Designed

Rchabilitation

Newly proposed

40

Cin-going

Planncd/Designed

Rehabilitation

Newly proposed

750

Narok

On-going

Planned/Desligned

Rehabilitation

Newly proposed

780

Trans Nzofa

On-going

Planncd Designed

Rehabilitation

Newly proposed

Lrasin Gishu

On-going

PlannedDesigned

Rehabilitation

Newly proposed

730

Bomet

On-going

Planncd/Designed

Rehabilitation

Newly proposed

Transmara

On-going

Planncd Designed

— =
Rehabilitation

Newly proposed

510

Baringo

On-going

Planned Designed

Rehabilitation

Newly proposed

Elgeyo
Maraiowel

Oun-going

PlannedDesigned

Rehabilitation

L)

Newly proposed
On-going

Planned Designed

Rchabil itation

Newly proposed

Sambur

On-going

Planned Designed

Rehabilitation

Newly proposed

350

Turkana

On-going

Planned Designed

Rehabilitaticn

Newly proposed

We st Fokaot

Cn-going

Planned Designed

Rchabilitation

Newly proposcd

iH-F-24
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Figure - 6.3.3(4/4) Implcmentation Schedule of Smatll Scale Rurat Water Supply Development Plan

FYist it 1995 | 1999 | 2000 | 2001 | 2062 | 2003 | 2004 | 2005 1 2006 | 2007 | 2008 | 2009 | 2010

910 [Bongona On-going
__Hlanned Designed
Rehabilitation
Newly proposed
920 |Busia _On-going
Planncd Designed
Rehabilitation i . _
Newly proposed IR — @
930 [Kakame iz On-golng
__[:| f‘ _'1 ¢d Designe: d ERE AR vt iy o gty et et e et n haaaaa ]
Rehabilitation
Newly proposed
910 (Vihkiga QOn-going
Planned Designed
Rehahilitation |

Newly proposed R
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Figures

Figure - 6.3.4 Implementation Schedule of Livestock Water Supply Development Plan.

940 {Vihiga

wa | on

150

f S;?::;e Tmplementation Schedule
Province |Code Capacity
(1,000m") 2000 2003 2010
Central __212 Kiambu 150 B TS B -f:IEL:_I':—_ — -
22 arinyaga S
230 ::rdioz 152 HEEEE E —
_ =2V pviarang SR , e E— p— pasas
240 |Nyandams 200 [ DU NN NN R e supure sosuut osnsy pmninis
250 |Nyen 150
Coastal 310 |Kslifa 156 I oy o g
320 jKwale A0 =)= —__ p— ——
| 333 Lamu 100 — 1 — T —1--1_—
| 340 | Mombasa 50 _]- _ —1
350 jTaits 100 p— —1-—1—
360 )Tana River 700 — ]
Fastern _ 410 jEmbu 30 N 1 I::_
120 |Isiolo 100 :
430 |Kiwi %0 —p—tee _
440 1Masaka 550 i ]
450 [Marsavit 750 ' !
60 _Meru 100 I . = |
470 |Nvambene o [ T G N P —
480 ]Tharaka Nithi 20
490 |Muwingi 130
A0 |Makueni 3,950
North-Eastern] 510 [Garissa 1.900 :m
520 |Mandera 1150 —  p—
530 |Wajir 1,950
Nyanza 610 |Gusii s 250 | ;
620 IKisumw s 300 -
630 |Siaya 3 300 -
649 iHoma Bay 4 200
650 |Migori 2 100 | { ] |
660 |Nyamira 4 200
Rift Vatlecy | 710 |Kajiade 28 1,400 N - -
720 |Kipsigis 1 200 py
730 |Laikipia -] 100 L
740 INakuru i3 1,650
750 |Narok 16 800 I I b -
760 | Trans Nzoia 2 126 I . p— -
770 Uasin Gishy 3 50 -
780 {Bomel 6 300 . -
790 |Transmara e 150 | Y g -
810 |Baringe i H o 20 — =1 _
820 |Elgeyo Marzkwet | 160 B .
830 |Nandi b0 _ i I .
840 [Samburu S0 N W I ey ‘e iy ooy e sy
850 |Turkana 600 _ 1 =71 ﬁ _____
860 {West Pokot 600 !
Western 910 {Bungoma 1 260 B N D N b
920 |Busia 3 150 | _ I -
930 !Kakamega 300

Total

169.204

Legend: { : Studies, surveys, defalled design. finencial asrangements, ¢ic,

Il : Construction

it-F-26
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Chapter I Sanitation Sector Background

CHAPTER 1 SANITATION SECTOR BACKGROUND

1.1 National Target and National Waler Policy
1.1.1 Sector Objectives

The broad national objective for the development of the scwerage sector is stated in the dralt
1996 National water policy recently approved by government: To supply water of good quality
and in sufficient quantities to meet the various needs while ensuring the safe disposal of
wastewater and environmental protection. The objectives of the NWP are clearly directed at
sustainable development with emphasis on protecting the water cnvironment.

To meet these objectives the following policy framework has been proposed by the Government:
(1)  Development to meel water demands

The Government will continue to play a leading role in sector development while continuing to
encourage the full participation of the communities and the private scctor. The Government,
therefore, collaborates with the donor community, beneficiary communities, Non-Governmental
Organisations (NGO} and the private sector in mobilising the necessary human and financial
resources required. The Government remains commitied to creating an enabling environment for
all actors to operate effectively and will adopt a diminishing role in the direct implementation of
water supply and sanitation projects.

The Government will continue to promote the development of appropriatc water and sanilation
facilities in rural areas as a means of attracting viable economic activities.

(2)  Technology

The Government will remain commilted to the use of appropriate technology that users fully
understand. Efforts will be made to vel the technologies being introduced into the sectlor in a
manner that will not obstruct the introduction of technological breakthroughs in the field of
water development. Traditional technologies will be introduced with modifications where
necessary.

(3)  Monitoring system

The ministry in charge of water affairs will develop with other actors a comprehensive water
seclor monitoring system including country level collaboration in order to have access to reliable
sociocconomic, institutional, technical, and financial data. The information will be used to
support the policy formulaiion and regulatory process.

I-3 The Aftercare Study on
the National Water Master Plan
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(1)  Opcration and maintenance

In line with Government policy of cost sharing, the ministry in charge of water supply will {ully
encourage active participation of bencficiarics in the development and operation of water
supplics. In this regard the Government will continue to promote the development of water
supplies that are self-sustaining, and where beneficiaries themselves are encouraged to take full
responsibility for operating and maintaining such systems.

(5)  Waslewater Disposal Systems

Development of water supplies in the urban areas will be accompanied by corresponding
sewerage development systems to handle wastewater. In particular, wastewater from industrial
sectors will be properly treated before discharging it into natural river courses.  Strict waler
quality standards will be established to protect all water bodies receiving wastewater. In urban
and minor urban areas, sanitation will be developed concurrently with water supply systems
aimed atl protecting peoples health and waler resources from pollution. In rural areas, on-site
sanilation will be developed where economically and technically viable.

1.1.2  Sector Strategy

Most of the water supply syslems are owned and operated by the Government (NWCPC inmost
cases). Local authorities (municipal councils in most cases) are responsible for the operation of
wastewater disposal system. Only ninc (9} municipal undertakers are responsible for providing
water supply and sewerage scrvices together.

Sewerage development is largely the responsibility of MOLA although MWR also has some
regulatory and advisory functions. MOLA’s current strategy for sewerage development in
Kenya is to complete on-going projects in large urban centres and focus on the development of
basic infrastructure (including sewage) in smaller urban centres throughout the country in order
to curb rural-urban migration.

NWMP (1992) proposed a sewerage development plan proposed to meet the stated water sector
objectives. NWMP presented a list of 158 projects to be completed between 1992 and 2000 at a
total estimated cost of approximately 452 million $US. The number of priorities has
unfortunately outweighed the funding available and little progress has been achieved.

