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1.0 INTRODUCTION

1.1 Background

The provision of sanitation is a key developmernervention — without it, ill-health dominates aelifvithout
dignity.

The term sanitation in its widest sense coversetacdisposal, sullage and storm water drainagég seste
management and hygiene and stresses the need beygod a concern with the provision of the fa@htito
consider the services that people receive. Howdhis Practice Manual does not cover indepth sty analiysis
of stormwater drainage and solid waste manangement.

Simply having access to sanitation increases heaiifi-being and economic productivity. Inadequssitation
impacts individuals, households, communities antchtiies.

Despite its importance, achieving real gains initation coverage has been slow. Scaling up anceasing the
effectiveness of investments in sanitation needdoaccelerated to meet the ambitious targets ofeiilum
Development Goals.

Nearly 40% of the world’'s populations (2.4 billiohave no access to hygienic means of personalasanit
Globally, WHO estimates that 1.8 million people @&ach year from diarrhoeal diseases, 200 millioopfee are
infected with schistosomiasis and more than lduillpeople suffer from soil-transmitted helmintheictions. A
Special Session on Children of the United Natioes&sal Assembly (2002) reported that nearly 5,50@lieen die
every day from diseases caused by contaminateddioddvater.

Increasing access to sanitation and improving mygibehaviors are key factors to reducing this smowrs disease
burden. In addition, such changes would increaBedattendance, especially for girls, and helpstichildren to

learn better. They could also have a major effacthe economies of many countries — both rich ayat p and on
the empowerment of women. Most of these benefitsldvaccrue in developing Nations.

In Kenya, Environmental sanitation coverage dedliimethe decade upto 1990 and saw modest gainsatter. In
1983, the national sanitation coverage was estitretd9%., 45% in 1990 and 46% in 1996. Differeincaccess to
adequate sanitation between urban and rural enaeats still persist, with the formally planned utkareas being
better served than rural areas, urban slums, dodrnal settlements. In Kenya, 72% of the excrespasal facilities
are simple pit latrines providing varied degreesaiety, hygiene and privacy.

1.2 Purpose of a Practice Manual

Lack of a National Standard for the Planning andi@® Operation and Maitenance of Sewerage andébiani

Systems has been singled out as one of the comtrdbof most sewerage and sanitation servicemnfpliito a

serious disrepair. Most of the sewerage infrastinechas not been compatible with Kenyan conditgergerally and
more particularly with specific site conditions.i§hesulted in a wide variety of methods and desigften leading
to the selection of inappropriate technology uralé for local conditions, difficult and expensiteeoperate and
maintain.

Consequentlythe Practice Manual for Sewerage and SanitatioKenya has been compiled with the aim of
providing guidelines and criteria for all those dahwed in Water Sector.

The objective is to streamline the Sewerage and&imm Sector and guarantee that NEMA standard3ewerage
and Sanitation are achieved.

The aim is to eliminate past mistakes and thaturess can be used more effectively if the framewsitkin which
they are deployed is clearly defined.



1.3 Scope of Application

The scope of application of this Practice Manuasdollows:-

1) This Practice Manual applies to the planning arglgiteof sewerage system and sanitation in Kenya.

2) The objective of the Manual is to reduce the capitessts through the application of appropriate
technology.

3) To be a demand responsive Manual at the commueN® lto significantly increase sustainability of

sewerage and sanitation systems and hence thenfidirstanding and cooperation of the community is

necessary to ensure that the system functioris, therefore, necessary to pay attention to cormptan
such as hygiene education, training in operaticintenance and environmental education.

However, this manual has been prepared throughhinesad&ing which requires farncovering Best Practices
and learning from othersand hence global information on the same have bbttined and synchronized.

1.4 Target User

This Manual has been prepared for staff of MinistfyWater and Irrigation, Water Service Boards, gv&ervice

Providers, Water Resouces Management Authoritiesns@tants engaged in planning, designing and the

construction of appropriate sanitation and sewefagities in Kenya. Foreign agencies funding théacilities and
NGOs who have an interest in supporting the samitagector, will find this manual a useful referermegister. The

Manual will serve as a background document and dsasis for discussion during project preparation an

implementation.

1.5 Overview of the State of Water Supply, Sanitation ad Sewerage Services in
Kenya

151 Water Supply Services

The water sector in Kenya is facing enormous chghs today as the Government has already recogthiaéthere
is poor provision of water supply and sanitatiorviees that has impacted negatively on the econai@ielopment
of the country by affecting major sectors that ue: health, industry and commerce. In additionmen and
children labour is now spent more on looking fortevarather than for productive purposes. All thésee
contributed to increase in poverty levels in thardoy.

The Small Towns Water Supply and Sanitation stwynél out that the services were of poor qualityrdliable
service had become the rule for most piped syst8msause of a limited focus on comprehensive wasources
management, many water supplies face uncertairtyregard to availability and quality of water, esfally during
the drought years. Lack of investment in mainterahas resulted in the collapse of the WSS infrasira
specially distribution networks, sewers, conneicand meters; hence, the need for massive reladioitit
everywhere. There is, therefore, no outstanding Besctices in Water Supply and Sanitation ServiSehemes
owned by some municipalities but managed by pricat@panies portray relatively good management rimgeof
revenue collection and financial, operation andmesiance management.

In spite of some measures put in place such asidgrrautonomous water and sewerage companies,
management of the water systems has not beenas#tisf in terms of service quality, water loss ¢&dsg revenue
collection efficiency and flexibility in respondinip consumer needs for increased demand and expaotithe
distribution network. There are problems in reéngjtand retaining management and technical persofihe Wate
Companies are over-established at lower cadreahsasrbing resources that are critically neededippart optimal
operations. Poor management of water supply scherftes leads to declining levels which reduces ckanof
good cost recovery arising out of unwillingnesgptty and resulting in sector investments not keepiacg with
demand.

the



Water supplies managed by the Service Board hav@dbrest operation and maintenance performancteridis
and spare parts for repair of water and sanitdtioitities are never availed in time. Documentatidroperation and
maintenance and field activities is either imprdypeione or not done at all. The water supplies erpee high
unaccounted for water and frequent bursts and tgekahat take long before they are repaired. Thay e
attributed to bureaucracies and unavailability @aurces. Revenue generated from the sale of \igmteever
ploughed back into the systems. Schemes staffadypremunerated and, therefore, lack working nera

The National WSS strategy paper recognizes thatobrtbe key serious weaknesses in the water sbe®been
lack of demand management due to lack of attentidhe following areas:

e Centralized decision making;

*  Weak institutional framework;

» Large quantities of unaccounted for water (over hd&akages which are rarely attended to;
» Poor operation and maintenance of facilities;

» Poor designs that do not take into account pressmes in various schemes;

* Inadequate management and financial skills;

» Lack of monitoring and evaluation of the system;

» lllegal connections and theft;

» Diversion of water revenue to unrelated activitesc

e Tariffs that do not encourage consumers to respomttreased water usage.

The above institutional weaknesses are causedritedtl national economic growth; poor organizaticstalictures;
lack of autonomy and unclear definition of roleading to conflicts. Other weaknesses include:

» Poor coordination between sector institutions legdo wastage of resources and duplication of &ffor

» Lack of adequate skills to manage and operate \safgplies commercially;

* Inadequate logistical and institutional capacity &ffective maintenance, material supply and cost
recovery to operate systems;

* Political interference; and

» Diversion of resources for water services to otlreelated activities.

Basic data on water is always available from opesatrecord books. However, none of these recordsuaed for
any situational analysis. Such an exercise would meforward planning by identifying problems apdoviding
appropriate solutions when they are anticipated.

Most of the water services infrastructure was aoesdd between twenty and forty years ago. Theeefioost of it
has outlived its economic design life and are igeat need of rehabilitation and augmentation terctr age and
increased demand due to increased population. Enfermances of most of these systems have beemwbelo
expectation due to the several factors contributintpis state of affairs.

Operation and maintenance of sewerage systems lWwagsabeen ignored and very little attention isegivto
effluent quality control. Some of the sewage traattnworks are either neglected or abandoned altheagage is
allowed to flow into the plants. A random reviewefents identified as a result of the analysisreg reports on
actions of mobilization about wastewater issuagbé@Kenyan local dailies are as outlined below:

Contamination of water sources: Contamination ofewsources was reported on 21st April 1998 in Mghere
medical wastes were disposed 100 meters from Nchatgr source. Other reported cases covered Nakunpsite
located on the faults of Menengai crater and wasfiénges of Lake Nakuru National Park where tracEbeavy
metals such as chromium, zinc, lead, arsenic, aoe@, manganese and mercury were found. Casesveérage
systems breakdown were reported in Machakos, Kisiyandarua, and Embu districts with the effluéntling

their ways into water sources used by community bers



A case was reported in Hola district hospital inrihA998 where raw sewerage flooded the hospital #us
hampering service delivery. The situation forced thedical staff and the patients to use the nebdsh for
defecation. In Athi River, it was reported that es/water pollution from industry, garbage and éedfluent had
threatened the lives of the water users downstr@dm.water quality in some parts of the river waisnid polluted
over 2000 times above the WHO standards. The efflirem the Pan Paper mill treatment works in Webwgas
reported to be dangerous to both human and adifatidhe El-nino rains of 1998 led to overflows the existing
pit latrines and consequently the faecal wasteddtsmway to the water sources.

The management and operation of water supply sché@mi€enya are currently facing several problentse Tost
severe of which are waste of water, lack of adegtethnical and commercial management skills, undiection
of water revenue, large number of defaulters paletity Government institutions and mismanagementegénue.
The situation characterized by the following amotigers:

e Frustration and despair on then part of water comess;

» Intermittent supply of water with the reductiongiroduction output of industries;

» Intermittent supply of water interfering with smhaunning of health care institutions;

* Increasing number of defaulters due to weak dell#atmn procedures by water undertakers;

» Irresponsibility and dishonesty on the part of sdwag players, particularly the management of water
undertakers such as Local Authorities;

* Inadequate investment in water resource management;

e Lack of capacity to manage the operations and miaantce;

» Non prioritization of investment in water resournanagement; and

e Expensive dirty alternatives to piped water.

Operations and maintenance is an area where thie gebtor has had a dismal performance acroskdhed. More
so because the importance of operations and maimterhas been down played.

Infrastructure in water supply systems consistantdke facilities, generators, pumps, water treatn@ants,
distribution pipe network, and storage tanks. Mamaihce of this infrastructure is the applicationm@nagement,
financial, procurement and engineering skills irrguit of economic life cycle costs. This involvesstallation,
commissioning, operations modifications and replaes of systems, components or sub-components with
feedback of information on design, performance, @osds.

Maintenance is usually undertaken in order to pmevailure or in response to failure or in orderit@rease
availability of a system. Maintenance requires gssfonal expertise and consists of:

 Maintenance planning which includes routine maiate®, scheduled maintenance, un-planned
maintenance, emergency maintenance, stand-by tppslan, spares procurement schedule, systems
operations schedule and disaster recover plans;

* Maintenance performance that is the carrying ouaaifial maintenance at the right time, in the right
way, by the right personnel with the correct spaies resources; and

* Maintenance control that ensures that plans anewath in spite of obstacles, variations and unasites
in both the organization and the environment. Tamprises of budgetary control, production control,
inventory control, quality control and performarwmtrol.

The ad hoc approach to maintenance of water figsilltas resulted in none availability or internmtteupply of
water in several towns in Kenya.



15.2 Conditions of Sewerage Systems

1.5.2.1 Sewer Reticulation

Sewers for domestic and industrial wastewater eparate from storm water drainage except in thetr@en
Business District of Nairobi where there are corabisystems. Most of the Local Authorities in thedstareas
had no information on the physical condition of seweticulation. This makes it impossible to comtm@mactual
sewer rehabilitation needs. The authorities dohaok regular sewer inspection programs for dateain.

Newly constructed sewers are generally in good mgrirder despite a general lack of preventive teaiance
such as regular cleaning and inspection. Trunk seare usually oversized to provide spare capdaityuture
flows with exception of Webuye Municipality whereetsize of the trunk sewer to the sewage treatpiant is
225mm diameter. Some towns have not realized thegied wastewater flows as the mode of the wateplg
system is by rationing or the extension of the semetwork does not cover all the areas alreadyeskwith
water. As a result, accumulation of

Sedimentations in the sewer lines is common afidies are too low to provide self-cleaning veloedi

Most of the sewers constructed in the last 40 tyédrs ago are in poor structural conditions. Dewelent has
exceeded the available hydraulic capacity of ok#avers in the old central business districts suctha case of
Mombasa City. This has resulted to frequent bloekagverflows and surface flooding.

Lack of adequate sewer network leads to underatiim of the capacity of the existing treatment kgor-or
example, the recently completed Mombasa sewagéntema works has a capacity of treating 17,086ay
whereas it receives influent of less than 50%o€lgsign capacity.

1.5.2.2 Wastewater Treatment Facilities

In the publicly operated systems, waste stabilimafponds are used in 27 out of 39 facilities inggec
Field investigations showed that the ponds are sbluoperating under harsh conditions when contpare
to the other systems. Generally these provide proditee operation with the exception that mosthef t
older ponds are filling with sludge and vegetatibat generally reduce retention times and therefore
treatment efficiency. The remaining treatment warks conventional processes such as biologicalresth
growth filters (6No.), three oxidation ditches, three aerated lagoons. In general, most of thentlyce
constructed sewage works are operating far belew ihtended design capacity. The low flow rates lba
attributed to: low rate of sewer connections aradi@quate water supply systems resulting in loncppita
water consumption.

1.5.2.3 Effluent Disposal

In Kenya, all treatment plant effluent is dischatgato an inland stream or lake except for Mombabkare
uncontrolled and untreated sewage is currentlygodiacharged into the Indian Ocean. Homa Bay Town
and Kisumu City discharge high B@Q&nd nutrient rich waste directly into Lake Vicerand Nakuru and
Naivasha discharge treated effluent into ensitaasgstems of lakes Nakuru and Naivasha respectitiely
algae in a waste stabilization pond effluent ctwiie to both its suspended solids content and BOW.
technology systems comprised of rock filters hagerbinstalled at Njoro and Old Town treatment works
in Nakuru. Rock filters consist of a submerged psroock bed within which algae settle out as tlierft
flows through. The algae decompose releasing migrignat are utilized by bacteria growing on theasie

of the rocks. In addition to algal removal, sigréfint ammonia removal may also take place through th
activity of nitrifying bacteria growing on the sade of the filter medium.

In general, where public sewerage systems exidysimies usually discharge their effluents into Heavers.
Enforcement of the National Trade Effluent Standdedthe responsibility of the WRMA and NEMA. Thexe
severely crippled by a lack of resources to inspahistries and monitor, collect and analyse dBit&. continued
uncontrolled disposal of industrial wastewater ibaintreatable in the municipal wastewater treatmeorks has
degraded the existing watercourses around the tawdghus seriously affected the quality of drimkimater for
the downstream users.



1.5.2.4 Operation and maintenance practice

The Operation and Maintenance practices of the iIsggesystems vary widely from one urban centréa¢onext,

depending on the level of funding available; avality of tools and spare parts; equipment; and agement and
staffing. In several urban centres, sewerage systam working below capacity due to water rationargl

blocking of sewers.

Sewers are not inspected or cleaned regularly lae tappears to be no efforts to prevent conditibas will
eventually lead to more serious and costly mainteagproblems. With the exception of the newer itéed, most
sewage treatment facilities have either fallen sddous disrepair or are non-operational and betyepair.

Maintenance requirements for waste stabilizationdsoare very simple; however, they are neglectdithoAgh
the treatment process is not immediately affedteel,pond environment will suffer, leading to odqulies and
mosquitoes.

The maintenance requirements of ponds are verylsjrbpt they must be carried out regularly. Othesyithere
will be serious odour, fly and mosquito nuisancaimfenance requirements and responsibilities nmesefore be
clearly defined at the design stage so as to apmitblems later. The following routine maintenancévities
were found lacking in almost all the ponds visited:

(a) Removal of screening and grit from the inlet works;

(b) Cutting the grass on the embankments and removisg that it does not fall into the pond (this é&cessary
to prevent the formation of mosquito-breeding hatbitthe use of slow-growing grasses minimizes);

(c) Removal of floating scum and floating macrophytesy. Lemna, from the surface of facultative and
maturation ponds (this is required to maximize pbkphthesis and surface re-aeration and obviate fly
breeding);

(d) Removal of any accumulated solids in the inlets autets;
(e) Repair of any damage to the embankments causeadewyts, rabbits or other animals; and
() Repair of any damage to external fences and gates.

Field observations indicated inadequacy of labautieat led to lack of instructions on the frequeatwhich the
above tasks were done with adequate and constaet\ésion. There were no records showing whether th
supervisor/foreman had a weekly intervals pond teaence record sheet.

In order that the routine operation and maintenaasks are properly done, WSP installations mustdegjuately
staffed. The level of staffing depends on the tgpénlet works (for example, mechanically rakedesars and
proprietary grit removal units require an electrehsmical technician, but manually raked screensraadually
cleaned grit channels do not), whether there arsiterlaboratory facilities, and how the grasstis (canually or
by mechanical mowers).

There is a lack of process control and monitoringnast conventional treatment works. These treatmkamts
require constant monitoring and process adjustmeardeder to provide the intended performance.

1.5.2.5 Sludge Treatment and Disposal

The field survey revealed that desludging of poisdsrely done and most ponds are in desperate ofetief.

Most of the conventional works surveyed had faesitfor digesting and subsequently drying the studgeated
sludge is usually disposed of at the municipal dumpold to farmers for agricultural use where ¢hisrcultural
acceptable.



Septic sludge of privately owned septic tanks amaksaway pits is removed by local authorities, Mgini of
public works or private firms operating on call. Mdocal authorities own at least one sludge exieatsick but
generally these are unreliable and often unavailabhere is little control over the disposal of teegludge.
Treatment works do not have any special provisfonaccepting septic wastes.

Private firms tend to discharge sludge into neattainage ditches or open field. The indiscrimindiposal of
septic sludge is a serious health hazard and attto¢he environment.

153 Security

A chain-link fence should surround ponds and gsiteaild be kept padlocked. Warning notices, in i@aepriate
local language(s), attached to the fence and auyithat the ponds are a wastewater treatment tfacédind
therefore potentially hazardous to health, areresdeto discourage people from visiting the pondsijch if
properly maintained should appear as pleasanttingvbodies of water. Children are especially akrias they
may be tempted to swim in the ponds. Birdwatch&d launters are also attracted to ponds by the -oitén
variety of wildlife, and they may not be aware thhe ponds are treating wastewater. The presence of
hippopotamuses and crocodiles in a pond makes sggriphzardous, and can be fatal: hippos have kitiege
pond operators at the Dandora WSP in Nairobi irpte.

154 Financial analysis and indicators

1.5.4.1 General Experience

Independence from Parent Authority: For those companies which have become independenttheir parent
institutions, it was found that their operationg amooth and records maintained on a daily basis.tltose
Councils still attached to the parent institutidake time to keep records on a daily basis. Thay twevards the
end of the reporting period when they start pregathe accounts. With the current water sectorrneso it is
expected that the trend will change.

The Local Authorities schemes run into problemsabse they had to be controlled by the resolutidnthe
Council and the arm of the Treasurer. Thus, experet do not necessarily have to be prioritizefhuwour of the
Water and Sewerage Department, but the chips fadirevpersonalized interest fall. Therefore, theastfucture
is neglected, and more so the sewerage system, fiduesiue generated in the WSS is utilized in sanrelated
services.

Staffing Levels and Competence:Majorities of the staff in the commercial/accougti division are not
professionally qualified. Experience shows thatetie one or two qualified while the rest are Mdbst schemes
have raised concerns about meter-reading procdss. Has affected billing and therefore levels ofereue
collection. No proper records are kept due to quion in the metering process. The main problesiliethe:

* Recruitment process;
* Lack of incentives;

e Lack of training; and
e Poor supervision.

Commercialization of WSS will see improvement inrtetment and performance.

Most institutions tend to have a bottom heavy kifitructure. For most Local Authorities, the baittends to
have mostly unqualified non-productive staff. Darihe study it was found that the unproductivefstafds to be
politically protected. Staff rationalization theoed in all areas should be undertaken. It was niht@dsome of the
postings to the sewerage section was on disciplihasis because of the dirty nature of this secfidmis trend
will have to be reversed and instill professionalisa operations and staff management.



Staff ratio: It was not easy to determine with accuracy the gtathe sewerage section due to high turnover in
this section. Most of the staff in the seweragdisecare posted on disciplinary grounds. As a tethdre is a
high turnover in the section.

It is not possible to look at sewerage staff ragio 1000 connection although such a ratio wouldfjuthe level
of staff in sewerage section compared to connégtiviihe most ideal situation could be that for gvesater
connection the must also be a sewer connectioepexehere there is a communal standpipe. Therefaged on
the water connections, Table 1.1 gives the stdib far those towns whose information was availathtethe
World Bank study (Aide Memoire, 2000), the statiodor other African Countries for instance Ghdrzal a staff
ratio of 17.7, Uganda 30.0 and for the Nairobi Ci6/2. Thus, the ratios in Table 1.1 compare faablyreven
though they are generally high.

Table 1.1 Water supply staff ratio per 1000 connection

Town Number of staff Number water | Staff per 1000
connections connections

Nanyuki 72 5741 12.5
Kericho 141 6500 21.6
Naivasha 12 1600 7.5
Meru 76 2917 26
Nyeri 136 7019 19
Thika 106 850 12.4
Eldoret 157 15317 10.2

1.5.4.2 Expenditure to Billing

This indicator is of importance as it indicates tiiee the operators are able to meet their recubhgations
from the revenue billed. Of the study towns, thibofeing seven towns cannot be able to pay theiigaltions
from the sewerage revenue:

e Mombasa 161%
» Kericho 99%
* Isiolo 117%
 Mavoko 504%
* Kiambu 129%
* Naivasha 92%
» Eldoret 86%

1.5.4.3 Operation and Maintenance relation to Billig

From this study, it is evident that there is minimgpenditure related to sewerage operation andtaer@nce, yet
the sole purpose for any business is to safeguamgkove and maintain operational assets so that tam

continue to generate income. Neglect, which is egsed in most public utilities and thus resultiogdss of

revenue and high cost of replacement of the diktpid assets.

The capital outlay in the water and sewerage iesliis enormous and this outlay or investment seeted to
generate income over a long period of time. Suahdlity of this income is based on the premise thatassets
will continue to be operational. For the assetpadorm, they must be maintained on a continuowssbahis is
not the case for most water and sewerage operators.

O&M therefore is a factor of production and distition in a utility such as water and sewerage aasl &
relationship with volume of sales and generatioreoEnue. It is therefore important to determirerilationship
of O&M to revenue. This relationship however shontit be seen on a short-term basis, as its impagtiong-
term.



1.5.4.4 Sewerage Revenue to Total Revenue

Revenue from sewerage seems to be too low companedter revenue. Most towns’ sewerage revenuel®b
31%. This can only mean that sewerage connectinitpost towns is very low. The odd towns such asuriu
and Homa Bay show percentages of 54 and 50 regphctiThe average sewerage revenue for all towas th
provided information is about 9.8 per cent.

Generally sewerage connectivity in most towns iy Wew. Mombasa has the lowest ratio of 0.08 pet @ this

regard. The cause of this is due to very low cotiviecand a very low tariff (Kshs 15 per connectiorespective
of water consumed).

1.5.4.5 Performance based on various scenarios

There are four scenarios in the provision of watgply and Sanitation services:

* Same water supply and sewerage operator - Sdlfg#ind revenue collection for both water and sager
» Different water supply and sewerage operators -eWagperator bills and collects for sewerage;

« Different water and sewerage operators - Sewerpgeator bills and collects for sewerage; and

»  Water Supplier different from operator - Self-litl for both water and sewerage.

The first scenario is the most problem free asdherator for both is the same and there are nddstdn
collection of revenue as long as there is effedtilleng and an appropriate tariff.

The second scenario has proved to be a sourcenfiictd®etween the water operator and the seweopgeator.
In most cases the sewerage operator complaingeaféiter operator not remitting collected revenugime. The
sewerage collector normally would expect full papieot taking into consideration that there areadiérs and
part payments. This caused mistrust especially dstvw ocal Authorities and the NWCPC.

The third scenario also is a source of conflictthAlgh the sewerage operator bills and is resplngds
collection, there are always conflicts especiallgeve there is no sufficient flow of water and thestomers
sometimes refuse to pay. It is also not easy toreafcollection, as sewage cannot be disconnected.

The fourth scenario creates a problem when thegeviery high tariff differential. The case in poiatNakuru
Town where the Municipal Council sold water beldw bulk supply rate and therefore incured losses.

During study, these scenarios were noted and tre affective scenario is where the operator isamsible for
both water supply and sewerage and can determénlectst way to manage the customers.



2.0 COMMUNITY PARTICIPATION IN THE PLANNING OF
SANITATION SYSTEMS

2.1 Community Participation and Cooperation of Stakehotlers

Sanitation intervention will have a high degree soitcess if the community is participating in the

formulation of the scheme and in some cases theyldtbe prepared to contribute their time and labor
during the construction phase. Achieving commumitgeptance requires considerable effort since in
many cases the benefits of sanitation are not appand the householders may be completely satisfie
with their existing sanitation facilities.

211 Existing Participatory Methods in Kenya

The key participatory approaches used in the priomotof hygiene in Kenya are the
PROWWESS/SARAR, Objective Oriented Project Plani@@PP), PHAST, DELTA and PRA. These
methodologies have been adapted mainly by the M&@Hyell as various local and International agencies
namely, UNICEF, WHO and Sida supported projectstiohc Aid, Help Age, Intermediate Technology
Development Group (ITDG), CARE Kenya, KWAHO, Lakeadin Development Authority (LBDA),
Africa Now, NETWAS, RWSG-ESA etc (Refer table 2.1)

Table 2.1 Key Participatory Methods used in the Prmotion of Hygiene in Kenya

Method Institution Where used

PRA Action Aid Project areas of Eastern, Coast,
Africa Now Nyanza and Western Provinces
CARE
KWAHO
KEFINCO
Kilifi Water and Sanitation Project
(KIWASAP)
LBDA

PHAST Africa Now Various regions
CARA-Kisumu
KWAHO

MOH

SARAR KEFINCO Various Regions
Africa Now
Action Aid
KWAHO
CARE Kenya
ITDG

MOH

ZOPP/OOPP CARE-Kisumu Siaya, Kakamega
Action Aid
Help Age
KIWASAP Kilifi

From the review undertaken in Kenya by WHO/UNDP,was clear that most of the methods
complemented one another; none of them stood oin tven. All the people interviewed on what
participatory approaches were, and most definech the “methodologies which assist trainers to tattget
local people- making it easier for the differentengies to get information from the community ancevi
versa’. These methodologies are not used in isolabut in combination. They are widely used to
address health and hygiene problems. Participatoethods are used for training, for material
development and in field application at variouse@nfor example, in problem identification, anadysi
during planning and implementation, and also fornitaring and evaluation. They are considered a
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breakthrough in communication and have been adopyedther sectors such as Agriculture, nutrition,
health and housing.

Most of the methods especially SARAR and PHAST atapted by redrawing the pictures to reflect the
local situation and for community diversity purpsse

2.1.1.1 The PHAST Initiative

The PHAST initiative owes its success to all thege who have faith in the capacity of all humaings
to be creative and to be leaders of change, ifaggbred in the correct manner.

What is PHAST?

P articipatory

H ygiene

A nd

S anitation

T ransformation

. . . Is an innovative approach to promoting hygiesanitation, community management of water and
sanitation facilities.

PHAST uses methods and materials that stimulatepéngcipation of women, men and children in the
development process.

The PHAST initiative is built on some of the momrcently developed principles on how to promote
sanitation more effectively. Some of these wereresged in WHO Informal Consultations held in 1992
and1993, and have since been expressed and affeisedhere.

The promotional principles built into the PHAST imedlology are as follows:

B Any sustainable improvement in hygiene and sanitathust be basedon a new awareness of the
complex interaction between behaviouraland teclgiocld elements.

B The best way to achieve sustainable improvemdnttiske an incrementalapproach, starting with the
existing situation in a community and building upexies of changes.