The “Public Investmenl Program 1997-2001” (PIP), identified 21 sewerage development projects
Table- 1.1.1. Four priority projects have now been completed, and two should be
commissioncd in late 1998. The remaining 15 projects will only proceed if donor funding can be
obtained.

A review of District Development Plans (DDP) is summarised in Table - 1.1.2 and identifies a
total of 29 on-going and planned sewerage projects (7 of these projects are also identified in the

PIP: Kapsabet, Meru, Wajir, Nycri, Embu, Karatina, Chuka). The status of projects is identified
in the following table.
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Chapter 1 Sanitation Sector Background

Status 97 1 2 3 Grand {otal
Pip i2 3 6 21
DDP 21 1 0 22
Total 35 4 4 41

Note: 1 - projects under investigation, planning of design (require funding to proceed)
2 - prejects under implementation (funding has been cbtained for construction)
3 . projects completed, under operation & maintenance
Sousce: PIP = project investment plan, DDP = district development plan

A review of project status reveals that onty the projects funded by donars have been completed.
Relatively few projects are implemented compared to the large number of sewerage development
projects identified in the various plans. It is therefore essential that future scctor stralcgies be
developed to overcome implementation constraints.  In general, the constraints that have
hindered the development of sewerage in the pasl arc:

1) Insufficient investment funding for new infrastructure resulting in a reduction in
service levels.
2) [nsufticient operating revenue to fund operations and recurring expenses resulting

in little or no maintenance, inadequate staffing levels, low pay, and difficulty in
attracting qualified opcrators.

1.2 Assistance by Donors

Since the establishment of MWR in 1974, many bilateral and multi-Jateral donors have extended
support to various projects and programmes implemented by the Government in the sanitation
seclor. Since 1992 almost eighty percent (809%) of all investment funding in the sewerage seclor
has come from donor aid. The strategies in the sector vary widely:

1) institutional strengthening before infrasiructure

2) rehabilitate existing before building new

3) provide sewerage in urban centres that do not have services
4) provide sanitation in slum areas

In sharp contrast to the many water supply development projects in Kenya there has been only
limited activity by donors in sewerage development. More recently donors have recognised that
improving water supply conditions also creates a corresponding need to provide for adequate
wastewater disposal. Most donors now include sanitation and waste water disposal as an integral
part of their water sector development strategy. Unfortunately most sewerage devclopment
activity is still driven by priorities identified for water supply development. Donors have,
therefore, not yel addressed many of the sewerage sector priorilies that are identified in this
study.

A list of donor supported projects is shown below:
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Donor

Objective

Project/studies

Benefits

African
Development Fund

Provide required sewerage
infrastructure

Sewage treatment works and
reticulation in Bungoma,
Muranga, and Kisii

Improve urban socio-
ecopomic conditions

Germany

Promotle conununity based
approaches

Eldoret sapitation

Kericho sanitation

Nyeri

Design of new sewage
treatment works and system
improvements

New treatment works
compleled

Nyeri, Eldoret and Kericho
have commercialised
operations by established
Water and Sanitation
companies.

fapan

Suppert in every aspect of
sewage sector by conducting
studies, lraining, institutional
capacity building and
sewerage development
projects.

Nakuru scwage trealment works

Kisumu

To reduce pollutant load to
lake Nakuru

Rehabilitate and expand
sewerage facilities to service
growing population

Saudi Arabta

Provide infrastructure

Mombassa sewerage (in-progress)

Provide a pew sewage
treatment facility and trunk
sewers lo service West
Maialand

World Baek

To reduce poverty

To promote equitable,
efficient and sustainable
development

To promote policy reforms,
institutional adoplion acd
capacity building

First and second Nairobi W/S and
sanitation projects. Third w/s

project due for completion in
1997

Improviag water supply and
sanitation 1o slum areas of
Nairobi.

UNICEF

Develop sustainable water
apnd sapilatioo projecis by
sttengthening operation and
mainlenance capacity.

Five year programme under Child
Survival and Protection Project 1o
provide access to safe drinking
water and sanitation facilities

Suitable excreta disposal
facilities for 10,000 people
apd disposal of liquid wastes
in sham areas of Nairobi
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CHAPTER 2 PRESENT SANITATION CONDITIONS

2.1  Existing Sanitation Systems and Populations Sevved
2.1.1 Domestic Waslewater Disposal
(1)  Data Available for planning

Relatively little information exists on the state of scwerage development and sanitation practices
in Kenya’s urban centres. Statistics arc available from only two sources:

1) 1989 Census providing figures on total urban populations by type of sanitation.
2) 1994 Welfare Monitoring Report providing statistics on accessibility to sanitation

by type.

Resulis of the 1989 census indicate that approximately 39% of the total urban population had
access to waterborne sanitation (28% connected to public sewers) while 57% depended on pil
latrines. Similar results are reflected in a 1994 Welfare Monitoring Report showing that 55.7%
of the urban population still relied on pit latrines while 419% had access to walerborne sanitation
(no estimates for sewer connections). Data from both sources is summarised in Table - 2.1.1.

(2)  Sewerage Facilities Survey

At present in Kenya there are 38 scwage treaiment facilitics located in 30 urban centres. The
location of urban cenires with public sewerage systems is shown in Figure - 2.1.1.

In 1995 a JICA expert (Mr. Morita) compiled a report that described in deiail for the first time
the sewerage schemes in operation for each urban centre in Kenya. The report described for
each urban sewerage scheme the lreatment process, and physical condition and provided
estimates of the number of people connccted o sewerage in each urban centre. From the
information provided in the report it was estimated that only 16% of the urban population in
1995 were connected to sewerage. This number differs significantly from 1989 and 1994
statistics.

In order to provide a better picturc on the current status of sewerage devclopment and
accessibility to sanitation facilities it was decided that each exisling sewerage scheme should be
surveyed in detail as part of the aftercare study. An investigation of 30 existing sewerage
schemes in 26 urban centres was carricd out. Information for the other 4 urban centres not
covered by the survey was compiled from existing JICA studies for Meru, Isiolo, Nakuru,
Kisumu. The existence of a sewerage scheme in Karatina was discovered at the end of the field
assignment by the study team during a review of literature on the performance of ponds in Kenya.
Information reported for Karatina is thercfore incomplete. The urban centre of Voi was removed
from the initial survey list because the small sewage lagoon serving a few hundred people in a
small housing development has been abandoned and is dry.
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Information on the existing sewerage facilities was collected from site visits and by distributing a
questionnaire survey.  Appointments were made with the body responsible for operating the
sewerage schemes prior to distributing the questionnaire.  This ensured that the right person
reccived the questionnaire and that accurate information was received.  Where possible the
questionnaires were given to the Town Engincer or the General Manager. In their absence, the
questionnairc was given to the sewage foreman or superintendent. The following information
was collected:

1) Extent of sewerage coverage within the urban area i.e. proportion of the population
served.

2) Comparison between the amount of water supplied and the resulting effluent quantity
to the sewerage works

3) History of the system’s development

4) Efficiency of the sewage treatment works and method of effluent disposal

5) Industrial wastewater discharges and disposal systems

6) Mcthod of sludge ireatment and disposal at the treatment works

7) Operation and maintenance dala, management and organisation data.

8) Extent of on-site sanitation, method of septage handling and disposal.

The information collected in the questionnaires was checked through discussions and any
missing information was added. Where drawings of exisling sewerage facilitics were not
attached to the guestionnaires, efforts were made to locate them. Upon collecting the surveys the
sit¢ was visited with the person who filled the questionnaire in order to confirm the data received
as well as assess the general condition of sewage treatment works and scwer reticulation. In the
course of site visits the following issues were discussed:

1) Operating problems with the existing system
2) The municipalily’s or town council’s plans to correci the problems
3) The frequency of undertaking certain maintenance requirements

Obtaining complete information was not possible in most cases because data and records are

generally not available or not kept up to date. Many problems were encountered in the data
collection:

1) In some cases the section head assigned the questionnaires to a junior person
unfamiliar with the system.