B |mprovement in hygiene behavior alone has been shtowhave a positive health impact whereas
improvement in sanitation facilities alone may hdhg health benefits. Therefore, greater emphaesisis

to be put on improving hygiene behavior, but theaidsituation would be one where improvement irhbot
behavior and facilities can take place simultangous

The following is the strength:-

D3

» Its focus on hygiene behavior change

» Its usage of visual tools; its creation of awarsnes

» Its enhancement of community participation and inglpin resource identification and
improvement of sanitation coverage;

It enables communities to discuss and generatddesg; and

PHAST is easy to use in terms of interpretation a@plication, and is relevant for solving
problems on sanitation as well as changing comipg@rceptions

D3

D3

o,
°n

o,
o

The following is the limitation:-

5

%

Concerns that it may open discussions especiallysensitive issues which must be handled
skillfully;

That it is very expensive to implement;

That the tools can only be used by trained persons;

That one requires a series of trainings to gainpeience;

That the impact takes long to be felt; and

5

%

5

%

5

%

o,
°n
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% PHAST requires skilled artists to draw picturest thee easily understood and interpreted. This
finding emphasized the fact that a lot of trainisgrequired for trainers to gain skills in the
training, interpretation and application of toalddifferent contexts

2.1.1.2 SARAR

What is SARAR?

As thinking in development, and in health, has esdlit has been recognized that sustained change at
community level cannot be achieved without real ooiment from and involvement of the community. It

is considered that development must respond toéleels felt by the community and that not only stioul
users be involved in the development process tayt ithould choose, manage and own the facilities or
services created. This Participatory methodology @d&veloped to facilitate this process. The

Underlying principle is that the best way to promote change is to afenmunities ways to take more
control of their own development.

SARAR is a participatory methodology, developedsithe 1910s, which has shown to be effective in
enabling people to identify their problems, plan ébange and implement and monitor that changss. It
based on the philosophy of participatory developtrite main beliefs of which are that:

« a high level of personal involvement in decisionking is the root of real, long-term commitment
to change;

people closest to the problem are the best onfasdtdhe solution;

self-esteem is a prerequisite to decision-making fatlow-through; Sustainable learning takes
place best in a group context, which contributestmrmative shift;

+ Learning should be fun.

.

o,
8

.

o,
8

The SARAR techniques are not teaching tools whégtk g0 impart knowledge.

They are methods which seek to foster discussiomsng households and communities. SARAR uses
visual materials and role play to facilitate theoqgess. Trainers are trained and then, in turnn trai
community workers. They learn to use and adaptriegsef tools which generate discussion and assist
planning. Most importantly they rethink their irdetion with the community. They begin to see the
community as a source of wisdom - as a group thlagn helped to identify its problems and to plan fo
change, is capable of acting independently to mie desired changes. In water and sanitation
programmes, demand for and uptake of services dé&rs feen to increase significantly, as has spontiane
action by the community to construct or upgradeides. SARAR stands for Self-esteem, Associative
strengths, Resourcefulness,

Action-planning and Responsibility: the five humgnalities that the methodology seeks to promote.
Planners and community workers can choose to makaen a particular focus, but the methodology is
relevant to all community members, male and fematming and old. SARAR has been used in
programmes addressing a wide range of health oeldewment issues besides water and sanitation,
including HIV prevention, diarrhoeal disease coh#émad nutrition.

The implications of using SARAR

The implications foigoals: Using the SARAR methodology means accepting thapleemay well identify
problems other than those the trainer or manageedto focus on. As trainers and policy-makershae

to ask ourselves whether we can be honestly opdeeem our approach and at the same time hope to
generate an increased demand for the particulaicesrour sector offers. We cannot begin with @&dix
idea of what the outcome will be. This may meart thiferent sectors have to coordinate the effants
relation to the community and allow for multisectioinitiatives.
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The implications for programmes

In order to be able to use SARAR, community workeged training and support. They also need time to
interact fully with the community. As communitiesdin to take initiatives for their own developmémty

will need further support. This may mean creditporchase the materials they need, for example.
Traditional systems of

Supply of facilities will no longer be relevant.

The implications for monitoring

Allowing people to define their development
Agenda and to plan for change takes time: annuatrege goals may no longer be a relevant way to
monitor change. The programme must necessarilynksgivly and accelerate over time.

The political implications

The SARAR methods allow communities to improve plag skills. This is empowerment and has
considerable political implications.

Before applying an approach such as SARAR, commumitrkers and policy-makers must decide whether
they are ready to hand some of their traditionahtmd over resources and decision-making to the
community.

2.1.1.3 PROWWESS

What is PROWWESS?

It is recognized, that in developing countries wanaee the principal collectors, managers and aftsars

of water in the home. They are also frequentlyghardians of household hygiene and family healthta/
collection and use and environmental sanitation mawyinate women'’s daily lives, yet often they are
denied a real role in decision-making about water sanitation.

The PROWWESS programme was created in 1983 tog®¢thes situation.

Its goals have been ‘to demonstradev women can be involved, the benefits this will brtogvomen and
their communities and how this experience can lpécated’. PROWWESS stands for Promotion of the
Role of Women in Water and Environmental SanitaB@nvices. Initially the programme was based in the
United Nations Development Programme (UNDP), Daisifor Global and Interregional Programmes
(DGIP). Later, in 1990, the programme joined theRMWorld Bank Water and Sanitation Program.

The PROWWESS programme realized that mechanisms mexded to allow women to participate fully
in decision-making about water and sanitation amghlan and monitor change. Many mechanisms for
bringing about discussion and stimulating involveirend action were examined.

It was felt that the SARAR methodology, which hadgimally been developed by Lyra Srinivasan,
working with Ron Sawyer, Jacob Pfohl and Chris iSviasan, would be particularly effective in achiayi
these goals.

SARAR has been a cornerstone of PROWWESS effofiscamote community
Participation, and particularly women'’s participatj in water and anitation Development.

2.1.2.0 Proposed Participatory Methods for AssesgirSanitation Conditions and needs

Participatory Methods will be used to assess laaakr and sanitation conditions and the possiédifor
improving those conditions.

An overview of Participatory Methods arranged idearin which they will likely be used is described:
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o Transect Walk will be used to obtain an initial mgsion of water and sanitation problems and
how people react to them. Informal interviews wittmmunity members in the course of such
walks will help understand what is being seen aiiltl provide information on what cannot be
seen.

0 Semi-structured interviews, structured observatioeus group discussions and timelines will
help to understand what has happened in the phst, is happening now and what could happen
in future.

o Questionnaire surveys and participatory mappind pvibvide a more detailed understanding of
the present situation. Focus group discussions sangttured interviews are used to explore
specific issues arising from surveys and participatmapping in more detail. Sanitation ladder
exercise is used to obtain an understanding oh#isemptions and preference of local people, at
the same time providing opportunities for the idtrotion and discussion of new ideas and
helping to inform demand.

2.1.2.1 Transect Walks

This is an initial impression of water and san@tatproblems and how people react to them. Informal
interviews with community members in the coursswth walks help in understanding what is being seen
and provide information on what cannot be seen.

At its most basic, a transect walk involve nothimgre than walking through an area, observing and
recording what you see.

However, it is better if a group of people, inchuglimen and women from both within and outside the
community and with different areas of expertise kndwledge, make the walk together. Different peop
see different things. The group should not bebigoand group members are encouraged to give thakivi
team members the time and space to break off fieenmtain group in order to explore issues with
community members.

Transect walks is timed to provide the maximum ama@d information.

2.1.2.2 Informal Interviews

In the course of initial transect walks, people tatked to about their concerns and find out mdreua the
area. Informal interview during this walks providéormation on:

« What people think
% Who they perceive to be their leaders and’ acsVigtithin the community and
« Aspects of their day to day life that cannot bensee

Efforts are made when conducting the interviewstadhfluence people by suggesting to them what one
think the answers to questions are.

Before talking to people, some thought to the isstlat interest the study and the ways in which
introduction of the discussion of these issuesdeed Normally, general question are asked and the
community are guided on to more specific issugb@sdnterview progresses

At a later stage in the process, efforts are madalk to people who may lack either the opporupit the
confidence to speak in more formal meetings. Tdtudes women and people from minority groups. In
the case of women, informal interviews are condlibie other women.

Those who carry out reconnaissance surveys arelsged to discuss their findings with colleaguesnfr

different backgrounds and professional disciplin@his help to ‘triangulate’ interpretation of thiadings.
In particular, men will explore the implicationstbiir findings with vice versa.
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2.1.2.3 Focus Group discussion

Focus group discussion is used to obtain an iniieh of the community’s concerns and priorities.
representative of group or groups are brought tegefrom the community and encouraged to talk about
their concerns, preferences, hopes and fears.edfl bbe, separate focus group discussions for mgn an
women are arranged.

The Focus groups is used to explore specific istwmshave arisen in the course of questionnaireeys
and other general information.

One person facilitates the discussion, with a sg@qmrson taking notes of what is said. The fatiit is a
person from the group that is leading the procdsimformation collection and analysis. The meeting
recorder is from the community although this is esgential.

The facilitator aim to:

o Ensure that no individual dominates the discussion
o Make sure that the discussion covers issues ofecnnc

In early focus group discussion, areas of concectude anything relating to water , sanitation,imge,
solid waste disposal and associated subjects.atér Focus group discussions, the discussion issmor
focused and this requires a greater degree ofverdion on the part of the facilitator.

A series of focus group discussions, each attebgledpresentatives of a different group within stciare
held. The aim is to explore as wide a range ofvp@nts and concerns as possible, obtaining thesvief
people from different genders, ages, social gramsincome levels. Attention is focused on thedsesf
the old and young, who may have special water andation needs.

A checklist of subjects to be covered is prepanethbilitator before start of the focus group dission.

Overall impressions of problems and not quantigatimformation are obtained from focus group
discussions.

2.1.2.4 Semi-structured interviews with key informats

Informants with special knowledge or who are repnéative of specific groups within the community
provide useful information. The normal approaclkéy informant interviews is to prepare a checldist
the points upon which information is required andrtake sure that those points are raised in theseaf
the interview. Whenever possible, the informatidmtained from key informant interviews are checkgd
interviewing other people who may have a differeietvpoint and cross-checking specific points agains
other sources of information.

Key informants include:-

o Local masons who have been involved in aspects atbwand sanitation provision (latrine
construction, sewer laying, pipe laying, springtpotion, shallow well construction, rainwater
harvesting etc)

o Employees of sanitation and water providers (inicigdocal authorities, specialist line agencies,
and where appropriate, NGOs and CBOs)

o Women, who may face sanitation —related difficgltieat are overlooked by men

0 Those who have taken action to improve the saaitdtcilities available to them

o0 Those who appear to be content with the status quo.

The information provided by different informantsci®ss checked.
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Government employees working at the local leveliackided for two reasons:-

o Have useful insights and information, based orrtherk in the area and

0 They are likely to be involved in the implementatiof decisions made in the course of the
planning process. And

o Possibility of some local government representatifeeg. school teachers) takes a leading role in
planning and implementation at the local level.

Structured observation takes a similar approacthét the aim is to observe a particular activityhe
person or team conducting the structured observati@pares a checklist of key points to be noted
beforehand. Where the activities being observed raainly undertaken by women, the observer or
observers are also be women.

2.1.2.5 Timelines

People who have lived in the area for a numbereafry have information on the way in which that area
the facilities provided to it and the problems amtered by the population have developed over tifrtas
information is useful in a number of ways:-

o0 Reveal the resources available within the communityparticular, who has taken the lead in
trying to address sanitation and water problenteérpast.

o Provide information on previous attempts to sohanitation and water problems. An
understanding of what has gone wrong in the pathelp to ensure that similar problems are
avoided in the future

o It may reveal social factors that may be importimt water and sanitation provision. Was
everyone involved in attempts to improve sanitai@hid some people resist or did some attempt
to ‘highjack’ the process and its benefits.

o It may reveal changes in the overall situationr iRstance, it may be that drainage problems got
worse when the water supply was improved.

Like other methods, timelines is used at varioagess in the planning process. They may be usbdrtg
people into the process. However, they are likabst useful once a basic rapport has been developed
between the planning team and the local commuriiiynelines are particularly useful in making sunatt

the knowledge of older people is taken into accaumtater and sanitation plans.

While information about what has happened in thet g obtained from individuals, people are brought
together in groups to think about the past. Thisbées the different people in the group to reicdoand
correct each other's memories. Local people dkedato, to identify those who have knowledge df th
history of the settlement and request the peopleetpart of a timeline discussion. Consideratiares
given of working separately with groups represantififferent sectors within society to make suret tha
everyone's viewpoint is taken into account.

The timeline require facilitator and recorder. Theilitator explains the purpose of the exercistée has
basic list of questions and issues to be raised.

The facilitator allows the participants consideealleedom to introduce their memories and dischss t

history of their settlement. Checklist questioms ased sparingly and the facilitator aim to guidéher
than direct the discussion.

2.1.2.6 Questionnaire Surveys

Questionnaire Surveys have been criticized on tloairgls that they tend to reflect the biases of the
professionals who prepare them; they require censile resource and are not really suitable for
measuring difference from the norm.
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2.1.2.7 Participatory Mapping

Participatory Mapping is a Participatory Rapid arr& Approach Technique (PRA). In its pure PRA
mode, people are asked to draw a map on the grebading their locality and the features that are
important to them. The theory is that by askingpde to draw on the ground, everyone feels comidteta
and is willing to participate. Experience suggebt this is not necessarily the case in urbaasavehere
most people may feel more comfortable drawing qrepa

This essentially open ended approach to mappingtbetstablish what is important to people andalao
be very effective in drawing women into the plammnprocess.

2.1.2.8 Sanitation Ladders

A sanitation ladder exercise is used for hygiethécation and help users make informed choices anal/o
help with planning. It involves a facilitator wang with a group of community members to assess
different sanitation practices and options. Séioialadder exercise is carried out with represirga of
different groups within society so as to capturertidiverse viewpoints. The stages in the exeraigeas
follows:-

1) A series of pictures, showing different sanitatipactices and options will be developed. A group
of community members will be brought together aimaven the pictures. Only pictures relevant to
the area will be used. The group will be asketbtk through the pictures and make sure they
understand what each picture represents.

2) The groups are asked to rank the pictures fromwitrst to the best, by laying them out in a line.
The groups have to reach consensus on the finkinguand this will prompt discussion on what
are ‘good’ and ‘bad’ practices or designs.

3) The groups are asked the reason for ranking ceptefures as they did. The resulting discussion
will provide the facilitator with opportunities tiill gaps in ‘users’ understanding and/or discuss
hygiene aspects of the different options, thusihglfo inform demand.

4) The group is asked about the picture (s) whichasgmt typical situation in their community. If
they will not agree, a vote is done to identify thest common option.

5) The group is asked to identify sanitation optiomyttwould like to have in an ideal world and
which they think would be realistically achievabjigen local circumstances.

6) The group will finally asked on how to move fromtfare we are now” to “where “we want to
be”.
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3.0 SANITATION PROGRAM PLANNING

Sanitation Program Planning is the process by wthehmostappropriate sanitation technologyfor a
given Community isidentified, designed and implemented The mostappropriate technology is
defined as that which provides the most socially anvironmentally acceptable level of service atldast
economic cost.

3.1  Existing Sanitation Technology

There are five existing Technologies of Sanitagaisting in Kenya. Table 3.1 below has the comparis
details:-
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Figure 3.2 Algorithm for Master Planning
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Table 3.1

Comparison of Existing Sanitation Options

Sanitation Ventilated Pour Flush| Double vault| Septic Tanks Three stageSewerage
Technology Improved(VIP) | (PF)Toilets composting septic tanks
pit latrines (DVC)
toilets
Rural Application Suitable Suitable Suitable Suiéab For | Suitable Non suitable
Rural
Institutions
Urban Application | Suitable In Suitable In| Suitable In| Suitable In| Suitable In| Suitable
Low/Medium Low/Medium | Very Low | Low/Medium | Low/Medium
Density Areas Density Areas | Density Density Areas | Density Areas
Areas
Construction Cost Low Low Medium Medium Medium Vdrigh
Operating Cost Low Low Low High Low Medium
Ease of| Very easy except easy Requires Requires some Requires some Requires
Construction in wet or rocky some skilled| skilled labour | skilled labour | skilled
ground labour engineer/
builder
Self Help Potential| High High High Low High Low
Water requirement| None Water ngaNone Water piped to Water near| Water piped to
toilet house and toilet house and
toilet toilet
Required soil| Stable permeabl¢ Stable None can bg Stable Stable None
conditions soil, permeable soil| built above| permeable soil] permeable soil
groundwater at groundwater af ground groundwater at groundwater af
least 1m below least 1m below least 1m below least 1m below
surface surface surface surface
Complementary None None none Offsite Treatment Sewers and
offsite investments treatment facilities  for | treatment
facilities  for | sludge facilities
sludge
Reuse potential low low high medium medium high
Health benefits good Very good good Very good \gwpd high
Institutional Low medium Low Low Low Low high

requirements
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3.2  Basic Studies when Planning for Sanitation / Sewega

Grasping current sewerage conditions and the stgianning, including conditions and plans for €ite treatment
systems, is essential when planning for Saniteiewkerage.

Table 3.2 indicates the required information tacbkected.

Table 3.2 Important information needed when seleatig and designing a sanitation/sewerage
system.

Iltems Description

Climatic conditions < Temperature Range

% Coldest month

< Minimum temperature during coldest month
+« Rainfall (Including drought and food seasons
< Evaporation

% Sunshine hours

Site Conditions » Topography
» Geology (Including soil Stability)
» Hydrogeology (Including seasonal fluctuations
of water table)
» Vulnerability to floods
Population 4+  Current and projected population
4+ Density (including growth pattern)
+ Types of residence (including occupancy rates
and ownership patterns)
+ Health Conditions (For all health groups)
4+ Income levels
4+ Local skills that can be utilized (management,
Engineering)
4+ Locally available materials, Equipment and
components
4+ Municipal services available (including roads
and electric power)
Environmental Sanitation v/ Existing water supply service levels (Including

accessibility, reliability, and costs)

v' Marginal costs of water supply improvements

v' Existing facilities for night soil disposal, sullag
removal, storm water drainage

v' Other environmental problems (such as garbage
and animal wastes)

Sociocultural factors = Residents’ understanding of present conditigns;
their concerns, sensitivity to change
= Reasons for acceptance or rejection of past
attempts at improvement
= Sanitation education level
= Religious or cultural factors affecting actual
sanitation conditions and selection |of
technologies
Location and use of facilities by sex,age group
Attitudes towards resource reclamation
Attitude toward communal or shared facilities

Institutional framework Sharing Responsibilities

Effectiveness of government, regional, |or

O O|m m &
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municipal authorities in providing water supply,
sewerage, sanitation, street cleaning, drainage,
health and education services, residential and
urban improvements

Note: The priority of survey items will vary depéng on sanitary engineering options under constdera The above list shows
representative areas to be surveyed by plannerdesigners.

It is necessary to ascertain whether a proposathan system is acceptable socially and whether ¢ompatible
with cultural and religious values. For examplegading to Islam, it is forbidden to face or twnes back to
Mecca during defecation.

3.3  Selection of Sanitation/Sewerage Technology

The criterion for selection is tHeervice Level of Water supplground permeability, and ground water table, area
of the housing lot, population density and groulmpe. It isconsidered that population density, service lefel o
water supply, ground permeability and water taléetheminimum criteria

There are many types of sanitation systems cuyréniise. Formulating a sanitation master plan fitisé step is to
identify whether an on-site or off-site treatmeystem should be adopted for each specific developoreplanning
area, and secondly to define the type of sanitatchnology to be applied to an on-site treatmesé,aand what
type of a sanitation system to be adopted for dsitd treatment area. A pre-condition to the sieci making
process is the stated goal that the sewerage systémprovide excreta treatment, excreta remowvaproved
drainage, preservation of receiving water qualitgt adhere to NEMA effluent stardands.

Figures 3.1 and 3.2 has a schematic procedurdldevfo

3.4  Decision | (On-site treatment or off-site treatmeny

1) Population Density

All On-site waste disposal options require adeqgatece within the lot for their installation. Sugphace is usually
available in rural and low density to medium densitban areas. However, as the density of settiéinereases,
such space is not readily available, and, even thisravailable on-site systems are likely to mei&h community

opposition especially because they need desludgingome stage during their operation. All formspgfe

networks demonstrate marked reductions in unit éoisl costs as the density of settlement incredsesuse the
same length of pipe work serves an increased nuofli@uses. On-site systems, however, maintaonatant unit
household cost irrespective of the density of setént. At a given density of settlement, pipedwoets become
more economical than on-site systems. Unfortupatal the case of conventional sewerage this tt@amsonly

takes place at extremely high population densiti8kallow sewers, being much cheaper than convaitgewers,
become cost effective at much lower densities. pdgulation density at which this transition takdace varies
with the physical conditions of the settlement {sas soil permeability, topography etc.), but irntdllaBrazil, this

transition point occurred at a density of 160 pessper hectare (see figure 3.3). In areas witH@kabck, shallow
sewers have even proved more cost-effective thasitersystems at population densities as low aspetfons per
hectare.

Based on review of current practice and experiémagher developing countries, conventional seweriagusually
cost effective in urban zones where the populadiemsity greater than 120 persons per hectare ngyrisom above,
onsitesanitation should not be used in Kenya where thmujation density is at least 120 persons per hediat
adopt sewerage.
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Figure 3.3 Costs of conventional and simplified (condominial in-block) sewerage, and on-

site sanitation in Natal in northeast Brazil in 1983. Source: Sinnatamby (1983).
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2) Service Level of Water Supply

Most low cost, on site waste disposal systems, asgpit latrines and pour flush latrines, only Harttle disposal of
excreta. Sullage is usually left to infiltratednthe ground at the surface or via some form o$itm-sullage soak
away. As water consumption increases, the neesufth soaks ways increases. In areas of adveitssoaditions
and high densities of population, the space fok seays may not be readily available.

Further, because low income communities do notlse@eed for investing in soak ways for the dispobaullage,
it is not uncommon to see large quantities of glllowing in the streets. Such uncontrolled dsgp@f sullage
can give rise to diseases such as filariasis, dk ageerode the usually unsurfaced alleyways foundhese
settlements. Shallow sewers, because they disgds&th excreta and sullage, can be adopted itesethts where
average levels of water consumption are high. Aimim average water consumption of at least 2Sliper
person per day is required, however, to be availédlshallow sewers to operate without blockages.

There are two chief issues to be addressed whesidayimg the service level of water supply namely:-
“How near is a water supply facility located “and

“How much is the per capita consumption?”

The appropriate sanitation system is governed ¢mnabination of these two factors.

Table 3.3 indicates the relationship between pgrit@aconsumption and appropriate Sanitation/Seveerag
Facilities. With service levels | and I, the stipis hand carried, the minimum volume of wateressary for
sustaining a living being carried from wells, tarkeivers, springs or communal faucets. Therefiess water
using sanitation systems like VIP latrines, etc desirable. Since the water use of a PF toildd igers
(assuming that one person uses a toilet three tiaig with 2 liters per use), it is difficult tose PF toilets
effectively with this service level, particularlprflarge families, except when the housing is ledatear the
water source.

Table 3.3 Relationship between per capita consumptih and applicable Sanitation/Sewerage
Facilities
Per Capita Consumption (L) Applicable Facility

Service level for| World Bank Duncan Lyonnaise Deg Excreta Sullage

water supply(sources Mara Eaux

(1) Well etc 50

(2) Communal Faucet 20-25 20-30 10-50 VIP Latrine it LRtrine

Surface Drain

(3) Yard Tap 50 40-80 PF Latrine+ Pit Latrine
PF latrine+Pit Latrine+Sewerage Pit latrine + Sewerage
PF latrine + Settling box Settling box +Sewerage
+Sewerage
PF latrine + Septic tan
+Soakway
PF latrine +Septic  tan
+Sewerage

(4) Indoor Tap 50-100 40-250 CF Latrine+Septic KrarSettling box +Sewerage
+Soakway

Sewerage

CF latrine+ Sewerage
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3) Water Table

It is recommended that the infiltration capacitytioé ground be studied using percolation testingssess the
Feasibility of disposing of sullage by infiltratidar service levels Il and IV.

In Kenya, effluent from on-site facilities is disg mainly by infiltration in rural areas, or diréc the street
drainage system in urban areas. Potential problesssciated with infiltration relate to both paitut of

ground water and soil permeability. In this coniwat the following guidelines are indicated by WH@d the
World Bank.

i) World Health Organisation states

"The pollution extends from the source in the diget of groundwater flow, with only limited vertitand
horizontal dispersion. However, this does not ppplpollution in fissured ground where the polmimay
flow through the fissures for several hundred ntodten in an unpredictable direction.

In most cases the commonly used figure of a mininoirh5mbetween a pollution source and a downstream
water abstraction point will be satisfactory. Wéhéne abstraction point is not downstream of tHeufpon, i.e.

to the side or upstream, the distance can be rddueevided that the groundwater is not abstractesbieh a
rate that its direction of flow is turned towarde tabstraction point (Fig. 3.4yhis is particularly useful in
densely populated communities, where shallow graaelr is used as a water supply.

If it is not possible to provide sufficient spacetween the latrine and the water point, considemathould be given
to extracting water from a lower level in the aquifFig. 3.4). The predominant flow of groundwater @Epic
fissured flow) is along the strata, with very Bttvertical movement. Provided the extraction iateot too great
(hand pump or bucket extraction is acceptable), twedwell is properly s sealed where it passesutitiothe
pollution zone, there should be little or no rigkpollution.”

v

N\

Groundwater
abstraction
points should

Latrine polluting  be outside this
the groundwater  zgne

v

Direction of
groundwater flow

Figure 3.4 Range of water pollution by pit latrine

26



Pi

t Latrine Handpump

Water Table

]

Q/ 3
e
o
o
&/
%
%
&
&

I

G

&
&
&
&
&
&
&

.
ek
o
=
e
<
o
s
-
A

zﬁ
=
i
i
i
i
5k
5
s

7
i

.
o
o
5
0
0
0
0

oooooooooo

2
e
o
o
o
o
2
oA
W

LR
Zone of Pollution )
E— > Well casing
sealed
Direction of
groundwater ||
N flow

Water Inlet to hand
pump

Impermeable Layer

Figure 3.5 Groundwater pollution in hand pump wellby pit latrine

“If there is at least 2m between the pit base dwdground water table, little microbial pollutardvel occurs in
most unconsolidated soils. A horizontal distanetveen a well and a latrine of 10m is often sattsigy; if this is
not available, specialist hydrogeological advicewti be sought. It should be remembered, howdhat, water
supply improvements may be a more appropriateisoltt

(i) World Bank
“If the water table is within 1m of the ground sacé, VIP latrines, ROEC's and PF toilets are a tfalfeasibility.
However, they may be feasible if the soil is sudfitly permeable such that the water level in dgitot less than
0.5m below the ground surface.

4) Permeability of Sail
Soil permeability is a key factor in adopting itfiition disposal for either excreta alone or a orixtof excreta and

sullage, but reliable permeability data not easgieédve over a wide area since the coefficientighly variable and
can change significantly over a short distance.e Tiiltration capacities given in table 3(dS Environmental
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Protection Agency, 1980) are recommended as alpedsasis for the sizing of pits and drainage thescwhere
information about actual infiltration rates is rasailable.

Table 3.4 Recommended Infiltration Capacities

Type of Soil Infiltration capacity, settled sewage (L7ay)
Coarse or medium sand 50

Fine sand, loamy sand 33

Sandy loam, loam 25

Porous silty clay and porous silty clay loam 20

Compact silty loam, compact silty clay loam and noh0

expansive clay

Expansive clay <10

Source: US Environmental Protection Agency, 1980

“Since sullage infiltrates at least twice as fastailet wastewater, use values for the long terfiltriation rate that
are twice those given in Table 3.6”

It is possible to reduce the health risk less bydtiag sullage separately, rather than handlingiéure of partly
treated toilet effluent and sullage.Kalbermattethtale recommended the provision of a three compamtnseptic
tank, which reportedly doubles the infiltrationeat

“Soil stability is another important factor wheteetuse of VIP latrines, ROEC’s and PF toilets im¢peonsidered.
In unstable soil, pits must be lined and the baftedpen (this effectively reduces the infiltratiarea to the base

since the walls are closed.) Good soil permeaklisigiso important for these technologies, as aglior septic tank
soak ways trenches. In impermeable soils suchntdabies are infeasible.

5) Per capita consumption, water table and soil permeality

For the example of a septic tank as a typical tm-Bieatment facility, the relationship between pepita
consumption, water table and soil permeabilitydiseussed below.

The septic tank effluent and sullage can be digbo$@n essentially three ways as shown below.

For infiltration disposal either soak ways or dri@id can be considered, but, the latter requilerge area and as a
result in urban areas, infiltration is usually bgans of soak ways.