2) Lack of drawings showing sewer reticulation

3) Lack of design data

4) Lack of current operation data such as flow records

5) Reluctance to compile revenue and expenditure data

6) Bad attitude to the importance and purpose of the data being collecled

The guestionnaire and the data that was collected for cach sewerage scheme is presented the data
book on sewerage invenlory. An analysis of sewer coverage by population size indicates that all
large population centres (>100,000) have some form of waterborne sewerage, however most
urban centres with a population less than 20,000 have no sewerage systems.
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Population range No. of urban ccatres No. of urban centres Total
{000's} with sewerage withoul sewerage
300<P 2 0 2
300> P> 100 2 0 8
20 < P < 100 16 8 24
P<c20 4 177 181
Total 30 185 215

An assessment of the information available [rom reports and the survey resulis indicates that the
percentage of the population connected to sewcrage ranges from 5 to 70% as shown below:

% sewered Number of vrban

population range Urban cealres centres in group
0-10 Ngong, Machakos, Meru, Voi, Isiclo )
10-20 Bungoma, Webuye, Busia, Embu, Kisii, Mombasa, Kapsabet, 8

Homa Bay

20-30 Nyeri, Athi River 2
30-40 Eidoret, Kiambu, Nyahururu, Muranga 4
40-50 Nanyuki, Nairobi, Naivasha, Kitale, Kakamega S
50-60 Kericho, Kisumu, Nakuru Thika 4
60-70 Limuru, Karatina 2
Total 30

A plot of population size versus service ratio for each urban centre (28 urban centres excluding
Nairobi & Mombasa) is shown below. It indicates there is no definite relationship between

population size and service ratio.
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(3)  Population Served

With the results of the survey il is possible to estimate the current slatus of sewerage
development in Kenya. The fotal urban population in 1998 is approximalely 6.5 million,
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eslimated by interpolating belween 1995 and 2000 population forecasts.  Based on the
information compiled from various sources during this study, sewcrage schemes have been
developed in 30 urban centres serving an estimated 1.8 million people or 28% of the total urban
population. This leaves approximately 4.7 million urban dwellers (72%) without the benefits or
convenience of waterborne sewerage. Overall the average scrvice coverage in urban cenires has

not improved since the 1989 census, but it has managed to just keep pace with population growth.

The 28% does not reflect the fact that the majority of urban cenires have no sewerage schemes at
all. Nor does it reflect the fact that many cxisting sewerage and treatment works are inoperative,
averloaded or not providing the required level of treatment.

2.1.2 On-site Sanitation
Access to Sanitation

A survey of 756 houscholds in 39 urban cenires across Kenya was conducted as part of this study
to obtain information on water use and sanitation practices and living conditions. In addition, a
scparale on-plot sanitation survey was carried out for 50 households in 5 urban centires where
there are currently no sewerage facilities and a need has been expressed (Garissa, Malindi,

Maragua, Mumias, Wajir). The survey methodology and results are prescated in the data book
on household survey.

Results of the houschold surveys indicate that access to sanitation in 1998 has probably not
improved much from the figures reporied in the 1994 Welfare Monitoring Report and the 1989
Census. A rather high 46.6% of the urban population surveyed reported using pit latrines while
47.1% reported access to waterborne lfacilitics such as pour flush or cistern toilets. Combining
the resulis of the houschold survey with the results of the sewerage schemes it is possible o

estimate the percentages of the urban population served by different methods of wastewater
disposal as follows:

Method of disposal % of urban population
Main Sewer 28
Pit Latrine 47
Septic/Cesspool 23
No sanitation {bush) 2

Scurce: JICA Study team survey

The prevalent water source and sanitation facilities in the urban houscholds surveyed are piped
water supply systems and pit latrines. Results of cross tabulations at the national level indicate
that waterborne diseases tend to afflict people living in households with no sanitation, those
which use pil latrincs, pour flush toilets, and bucket latrines are more than people living in
households with cistern flush facilities.

Symptoms of illncss were also reported in the five urban centres selected for on-site sanitation
survey. About 80% of the symptoms are water related. They were worse in Malindi and Wajir
where shallow wells are 2 major source of water.
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It is difficult to make any firm conclusions from the results of the survey because the sample size
is small, however, the following gencral obscrvations can be made:

1) Water related diseases are prevalent in arcas where shallow wells are the major
source of drinking water.

2) About half of the people who receive piped water supply use pit latrine for
sanitation indicating a large percentage of the population disposes of wastewater
to the enviranment.

3) Pit latrines are the most common lype of on-site sanitation facilitics and septic
tanks are rarely used probably due to high cost of installation and maintenancc.
Ventilated improved pit latrines are gaining popularity.

4) Latrines arc rarely de-sludged.

5) The usc of buckets as a means of effluent disposal is prevalent in Wajir and
appears to be a considerable health hazard.

Pit Latrines

Where the ground is permeable and the water table fow, pit latrines operate well, although they
arc usually not very hygienic and only deal with excreta and not other wastewater. Actual
conditions are site specific and it is very difficult to draw anything more than general
conclusions about the continued use of pit latrings.

Many pit latrines are constructed in congested arcas as observed in Nairobi. In these congested
conditions replacement of a filted pit is not possible nccessitating emplying; however, results of
the on-plot sanitation survey indicate that latrines are rarcly de-sludged. Many latrines are buikt
in impermeable ground, or in ground where the water table is high. MOLG has identified a need
to improve sanilation in 16 urban centres where water table and soil conditions make pit latrines
and septic tanks unsuitable. These are identified in the projects listed in the public investment
plan and the districi development plan presented in chapter 2.

 Septic Tanks

Approximately 23% of the total urban population use waterborne toilet facilities connected to a
septic tank or cesspool. Most seplic tanks are concrete struclures of various designs with
effluent from the tank discharged into a soak-away pit or drainage tiles. These installations are
suilable only in cases where the ground is permeable and where there is no danger of
contaminating underground water supplies.

According to the WHO report in 1973, most of the septic tanks in Kenya were too small and in
the absence of any standards this situation likely persists. WHO also reported thal a greal many
tanks where located on unsuitable ground and most had illegally overilows to nearby drainage
ditches or low lying areas.

Septic tank installations in Mombasa, Kilifi, Malindi, and Lamu are polluting ground water
supplies. The soak away pits along the coastal areas are usually dug down to the ground water

-9 The Aftercare Study on
the National Water Master Plan



Final Report - Supporiing Report
Part I Sewerage Development Plan

table. Local residents who have insufficicnt supply from the regular water distribution system
usc ground water contaminaled by soak-away pils

Septic Sludge

The survey questionnaire asked municipalities to provide information on method of de-sludging,
quantity of sludge, and method of disposal. Resulis of the survey for cach urban centre can be
found in the data book. Sludge from septic tanks and cesspools are removed infrequently and
usually only when the tank is full and upscts the plumbing. Sludge from septic tanks is normally
removed by the municipality using a vacuum truck. Most municipalities own at least onc
vacuum truck bul in many cases these are out of order or very old. Thus, tanks are de-sludged
infrequently because the municipality vehicles are oflen unavailable. Private commercial
companies also provide scrvices but these are costly, typicatly in the range of 3,000 to 5,000
shillings per trip, infrequent, and unreliable. The disposal of sludge is unregulated and is often
jumped in a nearby drainage ditch, garbage dump, ficld, or where they exist at sewage treatment
facilities. The uncontrolled colleclion and discharge of sludge is 2 health hazard and damaging
to the envirenment.

Sullage

Sullage is domestic wastewater that has been used for washing or in food preparation. Sullage is
usually discharged into public sewers where they are connected. Generally in Kenya, sullage is
discharged onto the ground or drained into shallow ditches or surface water drains. 1t is
estimated that at least 85% of the urban population has piped water supply. In sharp contrast,
only 28% of the urban population has a sewer connéction. The obvious conclusion is that
disposal of untrecated wastewater into the urban environment is widespread creating a potentially
a scrious health hazard as well as being a source of polution. Wastewater was observed in most
drainage ditches in the urban centres visited by the team.

2.1.3 Industrial Wastewater Disposal

The existing situation on industrial wastewater in Kenya is nol well documented. There is very
little data available on the number of indusiries in Kenya or the amounts of waler used, treated,
and discharged. MWR kept a dalabase of industrial effluents in the past but it is now out of date.
MWR has a Water Quality and Pollution Control Division responsible for reguiating pollution
control, monitoring waler quality, drinking water surveillance, water and wastewater analysis
and data documentation and processing. Sadly, it is severely crippled by a lack of resources to
inspect industries, monitor, collect, and analyse data. Local authorities are responsible for
enacting sewer use bylaws, enforcing them, and monitoring indusiries for compliance. Only
Nakuru has the staft and equipment in place to monitor and enforce frade effluent bylaws. Other
municipalilies have bylaws but no entorcement capability.

In general where public sewerage systems exist, factories usually discharge their effluents into

the sewers. In many cases, however, wastewater is discharged without pre-treatiment into nearby
WalCrCOUrses.,
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Aggressive growth targets for industrial development have been set by the Government.
Sessional paper No. 2 of 1996 “Industrial Transformation to the Year 20007 targets growth of
highly capital intensive and heavy industries to achieve double-digit rates of 12 to 15%. This
high growth rate will have serious implications on the water supply and sewerage sectors. The
uncontrolled disposal of industrial wastewater could not only degrade the water envirenment, it
could also seriously jeopardisc the quality of drinking water supplics, making it difficult to treat
and provide safe potable water.

2.2 Physical Condition of Sewerage Syslems
Source of data

The results of the survey carried out during this study are uscd extensively 1o prepare an
inventory of sewerage infrastructure and to assess physical conditions in each urban centre. A
summary of urban sewerage schemes is provided in Table - 2.2.1. The data sheets located in the
data book provide a physical description of the sewerage facilitics as well as obscrvations on
operation and maintenance, and rehabilitation needs.

A limited sampling programme of waslewater treatment plants throughout Kenya was carried out
in January 1998. A single discrete sample was taken of the influent and effluent at 26 sewage
treatment works. Where the receiving stream is a river, a sample of the river water was taken
upstream and downstream of the discharge point to assess potential environmental impacts.
Sampling at Kisumu, Isiolo, Mcru, and Nakuru where considered unnecessary because their
performance is already documented in recent JICA studies. Results are discussed in later
sections of the report.

A 1997 research monograph published by the British ODA entitled “An Evaluation of Waslie
Stabilisation Ponds in Kenya”, Mara, Alabaster, et al., also provides excellent information on the
operating conditions at ¢ight public wasie stabilisation ponds namcly, Eldoret, Isiolo, Karatina,
Kisumu, Kitale, Nanyuki, Nyahururu, and Thika. This document is also used as a guide to the
design of ponds in Kenya.

Through the efforts of GTZ, the Smail Towns Development Program has created an inspection
unit that has produced some informative facilities inspection reports. Although most of these
reports are dated early ‘90’s, they contain information that describes typical conditions
encountered in Kenya. They provide an excellent source of information on existing conditions
in: Eldorel, Kisumu, Kericho, Kitale, Nyeri, Nakuru, Nyahururu, and ¥ hika.

2.2.1 Sewer Reticulation

Unforiunately, local authorities surveyed in the Study provided very little information on the
physical condition of sewer reticulation making it impossible to comment on actual sewer
conditions and rehabilitation nceds. Information is gencrally not available because sewer
operators lack the sewer inspection programmes that are needed to collect the data. In fact most
authorities do not even have accurate sewer inventories to identify pipe size, age, and location.
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The total length of scwer pipe installed varies greatly between urban centres, ranging from
0.07 m/fcapita in Kakamega to the unusually high value of 8.89 m/capita in Kapsabet where a
scwerage scheme has recently been completed.  If Kapsabet is not included, the average is
1.14 m per capita which is low indicating insufficicnt development of sewer reticulation in most
urban cenlres.

The table below summarises the results of the survey in 22 urban centres where information
could be obtained. The large number of persons per sewer connection indicates the prevalence
of schemes where there are many housing units within a plot sharing the sanitation facility and to
some extent also indicates that sewerage reticulation is generally underdeveloped.

0-10 Webuye, Embu, Ngong, Kakamega, Limuru, Machakes, 7
Homa Bay

10-20 Busia, Kiambu, Thika, Nanyuki, Nyahururn, Naivasha, 8
Nyeri, Eldoret

20-30 Kisii, Kitate, Muranga 3

30-40 Kapsabet, Athi River 2

Crer 40 Bungoma, Kericho 2

Total 22

Inventories are available for 3 urban centres: Mombasa, Nakuru, and Kisumu and the percent
distribution by pipe size is shown below:

Sewer Diameler (nm) Kisumu Mombassa Naluru
<150 2% S9%
130 - 200 6% 78% 18%
200 - 300 51% 4% 10%
300 - 400 17% Ly
450 2% 2% 8%
525 7%
500 8% 3% 5%
675 9%
Population (persons) 130,000 20,534 123,500
Length (m) 14,287 20,880 86,156
Length per capiia 0.13 0.97 0.67

Mosl sanitary sewers in Kenya are separate from storm water drainage sewers. In practice,
however, surlace water finds its way into most sanitary sewers and these operate more like
combined sewers except no provision is made for relieving wet weather flows. The entry of
storm water into sewers is uncontrolled and during wet weather contributes to frequent overflow
of sewage out of manholes, and Hooding of treatment works.

In the typical mid size urban centres, sewers have usually been provided in the main commerciat
arca, usually along one or twe main streets, or through a main commercial block and a few
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housing estates in the vicinity of the city centre. Other areas, which are lypically less denscly
populated, arc usually not sewered. The number of people with sewage connections is
significantly lower than the number of people with water supply connections.

In the past sewerage development in many smaller urban centres was limited to a small drainage
arca and although some capacily was provided for fulure growth, the hydraulic capacity of trunk
mains in general has now been cxceeded. In several large urban centres, for example, Thika and
Kakamega, trunk mains of 150 mm in diamcter serve a population of 11,700 and 5,400
respectively. The 150 mm trunk sewers experience frequent blockages. The present design
criteria in Kenya specify 225 mm diameter as the minimum size for a public sewer.

Newly constructed sewers (last ten years) are generally in good working order despile a gencral
lack of preventative maintenance such as regular cleaning and inspection. New sewers are
generally designed to achieve self-cleansing velocities based on projected cxisting wastewater
flows. In addition, trunk sewers are usually oversized to provide spare capacity for future flows.
Unfortunately, in many cases projected wastewater flows have not materialised because of water
rationing or the unwillingness of consumers to connect to sewers. As a resull, flows are teo low
to provide self-cleansing velocities. Low flows lead to operaling problems such as accumulation
of sedimentation, which reduces hydraulic capacity, and septic sewage, which causes pipe
comrosion and treatment process difficulties.

The vast majority of sewers where constructed in the S0s, 60s, and 70s have never been
inspected. Local experience indicates that many are in poor structural condition. In several
urban centres the trunk sewers installed in central areas over twenty ycars ago are only 150 mm
in diameter. Development has exceeded the available hydraulic capacity of older scwers
resulting in frequent blockages, overflows, and surface flooding.

The expansion of sewerage networks generally takes place af a slow pace due to lack of funds.
Most of the funding has been focused on improving treatment works to meet eftlucnt quality
criteria.

2.2.2 Treatment Facilities

Based on existing information gathered during this Study il would appear that scwerage systems
where they exist are designed with the intent of treating all the sewage that is collected. Of
course there are conditions where overflows to the environment occur but in general most
sewage flows to a treatment {acilily.

Waste stabilisation ponds are the preferred treatment method and are used in 25 out of 38
treatment works. These generally operate problem free with the exception that most of the older
ponds are filling with sludge and vegetation, which generally reduces retention times and thus
trealment efficiency.