Case | Combined treatment of excreta arldfiltration disposal by a soak way
sullage by a septic tank
Case ll Individual excreta treatment by | dnfiltration disposal by a soak way
septic tank
Sullage Discharge to a surface drainage
system
Case lll Septic tank effluent and sullage Dischartge a surface drainage
system
1) Casel

The typical dimensions of a soak way are 1.0 tan2dsameter and 2 to 5m deep. Table 3.6 and 2.8 she
possible infiltration volume for internal soak wdipmeters of 1.0, 1.5, 2.0 and 2 m
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Table 3.5 Possible treatment capacity of soak wapif mixture of excreta and sullage (I/day)

Depth from Ground Surface to Water Table (m), X (m)

Inn
Infiltration Dim
Rate v| D
Type of Sail I/m2/day (m) 1.0| 15| 2.0 2.5 3.0 35| 4.0 45 5 5.5 6
Coarse Sand 50 1 79 157 236 314 393 471 550 628 70785 864
50 1.5 118/ 236 353| 471 589 707 821 94p 1,060 1/17@96
50 2 157| 314| 471| 628 785 942 1,100 1,252 1,414 21|57,928
Medium Sand| 50 25 196/ 393 589 785 982 1,4Y8 1,374 1,821 1,/aP64| 2,160
Fine Sand 33 1 52 104 15 207 259 311 363 415 46618 570
33 1.5 78 156/ 233| 311 389 467 544 622 700D 718 865
33 2 104| 207 311| 415 518 622 726 829 938 1,037 01}14
Loamy sand | 33 2.5 130 259 389 518 648§ 778 907 1,037 1,166 61|29,426
Sandy loam 25 1 39 79 118 157 19b 23p 275 314 353893 432
25 1.5 59 118 177| 234 295 353 417 471 530D 589 648
25 2 79 157| 236| 314 393 471 550 628 707 785 864
Loam 25 2.5 98 196/ 295/ 393 491 589 687 785 884 982 1/080
Porous  Silty
Clay 20 1 31 63 94 126] 157 188 22( 251 2838 314 346
20 1.5 47 94 141| 188 236 283 330 377 424 471 518
Porous  Silty 20 2 63 126| 188| 251 314 377 44Q 503 565 648 691
Clay loam 20 2.5 79 157] 236| 314 393 471 55( 628 70[ 785 864
Compact silty
loam 10 1 16 31 47 63 79 94 110 126 141 157 173
Compacted
silty clay
loam 10 1.5 24 | 47 71 94 118 141 164 188 21p 236 259
N 10 2 31 63 94 126 157 188 220 251 28] 314 346
on
expanded
Clay 10 2.5 39 | 79 | 118 | 157 | 196 | 236 275 314 353 393 432
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Table 3.6 Possible treatment capacity of soak wagif sullage only (I/day)

Depth from Ground Surface to Water Table (m), X (m)
Inn
Infiltration | Dim
Rate v|D
Type of Soil | I/Im?/day (m |1.0] 15| 2.0 2.5 3.0 35| 4.0 4.5 5 5.5 6
Coarse Sand 100 1 15 314 472 628 786 942 1,10056 1,2,414| 1,570 1,728
100 15 236| 472| 706 942 1,178 1,414 1,650 1,884202{12,356| 2,592
Medium 100 2 314| 628| 942 1,256 1,570 1,884 2,200 2,504282/83,144| 3,856
Sand 100 25 392 786| 1,178 1570 1,964 2,956 2,748 2|63534| 3,928 4,32(
Fine Sand 66 1 104 208 312 414 518 622 726 880 934,036 | 1,140
66 15 156| 312| 466 622 778 934 1,088 1,244 140(%561, 1,710
66 2 208| 414| 622 830 1,036 1,244 1452 1,658 1)88@74| 2,280
Loamy sand | 66 25 260| 518| 778 1,036 1,296 1,556 1,814 2078322, 2,592| 2,852
Sandy loam | 50 1 78| 158 236 314 392 472 550 628 70686 864
50 15 118| 236| 354 472 590 706 824 94p 1,060 1|17R@96
50 2 158| 314| 472 628 786 942 1,1p0 1,256 1,414 01,57,728
Loam 50 25 196| 392| 590 786 982 1,1y8 1,374 1,570 1]76®64| 2,160
Porous Silty
Clay 40 1 62 | 126] 188 252 314 376 44 50p 566 628 2 69
40 15 94 | 188| 282 376 472 566 66( 754 848 942 1036
Porous Silty 40 2 126| 252| 376 502 628 754 88( 1,006 1,130 1/25 82
Clay loam 40 25 158| 314 472 628 786 942 1,100 1,256 1414701, 1,728
Compact
silty loam 20 1 32| 62 94 126 158 188 22( 25p 282 4 31 346
Compacted
silty  clay
loam 20 15 48| 94 142 188 236 287 330 376 424 47218 5
Non 20 2 62 | 126| 188 252 314 376 440 502 566 648 692
expanded
Clay 20 25 |78 |158 | 236 | 314 | 392 | 472 | 550 |[628 | 706 | 786 | 864
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Ground

Surface

0.5

Infiltration Portion X-0.50

Water
Table
Applicable
Range
6persons/HH,
100lpcd
Q=uD(X-0.5)v
6persons/HH, X=Depth requirement by
150Lpcd water table
6persons/HH, D: Inner diameter of soak
200Lpcd way (m)
% =Infiltration rate
(I/m2/day)
Q=Infiltration volume
(I/day)

>

D

With an internal diameter of 2.5m and depth betwtenground surface and water table of 3.0m, the
possible infiltration volume of a soak way is 98@&y for porous silty clay and porous silty clayrtoalf

the family comprises six persons and the water Igupgturn factor (90%, the sustainable per capiider
consumption are 205, 135,102 and 82L/capita perrdggectively for the different soil types in order
avoid overflowing the soak way. However, thesesatill increase by 40% if the water table drops by,
and decrease by 40% if the water table rises by Iiltration becomes very difficult in compactettys
loam, compacted silty clay loam, non expanded alay expanded clay, and under such soil conditioas t
adoption of sewerage must be considered.

If the dimension (internal diameter) of a soak waed in the study area is within the range notevab
approximate sustainable infiltration volumes cardbegved from tables 3.5 and 3.6 for the combimatd

soil prevailing in the planning area. If the piigd infiltration volume calculated from the sustdle
infiltration volume and the assumed water supplyme factor is less than the design water use rate,
infiltration has to be ruled out and sewerage rbestonsidered.

It should be noted that septic tanks are not wetti to individual houses; they can also be used fo

apartment blocks and small communities. In thisecghe number of houses and occupancy rates ware ke
data to determine if infiltration is still a feaktalternative.
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2) Case ll
The following two options can be considered depagpain the kind of toilet being used.

< PF toilet + Septic Tank + Soak way

« CF toilet + Septic tank +soak way

Assuming that one person uses 2litre water perthuse times a day, for the combination of PF toilet
septic tank +soak way the per capita consumptiofi ISday equivalent to a household consumption
36L/day for occupancy of 6 persons. In this caeenftable 3.6, if the water table is at least 1atow

the ground surface, a soakway with an internal diamof 1.5m can be used if the soil is coarse ,sand
medium sand, fine sand, loamy sand, sandy loanm,lgeorous silty clay, or porous silty loam. For
compacted silty loam, compacted silty clay, nonaexjed clay, and expanded clay, infiltration wouéd b
difficult and discharge to the surface drainageesyshas to be considered instead.

Assuming a CF toilet uses 11 to 15 liters of waer flush in a low tank model, with the same asgionp

as those used for the PF toilet option; the maxindaity per capita water use is as high as 198liténs
this case infiltration will only be effective withoak way diameter of 1.0m, a depth between thengrou
surface and water table of 3m, and sandy loam amlsoil. For soils of lower permeability, sewerage
should be adopted.

3) Case llI

If a surface drainage system is provided, it candesl to receive discharges of septic tank efflaedt
sullage. However, the septic tank effluent islsachlorinated since there is generally no legguisement
to do so, the effluent may contain pathogens thabse a health risk should persons come into contac
with the effluent, either directly or through redse crop irrigation. From the point of view of mimizing
the health risk, it is safer to dispose of bothtisegffluent and sullage by infiltration.

3.5 Decision Il (Selection of Off-site treatment Technlmgy)

Conventional urban sewerage schemes are basedawitygsewers generally constructed under public
roads, as a result depths of excavation tend tocobsiderable at the downstream sections of thear&tw
resulting in increased costs to deal ground walterheavily trafficked areas where construction imige
restricted to certain hours, the construction gktiends to be long and the or micro tunneling loabe
adopted, again requiring specialized contractocstdgh costs. According to the World Bank (1998

per household cost can be as high as US $3,50Bidsewerage system with treatment, compared to US
$200 for the water supply system.

1) Investment Needs
Below is the unit cost of various technologies ficad in Kenya which can be used for Master Plagrin
Part (a) and (b) gives the capital cost for eadfoap

(a) Rural Sanitation

1 2 3 4 5 6 7 8
Characteristics of Typical I: Lined I: Ulined | NI: IV: Abor- V: Abor- Septic Tank | 4- 6-
Rural Technologies Unit Double | VIP Ecosan | loo Gl loo Local | with Soak Stance | Stance
Pit VIP Away Public School
Latrine | Latrine
Typical pop. Served by Systen People 5 5 5 5 5 5 000Q1,| 600
Design life Years 20 20 20 10 10 20 20 20
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The typical technologies selected for rural saiuitainclude:

1. Lined double pit VIP latrine. The latrine is congtted with 2m deep pits (0.9m x 1.2m) lined with
concrete blocks and a superstructure (1.4m x 1laumfyl in concrete block with timber door,
corrugated iron roof and ventilation pipe.

2. Un-lined VIP latrine with a 5 m deep (Im x 1m) pitd a concrete slab and concrete block
superstructure (Im x 1m) with timber door, corregaton roof and ventilation pipe.

3. Ecosan latrine build with concrete blocks with dtjng pans, urine separation and evaporation
increased by solar heating. The latrine has dino@ssof 1m x 1m and a 1m high sub-structure.
Sub- and super-structure build with concrete blogkk corrugated iron roofing.

Abor-loo with shallow pit and superstructure cousted with corrugated iron sheets

Abor-loo similar to 4 but with the superstructuanstructed with local available materials.

Septic tank with soak away. The septic tank iscsfpe a household with dimensions 3m x 1.5m x

1.8m deep and with a 1.5m x 1.5m x 2m deep soaly.alee tank is constructed in concrete and

concrete blocks. 50m of piping to the septic tané 20 m from the septic tank to the soak away
are included in the cost estimate.

7. The design of the public latrine is a pit latringéhnvd stances and 5 pits to allow alternate use of
pits to facilitate emptying. The pits are 1.2m 2ri.and 2m deep and rooms in the superstructure
are 1.4m x 1.2m. The latrine is constructed in cetecand concrete blocks.

8. The design of the school latrine is a pit latrimaikar to the public latrine but with 6 stances ahd
pits to allow alternate use of pits to facilitatagtying. The pits are 1.2m x 0.9m and 2m deep and
rooms in the superstructure are 1.4m x 1.2m. Th@ndais constructed in concrete and concrete
blocks.

ook

Typical Investment cost of system (kshs)

Rural Techndogies 1 2 3 4 5 6 7 8
I: Lined Double V: Abor-loo | Septic Tank | 4-stance Pubic| 6-Stance Schod

WEB Area Unit Pt VIP II: UnlinedVIP| Il Ecosan | IV: Abar-loo Gl Locd with Soek Anay] Latrine Larine
Tana WSB Orestructure 58,000 30,000 157,000 21,000 4,000 138,000 181,000 260,000
Athi WSB Onestructure 55,000 28000 148,000 20000 4000 130,000 172,000 246,000
Coast WSB Onestructure 57,000 29000 152,000 20000 4000 134,000 176,000 252,000
Lake Victoria South WSB Orestucture 55,000 28,000 147,000 20,000 4,000 130,000 171,000 245,000
Lake Mictoria North WSB Onestructure 57,000 29000 152,000 20000 4000 134,000 176,000 252,000
Enaso Ngiro WSB Onestructure 62,000 2,000 169,000 23000 4000 148,000 193,000 278,000
Rift \Valley WSB Onestructure 59,000 30,000 158,000 21,000 4000 133,000 182,000 261,000

Comunity Inplementation

Rural Techndogies 1 2 3 4 5 6 7 8
I: Lined Double V: Abor-loo | Septic Tank | 4-stance Pubdic| 6-Stance Schod

WSB Areax Unit PtVIP [ Il: UnlinedVIP|  Ill: Ecosen | IV: Abor-loo Gl locd  [withScekAney|  Latrine Letrire
Tana WSB Onestructure 35,149 19,240 111,035 15019 1372 89,909 112311 165,367
Athi WSB Onestructure 290 7,72 104264 14259 133 8B5S 106,485 154,858
Coast WSB Orestructure 34,28 1849 107,271 1427 1345 86,878 108511 159,376
Lake Victoria South WSB Orestucture .88 17,773 103529 14,257 1321 83906 104808 154,146
Lake Mictoria North WSB Onestructure 4,28 18499 107,271 1427 1345 86,878 108511 150,376
Ewneso Ngiro WSB Onestructure B15 20,750 120038 16,507 1431 97,38 121,337 178865
Rift Valley WSB Onestructure 3%,719 19,250 111,764 15022 1375 89,951 113000 166,02

The costs shown in the tables above for on-sitéatam in rural areas are the implementation coBte
costs of sanitation projects can in most cases haotcompared to these costs since the sanitation
programmes often only promotes household sanitaiwh in some cases subsidies the construction of
latrines with only a concrete slab. Investment piag for sanitation must be based on a strategy tha
determines how the sanitation programmes are daotg, presently in Kenya, household latrines ate n
subsidized.
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(b) Urban Sanitation

Charadteristics of Typical Urban 1 3 6 7 8
Sanitation Techno@ies I: Lined Double|  1lI: Ecosan Septic Tark | 4-stance Public| Sewerage System
Pit VIP with Scek Anay Latrine
Unit
Typical population served by system |People 5 5 5 1,000 100,000
Designlife Years 2 20 2 20 30

The typical designs for on-site urban sanitatioa similar structures as for the rural technologies.
addition the cost estimate has been prepared$emarage system for 100,000 people. The componénts
the sewerage system include the conveyance systdrtha sewerage treatment system based on a design
similar to the Eldoret system with trickling fileand primary, secondary and tertiary settling gond

Typical Investment cost of system (kshs)

Urban Technologies 1 3 6 7 8
I: Lined Double Septic Tank | 4-stance Public

WSB Area: Unit Pit VIP Ill: Ecosan | with Soak Away Latrine Sewerage System
Tana WSB One structure 58,000 157,000 138,000 181,000 652,873,547
Athi WSB One structure 55,000 148,000 130,000 172,000 613,006,235
Coast WSB One structure 57,000 152,000 134,000 176,000 630,448,184
Lake Victoria South WSB One structure 55,000 147,000 130,000 171,000 611,068,240
Lake Victoria North WSB One structure 57,000 152,000 134,000 176,000 630,448,184
Ewaso Ngiro WSB One structure 62,000 169,000 148,000 193,000 703,815,113
Rift Valley WSB One structure 59,000 158,000 138,000 182,000 655,088,398

Typical Investment Unit Costs (Kshs/capita)

Urban Technologies 1 3 6 7 8
I: Lined Double Septic Tank | 4-stance Public

WSB Area: Unit Pit VIP IIl: Ecosan | with Soak Awey Latrine Sewerage System
Tana WSB Kshs/ capita 11,600 31,400 27,600 % 6,529

Athi WSB Kshs/ capita 11,000 29,600 26,000 91 6,130
Coast WSB Kshs/ capita 11,400 30,400 26,800 93 6,304
Lake Victoria South WSB Kshs/ capita 11,000 29,400 26,000 0 6,111
Lake Victoria North WSB Kshs/ capita 11,400 30,400 26,800 93 6,304
Ewaso Ngiro WSB Kshs/ capita 12,400 33,800 29,600 102 7,038

Rift Valley WSB Kshs/ capita 11,800 31,600 27,600 % 6,551

The investment costs per capita for sanitationrezrbe directly compared. For example the costofan
and septic tanks appear to be at a similar lexedjelver the costs for septic tank and soak away does
include the households investment in toilet faieit and these are likely to be of a similar magtgtas the
cost of the septic tank. Comparison can also nahade directly between the per capita cost of sageer
systems and the on-site sanitation facilities as $sewerage systems would normally need to be
accompanied with a private investment by the hoaisishin toilet and bathroom facilities of a magditu
much larger than the investment in Ventilated ImeobPit (VIP) Latrines.
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(03] Cost per Component
Below is the Cost per component:-

Conveyance System

Costof Conveyance System per m S/day
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\ e—p— G EF K shs/m3
60,000
- —@——Eldoret sew erage
£ 50,000 -
o
o
@ 40,000
o
o
30,000
20,000
10,000
1 10 100 1,000 10,000 100,000
m */day Effluent
Total Costof Conveyance System
10,000,000
1,000,000 /-/-
100,000
% 10,000 — —m—- -BOQ (1000 Kshs) ||
4
o
8 1,000 e G EF (1000 Kshs) [
100 ——m——Eldoret sew erage
10 system
1
1 10 100 1,000 10,000 100,000
m 3/day e ffluent

Sewerage Treatment

Cost estimate for sewerage treatment was preparea fystem for 10,000 m3/day of effluent basedhen
design for the Eldoret sewerage treatment plane désign is based on trickling filters and primary,

secondary and tertiary settling ponds.

The cost estimate for a 1500 m3/day plant was lemed on the design for Solai Menengai Sewerage
Works. This plant is based on waste stabilizationds only.
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Sewerage Pumping

The cost estimates for sewerage pumping statiosgwepared on the following assumptions:
- Pipes and fittings cost 50% of pump cost

Electrical installation, control boards, starteis eost 30% of pump cost

— Power source estimated at 30% of pump cost
— 24 hour operation
- 100 % Standby pumping capacity
Cost of Sewerge Pumpingm  %/day Cost of Sewerage Pumping
10,000 25,000
A - - -BOQ (1000 Kshs)
9,000 - -8- =-BOQKshs/m8 | —]
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mE 6,000 treatnmet Fant g 15,000
o
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0 2,000 4,000 6,000 8,000 10,000 12,000 0 2,000 4,000 6,000 8,000 10,000 12,000
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On-Site Sanitation

The cost estimates were prepared for:

— VIP latrines with lined double pits

Unlined VIP Latrine

Ecosan latrine with separation of faeces and urine

Abor-loo latrines where the superstructure is nfagie corrugated iron roofing sheets and
Abor-loo latrines where the superstructure is nfagi@ locally available materials

The cost estimates include all the costs of buijdire latrines etc
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2) Community Participation

Securing community agreement can take a long beg ¢fime community is educated on the importance of
hygene and sanitation and an agreement is reabbgatdject can proceed.

3) Effective Use of existing Sanitation Facilities
The adoption of either option assumes that saoitdtcilities are functioning properly.
4) Measures for combined drainage of sanitary wastewat and storm water

The storm water which enters the sewerage systenldibe kept to a minimum, and very carefully
controlled; otherwise, the sewers will either beeonomically large or will flood during wet weather

Storm water entry should be restricted to the rfirirom:-

o,
°

Open, paved, public markets;

The open, paved, yards of slaughterhouses

The yards of milk collection and/or processing blshments;

Any similar open, paved yards which, because oéwigdirt, should for reasons of public health
are washed down daily.

*,
o

o,
o

5

%

3.6  Decision Il (Selection of On-site treatment Facily)

Emphasis has been done on VIP latrines, PF taledsSeptic Tanks since these are the most widel¢ us
systems in developing countries, although theretrer sanitation facilities that are equally efifee.

Of the three systems, the septic tank incorporatesatment function and is inherently more flesititan
the other two systems in that it can also be desida receive sullage as well as toilet wastese System
is useful for new development and can also serusihg clusters prior to the later provision of seage.

1) Collection (desludging), treatment and disposaif septage from septic tanks

The key factor in septic tank management is th@greollection (desludging), treatment and dispagal
septage generated in septic tanks. Unfortunatefyany developing countries regular desludgingeptis
tanks is rarely carried out effectively.

Service Level of Water Supply

If the water supply is based on hand carrying freefls, e.t.c., it is desirable to use VIP latrirmessimilar
systems since only the minimum amount of watersisdu If the supply is upgraded to yard taps, En
toilets are possible, although in very general teifnthe capita daily water supply is less thanitss, PF
toilets will probably not be effective. Where thater is supplied through multiple indoor tapseris
flushes (CF) toilets can be used. It should beddhat the a aforementioned are only general fneie
there are many instances where CF toilets funcdwen with a water supply based on communal
standpipes if the standpipe is close to the ptgpdtach planning area has to be evaluated sepgrat
some cases it may be necessary to restrict theadipgr of water supply beyond a single tap in otder
avoid problems with the sanitation system. Sirealth levels are generally satisfactory with aydaiater
use above 50L/capita, everything else being edualjustification for greater water provision ist miviven
by health needs but rather by convenience. Detwssach as these are not easy to make and recousse
be made to local sociologists who can advise ompéngcular preference of the community.

An important point is the need to check the irdiiton capacity of soil when sullage is disposed by
infiltration, particularly in those situations wigethe water supply is by yard taps or house cororet
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Possibility of continuing groundwater pollution

In developing countries, shallow wells have beezdu®er drinking water sources for many years arehev
after a piped supply is provided, the wells mayticare to be used, although maybe no longer forkdrmn
purposes, since the water is free.

In areas where groundwater pollution is alreadys@mé giving rise to public health problems withire t
community as a result of contaminated well supplieis preferable to adopt a septic tank rathanth PF
toilet with the tank effluent discharged to theidage system rather than to the ground. If necgstze

degree of treatment can be upgraded with the goovif an anaerobic up flow filter.

Income Level of Residents

Attention should be paid to the income level of tikget population, since all the installation dssborne

by them. According to the World Bank, PF toileépresent the lowest cost in terms of both constmict
and operation and maintenance, with septic tanlisgbthe most expensive. In economic terms the
household cost of a standard septic tank is eigiast that of a PF toilet, although this is a gelierd
average and may not be applicable in all situataepEending on the local cost of materials and tgrak

of community participation in the construction. r&ys need to be carried out to determine household
incomes but great skill is required in interpretiogrrectly between a stated willingness to pay tfa
upgraded system and the actual ability to pay sinast people will readily say that they are willitegpay

on the assumption that at the end of the day sigssidgill be provided to help defray the cost. Usin
average population incomes or the common assumfitadra system is affordable if the resulting month
charge costs less than 5% of the household incoayegine totally misleading results. The incomeshaf
bottom 20% of the population in many locations barless than 20% of the average income becaubée of t
skewed income distribution. Again, time spenth& tommencement of the study in developing a reliab
and locally appropriate database is the only wayensure that the recommendation will result in a
satisfactory end product.

Survey of natural conditions

Groundwater levels and permeability coefficiente aritical data in a survey of the use of existing
sanitation. High groundwater levels may make ewederground seepage impossible and cause the areas
around sanitation facilities to become wet anddfwee breeding grounds for mosquitoes and flidshd
groundwater level is low, a low permeability coei#fint may hinder seepage, which is likely to catinge
interior of the pit to be wet. Knowing the grourater level would be very useful if geological and
groundwater level data are well compiled during bloeing of wells. The permeability coefficient, iwh

is one of the most difficult pieces of data to dambtés often determined from geological informatioh is
definitely helpful to have geological data whenibgmwells.

Layout of property lines, houses and utilities in lhe block

Condominial sewerage employs a customized seryipeoach (customer oriented approach). Namely, the
community residents of residential blocks are aidwo participate in the planning. After they thaghly
understand the merits and demerits of condomieiaksage, including the maintenance responsibiiitg
system, etc., the residents are provided with teahptions, so that they can discuss them aretsah
appropriate option. The construction work is donehe basis of the technical option thus deterchined
residents will sign an agreement to the effect thay will bear the expenses, pay the rates, asdnas
responsibility for maintenance. Technical optiank be prepared by the project team of the implatire
agency for presentation to the residents. Forphipose, it is necessary to survey beforehangreerty
lines, houses, obstacles, and utilities within elalcitk. The project team must obtain admission ihe

site during meetings with the committee.
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3.6.1 Rebuilding or remodeling of houses in the community

Due attention to residents’ future plans duringjgeb planning will ensure better arrangements & th
network. This is most important when the houseneations are to be laid under private land, pagity

in resident’s backyards. Residents are often copleing home improvements such as adding new rooms
expanding the size of the existing house, anahéritially possible, rebuilding.

However, such rebuilding will often be done ovee threa where the network is laid out, or home
expansion may have to be over the housing conmecti@cause of the small plot. The network is not
designed to carry a heavy load, which means thatkimd of home expansion or improvement may
damage, break, or completely block the sewer cdiarec These problems become more serious when the
network passes through the middle of a backyargdusof near the back boundary or beside the piypper
line where the residents would not expand the hou§e minimize this type of future problem, it is
important to ask residents beforehand about tlutiré plans for their homes, and to reflect suanglin

the network design.
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4.0 SOCIOECONOMIC CONDITIONS OF THE COMMUNITY

Community participation is the underlying assumptior a condominial sewerage system. Such a system
will only succeed when the cooperation of the comityuis gained. This means that the socioeconomic
conditions for each block in the community havé¢ograsped.

4.1  Community Layout

Basically, the condominial sewerage system iangd for blocks that are surrounded by roads. Wher
block is large or if the terrain is undulating, ubdivision of a block may be more favorable fornpiang.
Negotiations should proceed with the residentsachesubdivision (each condominium) of a block.

4.2  Income brackets (Rich and Poor)

As background information for negotiations with leammmunity, it is important to know what income
brackets residents are in. A community of wealtlbgple may attach importance to privacy and prafer
conventional sewerage system over a condominiasys

4.3  Community Organizations, activities, and concerns

The activities of existing residents’ associatianl$indicate how well organized the community i$his is

an important aspect of negotiations on condomsgalerage. Also learn who plays a leadership rothe
community -for example, an association chairmaelders. Their cooperation is indispensable to the
formation of a community wide opinion in the fingglection of technical options. Certain commuaitie
may not place a priority on sewerage developmeantyhich case development should not be thrust upon
them. It is not uncommon that such communities lagnge their minds when they see the successful
achievement of others.

4.4 NGO activities (that might support expansion of seered areas)

Gain the cooperation of any NGO group in the amed win its understanding of the significance of
condominial sewerage. It can help persuade retsdbat such a system would contribute greatlyhto t
improvement of the regional living environment, theerall objective of NGO activities. This apprbds
extremely effective because members of these grewpsengaged in practical daily activities in the
community, and the resident trusts them.
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5.0

SANITATION

5.1 Planning

Many methods are used to provide or improve onssta@tation. At one extreme, a project may involve
detailed documentation using the "project cycle"fgeh. At the other extreme, sanitation advances
when individual householders build their own imprdvatrines, often because they have seen similar
latrines built byneighbors. Many projects and pemgmes for improving sanitation lie between these
extremes. Planning involves consideration of ttellaituation leading to selection of suitable typé
sanitation in line with planning techniques outtinie chapter 3. Designs are prepared and consiructi
follows. On completion, and sometimes at intermed&iages, evaluation takes place.

With some projects, the form of planning and depgient is laid down by procedures which must be
rigidly followed if external funds are to be releds However, in many successful programmes,
development depends on the action of householdasining then leads to selection of appropriate
forms of sanitation. Householders may be encourdgediopt the selected types of sanitation by healt
education programmes, by technical or material sttppr by other measures. The ways in which the
different stages of planning and development masebarded at various levels are shown in

Table 5.1below

» Household latrines may be called for becaus@@tbnvenience they offer to users.
» Good sanitation may be a status symbol.

 Existing excrete disposal methods may resultnacaeptable pollution of surface water,

soil or groundwater.