Conventional trealment works using biological attached growth [ilters are found in only 6 urban
centres. With the exception of Kericho, which has recently been rehabilitated with funding from
GTZ, and Nyeri, which is well maintained, these conventional systems do not operate properly
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duc to organic overioad and mechanical failures. In every case, conventional treatment works
are operated without any process monitoring or control.  Sampling is limited to influent and
elflucnt with little or no sampling of process parameters to guide the operators in optimising
treatment efficicncy.  Operator intervention, adjusting sludge secycle rates for cxample, is
minimal.

The remaining treatment works consist of oxidation ditches (3) and acrated lagoons (3). Except
for the recently commissioned (*86) facility in Nyharuru, oxidation Jagoons and ditches do not
operate well due 1o mechanical failure of acrators and studge re-circulation pumps.

Resulls of the facilities survey indicates that per capita flows in Kenya are relatively low and in
many cascs are insufficient for the proper operation of sewers. Table- 2.2.2 provides a
comparison between the amount of potable water supplied and the amount of wastewater
received atl sewage treatment works in each urban centre. The table also provides a summary of
per capila sewage contribulions. The sewage received at the treatment works from the served
population varies from 23 to 628 Ipcd. The average of 177 Iped appears to be reasonable since it
includes not only domestic flow but also industrial flows and groundwater infiltration. The per
capita flow in seven urban centres is below 75 Ipcd, which is the minimum acceptable flow
required to keep sewers functional. This can be explained in most cases by low per capita water
consumption due to inadequate water supply systems. In a few cases the quantities of water
returned to the treatment works are larger than the quantities consumed. This is probably an
indication of high levels of groundwater infiltration and/or industries that have their own source
of water but discharge 1o the sewers. The urban centres where water supply conditions appear to
be unable to support waterborne sewerage and systems that appear 1o suffer from high inflow
and infiltration arc shown below:

Sewage flow Water supply > than 100 lped Water supply < 100 Ipcd
Sewage flow < 751pcd  |Nyeri, Kericho, Mombassa, Homa Bay, |Nakuru, Busia
Nazivasha
Comments A high proportion of the water is used |Water supply conditions are inadeguate to
and not returned to sewer. supporl walerborne sewerage system.

Sewage flow > amount of {Machakes, Nyahururu, Nanyuki
water supplied

Comments High tevels of infiltration or contributions from sources that have private water supplies

The water supply conditions in the following non-sewered urban centres are inadequate to
suppori waterborne scwerage systems: Garissa, Kabarnet, Mandera, Maragua, Narok, and Wajir.

In general, most of the recently constructed sewage works are operating far below their design
capacity. The low flow rates can be atiributed to:

1} Low rate of sewer connections

2} Inadequale water supply systems resulting in low per capita waler consumption
3} Diversion of raw scwage for irrigation
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The older treatment works (1980°s) are gencrally hydraulically and organically overloaded, a
condition attributed to: (i) population growth beyond design capacity, (i) reduction in designed
treatment capacity due to sludge accumulation or mechanical failure of the process, (iii) Aging
sewer reticulation resulting in more infiltration of ground and surface watcr.

Status of Treatment Works

Status Urban centre Number
Overloaded Embu, Homa Bay, Kisumu conventional, Meru, 15
Machakos, Mombasa (both), Nanyuki, Ngnong,
Nyahururu, Nairobi (both), Eldoret (both), Thika

Operating at design Busia, Kapsabet, Kakamega (both), Karatina, Kericho, [
capacily

Not operating Limuru, Voi 2
Operating below capacity | Athi River, Bungoma, Isiolo, Kiambu, Kisii, , Kisumu 15

ponds, Kitale (both), Muranga, Naivasha, Nyeri
(both), Nakuru (both), Webuye

2.2.3 Treated Water Disposal
(1)  Rivers and Inland Lakes

In Kenya, treatment plant effiuent is discharged into a receiving body of water. Out of 30 urban
cenlres with sewage treaiment works, 24 discharge inte rivers or streams, 8 of which flow into
Lake Victoria. Two (2) urban centres discharge directly into Lake Victoria (Homa Bay &
Kisumu). Three (3) urban cenires discharge into environmentally sensitive, closed inland lakes
Nakuru, Naivasha, and Baringo.

(2)  Coastal areas

Mombassa discharges sewage with only primary teeatment directly into the ocean only a short
distance from shore. There is great cause for concern over the impact of effluent from coastal
cities and hotels on sensitive coral reefs and beaches that accounts for an important share of the
tourism industry in Kenya.

(3) Irrigation

The use of treatment plant effluent for agricultural irrigation is not documented but is likely not
widespread, occurring informally in a few isolated cases. There have been rcporied cases of
diverting raw wastewater before it reaches the treatment plant for agricultural irrigation.
Although these reports could not be confirmed during site investigations there is probably some
evidence 1o support the statement. In several urban centres the amount of wastewater returned to
the treatment works is much less than the amount supplied per capita even when making
allowances for water lost in the distribution system.
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(4) Effluent Quality Standards

The laws of Kenya that deal with water pollution are contained in the Water Act,  This act
establishes that all water in Kenya is the property of the government and that the minister
responsible for water development has the duty of maintaining the quality of those resources.
The act provides the necessary legal framework for the minisier to monitor, and enforce the
provisions of the act. The Water Pollution Control Section WPCS of MWR is the body
responsible for sclling of efflucnt standards that are required for the discharge of effluents to a
walercourse. The national efflucnt standards for the direct discharge of an effluent into a
watercourse are shown in Table - 2.2.3.

These standards are based on the British “Royal Commission” 20:30 standard that is in common
us¢ in many countrics around the world. How the standard was developed must be clearly
understood before it can be applied to any given sitvation. The 20 BOD and 30 SS limit were
recommended by the Eighth Report of the Royal Commission in 1912 on the basis of UK River
conditions. The aim of the standard was to ensurc that the effluent did not increase the BOD
above 4 mg/{ or lowcr the dissolved oxygen below 4 mg/( in the receiving strcam. This was to
protect fish and other aquatic Jife in the recciving stream. The standard recommended by the
commission did not include any bacteriological Jimits and assumed a dilution factor in the
receiving stream of at least eight. In recent years it has been recognised that bacteriological
limits is an important consideration for most tropical rivers and MWR added a limit on the
number of faecal coliforms to 5000 per 100 m/.

Since municipal councils own and operate sewage trealment works, they have the legal
responsibility 1o ensure that effluent from the treatment works complies with the standards issued
by WPCS. Most municipal councils have, therefore, adopied the national standard into their
local bylaws. In some cases such as Thika the local standard is much stricter, reducing faecal
coliforms to 1000 per 100 mé. 1n Nakuru the standard limits BOD to 10 mg/¢ and nitrate as N to
only 5 mg/f. If is difficult to achieve these limits with normal treatment processes, particularly
those related to nutrient concentrations. In Nakuruy, tertiary treatment in the {orm of rock filters
and grass plots was added to achieve compliance. In many cases it may be that the cost of
complying with the discharge standards may be more than is affordable by municipal councils
and industry. In such cases it might be necessary to make a decision to accept lower standard for
particular parameters.

More specific standards are developed as the need arises for discharges from various agriculture,
industrial, and commercial sources of wastewater to public sewers and watercourses. Discharge
standards for industrial effluent into public sewers are also shown in Table - 2.2.3.

Since municipal councils are responsible for accepling or refusing industrial wastewater into the
public sewer, most have adopted some form of trade effluent standards in order to protect the
sewerage infrastructure, and prevent upsets (o the treatiment process.
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2.2.4 Treatment Plant Performance

A limited sampling programme of wastewater treatment plants throughout Kenya was carried out
in January 1998. A single discrete sample was taken of the influent and cfMfluent at 26 scwage
treatment works. Where the receiving siream is a river, a sample of the river water was taken
upstream and downstream of the discharge point to assess potential environmental impacts.
Sampling al Kisumu, Isiolo, Meru, and Nakuru where considered unnccessary because their
performance is well documented in recent JICA studies; their resulls are incorporated into this
report for comparison.