» Sometimes a demand for improved sanitation ie@ated with water supply. For example,
a funding agency may require latrines to be constoibefore it will provide piped water, or
a water authority may wish to protect the catchnaeat for the supply to a nearby town by
eliminating indiscriminate defecation. An increas¢he amount of water provided to an area

may lead to a demand for better wastewater disposal
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Table 5.1 The project cycle

Government ministries and donor agencies

Implementing agency

Community

Identification

Definition of target population

Felt need for imped
sanitation

1)Determination of economic and health indicatd

present service coverage and standards, objec]
and
policies, financial implications, staffin

requirements, and training needs
2) Assignment of planning
responsibilities

rs,
tives

Exposure to health
education

Pre-feasibility surveys

Consideration of alternative projects to me
objectives taking into account technical sog

health, environmental
financial and economic criteria

reTechnical and social survey
idPlanning with the
community

sResponse to questions by health work
and
government officials about
health wealth water and
sanitation

Feasibility demonstration

Detailed design and analysis of preferred/cho
project price to satisfaction of representatives
proposed target group

sétroving of recommended
ohnge of technologies at
affordable

Discussion regarding
experimentation with
affordable means of
improving sanitation

Appraisal and approval

Independent check on planning,
representatives of funding
source Investment decision

usually

Release of funds for project
implementation

Implementation

Consolidation Training, administrative

support procedures, provin
technology Determination o
financial,  material  and
technical support

g Training of local people to
f assist with programme
Invitation to local artisans
and contractors to
participate

Expansion

Mass promotion in the
Community Health
education, use of medi
Demonstration units  as|
sanitation super- market
Financial, material ang
technical assistance whe

appropriate

available to copy
a Drawings made available
" Local artisans and contractors availal
' to help with building
Household decision as to
epurchase of sanitation
system

D

Operation and maintenance

Advice on responsilafity
household to use and care
for on-site system

Use of facilities

Evaluation
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Identification of further projects Identification of positive and Comments regarding
negative aspects; desired improvements
reformulation of design
criteria

52 The demand for sanitation

The initial demand for provision or improvementsahitation in a particular area may

come from the local people themselves or from alsgnaup of active leaders in the

community. Alternatively, the initiative may com®imn health officials, a government

department, the organization responsible for watef sanitation, a bilateral aid agency, or a nation
international voluntary organization. Ideally, dation improvements should be carried out in
accordance with a national or regional sector plad the adopted primary health care programme. A
sector plan often covers both sanitation and watgply. It indicates the number of facilities to be
provided, the number of people to be served in elgthict on a year-by-year basis during the plagni
period, and the Resources needed. Particular iatteist usually given to requirements for internatia
external funding and to deficiencies in personiiglasious categories.

5.3  Existing Sanitation System in the World

Various Sanitation Systems are in use in the World.

The pit is the prototype whose development procef#ffisrently depending on whether or not water is
used. Those that don't use water have a ventilgtipe to prevent odors and generation of flieke pit
will eventually become full even though night sstibred inside the pit may steadily decrease inmelu
due to leaching of the liquid portion and progressiettlement, thickening, and anaerobic digestion
solids. The ventilated improved double pit typeite is a solution for this problem, in which tydis
are provided beforehand for alternate use. Whenisfull, the other is used. This enables permane
use of one or the other. The full pit can be cedewrith soil for complete sealing and left unusedtivo
years. In this way, pathogens can be completetjhidated, and residue can be taken out in a sanita
condition.

In the same category, but without water use, agepthlatrine or double-pit composting latrine imted
for reuse of night soil.

The typical category with water use is the pouslfillatrine (PF latrine), made possible thanks to
development of a water seal pan that prevents addrgeneration of flies. The use of water enables
flushing of excreta, which makes it unnecessargrtvide a pit directly under the pan. As a rediié,
latrine may be separated from the pit. The sejparaff pits, which must be emptied when full, erebl
placement of toilets inside buildings. This iswsignificant. It may be a natural trend that diffset PF
latrine has two pits similar to the case of thetNated improved pit. ROEC latrines that use atehto
divert discharge to allow separation of the panthedpit are among the types that don't use water.

Another important sanitation system that uses watemne is using septic tanks designed to treditnig
soil inside a watertight tank. As described abdliese septic tanks involve settlement, thickenamgi
anaerobic digestion in the pit, but this is incidé¢mo the principal function, which is to allowalehing of
the liquid portion. Septic tanks that lack the kag function depend on settlement, thickening, and
anaerobic digestion, and floating. Efforts to ioye the treatment level have resulted in septi@gan
evolving from a single vault type to two vault atmlee vault types, and then to a type with an apfl
anaerobic filter. The single vault type tendsamise disturbance of residues (affecting biodegi@ta
and short circuiting sludge) because of intermitiese of the latrine. Two vault and three vaufiety
stabilize the water by alleviating such disturbance
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Regardless of the latrine type, solids accumulateertain ways, and regular removal or dislodgifg o

such accumulation is the basis of sanitation maariee.

Table 5.1: The type and development process (WHO)

Composting latrine

No water used

Vaults and cesspits

Ventilated improved

Ventilated

No water used

with aerobic filter

single latrine improved doubled
latrine
Pour Flush(PF) with Offset PF latrine Water used
pit directly below
Single septic tank Double septic tank  Double sefatick | Water used

Sanitation System

On site treatment

On site/off site

Off site treatment

treatment
Dry type Wet type Wet type Wet type Dry type
1.0verhang 1.Pour Flash (PF).Low-volume CF| 1.Conventional 1.Conventional &
latrine + saokway | latrine+soakaway/sewer sewerage vacuum car
2.Trench latrine 2.PF + aqua Privy|+2.Low-volume CF 2Vaults & cesspit
soakaway latrine+aqua +manual
privy+soakaway/sewer withdrawal+truck/cart
3.Pit latrine 3.PF latrine + septic3.Low-volume 3.Buckect latrine
tank CF+septic
tank+soakaway/sewr
4.Reed odorless 4.Sullage flushing + 4.Mechanical buckec
earth closet aqua privy + latrine
(ROEC) soakaway

t

Table 5.2: General Classification of Sanitation (Wdd Bank)
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5.Ventilated 5.Sullage flushing +
Improved pit(VIP) | septic tank +
latrine soakaway

6.Batch composting 6.Conventional
latrine septic tank

7.Continous-

composting latrine
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Table 5.3

Classification of Sanitation Technologie@Vorld Bank)

Sanitation VIP latrine | PF latrine DVC Latrinel Aqua privy Septic Tank three Vaul | Vaults and| Sewered PR Sewerage
Technologies ROEC (Note) (Note 2) Septic Tank| cesspits  and latrine/septic
(Note 3) transport with| tank/aqua-privy
cart
Rural application| Suitable Suitable Suitable Suéab Suitable for| Suitable Not Suitable Not Suitable Not Suitable
rural
institutions
Urban Suitable in Low| Suitable in| Suitable in| Suitable in |Suitable in| Suitable in| Suitable Suitable Suitable
application and Medium| Low and| Low and | Low and |Low and | Low and
Density areas Medium Medium Medium Medium Medium
Density areas | Density areag Density areas |Density areas | Density areas

Construction Low Low Medium Medium High Medium Medium high VeHigh
cost
0O&m Cost Low Low Low Low High low High Medium High
Ease of| Easy except for Easy Easy except Some skilled|Some skilled| Some skilled] Some skilled| Skilled Skilled
Construction wet and rocky for wet and| labour labour labour labour engineer/builder | engineer/builder

rocky ground | necessary necessary necessary necessary necessary necessary
Self Help | High High High High Low High High(for Vault Low Low
Potential Construction)
Water None Water None Water Water supply| Water Water Water supply to| Water supply to
Requirement necessary nea necessary neato the | necessary near necessary near the household and the household an

latrine

latrine

household and
to the latrine

latrine

latrine

to the latrine

to the latrine

Soil Stable permeable Stable None (may| Stable Stable Stable None (may be None None
Requirement soil. permeable soil] be permeable soiljpermeable soil| permeable soil| constructed on

Groundwater Groundwater constructed | Groundwater |Groundwater | Groundwater | the ground)

level at least 1m level at least on the| level atleast |level at least level at least

from the ground ground)

surface
Sanitation VIP latrine | PF latrine DVC Latrine Aqua privy Septic Tank Three  VaultVaults and| Sewered PR Sewerage
Technologies ROEC (Note) (Note 2) Septic Tank| cesspits and latrine/septic

(Note 3) transport  with| tank/aqua-privy
cart

Complementary | None None None Sludge Sludge off site| Sludge Night soil | Sewer  network Sewer  network
off-site treatment treatment treatment treatment and treatment and treatment
investment facilities facilities facilities facilities facilities facilities
Reuse Potential Low Low High Medium Medium Medium ighi High High
Benefit of Health| Good Very Good Good Very Good Wéonod Very Good Very Good Very Good Very Good
Institutional Low Low Low Low Low Low Very high High High

Requirements
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* Depending on population density, either the ansit off site sullage disposal facilities becomeeassary for technologies not connected to sewexhga the water supply
exceeds 50 to 100Lcd

**The plinth can be constructed when the groundwigteel is less than 1m from the ground surface

Note 1: ROEC (Reed Odorless Earth Closet) is a &fndntilated improved pit latrine, in which tharpand pit are offset (decentralized) from eacleroéimd connected by a
chute.

Note 2: VC (double Vault compositing latrine) i®tbompositing latrine shown in table 5.1; Vaules ased alternately to enable continuous operation

5.4 Different mode of Sanitation

Sanitation includes open defection, shallow pige pit latrine, borehole latrine, ventilated lpitrine, pour flush latrine, single or double pibmpositing
septic tank, aqua-privy, overhung latrine, buckétihe, vaults and cesspits and sewerage. Tadleetow has the details and description.
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Table 5.4

Types and features of Sanitation (WHO)

Type

Construction

Description

Advantages

Disadvantage

192}

Open
Defection

b

Ju-ll}l-

Where there are no latrines people resort to deétec
in the open. This may be

indiscriminate or in special places for defecation

generally accepted by the community,

such as defecation fields, rubbish and manure hea|
under trees. Open defecation

Encourages flies, which spread faeces-related shse
In moist ground the larvae of

Intestinal worms develop, and faeces and larvae
be carried by people and animals.

Surface water run-off from places where people h
defecated results in water pollution.

In view of the health hazards created and
degradation of the environment, open

Defecation should not be tolerated in villages aifbr
built-up areas. There are better

options available that confine excrete in such &
that the cycle of reinfection from Excrete-relat
diseases is broken.

DS

a

may

ave

the

wa
ed

Shallow pit

People working on farms may dig a small hole etacie
they defecate and then cover the faeces with $bik is
sometimes known as the "cat" method. Pits aboutB360
deep may be used for several weeks. Excavatedis
heaped beside the pit and some is put over thedasiter
each use. Decomposition in shallow pits is rapickbse of
the large bacterial population in the topsoil, Bigs breed
in large numbers and hookworm larvae spread ardliac
holes. Hookworm larvae can migrate upwards fronredrg
buried less than | m deep, to penetrate the sbélibe deet of
subsequent users.

1)No Cost
2) Benefit to
farmers as
oflertilizer

1)Considerable fly
nuisance

2)Spread of
hookworm larvae

49



Type Construction Description Advantages Disadvantage
Simple  pit This consists of a slab over a pit which may be @ more in 1)Low Cost 1) Considerable fly
latrine depth. The slab should be firmly supported on igés and 2)Can be built by nuisance (and
raised above the surrounding ground so that sunfeater| householder mosquito nuisanc
t enter the pit. If the sid f the it fablé t I . 3) Needs no water if the pit is well)
g s cannot enter the pit. e sides of the pit &blé to collapse (- operation unless there is A
? 3 they should be lined. A squat hole in the slab eat is 4) Easily| tight fitting cover
: - provided so that the excrete fall directly into fie understood over the squat hol
when the latrine is
! not in use
2) Smell
Borehole . A borehole excavated by hand with an auger or bghina | 1) Can be 1) Sides liable to be
] ?« § can be used as a latrine. excavated quickly fouled, with
latrine | The diameter is often about 400 mm and the depoBem. | jf boring | consequent fly
,-J‘SL : equipment is uisance
available 2) Short life owing

2) Suitable for

short-term use, asSectional area

in disaster
situations

to small Cross
3) Greater risk of
groundwater

pollution owing to
depth of hole

192}

D

D

D
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192}

Type Construction Description Advantages Disadvantage
Ventilated Fly and odour nuisance may be substantially rediufce) Low cost | 1) Does not contro
pit latrine the pit is ventilated by a pipe extending abovelddne 2) Can be mosauitoes
roof, with fly-proof netting across the top. Theiote of| built by 5 CI]Extra cost  of
the superstructure is kept dark. Such latrinekaosvn | householder )rovidin vent pipe
as ventilated improved pit (VIP) latrines. 3) Easily P 9 PIP
3) Need to keey
understood

4) Control of flies
5) Absence of
smell in latrine

interior dark Easily
understood
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Pour-flush
latrine

A latrine may be fitted with a trap providing a eateal,
which is cleared of faeces by pouring in sufficiguiantities
of water to wash the solids into the pit and reislethe water

seal. A water seal prevents flies, mosquitoes adduis
reaching the latrine from the pit. The pit may bfset from
the latrine by providing a short length of pipe @overed
channel from the pan to the pit. The pan of aneoffsour

flush latrine is

Supported by the ground and the latrine may be invith
attached to a house.

1) Low cost
2) Control of flies

and
mosquitoes

3) Absence of

smell m latrine
4) Offset type

5) Pan supporte
by ground

6) Latrine can be

in house

1) A reliable (even if
limited) water
supply must be
available
2) Unsuitable where
solid anal cleaning

O material is used
3) Contents of pit
not visible

4) Gives users th
convenience of @
WC

5) Can be upgrade
by connection tg
sewer when
sewerage becomes
available

D

A

[()

o

o
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Type Construction Description Advantages Disadvantages
: In rural and low-density urban areas, the usuattma is to, 1) Will last for 1) Once

Single or _ ) y ) ) pma several years i constructed the

double pit dig a second pit when the one in use is full tohimithalf a| |a3rge enough pits are more o

metre of the slab. If the superstructure and stablight and
prefabricated they can be moved to a new pit. Qtiser a
new superstructure and slab have to be constructeslfirst
pit is then filled up with soil. After two yearsadces in the
first pit will have completely decomposed and etle® most
persistent pathogens will have been destroyed. Vénether
pit is required the contents of the first pit candug out (it is
easier to dig than undisturbed soil) and the pit ba used

again. The
Contents of the pit may be used as a soil condition

Alternatively, two lined pits may be constructedgcle large
enough to take an accumulation of faecal solids aveeriod
of two years or more. One pit is used until itu#l,fand then
the second pit is used until that too is full, biigh time the
contents of the first pit can be removed and usedl fertilizer
with no danger to health. The first pit can therubed again.

less permanent
2) Easy remova
of solids from
the pits as they
are shallow

3) Pit contents
can be safely
used as a soil
conditioner alter
2 years, without
treatment

53



Type Construction Description Advantages Disadvantages
Composting In this latrine, excrete fall into a watertight kato which ash or 1) A valuable 1)  Careful
latrine ) ) ) humus is produced| operation is essential
vegetable matter is added. If the moisture conserd chemica 2) Urine has to
balance are controlled, the mixture will decomptzséorm a good be collected separately
soil conditioner in about four months. Pathogerss kiled in the in the batch system
. . o 3 Ash or
dry alkaline compost, which can be removed for igpfibn to the )
. vegetable matter must
land as a fertilizer.
. : . . be added regularl
There are two types of composting latrine: in onempost is 9 y
produced continuously, and in the other, two comtes are used t
produce it in batches.
Septic tank A septic tank is an underground watertight settishgmber| 1) Gives the users 1) High cost

o T
l II*Dlitd-

into which raw sewage is delivered through a pipamf
plumbing fixtures inside a house or other buildinthe
sewage is partially treated in the tank by sepamatif solids
to form sludge and scum. Effluent from the tankltirsftes
into the ground through drains or a soakpit. Thetesy works
well where the soil is permeable and not liabléldoding or
water logging, provided the sludge is removed grapriate
intervals to ensure that it does not occupy tooatgra
proportion of the tank capacity.

the convenience o

aWwcC

2) Reliable and ampls

D

piped water required
3) Only suitable for
low-density housing
4) Regular dislodging
required and sludg

D

needs careful handling
5) Permeable soil
required
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Type

Construction

Description

Advantages

Disadvantages

Aqua-privy

An aqua-privy has a watertight tank immediately emthe latrine
floor. Excreta drop directly into the tank througlpipe. The bottom
of the pipe is submerged in the liquid in the taftkming a water
seal to prevent escape of flies, mosquitos and Isrék tank
functions like a septic tank. Effluent usually Itrfites into the

ground through a soakpit.

Accumulated solids (sludge) must be removed rebyul&nough
water must be added to compensate for evaporatidnleakage
losses.

1) Does not nee
piped water on site
2) Less expensive
than a septic tank

11) Water

must  be

available nearby
2) More expensive
than VIP or pour-flush
latrine

3) Fly mosquito and
smell nuisance if sedl
is lost because
insufficient water is
added

4) Regular desludging

required and sludg

U

needs careful handling
5) Permeable soil
required to dispose of
effluent

Overhung latrine

itl—_n_

A latrine built over the sea, a river, or other paoaf water into
which excrete drop directly, is known as an ovethlatrine. If
there is a strong current in the water the excae¢ecarried away}
Local communities should be warned of the dangerhéalth
resulting from contact with or use of water intoigthexcrete have
been discharged.

1)May be the only

feasible system for

communities living
over water

2) Cheap

1) Serious health risks|
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Type

Construction

Description

Advantages

Disadvantages

Bucket latrine

This latrine has a bucket or other container far thtention of
faeces (and sometimes urine and anal cleaning iagtevhich is

periodically removed for treatment or disposal.
Excreta removed in this way are sometimes termglat 1sioil.

1) Low initial cost

1) Malodorous

use the night soil
4) Danger to health g

use the night soil

Vaults

cesspits

and

In some areas, watertight tanks called vaults ail¢ inder or close
to latrines to store excrete untill they are rentbbg hand (using
buckets or similar receptacles) or by vacuum tani&milarly,
household sewage may be stored in larger tankedcaksspits
which are usually emptied by vacuum tankers. Vaaltsesspitg
may be emptied when they are nearly full or onguliar basis.

1) Satisfactory for
users where there
a reliable and saf
collection service

1) High construction
sand collection costs
£2) Removal by hang

has even greater heal
risks than  bucke
latrines

3) Irregular collection

can lead to tanks
overflowing

4) Efficient
infrastructure required

2) Creates fly nuisance
3) Danger to health of
those who collect of

those who collect or

th
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Type

Construction

Description

Advantages

Disadvantages

I

Sewerage Discharge from WCs and other liquid wastes flowngla| 1) User has no 1)High
system of sewers to treatment works or directly the sea of concern with| construction costs
a river. what o
happens  after2) Efficient
1t‘lrllﬁ=,he dWC S| infrastructure
2) No nuisance required for
near the construction,
household operation and
3)Treated maintenance
effluent can be 3)_ Ample _and
used for reliable piped
irrigation water supply
required @
minimum of 70
litres per persor
per day is
recommended)
4) If discharge is t¢
a water-course
adequat@eatment
required to avoid
pollution
Note 1:- Drain field has porous pipes laid underghound. Effluent from septic tanks flows throdgése pipes for infiltration into the ground fasmbsal
Note 2:- Pits are unlined holes and used to disguséquid content of urine through infiltration
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5.5 Classification of technologies in relation to WateiSupply

Sanitation and water supply can further be subdivighto improved and none improved types.
Table 5.5 below has the details.

Table 5.5 Classification of technologies related twater supply and sanitation
Improved Technologies Non Improved Technologies
Water Supply Household Connection Non Protected well
Public Standpipe Non protected spring
Borehole (Bore well) Vendor provided water
Protected dug well Bottled Water
Protected Spring Water Truck

Rainwater collection

Sanitation Connection to public sewer Bucket latrine
Connection to septic system Public Latrine
Pour flush latrine Latrines with an open pit
Pit latrine

Ventilated Improved pit Latrines

Source: - Global Water Supply and sanitation assess 2000 Report, WHO

5.6  Decomposition of Feaces and Urine

As soon as excrete are deposited, they start tongj@ese, eventually becoming a stable material nithunpleasant smell
and containing valuable plant nutrients. Duringdeposition, the following processes take place.

» Complex organic compounds, such as proteins el are broken down into simpler and more stairi@s.
» Gases such as ammonia, methane, carbon dioxilritnogen are produced and released into the gineos.

* Soluble material is produced which may leach ithi underlying or surrounding soil or be washeadwyby flushing water or
groundwater.

 Pathogens are destroyed because they are unahlevive in the environment of the decomposingemiait

The decomposition is mainly carried out by bactatthough fungi and other organisms may assist.betoterial activity may be

either aerobic, i.e., taking place in the presesfcair or free oxygen (for example, following ded¢ion and urination on to the
ground), or anaerobic, i.e., in an environment aimiig no air or free oxygen (for example, in at&efank or at the bottom of a
pit). In some situations both aerobic and anaerobiwditions may apply in turn. When all availabkygen has been used by
aerobic bacteria, facultative bacteria capableithiee aerobic or anaerobic activity take over, dindlly anaerobic organisms

commence activity.

Pathogens may be destroyed because the tempesatiraoisture content of the decomposing materesdter hostile conditions.
For example, during composting of a mixture of &seand vegetable waste under fully aerobic contditithe temperature may
rise to 70°C, which is too hot for the survivalinfestinal organisms. Pathogens may also be atialockeredatory bacteria and
protozoa, or may lose a contest for limited nutsen
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5.7  Volumes of Decomposed human Wastes

As excrete become decomposed they are reducedumg@and mass owing to:
- evaporation of moisture;

- production of gases which usually escape to tim@sphere;

- leaching of soluble substances;

- transport of insoluble material by the surrourdiquids;

- consolidation at the bottom of pits and tanksarrtie weight of superimposed solids
and liquids.

Little information is available regarding the raae which the reduction takes place although theeecimdications that
temperature is an important factor (Mare & Sinndtgni986). Weibel et al. (1949) measured the slwagemulation rate
in 205 septic tanks in the United States of Ameréaral obtained the results showrFig. 5. 1, other authors have reported
the accumulation rates listedTiable 5.6.

Fig. 5.1 Rate of accumulation of' sludge and scum 205 septic tanks in the
United States of America (from Weibel et al., 1949)
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Table 5.6 Excreta accumulation rates (litres per pson per year)

Location Accumulated Remarks Reference
excrela

Zimbabwe 20 Latring reqularly washed down; Margan & Mara (1962)

degradable cleaning matenal

West Bengal 25 Wet pit---ablution water used Wagner & Lanoix {1958)

West Bengal 34 Wet pit Baskaran (1962)

Philippines 40 Wet pit; degradable cleaning matenal Wagner & Lanci (1958)

USA 42 Faeces {adult); half amount for children  Geyer et al, (1968)

Brazil 47 Dry pil Sanchas & Wagner (1954)

Philippines B0 Dry pit; degradable cleaning material Wagner & Lanoix (1958)

The factors with the biggest effect on the sludgeuaulation rate are whether decomposition takesepl
above or below the water table and the type of afedning material used. Decomposition under water
produces a much greater reduction in volume thamposition in air. This is due to better consdiima
more rapid decomposition and removal of the finatarial in the water flow. Anal cleaning materiatsy
widelyaround the world, from those requiring litbe no storage space, such as water, to thosehawmgater
volume than the excrete, such as corn cobs, celpagstor stones.

When designing a latrine it is strongly recommentted local sludge accumulation rates should besoreal.
In the absence of local data, the volumes giveifable 3.8 are suggested as a maximum. There is some
evidence to indicate that these figures are onhigh side. However, if refuse is added to excréhe,
accumulation rate may be much greater.

Where excrete are stored for short periods onlghsas in double pit latrines or composting toiletse
reduction process may not be complete before t#gslis removed. In such cases it will be necessange
higher sludge accumulation rates than indicated@bt 50% increase is tentatively suggested.

Table 5.7 Suggested maximum sludge accumulation e (litres per person per year)

Sludge Accumulation Rate

materials are used

Wastes retained in water where degradable analioiga 40

materials are used

Wastes retained in water where non-degradable @eahing| 60

Waste retained in dry conditions where degradabial p60
cleaning materials are used

Wastes retained in dry conditions where non dedpadanal| 90
cleaning materials are used
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58.1

5.8.2

5.8.3

5.8.4

5.8.5

5.8 Basis of Design Considerations of On-site Sanitatio
Ground Conditions

Ground conditions affect the selection and desifysamitation systems, and the following five fastor
should be taken into consideration:

- bearing capacity of the soil;

- self-supporting properties of the pits against collapse;
- depth of excavation possible;

- infiltration rate;

- groundwater pollution risk

Bearing Capacity of the Soil

All structures require foundations, and some saiks suitable only for lightweight materials becao$e
their poor load-carrying capacity - marshy and ypestils are obvious examples. In general, it i€ saf
assume that if the ground is suitable for buildinigouse it will be strong enough to support theghveof a
latrine superstructure made of similar materiateyjaling the pit is appropriately lined.

Self supporting properties of the pits

Many types of latrine require the excavation oftalpnless there is specific evidence tothe cogt(ge.,
an existing unlined shallow well that has not qadled), it is recommended that all pits should hedito
their full depth. Many soils may appear to be seifporting when first excavated, particularly cabes
soils, such as clays and silts, and naturally bdrsdés, such as laterites and soft rock. Thede sel
supporting properties may well be lost over timergro changes in the moisture content or
decomposition of the bonding agent through contéttt air and/or moisture. It is almost impossilde t
predict when these changes are likely to occuvendf they will occur at all. It is therefore safe line
the pit. The lining should permit liquid to perctdanto the surrounding soil.

Depth of Excavation

Loose ground, hard rock, or groundwater near tosthéace limits the depth of excavation possibliegis
simple hand tools. Large rocks may be broken ifeai$ lit around them and then cold water pouradhe
hot rock. Excavation below the water table anddask ground is possible by "caissoning”, but it is
expensive and not usually suitable for use by hoalsers building their own latrines.

Infiltration Rate

The soil type affects the rate at which liquid linfites from pits and drainage trenches. Claysdkpand
when wet may become impermeable Other soils sudiltasand fine sands may be permeable to clean
water but become blocked when transmitting effli@mtaining suspended and dissolved solids.

Opinions vary regarding the areas through whiclitiafion takes place. For example, Lewis et a@8Q)
recommended that only the base of pits or drainageches should be considered and that lateral
movement (the sidewall influence) be ignored. M@r@85b) and others have assumed that infiltration
takes place only through the side walls as the bapilly becomes blocked with sludge. Until more
evidence is available, it is recommended that #mgh of pits and trenches should be based otratfin
through the side walls up to the maximum liquidele¥or trenches, the area of both walls shoulddesl.
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5.8.6

The rate of infiltration also depends on the lesfethe groundwater table relative to the liquicthe pit or
trench. In the unsaturated zone, the flow of ligsidnduced by gravity and cohesive and adhesivecto
set up in the soil. Seasonal variation may produchange in the amount of air and water in the mmiés
and this will affect the flow rate. Conditions &etend of the wet season should normally be used fo
design purposes as this is usually the time whemtbhundwater level is at its highest. In the sdtd zone

all pores are filled with water and drainage depead the size of the pores and the difference velle
between the liquid in the pit or trench and the@umding groundwater.

Soil porosity also affects infiltration. Soils witArge pores, such as sand and gravel, and rocksasusom
sandstones and those containing fissures, draily.egit and clay soils, however, have very snyadres
and tend to retain water. Soils containing organaterials also tend to retain water but the robtslants
and trees break up the soil, producing holes thraugjch liquids can drain quickly.

The rate of groundwater flow in unsaturated sala icomplex function of the size, shape and digiob

of the pores and fissures, the soil hemistry &edoresence of air. The speed of flow is normaipg lthan

0.3 m per day except in fissured rocks and coaraeets, where the speed may be more than 5.0 m per
day, with increased likelihood of groundwater ptida.

Pore Clogging

The soil type affects the rate at which liquid linfites from pits and drainage trenches. Claysdkpand
when wet may become impermeable. Other soils sadilta and fine sands may be permeable to clean
water but become blocked when transmitting effliemtaining suspended and dissolved solids.

5.9 Determining Infiltration Rates

It is rarely possible to measure accurately the adtflow of effluent from pits and drainage treesh
especially as the flow often decreases as soilspoeeome clogged.

Consequently various empirical rules are used. S@r@mmendations are based on the rate of pemmolati
of clean water from trial holes dug on the siteaoproposed pit or drainage field using various giesi
criteria to allow for differences in infiltrationates (US Department of Health, Education, and \Welfa
1969; British Standards Institution, 1972).

Laak et al. (1974) found that, for a wide rangesaifs, the infiltration rates of effluent were 1B@es per

mz2 per day. A conservative rate of 10 litres perpe2 day was recommended for general applicatian. O
the other hand, rates of up to 200 litres per m2dag are considered applicable in practice inUhéed
States of America (US Department of Health, Edocatand Welfare, 1969), and Aluko (1977) found that
in Nigeria, designs with a maximum of 294 litres p@ per day have proved satisfactory.

The infiltration capacities given in Table 2.5(USnvitonmental Protection Agency, 1980) are
recommended as a basis for the sizing of pits amaihalye trenches where information about actual
infiltration rates is not available. The capacitggsen for coarse soils are restricted to preverdsible
groundwater pollution and therefore may be unnecédgsconservative in areas where this is not a
problem. Gravel is capable of much higher infiimatrates, which may be a problem in areas where
shallow groundwater is used for human consumption.

5.10 Pit Latrine

1. When calculating the dimensions of a hole for a pit latrine, three conditions must be satisfied.

2. The pit should have sufficient storage capacity for all the sludge that will accumulate during its
operational life or before its planned emptying.
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3. Atthe end of the pit's operational life there should still be sufficient space left for the contents to
be covered with a sufficient depth of soil to prevent surface contamination with pathogenic
organisms (soil seal depth).

4. There should be sufficient wall area available at all times to enable any liquid in the pit to
infiltrate the surrounding soil.

Storage volume

The storage volume required to accommodate theeltitht accumulates in the pit
during its operational life can be calculated from:

V=NxPxR

where

V= the effective volume of the pit (m3)

N = the effective life of the pit (years)

P = the average number of people who use the gt eéay

R = the estimated sludge accumulation rate fonglsiperson (m?3 per year).

Once the effective volume of the pit has been t¢aled, the plan area is decided. This
should be based on local preference, ground congditand construction materials, and
is generally circular or rectangular in shape. Nbtg only the area inside the lining is
utilized for sludge accumulation, not the excavatezh.

Having determined the plan shape and area, thé @épit required for sludge
accumulation is calculated as follows:

Sludge depth = [total sludge volume (V)]/(plan area
Soil seal depth

This is usually taken as 0.5 m. In the case of tboplh latrines it is the depth to the
bottom of the inlet drain.

Infiltration area

In communities where people use water for analnétepor bathe in the toilet, a
considerable amount of water may enter the pit.isfassumed that the soil pores below
the sludge surface are blocked, then additiondl avah must be allowed for infiltration
of the liquids above the sludge.

The infiltration area cannot include the soil sggpth since the top 0.5 m of a pit has a
fully sealed lining.

Assuming that all the liquid entering the pit l@s top of the sludge, then the liquid depth
will rise until the area of contact between liqaiod soil is large enough to permit
infiltration of the daily intake of liquid.

Pit depth

The total depth of the pit is calculated as follows

Pit depth = sludge depth + infiltration depth + seal depth
Some traditional pit designs are shown in figuitelow.
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Figure5.2 Alternative Pit Designs(mm)
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5.11 Superstructures

The function of the toilet superstructure is tovpde privacy and to protect the user and the tditatn

the weather. Superstructure design requires amsesf whether separate facilities are required fo
men and women in the same household. Local cusamdspreference often influence its location,
orientation, shape, construction material, desggg.{ without roof, window detailsO, and size. ol
may be very important to householder use and maaniee of the facility. These details should be
designed in consultation with the user. The texdindesign requirements of the superstructure are
relatively straightforward and may be stated aoved:-

Size: the plan area should be at least 0.8 cubterme provide sufficient space and generally noten
than 1.5 cubic meters. The roof height should Ioeiramum of 1.8meters Ventilation: there should be
several openings at the top of the walls to digsipaors and, in the case of VIP latrines and RQELs
provide draft required for functioning of the vamipe. These openings should be about 75 to 10Bynm
150 to 200m in size; often it is convenient to kean open space between the top of the door and the
roof.

The door: this should open outwards in order toimize the internal floor area. In some societies,
however, an outward opening door may be cultunatigcceptable, and an open entrance with a privacy
wall may be preferred. In either case, it muspbssible to fasten the door from the inside, anday

also be necessary to provide an external lock évgnt use by unauthorized persons. At its base, th
door should be just clear of the floor in ordemptovide complete privacy while preventing rot oéth
bottom of the door planks.

Lighting: natural light should be available and feiént. The toilet should be sufficiently shaded,
however, to discourage flies; this is particulanhportant in the case of VIP latrines and ROECs.

The walls and roof: these must be weatherproofyigeo adequate privacy, exclude vermin, and to
architecturally compatible in external appearangits the main house. In urban areas especialli-an
shaped wall in front of the door may be regardgdhle community as desirable or essential for ggva

A wide variety of materials may be used to condttbe superstructure, e.g.; brick or concrete dpck
with tile or corrugated iron or asbestos cemenf;rmowd and wattle, bamboo or palm thatch, with palm
thatch roof; ferrocement, sheet metal, or timbehworrugated iron or asbestos roof. The choiqgede

on cost, material availability, and community prefeces.

5.12 VIP and VIDP Latrines

In the case of VIP latrines, the pit is around squinf in cross section and its depth is then readily
calculated from the required volume. Depths areallgin the range from 3 to 8m although pit depths
12m or more are found where soils are particuladiyable. With VIP latrines, it may be advantageou
to use enlarged pits provided the ground conditaressuitable.

The upper part of the pit should be lined so thatan properly support the squatting plate and
superstructure. If this is not done, the pit maljapse. In suitable soil conditions it may beessary to
extend this lining down to the bottom of the pitgiire 5.3), but care must be taken to ensure tiet t
lining does not prevent percolation.

A VIDP latrine differs from a VIP only in that itds two alternating pits. When one is full, theghibuld
rest at least one year before it is emptied to renpathogen destruction. Pit depths can be vaded
reflect soil condition (i.e. ease of constructiamd desired emptying frequency. To facilitate efmat
and prevent collapse of the partition wall, howetee pit should not be as deep as that of a VIP.

All pits should be constructed to prevent surfaggew from entering. This requires grading to easur

diversion of surface drainage. In cases whergihis partially offset from the superstructureslfitould
normally be constructed on the downhill side.
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5.13 Reed Odorless Earth Closets (ROECS)

These latrines normally have the advantage overlattihes that the pit, being completely offsetn e
larger and thus lasts longer. The design lifetsheuld be 15 to 20 years. The width of the pit is
generally about 1m and, for easy desludging, ifttdshould not exceed 3m; its length can thus be
readily calculated from the equation given in sat5.10 (see figure 5.3 and 5.4 below).
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Figure 5.3 Reed Odorless Earth Closet
(ROEC) in mm
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Figure5.4 ROEC

B. Structural Details
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5.14 Borehole Latrines

This type of pit latrine is not recommended asasehold sanitation facility since it is too sm@alsually only
400mm in diameter and upto 4m deep for hand augerd)cannot be ventilated. Borehole latrine thaseha
short lifetime (Usually 1 to 2 years) and generaliyacceptable levels of fly and odor nuisance. Mhe
mechanical augers are available, greater depthéfatiches can be provided but ventilation is stilproblem (see
figure 5.2).

5.15 Compositing Toilets

Household systems for composting night soil aneiotrganic materials are used under a variety oélitions.
They are successful in both developing and incalstountries when they receive a high degree aof cse and
attention. This is most likely to occur when thes@n urgent need for fertilizer or when thera isigh degree of
environmental concern. There are two types ofsyst continuous and batch.

Continuous Composting Toilets

Continuous composting toilets are developments &wedish design known as a “multrum”(see figure 5.5
below.) They are extremely sensitive to the degifegser care: the humus has to be removed ataitieat rate,
organic matter has to be added in the correct diemtand only a minimum of liquid can be adddgiven with
the required sophisticated level of user care,tshiquiting may still occur within the system, andble excreted
pathogens can be washed down into the humus charfilher results of these field trials indicate tbantinuous
compositing toilets are presently not suitableuse in developing countries.

5.16 Batch Composting Toilets

Double vault composting (DVC) toilets are the mosinmon type of batch composting toilet. Desigrssimown

in Figure 5.6 and 5.7. The design details , sudixad or movable superstructures, vary, but allisilets have
certain design principles and operational requirgsa common. There are two adjacent vaults,airvehich is
used until it is about three quarters full, whersifilled with earth and sealed, and the otherltvisuthen used.
Ash and biodegradable organic matter are addetigosault to absorb odors and moisture. If ashrgamic
matter is not added, the toilet acts either asRlgdrine, if it is unsealed, or as a vault toilétt is sealed. When
the second vault is filled and sealed, the contehthe first vault are removed and it is put is@rvice again.
The composting process takes place anaerobicatlyrequires approximately one year to make the campo
microbiologically safe for use as a soil fertilizer

To produce good composted humus, the optimum nreistantent in the vault should be between 40 and 60
percent. This can be achieved in several wayshdrViethamese DVC toilet (figure 5.7) urine i<kxied from

the vault and either drained to a small gravel avaly or collected for use as a nitrogenous ligaitilizer. This

is unlikely to be acceptable in areas where thegbemce of urinary shistosomiasis is high. InBwswanan and
Tanzanian DVC toilet (see figure 5.6) the basehefuault is permeable, permitting infiltration goercolation of
urine and water; clearly this approach is not ayablie in areas where there is a high groundwalbds.ta
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Figure 5.5 'Multrum" continuous
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Figure 5.6 Double-vault composting Toilets
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Figure 5.7 Double-vault Composting Toilet Used in Vietnam
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5.17 Pour-Flush Toilets

Pour flush (PF) toilets have seals beneath thetsggiglate or pedestal seat and are availableanyndifferent
designs. Two basic types are shown on figure he: direct discharge and the offset pit designbdth design
approximately 1 to 2 liters of water (or sullageg @oured in by hand to flush the excreta intopihe They can
be used for several sanitation service levels. flisé type is a modification of the pit latrine wwhich the
squatting plate is provided with a simple waterl.s€ghis type is often used with wet pits since thater seal
prevents odor development and mosquito breeding.s kspecially suitable where water is used foal an
cleansing.

The second type of PF toilet, which is widely ugethdia, South East Asia, and some parts of LAtimerica, is

used in combination with a completely offset pithe PF bowel is connected to a short length (8mimmaix) of

100m diameter pipe that discharge into an adjgo&ntThe slope of the connecting pipe should reotdss than 1
in 40.

The pit is designed as described for VIP latriaed provided with a concrete or ferrocement colay and wall
lining as necessary. Because the digestion ofetxcsolids proceeds more rapidly in wet than in pitg,
however, a design capacity (C) of 0.04 m3 per pesgarly can be used. The volume (V) of pits lss) 4m
deep may be calculated from the equation giveredtiaen 5.11.

This type of PF toilet may be installed inside tlmuse since it is free from both odors and fly amaksquito

nuisance; it therefore obviates the need for a ra¢paexternal superstructure, and it can thus reeeial

aspirations for a “inside” toilet at low cost. Wheer space permits, two pits should be built. ifhwhen the
first pit is full, the PF unit can be connectedhe second pit. When the second pit is nearlythdlfirst one can
be used almost indefinitely.
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Figure 5.8

Alternative Designs for Pour-flush Toilets
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5.18 Sewered PF systems

The sewered PF system is a conceptual developnifiethtecsewered aquaprivy system that not only oves
certain drawbacks inherent in the design concepli@iatter while retaining its inherent economivantages, but
also provides more technically appropriate sawitatsystem in areas where the wastewater flow escdeel

absorptive capacity of the soil. The sewered Pfesy can either be developed from an existing PRipine or it

can be installed as a new facility. There are mbechnical differences between these alternatares only the
latter will be considered.

The sewered PF toilet system has five parts:-

2

%

The PF bowl, with a vent pipe and inspection chamb

A short length (8m maximum) of 200mm pipe laid at iess than 1 in 40;
A small two compartment septic tank;

A network of small bore sewers; and

A sewage treatment facility

5

%

5

%

5

%

5

%

A typical arrangement is shown in diagrammatic fanrfigure 5.9.

Only excreta and PF water are discharged into itke dompartment of the septic tank and only sdlago the

second. The two compartments are interconnectea dguble T-junction, the invert of which is a noali 30m

above the invert of the exit pipe of the second garment, which is connected to the street sewinus the

contents of the first compartment are able to deerfinto the second, but sullage cannot enter fingt f
compartment. This arrangement effectively elimésathe very degree of hydraulic disturbance calmsedigh

sullage flows that, in single compartment tanksularesuspend and prematurely flush out some ofsditted

excreta; it thus permits a considerably higherntide time of excreta in the tank and hence is ablachieve a
substantially increased destruction of excretetiqugns.

Guidelines for the size of the two compartmentisephks may be developed as follows:-

Assuming a per capita daily production of excreta.b liters and a maximum pour flush water usaféliters per
capita daily, the maximum toilet wastewater flowcamts to 7.5 liters per capita per daily. Allowiagmean
hydraulic residence time of 20 days in the firstnpartment implies a volume requirement of 0.15per user,
which compares well with the recommendation that finst compartment should be calculated on th&sbaf
0.15n7 per user, subject to a minimum of 1mThe minimum recommended size tank (£ Svorking volume) is
thus suitable for up to seven users and a watesuroption of 140liters per capita daily. Desludgafghe septic
tank is required when the first compartment is falf of sludge, which occurs every 22months assigra sludge
accumulation rate of 0.04rper person yearly and a capacity of 0.3per user.

Since all but the smallest solids are retainedvéndeptic tank, it is not necessary to ensurectedinsing velocities

of 1m per second in the receiving sewers. Smat lsewers of 100 to 150mm diameter can be usedhaisé can

be laid at flat gradients of 1 in 150 to 300. &g# water ordinarily carries no solids that codtycsewer pipes.
Consequently, manholes need only be provided a¢ pimctions. Thus the sewered PF system achieves
considerable economics in pipe and excavation @msipared with a conventional sewerage system. ngakito
account this savings, the extra cost of the snegitis tank, the savings in water usage , and therda@ost of the
toilet fixtures, the annual economic cost of a sedd’F system can be expected to be considerasytan that of

a cistern flush toilets connected to a conventieealerage system. In addition, treatment costdbwiless because

of the enhanced pathogen removal and biochemigajesxdemand (BOD) reduction (approximately 30 t&opn

the septic tank
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Figure 5.9 Pour-Flush Toilet-Septic tank Systems
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5.19 Aqua privies

There are three types of aqua privies; the simplaventional aqua privy, the self topping or agé aqua privy,
and the severed aqua privy. The second and tpebtare simple modifications of the first typeigeed to accept
sullage, which the first type cannot.

The conventional aqua privy toilet (figure 5.10nsists essentially of a squatting plate situatedédiately above a
small septic tank that discharges its effluentricadjacent soakway. The squatting plate has agriait drop pipe,
in diameter 100 to 150mm, the bottom of which iee water seal is formed between the squatting @Ead the
tank contents. In order to maintain this watex,sehich is necessary to prevent fly and odorang in the toilet,
it is essential that the tank be completely wagbttand the toilet user add sufficient water to tidngk via the drop
pipe to replace any losses. A superstructureasiged for privacy and a small vent pipe is normaficorporated
in the design to expel the gases produced in tile ta

The excreta are deposited directly into the tankretthey are decomposed anaerobically in the saam@en as in a
septic tank. There is, as with septic tanks, agshaccumulation of sludge (approximately 0.08.@4n? per user
per year), which should be removed when the tantwis thirds full of sludge. The tank volume is au
calculated on the basis of 0.12per user, with a minimum size of #mDesludging is normally required every 2 to
3 years when the tank is two thirds full of sludgehe liquid depth in the tank is normally 1.0 t&rh in household
units; depths of up to 2m have been used in langentunal aqua privies.

The volume of excreta added to the aqua privy fardpproximately 1.5liters per capita daily, and thater used
for ‘flushing” and maintenance of the water seadli®ut 4.5liters per capita daily; thus the aquaypeffluent flow
is around 6liters per capita daily. The soakawshauld therefore be designed on this basis, altihdtug common
to include a factor of safety so that the desigwflvould be, say, 8liters per capita daily. Thaewiall area of the
soakaway should be calculated assuming an infotraate of 10 liters per falaily.

Technical Appropriateness

Maintenance of the water seal has always been ldgmowith conventional aqua privies, except in sdsi@mic
communities where the water used for anal cleansirsyfficient to maintain the seal. Even themawéver, it is
necessary for the vault to remain water tight. many other communities people are either unawar¢hef
importance of maintaing the seal or they dislikengeseen carrying water into the toilet. If thalsis not regularly
maintained, there is intense odor release and nitosguisance.
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Figure 5.10
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The conventional aqua privy (Figure 5.10) sufferajon disadvantages: in practice the water sealaigly

maintained. As a consequence, it cannot be recow@teas a viable sanitation technology option.hdidgh the
problem of water seal maintenance may be overcontmih the sullage and sewered aqua privies asrshgw
figures 5.11 and 5.12, and in spite of the evidegheéthese two systems have had success (notallgmbia), the
basic design of the aqua privy system is questienabcause of the expensive watertight tank neéal@daintain

the water seal. Experience has shown that therwatd may not always be maintained (usually bexatifailure

or inadequacy of the water supply), so that théesydas a relatively high risk of intermittent med€tion.

.As shown in figure 5.11, the sullage aqua privgpgrationally equivalent to either a VIP latrime ROEC) with
an entirely separate soakage pit for sullage dapmwsa PF latrine with a completely offset pittthan also be used
for sullage disposal. The latter alternatives ¢ess$ than the sullage aqua privy and in fact apesor because of
their reduced risks of odor and fly nuisance andrational malfunctions. The PF toilet has a mudhtamneliable
water seal, which does not require a watertightgaib be located inside the house, and is moréyegxjraded to a
cistern flush toilet.

The logic of the sewered aquaprivy system is sityilquestionable. An aquaprivy is sewered not beeeof any
need to transport excreta along sewers, but aglepodhef sullage disposal in areas where the saihohaccept any
or all of the sullage produced. As shown in figbt&2, the sewered aqua privy can be considerddnationally
equivalent to a sewered PF toilet. The seweretbiR¥ is the superior system; it is also margiyaltheaper.
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Figure 5. 11 o0 Equivalence of Sullage Aquaprivy to Ventilated
Latrine with Separate Sullage Soakaway or
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Figure 5.12 Formal Equivalence of
Sewered Aquaprivy to sewered pour flush
toilet
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5.20 Septic Tanks, Soakways and Drainfields

Septic tanks are rectangular chambers, usually §itst below ground level; they receive both exarand flush
water from flush toilets and all other householdstesvater. The mean hydraulic retention time in tdak is
usually 1 to 3 days. During this time the solidgtle to the bottom of the tank where they are stigg
anaerobically, and a thick layer of scum is fornadthe surface. Although digestion of the setthadids is
reasonably effective, some sludge accumulates lamdaink must be desludged at regular intervalsallysonce
every 1 to 5 years. The effluent from septic taiskérom a health point of view, as dangerousaas sewage and so
is ordinarily discharged to soakways or leachimddB. Although septic tanks are most commonly used to teg
the sewage from individual households, they can hesed as a communal facility for population up to abut

300.

81



A two compartment septic tank (Figure 5.13) is ngenerally preferred to one with only a single cortippant
because the suspended solids concentration irffitem is considered lower. The first compartmamid the
overall length to breadth ratio are 2 to 3 to xpé&ience has shown that in order to provide sieffity quiescent
conditions for effective sedimentation of the sewvaglids, the liquid retention time should be atste24 hours.
Two thirds of the tank volume is normally reserfedthe storage of accumulated sludge and scurtheddhe size
of the septic tank should be based on 3 day’s tieteat start up; this ensures that there is adtléaday retention
just prior to each desludging operation. Sludgeuamilates at a rate of 0.03 to 0.04 per person yearly; thus,
knowing the number of users, the interval betwagateassive desludging operations (which are requirteeh the
tank is one third full of sludge) is readily calatdd.

Figure 5.14 shows a variety of alternate designduding an experimental septic tank in which aaesobic up
flow filter is substituted for subsurface systemsdffluent disposal.

The following guidelines can be used to determivgeinternal dimensions of a Rectangular tank.

1. The depth of liquid from the tank floor to the aitpipe invert should be not less than 1.2 m; atdepat
least 1.5 m is preferable. In addition a clear spafcat least 300 mm should be left between themavel
and the under-surface of the cover slab.

2. The width should be at least 600 mm as this isnti@mum space in which a person can work when

building or cleaning the tank. Some codes of pcaatecommend that the length should be 2 or 3 tihmes
width.

3. For a tank of width W, the length of the first caamgment should be 2 W and the length of the second
compartment should be W (Fig. 5.20). In genera,dépth should be not greater than the total length

These guidelines give the minimum size of tank.r&éhis no disadvantage in making a tank bigger tten

minimum capacity. It may be cheaper to build latgeks using whole blocks, rather than cutting kéoc

Figure 5.13 Schematic of Conventional
Septic Tank (mm)
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Figure 5.14 Alternative Septic Tank Designs
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5.21 Effluent Disposal

Subsurface disposal into soakaway pits or irrigatiodrain field trenches (soakaways) is the mostmon method
of disposal of the effluent. The soil must be ®ightly permeable; in impermeable soils eitherpos&ranspiration
beds or up flow filters can be used, although theil#tle operational experience with either oé$e systems. For
large flows, waste stabilization ponds may be nsoiigable.

5.21.1 Drain field Design

The tank effluent is discharged directly to a seaka (Figure 5.15) or, with larger flows or less peable soils, to
a number of drainage trenches connected in serigsch trench consists of open joint agriculturalimhge tiles of
100mm diameter laid on a 1m depth of rock fill (280 50mm grading0. The effluent infiltrates inte soil
surrounding the trench, the sidewalls of which ameared and partially clogged during excavatiorurtrer
clogging of the effluent soil interface resultsrrslating (hydration) and effluent into the intedafrom chemical
deflocculation of clay particles when the efflugvdter has more sodium than the original interstgraundwater,
and from the formation of an organic mat made upaifterial slimes feeding upon nutrients in théuefit. This
means that the life of a drain field is limitedrofsion must therefore be made to set aside landde as a future
replacement drain field. The trench length requisecalculated from the equation:

L=NQ/2DlI

Where L=trench length in m;

N=number of users;

Q=wastewater flow, liters per capita daily;

D=effective depth of trench, m; and

I= design infiltration rate, liters per square metaily
The factor 2 is introduced because the trench hgideés. The design infiltration rate for soakawayslrain fields
should be taken as 10 liters pet daily, unless a more accurate figure is known fthenlocal experience.
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Figure 515 byainfietd for Septic.tan Effluent
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5.21.2 Location of Septic Tanks and Drain fields

Septic tanks and drain fields should not be locatedclose to building and sources of water orrées whose
growing roots may damage them. Table 5.8 givesgrguidelines for location in the form of a minim
distances from various features.

Table 5.8 Minimum Distance Requirements for Septidanks and Soakways
Item Septic Tank (m) Soakaway (m)
Buildings 1.5 3.0

Property boundaries 1.5 1.5

Wells 10.0 10.0

Streams 7.5 30.0

Cuts or Embankments 7.5 30.0

Water Pipes 3.0 3.0

Paths 1.5 15

Large Trees 3.0 3.0

5.22 Construction

5.22.1 Latrine

Many components of sanitation systems are commodifferent types of latrines. The technical detaifsthe
following components are considered:

- pits and pit linings;

- latrine floors, which may be cast directly on tmeund where the pit or vault is offset;

- slabs, supported over direct or offset pits;

- footrests and squat holes;

- seats;

- water seals, pans, pipes and junction chambers;

- vent pipes;

- Superstructures.

5.22.2 Pits

Excavation

Most pit latrines provide sanitation for a singleukehold, usually necessitating a pit about 1 rasscand 3 m or
more in depth (although much larger pits are commaome areas), or two shallow pits of up to 1.5rdepth.

The pit may be circular, square or rectangularlampCircular pits are more stable because of #taral arching
effect of the ground around the hole, with no slammers to concentrate the stresses.

However, people often find that square or rectamgpits are easier to dig. The depth of the pitsrofollows local

traditions. It is usually advantageous to dig titeap deep as possible, but this depends on snditons, cost of
lining and the level of the groundwater.
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Pit linings

The need for a pit lining depends upon the typlawine under construction and the condition of ¢bd. In septic
tanks and aqua privies, for example, which requiagertight compartments, the pit is always linedwdver, in pit

latrines it is only necessary to have a lininghé soll is likely to collapse during the life spafithe latrine.

It is not easy to decide in advance whether avgilibe self supporting. If other excavations iretlocality (such as
shallow wells) have proved to be self-supportingraw number of years, then it is probably safestkume that a pit
for a latrine can be dug without support. Granastals such as sands and gravels normally requppasti

Cohesive soils, such as silts and clays, and sgils a high proportion of iron oxides, such as s, are often
self-supporting. However, silts and clays may ltseir self-supporting properties when wet, paréeiyl where

there is a varying water table.

If there is any doubt about the conditions it iftdreto assume that the soil is not self-supportingreasingly it is
recommended that all pits should be lined, espgandtere the design life is over five years. Falaf an unlined
deep pit can be extremely hazardous for the peescavating it. If the failure occurs some yeargrat can be
expensive for the owner and disturbing for the siskr all cases the top 300 500 mm should be laretisealed to
support the slab (and where necessary the supetse) and to prevent contamination of the surimce entry of

vermin.

The lining may be of any material that supports sb& and that will last as long as the design bfethe pit.
Commonly, materials such as fired bricks, concigteks, concrete, ferrocement and local stone aesl,ubut
stabilized soil blocks, old oil drums (though wahlimited life in corrosive groundwater) and ungldired clay
pipes have also been successful.

Quarried stones, where available cheaply, makedisfactory lining. The more regular blocks shobtl used for
the top 500 mm with mortar joints. Less-regulanstean be used for the remainder of the lining euttmortar in

the vertical joints. The builders or masons musshiled and experienced if the lining is to lageasonable length
of time. Where local stone is used, its durabitityst be confirmed. Some stone will deteriorate winguosed to air
or water or to frequent changes between wet andalgitions.

The use of timber or bamboo is not generally recemaed, since they are subject to insect and fusitatk and
often have a limited life. Some hard woods candiesfactory provided they are treated with tarosae or other
preservative to lengthen their life. Care must &keh to ensure that none of the preservatives l@gstohthe
groundwater as even low levels of some preseratiam be toxic (WHO, 1984). Woven cane and bamlave h
been used for the lower part of a lining with sgenmaterials used for the top 500 mm. Howevergsmthe pits
are designed to have an extremely short life, eaxkbamboo should be avoided.

Backfilling

Any space around the outside of the lining shoddhckfilled with compacted earth taken from theopj where
available, with sand and gravel. If the ground astipularlyweak, the top of the pit may be backfillwith weak
concrete or a soil-cement mixture to give additiaieength. Strengthening may be important if the of the pit
has become overly enlarged during excavation.
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5.22.3 Latrine floors

Floors of latrines, whether laid on the ground wpmorted over a pit, should be smooth and impes/gauthat they
may be cleaned easily and have a satisfactory eqpemto users. The upper surface should be &t188smm
above the surrounding ground level (Fig. 5.16)revpnt rain and surface water entering the latrine.

The floor surface should slope gently to facilitateaning and to prevent surplus wash water froftecting in
puddles. The slope is normally from the outer-edfythe floor towards the squat hole or pan at thetre, so that
the water used for cleaning flows into the pit aioés not foul the area surrounding the slab. Adiadibout 20 mm
between the edge and the centre of a slab up tnlabross is sufficient to prevent pools of ligfadming (Fig.
5.8). Where seats are used, the floor should sl from the seat support so that any wash whtesftowards
the latrine entrance.

If a precast slab is smaller than the inside flaoga of the superstructure, an impervious surfaceormally
provided to seal the area between the slab anehsfde wall of the building. Any area around thabsivhich is left
as bare earth could be fouled, thus becoming ailjessite for hookworm infestation. However, in erdto
minimize costs, the space around the squatting enside the superstructure should be limited. Tieiduces
building costs for the superstructure as well asrfhg materials. But the squat hole or pan shoolthe so close to
the superstructure that users are forced to leaimsigthe wall when they are trying to defecatemidimum floor
space of 80 cm in width and | m from front to bé&kormally acceptable (Mare, 1985b)

5.22.4 Slabs

Requirements

A latrine slab serves two main purposes, as a suppd as a seal. It has to support the weighh@fierson using
the latrine and, possibly, the weight of the sujpecsure. It also seals the pit, with the exceptidrihe squat hole
and, where required, the vent-pipe hole. This itatds control of flies and smells and reduceslitedihood of
rodents and surface water entering the pit. Whieeeslab has been made in sections (for ease oingland
emptying) or has a removable cover, the joints khba sealed with a weak mortar such as a limewat mortar.
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Fig. 5.16 Requirements of slabs
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To support the weight of a person over a latrinteth@ suspended slab has to act structurally inmibaner of a
bridge. Where seats are provided, the extra wéightto be allowed for when designing the slab. Ddijng on the
design of the slab, the materials may have to be tabresist forces in tension as well as in corsgim . The
materials needed to carry the tensile forces atenofore expensive than those commonly used inclost-
buildings. The slab is often the most expensivaviddal component that has to be paid for by theru#t is

therefore important to ensure that it is carefdiigigned to serve its purpose with a minimum oflgasaterial.