Resulis are shown in Tahle - 2.2.4 (1 to 4). The typical composition of untreated domestic
wastewalter is provided in ‘Table - 2.2.5 as a reference point for comparing the test results.

(1)  BOD/COD ratio and per capita BOD loading

The BOD/COD ratio is an indicator of the biodegradability of the wastewater. Domestic
waslewater is highly degradable with a typical ratio of 0.4 to 0.8. The presence of industrial
wastewater will lower or increase this ratio depending on the waste’s biodegradability. A
comparison of data available for 27 facilitics indicates that 9 facilities had 2 ratio greater than 0.5
indicating high organic content. The majority of treatment works had low ratios caused by either
high levels of non-degradable indusirial wastes {i.e. high COD}) or in some cascs acule water
shortages leading to settling of biologically degradable solids in the sewers (i.c. abnormally low
BOD).

The highest recorded ratio was 0.82 for Nakuru and 0.71 for Busia and Thika. The lowest value
of .16 was for Kitale and is likely due to acute water shortages.

Extremely high COD values are recorded at Kericho, Kisii, Murang’a, Naivasha, and Kitale.
This result is difficult to explain since these locations are not heavily industrialised. Contrary 1o
expectations, the COD values in urban centres with large industrial areas {Thika, Kariobangi,
Eldoret) are within the normal range for domestic sewage of 500 mg/f (medium) and 1000 mg/f
{strong).

(2) BOD percapita

The estimated BOD per capita obtained f[rom the results of this study varied tremendously from
13 mg/f to 97 mg/f with and average of 83 mg/f. BOD contribution per capita varics from
13 g/day to 134 g/day. The normal range in Kenya is 48 to 60 g/c/day with a value of 50 g/c/day
used in design. No conclusions can be drawn from these results since they are greatly affected
by the amount of industrial wastewater discharged into the sewers and the amount of
groundwater infiltration and surface water intrusion.
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{3)  Performance of the treatment works - BOD removal

On average the influent BOD is strong at most treatment works indicating that individual water
consumption is low. The samplcs obtained at the treatment works ranged from 875 mg/( to

200 mg/¢ with an average BOD of 480 mg/¢. The low figure of 90 mg/¢ at Limuru cannot be
explained.

BOD rcmoval is a measure of treatment cfficiency. Despite the fact that most plants are
organically overloaded, BOD removal cfficiencies are gencrally quite good ranging from 24% to
97, Ideally conventional treatment processcs should achieve a higher level of BOD removal than
waste stabilisation ponds. However, the survey shows that both treatment processes have similar
ciftucnt BOD removal. This can be atiributed to mechanical cquipment failures, lack of process
control and organic overloading at older conventional treatment works. High BOD removals at
Naivasha and Kitale whose mechanical equipment has been out of operation for sometime can be
altributed to low sewage flows. High removal efficicncies at some waslc stabilisation ponds like
Bungoma and Muranga can be ¢xplained by low scwage flows.

se\\':il;: S‘fmks % BOD removal Urban centres Nu;(t:; "

Wasle stabilisation < 60 Busia, Isiolo 2
ponds 60-70 Webuye, Meru, Nakuru-Njoro, Nyeri 4
71-86 Embu, Kisumu, Nanyuki, Fldoret, Nairobi 5

81-90 Kakamega, Kitale, Machakos, Nakoru-town, 4

> 90 Bungoma, Thika, Murasga, Kapsabct 4

Conventioaal < 60 Limuru, Kiamba 2
60-70 Eldoret i

71-80 Kisumu, Nairebi, Nyeri 3

81-90 Nyahururu, Homa Bay, Kitale 3

> 90 Naivasha, Kericho 2

Total 30

Only iwo treatment works, Bungoma and Kapsabet, meet the required national standard of
20 mg/t BOD. There are many possible explanations for high effluent BOD results:

1}  Organic overload

2} Mcchanical failures or incorrect operation of conventional works

3} High quantity of algae in cffluent of WSP conlributing to high BOD
4)  No conltrol on the discharge of industrial wastes

%) Poor maintenance practices, e.g. sludge accumulation in ponds

It is also possible that unusual wet weather experienced in the weeks before the sampling may

have upset the eficcliveness of the process at several freatment works where storm water
intrusion is a prominent
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COD values range from medium to strong indicating that there is potentially a large component
of industrial or toxic liquid waste being discharged into public scwers. Elfluent COD’s in all
cases exceed cffluent standards.

Statistics on Sampling of Efflucnt Parametcers

TN S8 BOD cOop
Maximum 197 1170 460 633
Minimum 5.2 20 125 80
Average 22 351 99 223

Note: All values in mgfé
(4)  Performance of the ircatment works — pathogen removal

The level of faccal coliform is an indicator of the amount of pathogenic organisms in the
wastewater. The level of faecal coliform in the national effluent standard is restricted to 5000
per 100 m¢. For agricultural irsigation the level recommended by FAO is 1000 per 100 m{. The
results of the survey ranged between O to 1275 per 100 m¢ of sample indicaling that most
treatinent works are cffcctive at reducing coliform counts 1o less than 1000 per 100 mfé. The
only two treatment works that exceed the 1000 per 160 m/ limits are Homa Bay and Kariobangi
(Nairobi). In Kariobangi’s case ther¢ are no maturation ponds and the high faecal counts are
expected. In Homa Bay, the treatment works have maturation ponds; however, the extremely
high result of 25,600 per 100 m¢ indicates that the facility is hydraulically overloaded probably
because of high storm water flows and accumulation of sludge.

(5)  Receiving Streams

Samples were laken at 20 treatment facilities, upsiream and downstream about 200 meters of the
discharge point in order to gain a very crude measure of the potential impact of sewage treatment
¢ffiuents on receiving sireams. The results also provide a perspective on water quality issues in
receiving streams and put into question the relevance of strict effluent limits.

In 9 cases, the BOD of the receiving watercourse upstrcam of the treatment plant is higher than
the effluent standard of 20 mg/¢ indicating a serious surface water quality problem from other
sources of pollution. Samples of the Nairobi river taken upstream of the Dandora treatment
works show BOD values that are similar to those of weak 1o strong sewage. At 10 freatment
works, the BOD downstream of the treatment plant is lower than the BOD upstream. This resull
is difficult explain and seems to indicate that the effluent is contribuling a significant amount of
flow and in effect diluting the natural watercourse. However, this explanation is contradicted by
BOD values downstream of the treaiment works which are in every case less than the Ireaiment
plant effluent in every case indicating good dilution by the watercourse within a relatively shont
distance.
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(6)  Sludge treatment and disposal

For waste stabilisation ponds the need for sludge treatment occurs only when the ponds are de-
sludged. Most of the sludge is produces in anacrobic ponds and although the volume is reduced
thorough the natural digestion process these facilities usually have to be de-sludged at 4 10 5 year
intervals in order to maintain treatment efficiencics. Sludge accumulation in facullative ponds
should normally be very slow and de-sludging would normally occur at 15 to 20 year intervals.
However, in Kenya most primary ponds and facultative ponds suffer the heavy inflow of sand
and grit since grit removal and storm water by-pass facilities are not provided or oficn
inadequate. In Kenya de-sludging of ponds is rarely done and as observed during the surveys
most ponds are in desperate need of relicf. Municipal and town councils have indicated that they
do not have the required equipment such as sludge pumps. Where ponds are de-sludged, the
sludge is normally dumped on the ground within the site and left 1o dry. During the investigation
period the older ponds at Nairobi’s Dundora treatment works were being de-studged.

Conventional treatment works gencrate much larger volumes of sludge. Primary settling basins
must be de-sludged regularly and the studge produced by the secondary biological treatment
process must be wasted in order to maintain the appropriate mixed liquor concentrations. Sludge
from conventional treatmeat works is normally not stable and therefore needs to be treated
before disposal. The conventional work surveyed had digester facilities alihough some are not
operating properly because of mechanical equipment failures. Afier it has becn treated the
sludge is usually sent to drying beds and then sold to farmers for agricultural use.