The slab normally rests on a foundation or on tipedf the pit lining (see Fig. 5.16). This ensutfest the weight of
the slab and the weight of the person using itspread evenly on the soil. Particular care mugtiken where the
slab also has to carry part of the weight of thpesstructure. If the ground is weak, the foundatpwavents
subsidence or collapse of the ground underneatlhottte Any gaps between the slab and the pit lishguld be
sealed with earth or a weak mortar to prevent isgyief water. This seal also prevents small aniraats insects

getting into and out of the pit.

Where a pit is excavated to a larger diameter thanned; precast slabs are occasionally supportdinber poles.
This practice is not advisable as the heavy loatherpoles is likely to lead to early failure. Hoxge, small slabs
(approximately 500 mm square), designed to proegide/gienic squat hole for existing latrines at minm cost,

will not overload a timber support.

Shapes of direct pit slabs

The shape and size of the pit are the first fadiotse considered when designing a supported kktline pits can
be round, square or rectangular and it is usudintb that a particular shape becomes the accepsiyl for a

particular area.
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Reinforced concrete

Because of the weakness of concrete in tensiom d@ften reinforced with other materials. Most comiyait is
strengthened by the inclusion of steel bars. Detiithe reinforcing steel required for common sipé slab are
shown in Table 5.9. Mild steel bars, 6 mm in diaanepaced at intervals of 150 mm, or 8 mm in di@mgpaced at

intervals of 250 mm in each direction, are normail§ficient for 80-mm thick slabs of up to 1.5 msjpan.
This span distance is measured at the point ofrmim span, that is, the shortest distance betweepbimnts which
fully support the slab. Where used correctly, mioément in a concrete slab will support at lelsadults on a 1.5-
m span slab. For the small spans illustrated, est&ral is not required for trimming around theggéening.

Table 5.9  Spacing of steel reinforcement bars faoncrete slab$

Slab Steel bar Spacing of steel bars (mm) for mimn slab span of
thickness Dia. (mm) im 1.25m 1.5m 1.75m 2m
65 6 150 150 125 75 50
8 250 250 200 150 125
80 6 150 150 150 125 75
8 250 250 250 200 150

5.23 VIP Latrine

5.23.1 Vent pipes

The vent pipe, i.e., the tube connecting the latgit to the open air above the pit, serves twpases: (| ) to create
a draught of air from the superstructure, throdghdquat hole and out of the pit, passing up ti ¥2) to act as a
light source which will attract flies to the screteap which is attached to the top of the vent.ralty the vent pipe
is straight and rises vertically above the pitlsat the daylight at the top can be seen diregtlgry flies in the pit
(Fig. 5.17). A straight pipe also maximizes the fiomw; bends in the vent absorb part of the endrgyhe air

movement.

Fig. 5.17 Straight vent pipe Fig. 5.18 Angled vent pipe with window
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With certain types of slab, or where existing sledxguire upgrading with a vent, there may be a nedating the
pipe out horizontally underneath the slab beforaitig to the vertical. In this situation an anaildight source is
required in the form of a glass or perspex winddwha bend (Fig. 5.18). Flies in the pit are fiiracted to the
light source at the window. They cannot escape filsenvent at that point so, following the air flapwards, they

then go towards the light at the top of the vent.

The draught through the vent is created primanijytiie movement of wind across the top of the pifias air

movement creates a suction effect, sucking aiobtie pit and up the vent. To achieve satisfactorynovement,
the top of the vent should be at least 500 mm altlordnighest part of the roof, except where théd i®gonical, in

which case the pipe should reach at least the heigthe roof apex. However, if the pipe can becagied even
higher, a stronger updraught will be created in\that. Wind speed increases even at slightly highevations
above the ground, which creates a stronger sueffect. Also, the higher the vent, the less liki¢lg to be shielded
by buildings or other obstructions which may caaseurbulence and reduce or even reverse the ugttan the

vent. Any large trees or overhanging branches closthe vent may significantly affect air movemeamd thus
reduce the effectiveness of the ventilated latr8imilarly, a rain cowl should not be placed on tdithe vent, as it
will reduce the air flow; the amount of rain enterithe pit is not likely to be significant.

The vent should therefore be located in the besitipo to catch any air movements across the uppdrof the
pipe. Vent pipes are normally placed outside thgesstructure, particularly where the building migtisravailable
make it difficult to construct a watertight jointere the pipe would pass through the roof. Freedatg pipes may
be secured to the wall of the superstructure usiagdard pipe fittings, strips of galvanized stgalyanized wire or
other noncorrosive material. Where possible, tha gbould be located on the side of the buildingctvHaces the
equator that is the side which receives most shhlilhe warming of the surface of the vent pipeeaithe
temperature of the air in the pipe, increasingupward draught. Painting the vent black aids thexmal effect.
However, the air movement over the top of the v¥enhe most significant factor in causing updraugid a vent
placed inside the building will still work effecgly.

The updraught may also be increased by using algp@sign for the superstructure, which funnelsainegnto the
structure. If there are no other ventilation hotbs produces a positive pressure inside the tstreicthus forcing air
through the squat hole and the pit and up the \éotvever, where the winds are particularly variadtel often
blow from a direction away from the superstructapening, a negative pressure may be created whitlswek

foul air out of the pit and into the building (Fig.19).
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Fig. 5.19 Layouts for superstructures, vent pipesral pits
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Vents may be square or round and can be constriroieda wide variety of materials.

Circular vent pipes should normally have an intedi@meter of at least 150 mm for

smooth materials (PVC or asbestos cement) or 230fonmough surfaces (such as locally produced cg¢me
rendered pipes), although in exposed places wigh kind speeds a smaller diameter may be sufficiéris
normally advantageous to enlarge the top of the pge by about 50 mm to account for the head Bdbat is, the
reduction in energy and therefore in updraught edury the air passing through the fine mesh oflyfsereen (Fig.
5.20). There is a danger that cobwebs, dirt orcins®tter may build up on the screen, restrictimglew. Belling
the top of the pipe can serve to balance thesgatasbs.

Dimensions of the vent pipe

Fig. 5.20 Belled vent with fly screen
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Materials

Materials suitable for vent pipes include asbestrsent, unplasticized PVC, bricks, blocks, holloveati bamboo,
ant-hill soil, cement rendered reeds or bamboo, Gement-rendered hessian. The choice of materlanegd to
take into account durability, availability of matds and skills, cost, and availability of fundsrdidary PVC
becomes brittle when exposed to strong sunlightnaterial with a special stabilizer should be ugegbssible.
Because galvanized steel corrodes in a humid atmospthe use of thin sheets is not recommendedefur pipes
except in very dry climates.

Brick and block chimneys

Vent pipes may be made from bricks or blocks wigment mortar joints in the form of a chimney treaat least
230 mm?2 internally. The flyproof screen should bretshed over the top surface of the highest britflis is built
into the course joint one brick down, a receptélaeated which catches leaves and other debresciiimney may
be free-standing or built into the corner of thpexstructure.

Locally made vent pipes

Reeds, poles, thin bamboo or strips of 1020 mnaafd bamboo can be tied together with wire or gtttnmake a
mat which forms a base for cement mortar. The ataiut 2.5 x 1.0 m, is rolled round rings made efegr sticks to
form a tube about 300 mm in diameter. Flyproofingtts fixed over one end of the tube, which isntled on the

ground. The upper part of the pipe is covered withyer of cement mortar made with one part of cert@three

parts of sand. When the mortar has dried the tsilgrii in position with the mortared part against wall of the

latrine. Then the outer part of the pipe is plaslenith cement mortar. Alternatively the pipe ma&yrbtated on the
ground and completely plastered before erection.

A vent pipe can also be made with hessian. FirBgGammdiameter tube is formed of spot-welded stezsth made
of 4-mm bars at 100-mm centres (100 mm apart, eg¢atcentre). Hessian or jute cloth is stitchetttiground the
outside of the tube and flyproof netting is stitdt@/er one end. Cement mortar, made of one patmwient to two
parts of sand, is then brushed over the tube ieraélayers until a total thickness of about 10 msrformed. The
vent pipe is then fixed in place. Alternativelypge may be made from ferrocement with three or tayers of
mesh plastered with cement mortar and without asgian.

Fly screens

Fly screens should be made of material that willbeaffected by temperature, sunlight, or theazive gases that
are vented from the pit. Stainless steel or alummis considered to be best. Their comparatived ltiost may be
justified by their long life, especially as the een accounts for a very small proportion of thaltabst of the

latrine. PVC-coated glass-fibre netting is reldiveheap.. However, it tends to become brittle
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Ordinary plastic screens deteriorate quickly in ligim. Painted mild steel mesh, commonly sold asdeiv
screening against mosquitos, and galvanized mddl shesh last only a few months before corrosiortheypit
gases renders them ineffective. Gases and sunkighken the screens but the actual tearing of thteriahis
assumed to be caused by birds alighting or posbiplyzards which frequent the top of rough-wallesht pipes or
simply by the tension within the flexing screen

5.24  Septic Tank

The construction of a septic tank usually requitles assistance and supervision of an engineer teaat an
experienced construction foreman. The design ofitket and outlet is critical to the performancethé tank.
Careful checking of levels is particularly importdar large tanks that include complicated inlailet and baffle
board arrangements.

For small household tanks, the floor is usually enad unreinforced concrete thick enough to withdtauplift

pressure when the tank is empty. If the ground itimmd are poor or the tank is large, the floor nieve to be
reinforced. The walls are commonly built of brickdpcks or stone and should be rendered on théansith

cement mortar to make them watertight. Large rec®#d concrete tanks serving groups of houses etitutions
must be designed by a qualified engineer to enbattethey are structurally sound.

The tank cover or roof, which usually consists né @r more concrete slabs, must be strong enouglitiistand
any load that will be imposed.

Removable cover slabs should be provided overrled and outlet. Circular covers, rather than negtdar ones,
have the advantage that they cannot fall intodh& tvhen removed.

Septic tanks have been constructed from a variétprefabricated sections, including large-diameat@res.
Experience has shown that the problems involvetfixing the inlet and outlet outweigh the advantagésising
pipes. A number of proprietary designs of tankraenufactured from asbestos cement, glass-reinfqyizestic and
other materials and are sold commercially.

Inlet

The sewage must enter the tank with the minimunsiptesdisturbance to the liquid and solids alremdthe tank.
Surges and turbulence reduce the efficiency ofeseéint and can cause large amounts of solid mattee carried
out in the tank effluent. Suitable inlet arrangetseare shown in Fig. 5.21 and 5.24

Surges are caused by flushing of the WC and enptyfrsinks and baths. Their effect can be minimiagdising
drainpipes of not less than 100 mm in diameterearsliring that the gradient of the pipe approacttiagseptic tank
is flatter than about | in 66. Sizes and gradieffsipes between the buildirapd the septic tank may be specified in
local building regulations.
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Fig. 5.21 Septic tank Inlet pipe

Outlet

For septic tanks less than 1.2 m wide, a simplép€-prrangement can be used for the outlet. A ran@vcover
above the T-pipe should be provided to permit eleee of any blockage. An alternative to the T-pipe baffle
plate made of galvanized sheet, ferrocement orstabeement fitted round the outlet pipe (Fig. h.22deflector
may be provided below the outlet to reduce theipdisg of settled sludge being resuspended andi@adout of the
tank. For tanks wider than 1.2 m, a full-width wedm be used to draw off the flow evenly acrosstainé. A scum

board should be fitted to prevent the scum wasbireg the weir (Fig. 5.23).

Fig. 5.22 Septic tank outlet baffle plate
Dutlet pipe
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Fig. 5.23 Septic tank outlet using full width weir

[ N

"/,-‘7//////;// 150 mm —t
71 — >
; f 45Clmril ’,;]7_
Scumboard— [ A |/ "/
T 150 mm /

SN

Z
%
%

OIS W
Flan

Section

RN

Dividing wall

If a tank is divided into two or more compartmergigts or a short length of pipe should be providedve the
sludge level and below the scum level, as showridgn 524. At least two should be installed to maimtuniform
flow distribution across the tank.

Ventilation of the tank

The anaerobic processes that occur in the tankupeodases which must be allowed a means of estfatie
drainage system of the house or other buildingshaentilation pipe at the upper end, gases carpesitam the
septic tank along the drains. If the drainageesysis not ventilated, a screened vent pipe shoeldrbvided from
the septic tank itself.

The tank floor

Some codes of practice recommend that the floar sédptic tank should slope downwards towards tlet. ifihere

are two reasons: firstly, more sludge accumulagss the inlet, so a greater depth is desirablegre#g, the slope
assists movement of sludge towards the inlet dudegludging. For a two-compartment tank, the second
compartment should have a horizontal floor andfitisé compartment may slope at a gradient of 1 towards the
inlet. When calculating the tank volume, it shoblel assumed that the floor is horizontal at the dridavel. The
effect of sloping the floor provides extra voluride disadvantages of providing a sloping floor taia additional
depth of excavation is required, the constructisnmiade more complicated, and the cost of construds
increased.
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Fig. 5.24 Septic tanks showing options for conneotis between compartments
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5.1  Operation and Maintenance

5.1.1 Pitlatrines

The principle of all types of pit latrine is thatistes such as excrete, anal cleaning materialagsuknd refuse are
deposited in a hole in the ground. The liquids pkte into the surrounding soil and the organic emat
decomposes producing:
- gases such as carbon dioxide and methane, whiclibarated to the atmosphere or disperse into the
surrounding soil;

- liquids, which percolate into the surrounding soil;
- A decomposed and consolidated residue.

In one form or another, pit latrines are widely dise most developing countries. The health beneditsl
convenience depend upon the quality of the designstruction and maintenance. At worst, pit lasileat are
badly designed, constructed and maintained prdfadiefor the transmission of disease and may bdetter than

indiscriminate defecation. At best, they providestandard of sanitation that is at least as goodthsr more
sophisticated methods.
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Simplicity of operation and construction, low camstion cost, the fact that they can be built bydeholders with
a minimum of external assistance, and effectivemebseaking the routes by which diseases are dpara among
the advantages that make pit latrines the mosttipghdorm of sanitation available to many peopléhis is
especially true where there is no reliable, cortirmuiand ample piped water supply.

Unfortunately, past failures, especially of pulfécilities, discourage some sanitation field wosképm advocating
their widespread use. Objections to the use ofapiines are that poorly designed and poorly colestd latrines
produce unpleasant smells, that they are associsithdthe breeding of undesirable insects (parédyl flies,
mosquitos and cockroaches), that they are liableottapse, and that they may produce chemical aolddical
contamination of groundwater. Pit latrines thataedl designed, sited and constructed, and aregulppsed need
not have any of these faults.

5.2

5.2.1 Emptying pits

The emptying of single pits containing fresh exesepresents problems because of the active pathadgethe

sludge. In rural areas, where land availabilityh@ a constraint, it is often advisable to dig &eotpit for a new
latrine. The original pit may then be left for sealeyears and when the second is filled it mayibwkest to re-dig

the first pit rather than to excavate a new holbard ground. The sludge will not cause any hgaithlems and is
beneficial as a fertilizer. However, in urban areakere it is not possible to excavate further f@ad where the
investment in pit-lining and superstructure hasbadstantial, the pit must be emptied.

From the public health point of view, manual remostaould be avoided. Where the groundwater levebidigh
that the pit is flooded or where the pit is seaed fitted with an effluent overflow, the wet slegan be removed
by ordinary vacuum tankers. These tankers areaime @s those used for emptying septic tanks

5.2.2 Ventilated pit latrines

These are also known as ventilated improved piPjMatrines. The major nuisances that discourageute of
simple pit latrines - smell and flies - are reducectliminated through the incorporation of a \eativent pipe with
a flyscreen at the top Wind passing over the tofhefvent pipe causes a flow of air from the pibtigh the vent
pipe to the atmosphere and a downdraught fromuperstructure through the squat hole or seat mopit. This

continuous flow of air removes smells resultingnfirthe decomposing excrete in the pit and ventgéses to the
atmosphere at the top of the vent pipe rather thesugh the superstructure. The flow of air is @aged if the
doorway of the superstructure faces the prevailirgl. If a door is fitted it should be kept shutadittimes (except
when entering or leaving) to keep the inside of ldteine reasonably dark, but there should be a gapmally

above the door, for air to enter. The area of ¢faip should be at least three times the cross-osettarea of the
vent pipe.
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In addition to removing odours from the pit, theesmed vent pipe significantly controls flies. Blare attracted to
the pit by the odour coming from the vent pipe é& unable to enter because of the screen. A fesvdhter the pit
through the squat hole or seat, and lay eggs ipith&lew young flies attempt to leave the pit byrfg towards the
light. If the latrine superstructure is kept suffiatly dark, the major source of light is at the tf the vent pipe, but
the screen prevents the flies from escaping thedetey eventually fall back into the pit to die.

Well-constructed and maintained VIP latrines comddhthe problems associated with simple pit lasinexcept
mosquitos. However, they are considerably more ®sige than simple pits, since a ventilation pipel dull
superstructure are required. Because the defedatilegs directly over the pit they accept any farhanal cleaning
material without blocking. Routine operation is iied to keeping the superstructure clean, ensufiagthe door
(where fitted) is kept closed, occasionally chegkihat the fly-proof netting on top of the vent @il not blocked
or broken, and pouring water down the vent pipeeamgear to remove spiders' webs.

5.2.3 Ventilated double-pit latrines

Although it is usually best to provide large dedg,this may not be possible where rock or growstgwlies within
one or two metres of the ground surface. A vanmtibthe VIP latrine suitable for such situatiorss ltwo shallow
pits side by side under a single superstructure.fits are usually lined with bricks or blocks. Eg@it may have its
own squat hole or seat. Alternatively, slabs mayrtowable, one with a hole for the pit in use arjlan slab for
the other pit. Whichever design is used, only oole Imust be available for defecation at any tinee Tatrine may

be provided with two ventilation pipes (one for leq@it) but more usually only one is fitted, to thiein use.
The hole for the ventilation pipe for the pit notuse is sealed. As with single VIP latrines, thpesstructure must
be kept partially dark at all times to discouralggsf

5.2.4 Operation

One pit is used until it is filled to within abobalf a metre of the top. The defecation hole oterfull pit is then
sealed and the one over the empty pit opened. Wiemressary, the ventilation pipe is moved fromfthieto the

empty pit, and the vent hole in the slab of thé pitl sealed. The second pit is then used untédilto within half a
metre of the top. The contents of the first pit camv be removed and the pit reused. The pits masadge enough
to allow each pit to be used for at least two ye@tss ensures that when the pit contents are dugnost of the
pathogenic organisms have died.

Double-pit latrines can be considered as permainstdllations. The small effective capacity (0.72for a family

of six, using a sludge build-up rate of 60 litresr person per year, enables pits to be relativebllav, and

therefore easier to empty than deep pits. Thespitsild extend beyond the superstructure, eithénacsides or at
the back, with removable slabs for emptying. Tteabs should be easy to lift, but should be se@miqaevent flies
getting in or out. The central wall between the pits should be made with full mortar joints andynhe rendered
with cement mortar on both sides.

As with the single-pit VIP latrine, the double-MtP latrine has the advantages of reduced smellflgnuuisance.
Also the contents of the latrine dug out every fw@ars or so are valuable soil conditioners. Doyt &P latrines
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are usually (but not always) more expensive thaglsipit VIP latrines, and require a greater opena input from
the user, particularly in changing over pits. Sosoeeieties have shown resistance to handling thendeased
contents of the pit but this can often be overcavite education and time. Allowing people to seed(&andle) the
contents of a pit as it is emptied is the strongessuader for those concerned.

All projects involving the construction of doubl@-patrines must allow for a prolonged support peogme.
Householders need to be reminded to change pite atght time and should be assisted in doingrbis assistance
will probably have to be available for at least tingt two pit changes to ensure that the compdgtde is covered.

5.2.5 Pour-flush latrines

The problems of flies, mosquitos and smell in senpit latrines may be overcome simply and cheapiythe
installation of a pan with a water seal in the dafang hole The pan is cleared by pouring (ortdoethrowing) a
few litres of water into the pan after defecation.

The amount of water used varies between one andifas depending mainly on the pan and trap gggm@ans
requiring a small amount of water for flushing hathe added advantage of reducing the risk of groamner
pollution. The flushing water does not have to law. If access to clean water is limited, laundhgthing or any
other similar water may be used.

Pour-flush latrines are most appropriate for peoylle use water for anal cleaning, and squat tocagéde but they
have also proved popular in countries where otleming materials are common. However, there ikediiood of
blockage where solid materials such as hard papeomcobs are put in the pan. The placing of sol&hning
materials in a container for separate disposabiggenerally recommended unless careful attentonbe given to
the handling of the waste and sterilizing of thentamer. Blockage may also be caused by materiatl usy
menstruating women. This should be disposed ofragglg, e.g., by burying or burning. Efforts to aleéblockages
often result in damage to the water seal.

In most cases, because of the small quantity oémtquired for flushing, pour-flush latrines arétable where
water has to be carried to the latrine from a gtgred well, or other water source. There is naifigation for the
belief that the pit should be ventilated to previbet build up of gases. A vent pipe adds to th¢ ebthe latrine and
any gases produced easily percolate into the saling soil.

5.2.6 Septic tanks

Septic tanks are commonly used for wastewaternresatt for individual households in low-density resitlal areas,
for institutions such as schools and hospitals, fandsmall housing estates. The wastewater may &&esfrom
toilets only, or may also include sullage.

The septic tank, in conjunction with its effluerisgbsal system, offers many of the advantages o¥amational
sewerage. However, septic tank systems are morensi@ than most other on-site sanitation systemas aae
unlikely to be affordable by the poorer people dgisty. They also require sufficient piped wateffltsh all the
wastes through the drains to the tanks.
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Treatment processes

Wastes from the toilet, and possibly kitchens aathtwoms, pass through drains into a sealed, wgteitiank,
where they are partially treated. After a periagsually 1-3 days- the partially treated liquid Eessut of the tank
and is disposed of, often to the ground throughkgitsor tile drains in trenches.. Many of the desbs with septic
tank systems arise because inadequate consideiatioren to the disposal of the tank effluent.

Settlement

A principal aim of septic tank design is to achidwalraulically quiescent conditions within the tatokassist the
settlement by gravity of heavy solid particles. Be¢tled material forms a layer of sludge on thidmo of the tank

which must be removed periodically. The efficierdyemoval of solids by settlement can be high. i&jer et

al. (1960) reported removal of 80% of suspendeitisah three tanks in West Bengal; similar remaedés were
reported in a single tank near Bombay (Phadke. etiadlated). However, much depends upon the retetithe, the

inlet and outlet arrangements, and the frequenalesfudging. Large surges of flow entering the tanky cause a
temporarily high concentration of suspended salidthe effluent owing to disturbance of the soligsich have

already settled out.

Flotation

Grease, oil, and other materials that are lesseddvas water float up to the liquid surface, forgnalayer of scum
which can become quite hard. The liquid moves tghaihe tank sandwiched between the scum and sludge.

Sudge digestion and consolidation

Organic matter in the sludge and scum layers ikdsra@lown by anaerobic bacteria witha considerabieumt of
organic matter being converted into water and geSkesgige at the bottom of the tank is consolidatethg to the
weight of liquid and solids above. Hence the volusheludge is considerably less than that of rawage solids

entering the tank. Rising bubbles of gas causetaineamount of disturbance to the liquid flow.

The rate at which the digestion process proceetteases with temperature, a maximum rate beingeaetii at
about 35 °C. The use of ordinary household soapoimal amounts is unlikely to affect the digestjmocess
(Truesdale & Mann, 1968). The use of abnormallgdéaamounts of disinfectant causes bacteria to ezl loff and
thereby inhibits the digestion process.

Sabilization of liquids

The liquid in the septic tank undergoes biochemitelnges, but there are few data on the removphtifogens.
Both Majumder et al. (1960) and Phadke et al. (ted)afound that although 80-90% of hookworm and akisc
eggs were removed by the septic tanks studiedysolate terms very large numbers of viable egg®wentained
in the effluent, with 90% of effluent samples caoniag viable eggs.

Since the effluent from septic tanks is anaerobit kkely to contain large numbers of pathogensciwiian be a
potential source of infection, it should not be diger crop irrigation nor should it be dischargeddanals or
surface-water drains without the permission ofltleal health authority.
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Design principles
The guiding principles in designing a septic tark a

- to provide sufficient retention time for the sewagé¢he tank to allow separation of solids and iitzadtion
of liquid;

- to provide stable quiescent hydraulic conditionsefificient settlement and flotation of solids;

- to ensure that the tank is large enough to stareraclated sludge and scum;

- to ensure that no blockages are likely to occurthatithere is adequate ventilation of gases

Liquid retention volume

If the septic tank accepts sullage as well as ttoilaste, the sewage flow from a house or institutisually
represents a high proportion of the water supplietthe water supply per person is known, the sefémyv may be
taken as 90% of the water supply. If the water suppceeds about 250 litres per person per dayekoess is
likely to be used for watering gardens. In mostedeping countries, the maximum sewage flow mayssimed to
be between 100 and 200 litres per person per day.

If only WCs are connected to the septic tank, theage flow is estimated from an assumption abantimber of
times each user is likely to flush the WC. For eglaneach person may flush a 10-litre cistern foues a day.

The minimum capacity required for 24 hours' liquatention is:

A =P xqlitres

Where;
A = required volume for 24 hours' liquid retention;
P = number of people served by the tank;
g = sewage flow per person (litres per person pgJ.d

Volume for sludge and scum storage
The volume required for the accumulation of sludgd scum is obtained from the following formula:

B=PXNXFx$S
Where;
B = the required sludge and scum storage capaclites;

N = the number of years between dislodging (oftéh yars; more frequent dislodging may be assumed
where there is a cheap and reliable emptying sekvic
F = a factor which relates the sludge digestioa tatemperature and the dislodging interval

S = the rate of sludge and scum accumulation wimiah be taken as 25 litres per person per yeamafust

receiving WC waste only, and 40 litres per persenyear for tanks receiving WC waste and sullage.
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Operation and maintenance

5.3  Starting up the tank

The process of anaerobic digestion of the sewaligssntering the tank can be slow in starting &iigla good idea
to "seed" a new tank with sludge from a tank thet heen operating for some time. This ensureghbatecessary
microorganisms are present in the tank to allowdilgestion process to take place in a short time

5.3.1 Maintenance

Routine inspection is necessary to check whethgludging is needed, and to ensure that there atdooiages at
the inlet or outlet. A tank needs to be desludgégmthe sludge and scum occupy the volume spedifigte
design. A simple rule is to desludge when solidupy between one-half and two-thirds of the toegtth between
the water level and the bottom of the tank. Onéhefdifficulties with septic tanks is that they tiome to operate
even when the tank is almost full of solids. Irsthituation the inflow scours a channel throughsihege and may
pass through the tank in a matter of minutes rétiaar remaining in the tank for the required rdtentime.

The most satisfactory method of sludge removalisdcuum tanker. The sludge is pumped out of thi tArough
a flexible hose connected to a vacuum pump, whfththe sludge into the tanker. If the bottom lesyef sludge
have cemented together they can be jetted withtarvisse (which may be fitted to the tanker lowybroken up

with a long-handled spade before being pumped out.

If a vacuum tanker is not available, the sludge trbesbailed out manually using buckets. This isleagant work
which exposes the operatives to health hazards.

Care must be taken to ensure that sludge is ntééd@round the tank during emptying. Sludge rendofrem a
septic tank includes fresh excrete and preseritgkaf transmission of diseases of faecal origiareful disposal is
therefore necessary.

When a septic tank is desludged it should not Hg fuashed out or disinfected. A small amount afdgle should
be left in the tank to ensure continuing rapid dtgm.

5.4  Aqua-privies

An aqua-privy is a latrine set above or adjacera sgptic tank and is useful in situations in whioére is a limited
water supply (Fig. 5.25). Where the latrine is abtive tank, a chute drop-pipe, 100 to 150 mm imdiar, hangs
below the squat hole or latrine seat so that eeatedps directly into the tank below water leveleTbottom of the
pipe should be 75 mm below the liquid level in thak, providing a seal which prevents gases esgépio the
latrine superstructure and limits the access esfind mosquitos to the tank. Alternatively théetanay be fitted
with a pan with a water seal.
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Where the latrine is adjacent to the tank, thepisim water seal is connected by a short pipe. Efftirom the tank

goes to a soakpit, drainage trench or sewer. Tisewsually only a small flow of effluent and it tiserefore very
concentrated.