2.3 Opcratien and Maintenance
2.3.1 General Obscrvations

Sewerage systems are gencrally working well below capacity due to water rationing and this
results in blocking of sewers and poor performance of treatment facilities. Maintenance
slandards are generally poor, in many cases non-cxistent.

With the exception of newer facilities, most sewage treatment facilities have either fallen into
scrious disrepair or arc non-operational and beyond repair. Clearly, it is only a matter of time
before most new facilities suffer the same fate. The following problems were noted during visits
made 10 facilities in 24 urban centres:

(1)  Most municipalities are not well equipped and do not have the revenue required to
support operalions, maintenance, and renewal of sewerage infrastructure,

(2)  Mechanised treatment processes are not maintained and most are inoperative due to a

lack of skilled trades people for maintenance or lack of funds to replace broken
equipment.

(3)  In many cases, mechanical and electrical equipment has been vandalised and never
replaced.
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Chapter 2 Present Sanitation Conditions

There arc few trained operators, as a resull conventional treatment processes arc not
monitored or adjusted to provide efficient treatment.

Most of the older treatment ponds (15 to 20 years) need to be de-sledged in order to
restore hydraulic retention times required for cflective treatment.

The grass al most ponds are not cut and in several cases embankments have been allowed
to deteriorate.

Mos! sewers receive a minimum of maintenance and most were installed more than 20
years ago. Although little is known about the condition of sewers in most urban centres
the survey has cstablished that most sewer reticulation is in need of maintenance:

Most sewer retficulation systems are not cleaned or flushed routinely resulling in the
heavy build up of silt, frequent blockages and conditions leading to septic sewage. Most
municipalities lack the basic equipment and tools for sewer mainienance.

The inspection of sewers in Kenya is not carried out. Without inspection it is difticult 10
assess with any certainty what the condition of sewer infrastructure might be.

In Kenya it is common 1o use stones or corncobs for anal cleansing. These materials lead
to frequent blockages especially in areas where sewers arc only 150 mm in diamelter.
The use of sand for washing kitchen utensils also lcads 1o excessive deposits of silt.

Several trunk sewers have collapsed or have become permanently blocked resulting in
sewage overflows into the environment. Pitch fibre sewers, which were widely uscd in
the 50’s and 60’s, have collapsed due to age and quality of materials.

In several urban centres, the amount of water consumed per capita is so severcly
restricted by a poorly performing water supply system that the sewer reticulation systems
are frequently blocked; in some cases permanently.

Infiliration is high in most urban centres and the flow into most treatment plants doubles
or triples during wet weather. If infiltration is high then leakage of sewage into the
ground and thus the ground water is inevitable and probably a significan! source of
contamination in arcas with shallow wells.

Leakage of sewage is also a scrious threal to the safety of piped water supply systems.
The widespread and frequent shortages of water can create negative pressures in water
distribution networks leading to the suction of air and also contaminated groundwaler (i.c.
sewage) through leaks in the distribution mains. Since residual chlorinating is often
inadequate there is a serious potential health risk.

Pumping stalions are a vital part of many sewage networks but jn most cases these arc
inoperative. Frequently pumps do nol operate because attendants are unreliable or
becausc they lack mechanical knowledge. In many cases the electrical services have
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been stolen and never replaced; as a result sewage overllows into storm water drains or
watcreourses can be obscrved at most pumping stations.

2.3.2 Typical Organisation

Organisational charis showing the number of skilled and unskilled workers for each urban centre
surveyed are shown in the sewer inventory data book. Unfortunately, Mombasa and Nairobi did
nol provide the information requested.

There is a wide varicty of organisational structures from one urban centre o the next. The
number of workers and the organisational structure depends to a large extent on the complexity
and numbcr of treatment facilities, and to the size of the sewerage system.

Generally speaking, operations and maintenance is usually organised in one depariment under
the direction of the town or municipal engineer. A superintendent reporting to the engineer
usually oversees actual day to day eperation of the trealment works and sewer system. Where
there is more than one trealment works then each treatment works will have its own maintenance
stafl and one foreman or superintendent in charge of operations at cach treatment works. Sewer
maintecnance is organised under the treatment works superintendenl and work crews are
responsible for the sewers in the drainage areas that flow to the treatment works. Depending on
the siz¢ of the operation, one or more foremen are involved in direct supervision of the
maintenance work crews. A typical organisational structure is shown in Figure - 2.3.1.

23.3 Staffing Levels

Stafling levels also vary widcly from one wrban centre to the next. The number of staff varics
from 0.2 to 3.1 workers per 1000 persons served. The average is 1.1.  In general, smaller
facilities tend to have higher ratio because they require a minimum of six to seven workers for
maintenance regardless of how small the population is.

Staffing levels in general appear to be adequate in most cases for wasle stabilisation ponds.
Municipalities with waste stabilisation ponds tend to have less skilled workers and more
labourers for grounds keeping. Staffing levels at large conventional treatment works and in

larger systems where pump stations are operated appear inadequate, cspecially in the numbers of
skilled opcrators, mechanics and electricians.

In all cases there appears to be insuflicient number of labourers involved in sewer maintenance.
There is little if any preventative maintenance and most sewer maintenance consist of

unblocking sewers. This is especially the case in smaller syslems were there are many small
diameter (150 mm) mains.

Eldoret is the only municipality that practice sewer use bylaw enforcement. Eldoret has 3
inspectors, 3 lab staff, and 1 labourer dedicated to this task. The lab also menitors BOD and
other parameters at the conventional treatment plant. Nakuru was supposed to slart a new bylaw
enforcement programme with the completion of the new treatment works. A total of 8 positions
were proposced but information on the actual status of this programme is unavailable.
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2.3.4 Human Resources and Skills

Alihough most facilities have good caretakers there is sadly a lack of trained operators at most
treatment works. Controlling what is happening throughout the process is particularly important
al conventional treatment works because they require constant monitoring of process parameiers
to and adjustments to obtain improved cfficicncies. Process monitoring, control and flow
measurement is non-existent in most locations. Only the lab in Nakuru is well cquipped and
adequately staffed by well-trained people. The lab in Eldoret is in poor condition and lacks the
equipment required for basic sampling and analysis.

No information is available on the level of workmanship practiscd by skilled trades such as
mechanics and electricians. As a general observation it can be said that most mechanical and
electrical equipment is in serious disrepair. A lack of skilled staff in most municipalities rather
than poor workmanship is the morc likely cause. In many cases equipment is just too old to
maintain and spare parts are difficult to locate. In most municipalities inadequate funding creates
a problem in shortages of spare parts and supplies for maintaining operations.

2.3.5 Operation and Maintenance Practices

There is very little information available on operation and maintenance (O&M) practices. O&M
practices vary widely from one urban centre to the next depending on the level of funding
available, management, and staffing. From the survey of various treatment works and
discussions with maintenance staff it is possible to make the following general observations:

(1)  Scwer blockages are frequent especially since many sewers seem to be (oo small to
handle the flow. Blockages tend to be addressed as quickly as possible when they
inconvenience the public. Sewers are usually unblocked using rodding machines and
cutting tools. Sewer inspection and preventive maintenance such as regular cleaning is (o
our knowledge never carried out so the general condition of sewers is unknown to the
operators. Most municipalitics are not well equipped for sewer maintenance and lack the
basic equipment for clcaning and flushing sewcrs, removing silt and grease.

(2)  Basic maintenance al wasle stabilisation ponds consists of grass culling, removing
screenings, removing grit, removing floating scum and weeds, and occasionaily de-
sludging. Alihough the level of mainlenance varies from facility to facility poor
maintenance practices were observed in almost every case. Simple grass cutting along the
embankments is not praciised regularly. Goals and catile are allowed 1o trample the
ermbankments. Scum and weeds in facultative ponds are almost never removed. Screens,
where they exist are cleaned regularly but the debris is usually not disposed of and
remains piled up on the side of the inlet facility. Sedimentation channels that were found
at most facililics were inoperative because the grit and sand had not been removed.