Fig. 5.25 Aqua-privy

Screenad ventflpe
T «—Latring

To effluent disposal
systam

WO G1484
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In order to keep a seal at the bottom of the dripp-fi is essential that the water level in thektemmaintained. If
the tank is completely watertight, a bucketful ohter every day, used to clean the latrine, is ceffii to
compensate for any losses due to evaporation. Henwéhas been found in practice that many taskk.lIn some
places sullage is discharged into the tank (Fig6)%.but even this has not proved sufficient touemshat the water
level is above the bottom of the drop pipe atiales.

The design capacity of agua-privy tanks may beutaled by the same procedure as for septic tankgulgr
removal of sludge and scum is essential, so a rablevcover for desludging is required. A vent pipaisually
provided.
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5.5 Disposal of effluent from septic tanks and aqua-priies

A septic tank or aqua-privy is simply a combineténgion tank and digester; apart from losses thnaegepage and
evaporation, the outflow from the tank equals tiftoiv. The effluent is anaerobic and may contalarge number
of pathogenic organisms. Although the removal apsinded solids can be high in percentage term&ftloent is
still concentrated in absolute terms, and the rfeedafe disposal of septic tank effluents canmotido strongly
stressed.

The effluent from large tanks dealing with sewagmnf groups of houses or from institutions may leated by
conventional sewage treatment processes such eslatérg filters. Effluent from septic tanks anduaeprivies
serving individual houses is normally dischargeddakpits or drainage trenches for infiltratioroithe ground.
Unfortunately it is not possible to predict the fudife of such disposal systems, which dependhenefficiency of
the septic tank and the soil conditions. Poolstafsant liquid often form when both toilet wastesl sullage are
discharged to a septic tank and then to a draifiatge which is too small or is clogged. This cresate potential
health risk. Overloading of the drainage field nh@yavoided by allowing only toilet wastes to gdtte septic tank.
Sullage can be dealt with separately with feweltha&ks than a mixture of partly treated toileaste and sullage.
A three-compartment septic tank, where sullageti®duced into the final compartment should be usade the
effluent infiltration rates may be double those tilwo-compartment tanks.

5.6  Soakpits

Pits used to dispose of effluent from septic taakes commonly 2-5 m deep with a diameter of 1.0+B.5The
capacity should be not less than that of the ségmik.

Depending on the nature of the soil and the looat of stone and other building material, soakpits/ either be
lined or filled with stones or broken bricks. Ligm are generally made of bricks, blocks or masamith
honeycomb construction or open joints (Fig. 5.28)for the linings of pit latrines. The infiltraticapacity of the
soil may be increased by filling any space behh@llining with sand or gravel hard material suchviaken rock or
broken kiln-dried bricks not less than 50 mm innaéier may be used to fill an unlined pit (Fig 5.28)

Whether the main part of the pit is lined or fillgte top 500 mm should have a ring of blocks,Ksricr masonry
with full mortar joints to provide a firm supportrfthe cover. The ring may be corbelled to redieesize of the
cover. Covers are usually made of reinforced cdaaad may be buried by 200-300 mm of soil to kegfpinsects.

Increasing the diameter of the pit results ingpdiportionate increase in the volume of excavatioa in the cost
of the cover slab compared with the increase of arala. Therefore, if the required infiltration arne large, it may
be more economical to provide drainage trenches.
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Fig. 5.27 Lined soakpit
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5.8 Drainage trenches

The disposal of the large quantity of effluent freeptic tanks is often effected in trenches whicperse the flow
over a large area, reducing the risk of overloadingne place. The trenches make up a drainagk Tibe effluent
is carried in pipes which are normally 100 mm iardeter with a gap of about 10 mm between each pipglazed
stoneware pipes (tile drains) are often used, eitlith plain ends or with spigot and socket joirthe upper part of
the gap between plain end pipes may be coveredstiths of tarred paper or plastic sheet to preeatty of sand
or silt. With spigot and socket pipes, a small stam cement fillet can be placed on each socketetdre the
adjoining spigot (Fig 5.29).

Drainage trenches are usually dug with a width@3#-3500 mm and a depth of 600 1000 mm below theofdpe
pipes. A common practice is to lay the pipes ataalignt of 0.2-0.3% on a bed of gravel, the stomigls a diameter
of 20- 50 mm. Soil is returned to a depth of 300 Bim above the stones, with a barrier of strawuiding paper
to prevent soil washing down (Fig. 5.30).

If more than one trench is needed it is recommertidadthe drains be laid in series. Drains in seaiee either full
or empty, allowing the soil alongside empty draimsecover under aerobic conditions (Fig. 3.31frHins are laid
in parallel, there is a tendency for all trencheesdntain some effluent. Trenches should be 2 mtapatwice the
trench depth if this is greater than 1 m.

Fig. 5.29 Open pipe joint in a drain?ﬁ?rﬁﬁ“&&per 1o cover joint
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Fig. 5.30 Drainage trench
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The length of trench should be calculated by digdihe flow of effluent by the infiltration ratell@aving for the
area of both sides of the trench.

59 Other latrines

5.9.1 Bucket latrines

The system in which excrete are removed from bulgtgnhes (also called nightsoil latrines or eartbsets) is one
of the oldest forms of organized sanitation. Budig&ines are still found in many towns and citiegAfrica, Latin
America and Asia, because their low capital codterdhem attractive to underfunded local autharitie

In some rural and periurban areas, members of hold® take nightsoil to manure heaps or apply riealy to
fields as fertilizer. In towns and cities, nightdsioften collected by sweepers engaged by houldetson contract,
or by the local authorities. Buckets are usuallypted into larger containers near the latrine. éme places
labourers carry these containers by hand or on bigeids; hand-carts, animal-drawn carts, bicyabestdcycles are
also used.

The number of bucket latrines is declining rapidipwever, for many years to come, some peoplehaiie to rely
on bucket latrines as their only form of sanitatibhe following paragraphs give suggestions fgprimvements to
existing systems until they can be replaced by racoeptable forms of sanitation.

Good operation

A container made of non-corrosive material is ptabeneath a squatting slab or seat in the buclanbér, with
rear doors which should be kept shut except duengpval and replacement of the bucket.

The bucket chamber should be cleaned wheneverutiebis removed. The squat hole should be coveyesl fly
proof cover when not in use. The cover of the skauld be hinged (Fig. 5.32) and the cover of theatting slab
should have a long handle.

At regular intervals (preferably each night) thentainer should be removed and replaced by a clesn Bull

containers should be taken to depots or transéioas where they are emptied, washed and disedewaiith a

phenol or cresol type of disinfectant. In some ts\inis the practice to provide two buckets paintedifferent

colours for each latrine. Containers should be keptred with tight-fitting lids while in transitnd the operators
should be provided with full protective clothingroPer supervision and management are essentiabcided

buckets should be repaired or replaced and trahgpbicles should be kept in good order.

In some systems, urine is diverted away from thekéts to reduce the volume to be dealt with. lussially
channelled to soakpits, but may be collected séglgrand used directly as fertilizer. Water used vi@ashing
latrines and bucket-chambers should pass to s@algitd should not be allowed to pollute the groaralind the
latrines.
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Disposal methods

The practice of dumping nightsoil indiscriminatéiyo streams or on open land is objectionable angses health

hazards.

Fig. 5.32 Bucket latrine
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Sewers

Bucket latrines are sometimes found in towns that @artially provided with sewers, in which casemay be
convenient to discharge the nightsoil into a maiwes. Tipping points on sewers require carefulgleso prevent
contamination of surrounding areas and should beeasto the sewage works as possible. Extra wadgrhave to
be added to prevent blockage of the sewers.

Sewage treatment works

Nightsoil may be discharged into the sewage flowhatworks inlet, at sedimentation or aeration samk directly
to waste stabilization ponds or sludge digestimkda

Trenching

Trenches about 1 m deep and | m wide may be filleéld nightsoil to within not less than 300 mm oéttop. The
trench is then backfilled with excavated soil, whighould be well compacted to prevent the emergehéees or
excrete being dug up by animals (Fig. 5.33). Atehd of each day any exposed excrete must be abveatie at
least 200 mm of soil, well compacted. After badkfd, the trench should remain untouched for astiéao years,
after which it can be excavated for reuse and timents used as fertilizer. The trenching site khba close to the
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collection area but away from residential areashtiuld have deep and porous soil, be well abowentiter table,
and not be subject to flooding.

Reuse

Nightsoil can be used as a fertilizer after allhpgiens have been destroyed. It may also be addsahtis for fish
cultivation.

Fig. 5.33 Disposing of excreta from bucket latrineby trenching
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5.9.2 Vault latrines

Vault latrines are a way of overcoming the problehfrequent emptying needed with bucket latrineteys. A
watertight tank or vault below or close to a ladriis used to collect faeces, urine and sometimiagsu The
capacity of the vault is often sufficient for 2-2e&ks' accumulation of excrete, after which timevhelt is emptied.
The system is satisfactory if collection is relaland hygienic, and the vaults are properly flyfedovented and
fitted with water-seal toilets.

In some places, the contents of vaults are bailgédog hand and taken away in tanks mounted on.cahis is
highly undesirable. Trials with manually operatadnps to empty vault contents have not been vergesstul
because with a low pumping rate (about 400 litreshmur) complete evacuation of the vault is a land tedious
operation. This method is obviously also undeseabl

Motorized vacuum tankers can provide safe remowalrbust be backed up by good institutional support
operation and maintenance. Most vacuum tankersotdiftrvault contents if the proportion of solidsceeds about
12%, but some have facilities for adding waterdalts before lifting the contents.

Sufficient extra space to allow for irregulariti@scollection time should be planned for in designivault capacity.
In communities where finance, spare parts and goaitditenance are available, the additional spacdeatkemay be
only 15-20%. However, where vehicle maintenangmisr, an allowance of 50% may be advisable.
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The performance of vaults has been mixed, mainpgjeddent on the levels of finance and vehicle maariee.
Poorly constructed vaults are common, leading tdiems with odour and flies, ground pollution ahitkening of
the vault contents. It is not recommended that wawmit latrines be constructed.

5.9.3 Cesspits

Cesspits, like vaults, are watertight tanks withleg covers (to keep out mosquitos). They diffenfrvaults in that
they are usually located outside the premises afldct sullage as well as the wastes from watesatk The
capacity may be sufficient for up to several mohntise (Fig. 5.34).

Fig. 5.34 Cesspit
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The cost of providing a regular removal service drthe wastewater from a house with a good supplyiped
water can be very high, making cesspits an experfeivn of sanitation
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594 Overhung latrines

An overhung latrine consists of a superstructurg #aor built over water (Fig. 5.35). A squat hatethe floor
allows excrete to fall into the water. A chute @sretimes provided from the floor to the water. Oneg latrines
should never be built in places where pit latrinas be provided. However, they may be the onlyiptesform of
sanitation for people living on land that is contiasly or seasonally covered with water.

Such latrines might be acceptable provided thefalig conditions are met:-

» The receiving water is of sufficient salinity akar round to prevent human consumption.

» The latrine is installed over water that is suffitly deep to ensure that the bed is never expdsgdg
low tide or the dry season.

» Every effort is made to select a site from wheoatihg solids will be carried away from the village

* The walkways, piers, squatting openings, and stpetsres are made structurally safe for adults and
children.

* The excrete are not deposited in still water av imtiter that will be used for recreation.

Fig 5.35 Overhung latrines
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5.10 Design Examples

5.10.1 Introduction

The design of a latrine is governed by both conswuempectations and public health requirements. At basic
design factors remain the same (pit volume, segtik retention time, etc.), the factors that govbenfinal cost of
the latrine are controlled by local circumstanced gequirements.

It is not feasible to illustrate all the possiblesin options. However, this example gives detdilsow to determine
the basic dimensions for the most common desigdsllastrate the design procedure.

5.10.2 Pit latrine design
Pitsize

When calculating the dimensions of a hole for datiine, three conditions must be satisfied.

1. The pit should have sufficient storage capacitydibthe sludge that will accumulate during its Gi®nal
life or before its planned emptying.

2. At the end of the pit's operational life there dHostill be sufficient space left for the contents be
covered with a sufficient depth of soil to preventface contamination with pathogenic organismd (so
seal depth).

3. There should be sufficient wall area available latimes to enable any liquid in the pit to infdtie the
surrounding soil.

Sorage volume

The storage volume required to accommodate thgsltltht accumulates in the pit during its operatidife can be
calculated from:

V=NxPxR
Where;

V= the effective volume of the pit (m?)

N = the effective life of the pit (years)

P = the average number of people who use the glit éay

R = the estimated sludge accumulation rate fonglsiperson (m? per year).
Once the effective volume of the pit has been d¢aled, the plan area is decided. This should bedas local
preference, ground conditions and construction rizgd$e and is generally circular or rectangulasiape. Note that
only the area inside the lining is utilized ford§e accumulation, not the excavated area.

Having determined the plan shape and area, thehdsppit required for sludge accumulation is cadtetl as
follows:

Sludge depth = [total sludge volume (V)]/ (planare

114



Soil seal depth
This is usually taken as 0.5 m. In the case of tboph latrines it is the depth to the bottom of thlet drain.
Infiltration area

In communities where people use water for analnittegpor bathe in the toilet, a considerable amatfinvater may
enter the pit. If it is assumed that the soil pdyrew the sludge surface are blocked, then adhditiovall area must
be allowed for infiltration of the liquids aboveetludge.

The infiltration area cannot include the soil ségpth since the top 0.5 m of a pit has a fullyegdihing.

Assuming that all the liquid entering the pit ligs top of the sludge, then the liquid depth wileriuntil the area of
contact between liquid and soil is large enougpeamit infiltration of the daily intake of liquid.

Pit depth

The total depth of the pit is calculated as follows

Pit depth = sludge depth + infiltration depth + seial depth
* Example 5.1

A family of six intends to dig a pit latrine witmaperational life of 20 years. The family
uses newspaper and corncobs for anal cleaningsdladje is disposed of separately.
* Sludge volume

V=NxPxR

The values of N and P are given (20 years and plpebut the sludge accumulation rate (R) is nothe absence
of local information the rate given in table 5.&hdse used. The accumulation rate cannot be detedmwithout
some knowledge of the depth to the water tableusdsgy this is greater than the likely pit depth,sacumulation
rate of 901/year is used (see Table 5.8). Sludgemne = 6 x 20 x (90/1000) (1 m3 = 1000 Llitres)0=81m3 If it is
found that the pit does enter the groundwater, thercalculation should be done again using thecgpiate sludge

accumulation rate (601/year, from Table 5.8).

* Plan area
The pit will be rectangular, with internal dimenssoof 1.2 m by 2.0 m. Thus the depth requiredfadge is:

(10.8/1.2x2.0) = 4.5

* Infiltration area
Since solid objects are used for anal cleaningsaidge is disposed of elsewhere, there will be Vidtte liquid to

infiltrate. Accordingly the infiltration area carlignored.

* Soil seal depth Assumed to be 0.5 m. Therefazal#hsigned pit depth is:

45m+05m=5m

This is very deep and consideration could be giedancreasing the plan area or reducing the lifehefpit.
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* Example 5.2

A family of six intends to construct a pit latriteelast 20 years. The family uses water for ansduging and intends
to use the toilet as a bathing area. The grounthigly a fine sand with a water table 3 m belowshgace:

* Sludge volume

Using the figures given in Table 5.8, the sludgeuatulation rate will be 601/year above the watddetaand
401/year below. First assume that the pit will baimly above the water table. If it is found thatitters into the
groundwater by more than 1.0 m then the volumebearecalculated.

Volume (V) =NxP xR

=6 x 20 x (60/1000)

=7.2m3

* Sludge depth

If the pit is to be circular, with an inside diamebf 1.3 m, the sludge depth will be:

Sludge volume/Plan area = (7.2 x 4)/ (p x 1.32)425n

A pit of these dimensions would mean that mosthef ¢ludge would collect below the water table. €f@me the
volume should be recalculated using a sludge aclation rate of 401/year.

V=6x20x0.04=4.8m3

Therefore the new sludge depth will be:

(4.8x4) (px1.3)=3.62m

« Infiltration rate

The infiltration capacity of a fine sandy soil iscut 331/m?2 per day (see Table 3.4)

Assuming the volume of water entering the pit edah is 2001 then the infiltration area required \vi:

200/33 =6.1 m2

Therefore liquid will build up in the pit until oatact area of 6.1 m2 is achieved. Water deptifitration area pit
circumference = (6.1)/(p x 1.3) =1.49 m

Assuming a soil seal depth of 0.5 m, the total deptjuired for the pit is:

3.62+1.49+05=561m

This is a slight underestimate of the required kleptcause some of the sludge will accumulate atibge
groundwater level. Bearing in mind the inaccuratthe basic design data, however, it is not necgdsacarry out
a more accurate calculation.

* Example 5.30ffset Pour Flush Double Pit Latrine

An offset pour-flush double-pit latrine is to benstructed for a family of six who use water for latl@aning. The

groundwater table is within 0.5 m of the surfacemythe rainy season and the soil is sandy silt.

* Sludge volume

As for the previous examples:

V=NxPxP

In a large pit the value of R would be taken as/yi€dr (see Table 5.8) but as this is a doubléfydltconsolidation
of the sludge is unlikely to have taken place witttie time taken to fill the pit (generally 2 yéargherefore a
higher sludge accumulation rate (such as 60 l/y&@aild be used.

Sludge volume =6 x 2 x (60/1000) = 0.72 m3

11¢



* Sludge depth

If each pitis 1.2 m wide and 1.2 m long, the skidgpth will be:
0.72/(1.2x1.2)=0.5m

« Infiltration depth

An offset pour-flush toilet uses about 31 of water flush. Assuming

20 flushes per day the total liquid inflow will be:

3 x 20 =60 litres

If 6 | of urine enter the pit each day, the totailylinflow of liquid will be 661. The infiltratiorrate for sandy silt is
about 25 I/m2 per day (see Table 3.4); therefoedrfiltration area required is:

66/25 = 2.6 m?

The perimeter length of each pit is 1.2 x 4 = 4,8marefore the liquid depth will be:

2.6/48=05m

* Pit depth

The pit depth is the sum of the component deptés, i

h to bottom of inlet pipe 0.2m
liquid depth 0.5m
sludge thickness 0.5m

Total depth of each pit below ground level 1.2 m

» Example 5.4Septic tank design

Design a septic tank suitable for a household wiho eight occupants in a low-density housing @meahich the
houses have full plumbing, all household wastedogthe septic tank and the nominal water suppl208 | per
person per day. Water is used for anal cleaningta@cémbient temperature is not less than 25°CGniost of the
year.

» Stage 1
Volume of liquid entering the tank each day
A=Pxq

Where;
A = volume of liquid to be stored in the septickan
P = number of people using the tank
g = sewage flow = 90% of the daily water consumpper person (Q).
g=0.9xQ =0.9 x 200 = 180 litres per persongzsy.
Therefore A = 8 x 180 = 1440 litres
* Stage 2
The volume of sludge and scum is given by
B=PxNxFxS
Where;
B = volume of sludge and scum
P = number of people using the tank
N = period between desludgings



F = sizing factor (taken as 1.0)
S = sludge and scum accumulation rate (see tafje 5.
Assume N is 3 years; F= 1.0; as all wastes gopticseank S = 401 per person per year.

Therefore:
B=8x3x1.0x40 =960 litres
» Stage 3

Total tank volume = A + B = 1440 + 960 = 2400 Kti@.4 m3)
» Stage 4

Assume liquid depth=1.5m
Assume tank width is W m

Fig. 5.36 Internal dimensions of the septic tank dggned in example 5.4

- "'\

|

|

!

-l
\>l

’/’{/\

LK/\;” k
5

Assume two compartments, length of first = 2W; kbngf second = W
This tank is illustrated in Fig. 3.36

Volume of tank (V) = 1.5 x (2W + W) x W = 4.5 W2
Thus 4.5

W2=24m3

W =0.73

Therefore:

width of tank = 0.73 m

length of first compartment = 1.46 m
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length of second compartment = 0.73 m
Depth of tank from floor to soffit of cover slab
= liquid depth + freeboard

=15+0.3

=1.8m

Flotation

Since septic tanks have sealed walls and floordéségn must be checked to make sure that theda@k not float
out of the ground. Flotation will occur if the tbtaass of the empty septic tank is less than thesméthe water it
displaces. This will only happen if the groundwaearel is higher than the bottom of the tank.

Calculate the mass of the walls, floor, roof ang baffle walls (concrete: 2400 kg/m3; brickwork:0bkg/m3).
Measure the volume of the tank (outside dimensibesjeen the highest groundwater level and theobotf the
tank. Multiply the volume by the density of wat&000 kg/ni). This gives the mass of water displaced.

If the mass of water displaced is greater thartdked mass of the empty septic tank then the taak float. This
can be prevented by increasing the mass of thetstai(e.g., by increasing the thickness of therflor walls) or
reducing the amount of the tank that is below théwtable.

Soil pressure

For large tanks, such as for a school or a numbleouses, it is necessary to check that the sidis whthe tank are
not likely to collapse owing to the outside soitlamater pressure. This is most likely when the tanémpty. Such
a calculation is beyond the scope of this book, r@ierence should be made to a manual on reinfaroadrete or
masonry design.

* Example 5.5

Design a septic tank for a household having fiveupants in a medium density housing area in whiehhbuses
have full plumbing. Only WC wastes go to the sep#iok, and paper is used for anal cleaning. Theiemhb
temperature is more than 10°C throughout the year.

» Stage 1

Daily volume of liquid

A=Pxq

If the WC has a 10-litre cistern and each persoshis it four times a day, the sewage flow q =10 x 40 litres
per person per day and A =5 x 40 = 200 litres.

» Stage 2

Volume for sludge and scum

B=PXNxFx$S

Assume N is 3 years, F = 1.0; as only WC waste® geptic tank S = 25 litres per person per year.

SoB =5x3x1.0x25=375litres

» Stage 3

Total tank volume V = A + B =200+375 = 5751(0.579 m

As this is less than the minimum recommended volafrie0 m3, the dimensions for theminimum volumetdt be
calculated.
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» Stage 4

Assume liquid depth = 1.5 m.
Assume tank width is Wm.
Assume two compartments:

length of first = 2W
length of second = W
Volume of tank = 1.5 x 2W + W) x W = 4.5 W2

If4.5W2=1.0ms3 then W =0.47m

As this is less than the recommended minimum wedth.6 m, assume W = 0.6 m.
Length of first compartment (2W) =1.2 m

Length of second compartment (W) = 0.6 m

Depth of tank from floor to soffit of cover slab

= 1.5 m (liquid depth) + 0.3 m (freeboard) = 1.8 m

The tank volume (excluding freeboard) is: (1.2.6) x 0.6 x 1.5 = 1.62 m3 which is larger than tkquired
volume calculated in stage 3. This is no disadygatan practice the minimum retention time will gpeater than 24
hours or the tank will provide longer service thlree years before requiring desludging.

5.10.3 Aqua-privy design

Aqua-privies are basically small septic tanks. Thaye the same purpose as septic tanks and wehk isame way.
It is recommended therefore that they are desigméite same way as septic tanks. It is also recamde that the
minimum size of tank should be 1.0 m3. This is lseasmaller tanks are more difficult to build ahd turbulence
produced by the inflow will prevent proper settlathe

» Example 5.6Disposal of effluent from Septic tanks and Aquades

Determine the size of soakpit required in poroity slay to dispose of the effluent from the sep#ink considered
in Example 5.5.

From Example 5.5, the sewage flow is 200 litresdzy.
From Table 3.4, the infiltration rate for sewag@Q@d per m2 per day.

Therefore, the wall area required is 200/20 = 10 m?

If the pitis 1.5 m in diameter, then the depthuieep from the bottom of the pipe from the sepdick to the bottom
of the pit is:

10/ (px1.5)=2.12m
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* Example 5.7

Determine the size of drainage field required imops silty clay to dispose of the effluent from theptic tank
considered in Example 5.4.

From Example 3.4 the sewage flow is 1440 | per &agm Table 3.4, the infiltration rate for sewage20 | per m2
per day.

So the wall area required is 1440/20 = 72 m?2

If the effective depth of the trench (the depthnirthe bottom of the pipe to the bottom of the ttgris 0.6 m, the

length of trench required is: 72/ (0.6 x 2) =r60
This allows for infiltration on both sides of themch.

If the plot is large enough, the drainage fieldiddaonsist of two trenches, each 30 m long, cottein series.

5.10.4 Composting toilets

5.10.5 Double-vault latrines

The design of a double-vault latrine is similathat of a pit latrine, i.e., the volume of eachlv#icalculated using
the formula:

V=NxP xR
Where;
V= the effective volume of the vault (m3)
N = the number of years the vault must last belf@®oming full
P = the average number of users
R = the estimated sludge accumulation rate fonglesiperson (m? per year).

The difficulty with vault design is that very liglinformation exists on the sludge accumulatioa matvaults where
excrete are mixed with ash and other organic nafeand there has been little research into thigogn survival

rate in such an environment.
Desludging period

Pit latrines are usually designed such that exaetenot handled for two years. Since the insida ocbmposting
toilet is similar to that of a pit latrine, it isasonable to assume that it should be designed sisnilar parameters.
However, some researchers disagree with this, gahiat the low moisture content of the compost poed very

alkaline conditions that destroy the pathogens imwch shorter time. Time as low as four months hagen

suggested. In the absence of more accurate infanmdiowever, a two-year retention time is recomdash
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Sudge accumulation rates

The accumulation rate for the excrete componettt@tompost can be determined in the same wayr asdouble-
pit latrine. In the absence of more accurate ladakmation, figures 50% greater than those giveable 5.3 are

suggested.

Estimating the volume of ash and other organic ristés more difficult. Experience in Viet Nam iradites that
approximately twice the volume of faeces has tathded (Jayaseelan et al., 1987). Rybczynski (1983yested
five times the volume of faeces, and Kalbermattaal.e(1980) recommended allowing 0.3 m3 per pers@nyear

for all wastes.

In the absence of information to the contrarys isiiggested that the total sludge build- up ratalsulated as three
times the estimated faecal build-up rate.

* Example 5.8

Design a double-vault composting toilet for a fgroil six who use paper for anal cleaning.

The effective volume of each vault (V) must be:

2 x 6 x (0.06 x 1.5 x 3) = 3.24°'m

Vaults are usually sealed when they are three-eusaftll, therefore the actual volume of the vawitst be:
4/3 x3.24=4.32m3

If the vault has a plan area of 1.3 x 1.3 m, thetldevill be: 4.32/(1.3 x 1.3) =2.56 m

Continuous composting toilets

Even fewer design data are available for continummmposting toilets than for double- vault latrinBsaist designs
have been empirical and little published informatéxists indicating the level of their successs lsuggested that,
until more data are available, the size of the printank in the toilet should be based on the féaeand factors
used for double-vault latrines. The second tanlukhbe 10-20% of the size of the first tank. Theofks of both

tanks should slope at an angle of 30° to the hot@oNo design data exist for calculating the sime number of
aeration channels or the diameter and height ovénélation pipe.

* Example 5.9

Using the information given in Example 3.8, destgnappropriate continuous composting toilet.
From Example 5.8 the volume of the primary tankusthdoe 4.32 m3.

The volume of the second tank will be: 4 3 x®40.65 m3
Assuming the first tank is 1.2 m wide and 2.2 nyldimen its depth will be 1.65 m.

The length of the second tank will be:

0.65/ (1.2 x1.65)=0.33 m
This is short and would make emptying very difficihcrease the length to 0.5 m.

Since the vault floor must slope at an angle of 8% depth of excavation at the outlet end willgbeater than the
depth at the inlet.
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Assuming the floor of the second tank is horizottial internal floor level will be at a depth of:
1.65 + 2.2 tan 30° = 2.9 fg. 5.38hows the final internal dimensions of the tank.

Fig. 5.37 Internal dimensions of the continuous coposting toilet designed inexample 5.9
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6.0 PLANNING FOR SEWERAGE
6.1 Introduction

A Sewerage Project matures through distinct stagis life which extends from identification azeude
idea through to its conversion into routine opemati Sewerage Projects normally mature through the
following stages:-

(a) Project Identification

(b) Project Preparation (Feasibility)
(c) Project Appraisal and Selection
(d) Project Financing

(e) Project Implementation and

(H Project Monitoring and Evaluation.