- 23 The Aftercare Study on
the National Warer Master Plan



Final Repert - Supporting Report
Part HI Sewerage Development Plan

2.3.6 Expenditure and Financial Resources for Operation and Maintenance

In most Tocal authoritics there is in general a serious lack of revenue to support the on-going
operation and mainicnance of sewerage infrastructure. At present, 38 schemes in 30 urban
centres are operated by LAs under MOLA’s supervision. The linancial performance of these
schemes during 1995, 196 and 1997 was surveyed by the study team. Of the 30 schemes, 15
yielded the nccessary data and these resulls are discussed in section 4.2 of the institutional
supporting report. According to the data, only two schemes have given a reasonable contribution
to asset management having spent a significant amount on O&M: Athi river and Nyeri.

Generally, the financial performance of sewcrage schemes varics considerably depending on the
success of the water supply system and the cost of O&M which varies according to the type of
technology used for sreatment. Some schemes such as Kericho, Nyeri and Athi river appear to
more than cover the costs of operation and maintenance; others such as Mombasa are reported to
be making large losses with tittle hope of becoming financially viable under current conditions.
Few, if any, are yet financially viable in being able to recover the costs of O&M, depreciation
and a contribution to reserves.

The sewerage charge is normally a surcharge on the water supply charge. The sewer surcharge is
normally set as a percentage of the water tariff (usually 50%) regardless of the actual cost of
providing the services. At present, progressively less revenue is collected to pay for sewerage as
more people become dissatisfied with the water supply services in some municipalities. The
viability of providing sewerage operations is very largely dependent on the good management of
the water supply system and the extent to which water can be delivered to satisfied consumers
who will pay their water bills {and therefore sewerage charges). The sewer surcharge is not easy
to implement where the water undertaker is under different management. In at least 3 towans,
(Meru, Kisii, Muranga) significant amounts of money have not been transferred from the water
undertaker (MWRY) to the LA. The same is apparently true of NWCPV (GTZ report on 12 towns,
1995, UWASAM) which usually collects the sewer surcharge on behalf of the LA when it is the
water undertaker.

This explains why twelve municipalities surveyed by GTZ in 1995 indicated an interest in
becoming water undertakers:

1) In order to have sustainable management of sewerage schemes it is imperative
that they control the water supply system as well.
2) They were experiencing difficulties in getting the funding for expansion of the

sewerage systems because most financiers would like water and sewerage issues
1o be planned togcther.
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2.4  Summary of the Major Issues

The population is growing at an alarming rate exerling pressurc on existing water and sewage
infrastructure and the environment. Currently most people living in urban cenires (about 859)
have access to potable water supplies but only 28% have the bencfit of waterborne s¢wage
disposal. This means many people are discharging waslewater into the epvironment.

The need for sewerage development is great but development has been very slow over the last
decade. Extensive work will be required to extend and develop sewer reticulation to scrvice the
growing urban population. Most sewerage facilities have fallen into a serious state of disrcpair
and a tremendous effort and resources will be required to improve the cfficiency and
effectiveness of secwage ireatment works lo prevent health risks and environmental
contamination. Major conslraints to the sustainable development and operation of sewerage
projects include:

(1)  Lack of information for planning

Much of the basic information required for proper planning is uravailable. Good records and
statistics are required for good planning. Examples of the information required to support
scwerage planning and operation are:

1) location, quantily of discharges into water fcsources

2)  regular water qualily monitoring, linked to flow records

3)  the size and characteristics for urban centres such as population densitics and land
use

4)  the number of contributors

5) the sewage inflow 10 each public sewage treatment works

6) the operating efficiencies of sewage treatment works

7) aninventory of important industrial effluent discharges and treatment plants

8) the quality and quantity of industriai effluents

Once the data is collected il must be studicd to identify trends in pollution for cxample and to
identify potential priority areas. Investigation is required into how the effluent from treatment
works and industry affects receiving streams, and to determine appropriate treatment design
criteria and standards for effluent discharges.

(2)  Insufficient operating revenue to suppor operation and maintenance

Low revenue conlributes to inadequate budgets for operation and maintenance. Insufficient
revenue is the principal cause for the serious state of disrcpair in most sewerage systems. Low
revenue is the result of: i) unaccounted for water due to unmetered consumption; ii} customers
unwilling to pay because service levels are inadequate e.g. water rationing; iii) revenue billing
and collection that is not well managed; iv) sewer surcharges that are collected by water
undertakers but not remiited to sewerage operating authorily; v) revenuc collected for sewer
services that are used to finance other municipal priorities; and vi) tarilfs that are too Jow and do
not represent the true cost of providing services.
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(3)  TFacilities difficult to operate and maintain

There is no national standard for the planning and design of sewcerage systems. Since most of
the infrastructure is funded through donor agencies, foreign consultants carry out much of the
planning and design. This has resulted in a wide variely of methods and desigus often leading to
the selection of inappropriate technology unsuitable for local conditions, difficult and expensive
to operate and maintain.

{4)  Insufficient water supply for sewer operations

The scparation between the operation of sewerage and water services has lead to a serious lack
of cooperation to planning and problem solving. In several cases, conventional sewerage is
provided in areas where individual water consumption is too low for proper operation resulting
in blocking and in some cases complete failure.

In other cascs, water supply systems that were once adequate have deteriorated to the point

where water rationing is required.  This also results in low wastewater flows and eventually
sewage system failures.

(5)  Shortage of trained personnel

There is a scrious shortage of trained personnel at every level from engincers, 10 sewerage
system opcrators and sewer maintenance staff and skilled trades people. The implementation of a
sewerage development programme will result in many more sewerage treatment plants and
kilometres of sewers to be maintained. Without sufficient quantity of qualified people future
investments in infrastructure will not provide the intended benefits. Furthermore, without proper
operation and maintenance new systems will quickly become dysfunctional and the government
will once again be saddled with the financial burden of paying the higher cosis of replacing
rather than the lower costs of maintaining existing infrastructure.

(6)  Lack oftools and cquipment

It is not enough to hire and train sufficient quantities of staff. This staff must be given the tools
they need to do the job. At the present time, those responsible for sewage disposal services are
badly handicapped by lack of transport, poor office facilities, and bad communications.

‘The situation is the direct result of inadequate operaling revenue and can only be corrected by a
concentrated effort to improve collection of revenue and subsequently increased spending for
sewer operations.
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{7} Inadequate preventive maintenance

There arc two types of mainicnance management: crisis and planned. In crisis management
agencies perform repairs and maintenance primarily in responsc to emergencies.  This is
common in most sysiems cncountered in Kenya because preventive maintenance is neglected.
Crisis management is more costly in the long term because problems 1end to get larger with time
and cventually facilitics must be replaced before their normal life cxpectancy.

(8) Ineffective control of industrial wastewaler discharges

It is anticipated that in the future most industries will discharge their waslewaier 1o public scwer
systems instead of directly into the nation’s waterways. These discharges may contain
significant amounts of toxic pollutants and other substances that can affect the treatment systems
and possibly interfere with its performance. Some pollutants may pass unchanged theough the
treatment process and into recciving streams. The pollutants may enter treatment plant sludge
making its disposal difficult and re-use impossible.

If left uncontrolled, industrial pollution of water resources could lead to more costly water
supply schemes {more treatment, clean source further away) and health problems with associated
COSiS.

9) Poor operation of sewerage works

Many treatment works and pumping stations are currently inoperative because mechanical and
electrical components have failed or maintenance has been neglected for too long. Other
systems are overloaded because the connected population has growth beyond the original design
capacity. These two situations result in the disposal of sewage without adequate treatment and
many operating problems.

Most other treatment works fail to meet effluent standards because there is a lack of process
monitoring and control due largely to the lack of procedures and trained operators.
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