These stages are essentially sequential in natndeare unique, entailing unique sets of actiorisiware
necessary for the development of a mature projebe first four stages (a to d) form the projeerpling
while the other two form the implementation of @ireject.

The planning phase of a project deals with allgtesinvestment activities which attempt to identtfig
project idea and formulate it into a set of acfitens that can effectively achieve the intende@abjes
within the specified time period. The implementatfghase covers the actual investment period when
resources are assembled together for the prodymtbeess of the projects which are to follow. Wiih
properly implemented projects, good plans beconhe empty objectives. During the operation phase,
actual generation and distribution of output tafilese and the benefits of a project are realizebused.

For effective Planning, data is required. Tablet&as the detailed planning data required

6.2  Design Period

1) The Design Period of sewerage scheme will be setorable by taking into account the
urban growth rate and future prediction accuracy

In conventional design, it is common to design kraawers and interceptors for the projected
peak flow expected for a period of 25 to 50 yearfoothe saturation population of the area.
Such long design periods make it possible to bemfefin economics of scale in sewerage
systems. However, these have to be balanced aghi@sopportunity cost of capital,
uncertaintities in presiding future land use patieor directions of growth in developing
country cities, and the high cost of maintainingéasewers with low flows.

The use of shorter design periods avoids such emebland reduces the large capital
requirements in sewerage systems, facilities fimancand enhances prospects of achieving
greater coverage with a given investment. Withrtemadesign periods and construction by
phases, starting from upstream ends, the effeasrofs in forecasting population growth and

their water consumption can be minimized and coecc For these reasons, it is

recommended a design periodl@20be adopted.

2) Most Feasibility/Preparatory Studies are made erbtisis of estimates for the next five to ten
years.
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Kenya being a developing country the design perigstsuld be shorter than those
conventionally employed for advanced industrialrttoies due to.

e The quality of the facilities is likely to be poand their life relatively short

» Systems are readily extended

* The rate of population growth is uncertain, buisitpossible that rapid growth will
accompany the installation of water and seweragétias

» The rate of interest for borrowing can be quitehhig

» The need for the works would be such that they didnél nearly loaded to capacity at an

early stage

In consideration of the above, the design periadafo emergency development plan will be set at
about three to five years. To achieve early investt effects for decentralized sewerage, a design
period of five and ten years is considered desrabl

Table 6-1 Data related to the planning and desigof sewerage facilities

Item Descriptions

Social and economic conditions Population trendscig and natural dynamics), tourist population,
factory locations/types of industries, and produtiutput

National Measures National policy on sewerage development

Sewerage master plan development Design distriesjgd parameters, location map of treatment pldnts,
sewers and pumping station drawings

Sewerage development Scope of the existing sewelagdopment area, collection systems, and

sewer main conditions, location, section, flow aya manhole
construction, storm drain development

Connection condition

Sewage main connection methmatmection conditions for homes

Condition of pumping stations

Locations, structuoégpumping stations; their specifications, suppglie
ages, auxiliary equipment (generators, etc.), momecord, equipmen
failure/repair records

Condition of wastewater treatment plants

Designudmnts and as built drawings, operation recordsijpetent
failure and repair records of plant facilities, aadxiliary equipment
(generators, test equipment, etc.), sludge disposdaks and
treatment/disposal records

Sewerage facility management and maintenance

Operatd maintenance systems, personnel, and eqoipmaed by

method and frequency, subcontracted to privateosext not, personne
qualifications, maintenance budget and expenditures

System, organization and operation

Sewerage rellted, sewerage design standards, organization
personnel situation, organization policy/decisioaking system, divisior
of duties, water and sewer rate system and proesdtor related
decisions and changes, fee collection system, ardcbllection ratio
penalty for non payment, accounting system, arehfiral condition (cask
flow, source of revenue, balance sheet)

each treatment plant, pumping station maintenarethad, pipe cleaning

and

Areas not served by sewage works

Topographical itond, formation of blocks, condition of streetsda
traffic volume, buried utilities, river pollutiomollutant inflow into public
waters, waste treatment and disposal

Trends among donor nations and agencies

Type dftasse given, amounts of funds involved for aithted to
sanitation, including sewerage

Environmental

Water pollution, measures to prevent water polhytiovater quality
regulations and actual enforcement

Others

Prices and land acquisition conditions for wastewaieatment plants an
pumping stations, communities’ independent ac#sitito improve

sanitation, NGO efforts
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6.3 Design Area

The design area is determined by taking into accthenfollowing requirements;

As a rule, it should be an area where urbanizatiaxpected within the design period, including the
development plan. For areas equipped with existivastewater discharge/treatment facilities,
including those similar to sewerage (Household awater treatment tanks, etc), the review must
cover assistance to promote self reliance of tha.ar

It must be clearly indicated that the area mayediffepending on the type of the plan.
As Regards (1):
The area concept must take into considerationalbeufing:-

. The design area must conform to a higher planaélad sewerage when one exists. In
Kenya, sewerage is lagging behind due to financaaistrains, sewerage development should
proceed independently in high priority urban areas] the concept of a higher plan, such as a
basin wide sewerage system plan, has yet to bdagede

. For a densely populated area away from the cefititvealesign area and for thinly populated
areas located between them, on site treatment bauglanned in satisfactory combination and
with due consideration for cost effectiveness

. Decentralized sewerage is intended for subdividedks in the design area to achieve early
effects in multiple highly urgent treatment areaigéted on the basis of the degree of worsening
of the living environment and the effects of publiater pollution.

As regards (2):

The master plan should establish districts to dxered by the overall plan for the urban area,uidiclg
those expected to be urbanized within the desigioghe This design area naturally includes dissrizhere
wastewater is already treated and disposed of ditgpto certain methods. One of great challenges i
developing an off site treatment (sewerage)/ontei@tment plan is how to handle these areasxisfirg
treatment and disposal methods present problenesapproach is to abolish or merge them as the areas
guestion are integrated into the sewerage schemeth&r approach is to improve and maintain existing
methods as an independent system if there are aldepns with them or problems that can be solved
through minor improvements. Abolishing and mergiagstems would present timing problems.
Integration of these methods into the seweragensehghould not be attempted in the course of the
feasibility study. The feasibility study must linthe area addressed-not unnecessarily expandhts
principle is applied to enhance the feasibilitytoé selected area. Septic tanks may be widely irsed
certain areas, with sullage discharged withoutttneat. Incorporation of these areas into the sager
design area must be considered only when suchuatisit can no longer be left as it is due to severe
worsening of the living environment and public watellution.

6.4  Type of Collection Systems

The type of sewerage system must be determinedliyg into account the topography, meteorology and
the present condition of wastewater/storm drairfaggities.

There are separate and combined sewerage sys&eparate systems carry sanitary wastewater ana stor

water in different conduits, while combined systeraseive and convey both sanitary wastewater and
storm water in the same conduit. Some areas contih@se two types.
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In Kenya, Partially separate sewerage systemsesm@mmended as an acceptable compromise. Bigger
sewers than for a separate system will be requimedagainst this these larger sewers may oftelaiteat
flatter gradients and thus at shallower depths.

The storm water which enters the sewerage systéimsids be kept to a minimum, and very carefully
controlled; otherwise, the sewers will either beeonomically large or will flood during wet weather

Stormwater entry should be restricted to the rurfrom:-

€)) Open, paved, public markets;

(b) The open, paved, yards of slaughterhouses;

(c) The yards of milk collection and/or processing blsaments;

(d) Any similar open, paved yards which, because ofwigdirt, should for reasons of public

health be washed down daily
Any area drained in this way should be surroundgdkérbs in order to exclude the drainage from
surrounding areas. Under no circumstances shdwddran off from any unpaved area be accepted.
Domestic yards should not be connected to sewaligige gulley in such yards may be connected, but
these should always be kerbed so that yard draisagecluded.

The drainage from streets, pavements and the forescof garages and filling stations should enterns
water drains, not sewers; petrol/oil interceptoesraquired between forecourts and drains.

The partially separate system has advantages:-
% The occasional storm flows in the sewers will fldsbm; in particular, they will wash away any
corrosive acid deposits.
% They will have no relief overflows which can caupellution and contamination of water
resources.

% Virtually all the pathogens in the towns, liquid st@s will be collected and carried to the sewage
treatment works.

6.5 Design Population

The design population is determined on the basih®ffollowing data after prediction of growth inet
design area over the design period.

1) An estimate of the total design population
The Design Population is based on the populatitmate separately established in the urban plan.

If such an estimate does not exist, the design lptipn is estimated by using the average annuaktyro
rate on the basis of past population trends.

2) A population Distribution Estimate

The total design population is distributed by zgnon the basis of population density in represamat
areas.

3) Mobile Population

For sightseeing areas and the other areas withspsal mass influx of population, the influx, fowenple,
the tourist population, must be taken into account.



As regards (1):

The design population is used as the basis foulzding design wastewater flow for sanitary wastiewa
treatment and disposal. The total population amdlistribution within the design area are estiaig
assuming growth will be projected during the degigmiod. Also refer to city planning and otherdon
term plans for the design area.

Various demographic data can be obtained in Keingiyding the 1962,1969, 1979, 1989 & 1999 census
population, the respective 1962,1969,1979, 1989891census of residents by town, natural dynamics,

and social dynamics. Development of these daganerally insufficient. Population estimates ofteve
to be based on past annual average growth rates.

6.6 Design Wastewater Flow
Wastewater generated can be roughly classifieddatoestic, commercial and industrial.

6.6.1 Household Usage in Developing Countries

Table 6-2 Data on the average daily water supply peapita in developing countries

Dally water supply per capita GNP per capita (US $)
Countries Cities 1993 1997
East Asia Beijing 149 96
China Shanghai 193 143 860
Tianjin 125 101
Chongju 260
Hongkong 111 112
Taiwan Taipei 281 262
Korea Seoul 180 209 10,550
Ulsan 166 157
The philippines Manila 133 202 1,200
Cebu 139 173
Davao 145
Vietnam Hanao 157 45 310
Ho Chi Minh 131 136
Cambodia Phnom Penh 32 300
Laos Nationwide 140
Vientiane 172 400
Myanmar Yangon 120 67
Thailand Mandalay 153 110
Nationwide 172
Bangkok 217 265 2,740
Chiang Mai 135
Chon Buri 145
Malaysia Kuala Lumpur 222 200 4,530
Penang 203 244
Johor 193
Singapore Singapore 168 183 32,810
Indonesia Jakarta 148 135 1,110
Bandon 96 120
Tiruttani 153
Medan 131
Papua New Guinea Lae 146
Mongolia Ulan Bator 177 390
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Country Cities Daily Wg_tgesr;'gﬁ%gg capita GNP per capita (US $)
1993 1997
Southwest Asia
India Deli 257 209 370
Calcutta 213 202
Mumbai 178
Pakistan Karachi 172 157 500
Faisalabad 170
Lahore 213
Bangladesh Dacca 44 95 360
Chiittagong 139
Nepal Katmandu 97 91 220
Bhutan Thimphu 93 430
Sri Lanka Colombo 168 165 800
Maldives Male 16 1,180
Central asia
Uzbekistan Tashkent 109 1,020
Kazakhstan Almaty 186 1,350
Kirghiz Bishkek 112 480
Near East
Algeria Nationwide 46 (90) 1,260
Central and South
America
Costa Rica 197 2,680
Columbia Bogota 208 2,180
Chile Santiago 204
Brazil Nationwide 151
Brazilia 211 4,820
Sao Paulo 237
Santa Catarina 143
Minas 154
Oceania
Cook islands Rarotonga 464 267
Samoa Nationwide 475
Apia 337 1,140
Tonga Nuku alofa 81 78 1,810
Solomons Honiara 184 251 870
Fiji Suva 203 135 2,460
Vanuata Port Villa 273 1,360

Though some values are extremely high while otlaeesextremely low, most values may fall within a
range of about 100 to 250 L/person/day.

Water supply service levels are roughly classifigd (1) Manual carrying from a public tap, wellater
service tanker truck, river, or spring, (2) onedytap ormanual pumgwell) per house, and (3) muiltiple
faucets per house from indoor tap. Daily waterpbyper capita varies naturally according to the
difference in convenience of water usage.
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Table 6.3

In view of the above, table 6.3 below has the hbokkwater use segregated as per type of housing fo
Developing Countries.

Daily Average Water Supply per capita acwrding to Class of Dwelling

Class of dwelling

Description

Daily average water upply
per capita (L/person/day)

High class detached house

exclusive apartment houses

»

Two or more toilets and three

or more taps per household

150-260

Middle class ordinary houses, One toilet and two taps per 110-160
apartment houses household
Low level room for rent, Minimum one tap pe 55-70*

substitute houses provided
government, divided houses

Ty

household, shared toilet

* High frequency of use because of waste

6.6.2 Consumption Rates in Kenya

Table 6.4 below has the recommended consumpties vettich are applicable in Kenya.

However, where the facilities are existing and ¢hisradequate water supply with coverage of ové 80
and the supply unlimited, the water usage shoulditained from the water service provider was [bssi

Table 6.4 Recommended Consumption Rates for Kenya
Consumer Unit Rural Areas Urban Areas

High Medium Low High class| Medium Low class

potential potential potential housing class housing

housing
People with individuall 1/head/ 60 50 40 250 150 75
connections day
People without| 1/head/ 20 15 10 _ _ 20
individual connections | day
Boarding schools 1/head/ 50
day

Day schools with WC | 1/head/
Without WC day 25

5
Hospitals Regiona| 1/bed/ day | 400) +20 1 per outpatient
District 200) \F and day
Other 100) (Minimum 5000 1/day)
Dispensary and Health 1/day 5000 2
Centre
Hotels 1/bed/ day
High class 600
Medium class 300
Low class 50
Administrative offices 1/head/ 25

day

Bars 1/day 500
Shops 1/day 100
Unspecified 1/hal | 20,000
Source:  Ministry of Water and Irrigation Water Prac tice Manual, 2005
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If Table 6.4 does not have per capita water consumption aree tierinadequate design data, it is
recommended that per capita water consumption sahs recommended isection 6.6.3below be
adopted.

6.6.3 Consumption Rates obtained through Surveys

There are two methods of obtaining per capita wdtanand namely: Average Domesticper capita
consumption where a 24hour piped supply is provided surveysovering representative samples of
consumers in all supply zones.

Arising from the above, during the Service DemamdeEast of Nairobi City and adjacent seven urban
centers of Ruiru, Kikukyu, Ngong, Kiserian, Ong&angai, Mavoko and Kitenkella undertaken by Athi
Water Services Board in 2007, per capita Surveyewedertaken which is represented in Tables 6650

Table 6.5 Commercial Per Capita Water Demand in M/Day

Commercial Entity Per Capita
Financial Institutions
Large Financial Institution 2.95

Bank Head Office, branch money lender, hire purehammpany, insurance company,
real estate developer, financial co building, pessi over 300k with over 25

employees
Medium Financial Services 0.569

From 6 to 26 employees

Small Financial(Up to 5 Employees) 0.157
Hotels/Lodging Houses

Large High Standard Lodging House/Hotel/D Class d@ Rooms 0.130

Small High Standard Lodging House/Hotel/ upto 4@neo 12.5

other Catering and Accommodation 3.0

Bar and Lodging 0.734

Middle Class Hotel 0.954

Butchery 3.267
Petrol Station

Large petrol Station (Over 6 pumps or with garagekshop and retail shop 21.214
Medium petrol Station (from 4 to 6 pumpswith garage workshop and re 4.9112
shop

1.279

Small petrol Station(upto3 pumps and without garagrkshop and rete
shop

Kiosk(saloon) 0.0374
Communication Company 1.32
Dry Cleaner 1.70
Churches 2.05
General Merchant /wholesaler Shop 0.872
Hyper Super Market 10.56

Shop 0.257
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Table 6.6 Industrial Per Capita Water Demand in M/DAY
Class ISIC No. | Process
Class 1 3111 Slaughtering, preparing and presemigat
3112 Manufacture of dairy products
3113 canning and preserving of fruit and vegesbl
3114 Canning, preserving and processing of fish
3115 Manufacture of vegetables and animal oil fatsl
3116 Grain mill products
3117 Manufacture of bakery products
3119 Manufacture of cocoa, chocolate and sugafectonery
3121 Manufacture of food products
3122 Manufacture of prepared animal feeds
3131 Distilling, rectifying and blending of sp#i
3133 Malt liquors and malt
3134 Soft Drinks and carbonated waters industries
Class 2 3140 Tobacco manufacture
3231 Tanneries and leather finishing
3240 Manufacture of footwear
3411 Manufacture of pulp, paper and paperboard
3419 Manufacture of pulp, paper and Articles
3420 Printing, publishing and allied industries
Class 3 3700 Basic Metal Industries
3811 Manufacture of cutlery, hand tools and galneardware
3812 Manufacture of furniture and fixtures priihaof metal
3813 Manufacture of Structural Metal Product 24
Manufacture of fabricated metal products except himery
3819 and equipment 20
Manufactureof electrical machinery, apparatus, applia
3830 and supplies 48
3843 Manufacture and assembly of motor vehicles 37
3845 Manufacture of aircraft and repair
Class 4 3211 Spinning, weaving and finishing testil 57
132
3212 Manufacture of made up textile goods exfmgiivear
3220 Manufacture of wearing apparel except foatwe
3219 Manufacture of textiles
3511 Manufacture of basic industrial chemicalleding fertilizer |57
3514 Manufacture of fertilizer and pesticides 15
3521 Manufacture of paints, varnishes and lacquer 27
3522 Manufacture of drugs and medicines 25
Manufacture of soap perfumes, cosmetics and
3523 preparations 27
3529 Manufacture of chemical products NEC 35
3530 Petroleum products 1.0
Manufacture of rubber products
3550 13
3560 Manufacture of plastic products 19
3620 Manufacture of glass and glass products 23
3691 Manufacture of structural clay products 77
3699 Manufacture of non metallic products NEC
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Table 6.7

Per Capita Water Demand in Health Institgions in M¥DAY

Special District Health Dispensary Remarks
Hospital Hospital Centre

Proposed per capita Water Demand545 65 5 5

to be adopted

Source - Service Demand Forecast of Nairobi and surrowndrban areas of Ngong, Kiserian, Ongata Rorig&iyu, Mavoko &
Ruiru by Athi Water Services Board dated Decemp@06

6.7 Design Wastewater Flow

Generally about 85% of water used ends up as wagtevable 6.8 has the correlation between water us
and wastewater flow.

Table 6.8 Factor of Water Used that ends up as Wastater
Category Factor (As a
percentage)

1. | High class housing 75

2 | Average Urban Housing 80

3 | Low Cost Housing 85

4 | Communal ablution/latrine block 85

5 | Day schools, shops and offices 85

6 | Other Institutions 80

Source: - W.H.O. Report No. 9

6.7.1 Average per Capita Waste Water Generated

The Average per capita wastewater generated isnelotdy multiplying the respective water demanchwit
respective value in table 2.35 less 10%, whichésassumed value of minor leakages.

6.7.2 Design Pollution Load

Wastewater treatment plants, mostly define desigstewater influent quality in terms of a B©Dhe
strength of sewage is governed by the water consumptioncoriing to Duncan Mara, the strength of
sewage in terms of BQpis low at 200 to 250mg/L in the US, where theelesf daily water consumption
is high (350-400L/person) and high at 400 to 700Lmig tropical countries with relatively low water
consumption (40-100L/persorée Table6.9)

Table 6.9 Sewage Content in Tropical and Genial Ramns (mg/L)
Kenya India Peru Israel USA UK

Kenya (Nakuru) (Kodungaiyur) | (Lima) (Herzliya) | (Allentown) | (Yeovil)

(Nairobi)
BODs 448 940 282 175 285 213 324
SS 550 662 402 196 427 186 3r1
TDS 503 611 1,060 1,18y 1,094 502 -
Chloride 50 62 205 163 163 96 315
NH, -N 67 72 30 76 76 12 29

13¢



Apart from the view that water quality will be hidlecause of low water consumption, there is algo th
interesting observation that daily amount of feaersretion per capita is 400g in areas with a talpi
climate where people’s diet is mainly vegetables@spared to 120g in areas with a genial climaterah
the diet is high in protein (s@able 6.9

Domestic wastewater is classified into night swillét effluent) and sullage.

For the daily BOD, pollution load per capitd,able 6.10shows data for various countries and regions.

Table 6.10 Daily SS and BOBpollution loads per capita (g/person)

Region and country, SS BODs Source

Zambia 36 Duncan Mara
Kenya 23

Southeast Asia 43

India 30-45

France, rural area 23-34

United Kingdom 50-59

USA 45-78 D.A.Okun & G.
Industrial Areas 90 54 Ponghis

Uganda, Kampalg 43 63

(Residential Area)

India 67 35

Brazil, Guanabara 75

United  Kingdom 62 59 |WHO

UK

Developing | |45 |

Countries

Brazil, Sao Paulo 44

Kenya 80 55 WHO Report No. 9

Arising from 6.10, it is recommended that for desmurposes, the strength of domestic sewage in &eny
be taken a§5grammesof BODs and 80 grammes of suspended solids per head pexnd

Duncan Mara’s data showing a breakdown of nightaoill sullage in tropical zondsee Table 6.11)

shows 22g/person (55%@f the daily per capitBODs pollution load (40g/person) is from night soil whil
18g/person (45%) is from sullage.
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Table 6.11 Average breakdown of daily BOBload per capita (g/person)

| USA |Tr0pica| Zone
Washup 9 5
Dish washing 6 82
Garbage disposal 31 -
Washing 9 5
Toilet —feaces 11 11
-urine 10 10
-paper 2 1
Total(average adult male) 78 40

1. From garbage disposal unit in kitchen sink
2. Including Food debris

Feaces and urine excreted by individuals vary déipgnhon the water consumption, climate, intake and
occupation. The only way feasible to obtain thaatxamount in specific location is actual measurgme
The average feaces excretion amount (g/personislagported inrable 6.12

Table 6.12 Amount of wet feaces excreted by adult
Location Amount of wet feacepg Source
(g/person/day)
China (male) 209 Scott (1952)
India 255 Macdonald (1952)
India 311 Tandon & Tandon (1975)
Peru (Rural Indians) 325 Crofts (1975)
Uganda (Villages) 470 Burkitt et al, (1974)
Malaysia (agricultural 477 Balasegaran & Burkitt (1976)
community)
Kenya 520 Cranston & Burkitt (1975)

The feaces excretion amount varies over a wideeravgn in a relatively homogenous group. Generally
active adults who live in rural areas and whose digich in fiber excrete large amount of feaceant
children and elderly persons who live in urban aread eat foods low in fiber.

Table 6.13 has data on the chemical content oefeand urine.

Table 6.13 Chemical content of feaces and urine
Urine Feaces
Excretion per capita 1.2L 1509
Nitrogen 11g/person/day 2g/person/day
Phosphorus 1g/person/day 0.6g/person/day
Potassium 2.5g/person/day 0.6g/person

The annual amount of feaces per capita ranges #%ro 50kg. The latter amount contains 0.55kg of
nitrogen, 0.18kg of phosphorus and 0.37kg of patass Though the nutrient content is less than tiat
urine, feaces function as an extremely favorabileceaditioner.

The movement to develop toilets that will sepatatee and feaces for the purpose of 100% effective
utilization of urine for fertilizer and feaces feoil conditioner is known as Ecosan (Ecologicalidinn)
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6.8  Design Effluent Quality
6.8.1 Performance of existing sewerage Schemes

6.8.1.1 Influent BOD

On average, the influent BOD is strong at mosttitneat works indicating that individual water consiion is
low. The samples obtained at the treatment woakged from 875mg/l to 200mg/L. The average of 26
samples taken at different treatment plants wasgB0 and approached the value of 550mg/L often used
Kenya

The estimated BOD per capita varied tremendousinft 3grams/day to 134 grams/day.
The normal range in Kenya is 48 to 60g/c/day wittale of 50g/c/day used in design

6.8.1.2 Performance of the Treatment Works-BOD Removal

Only two treatment works, Bungoma and Kapsabetahaalue of 20mg/L BOD. Others hand a range f2m
to 100mg/l.

6.8.1.3 COD

The BOD/COD ratio is an indicator of the biodegtaitiy of the wastewater. Domestic wastewaterighly
degradable with a typical ratio of 0.4 to 0.8. @mparison of data available for 27 facilities irates that 9
facilities had a ratio greater than 0.5 indicatingh organic content. The majority of treatmentkgohad low
ratios indicating high levels of non degradableustdal wastes or acute water shortages causirigdidally
degradable solids to settle in sewers.

COD values ranged from medium to strong indicativeg there is potentially a large component of sidal or
toxic liquid waste being discharged into public eesv Effluent COD’s in all cases exceeded starglard

6.8.1.4 Performance of the Treatment Works -Pathogen Remova

The level of fecal coliform is an indicator of taenount of pathogenic organisms in the wastewakée results
of the survey ranged between 0 to 1,275MPN per 1006frsample indicating that most treatment works ar
effective at reducing coliform counts. Only twedtment works exceed 1,000MPN per 100mL: Homa Bay a
Kariobangi Nairobi. In Kariobangi’s case there acematuration ponds and the high fecal counteapected.
In Homa Bay, the treatment works have maturatiomdgdout the facility is hydraulically overloadedpably
because of high storm water flows and accumulaifsiudge.

6.8.2 Receiving Streams

Samples were taken at 20 treatment facilities,rapst and downstream of the discharge point in aalgain a
very crude measure of surface water quality isslie® cases, the BOD of the receiving watercoursgtream
of the treatment plant was higher than the effleabdard of 20mg/L indicating a serious surfaceemquality
problem from other sources of pollution upstreg®amples of the Nairobi River taken upstream ofdbedora
treatment works had BOD values that are similahtise of strong sewage. At 10 treatment works BO®
downstream of the treatment plant was lower th&B®D upstream. This result appears to indicadé tthe
effluent is contributing a significant amount obW and diluting the natural watercourse (Sourcdetthre
Study by JICA, 1998).
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6.8.3 Design Effluent Quality

6.8.3.1 Water Courses

To safeguard aquatic life, NEMA has prepared adstechwhich all sewerage works has to treat therstesa
before discharging into any water course.

The characteristics of the standard are as follows:

BODS at 26c -30mgl/l

COD -50mg/I

Suspended Solids -30mg/l

Coliform -1,000 per 100ml

Helmith Eggs -1,000 per llitre

Dilution at Discharge Point -8 to 150 times dry wea flow (Adopted from Royal

Commission 8 Report, England requirement)

Table 6.14 below has the details.
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Table 6.14  Standards for Discharge into Natural Watr Courses

Parameter Maximum allowable (Limit)
pH 6.5-8.5
BOD (5days at 2&) not to exceed 30mg/l
COD not to exceed 50mg/I
Temperature not to exceéd +3 of ambient temperature of the water
body
Total Coliform Count /100ml 1000
E.coli (Counts/100ml) Nil
Colour 15 Hazen units (H.U.)
Total dissolved solids 1200mg/I
Total suspended solids 30mg/l
Oil and Grease (mg/l)- where conventional treatnséatl be used Nil
Ammonia , ammonium compounds, BJGompounds and NQtompound (Sum 100mg/I
total of ammonia —N times 4 plus —N- and Nitrite-N)
Arsenic 0.02mgl/I
Arsenic and its compounds 0.1mg/l
Benzene 0.1mg/l
Boron 1.0mg/I
Boron and its compound-non marine 30mg/l
Mercury (mg/l) 0.05
Cadmium not to exceed 0.01 mg/l
Cadmium and its compound 0. 02 mg/l
Carbon tetrachloride 0.1 mg/l
Lead 0.01mg/I
Lead and its compound 0.1mg/l
Chromium VI 0.05 mg/l
Cis-1,2-dichloro ethylene 0.4 mg/l
Copper 1.0 mg/l
Zinc 0.5 mg/l
Dichloromethene 0.2 mg/l
Dissolved iron 10 mg/l
Dissolved manganese 10 mg/I
Fluoride 1.5mgl/I
Fluoride and its compound (Marine and non marine) 8mgl/l
Selenium 0.01 mg/l
Selenium and its compound 0.1 mg/l
n-Hexane extracts (animal and vegetable fats) 30 mg/l
n-Hexane extracts (mineral oil) 5 mg/l
Nickel 3.0 mg/l
Oil and Grease 5 mg/l
Nitrate 20 mg/l
Phosphates 30 mg/l
Cyanide 2 mg/l
Sulphide 0.1mg/l
Hexavalent chromium VI compounds 0.5mg/l
Phenols 0.001mg/I
Simazine 0.03mg/I
Detergents nil
Tetrachloroethylene 0.1mg/l
Thiobencarb 0.1mg/l
Thiram 0.06mg/I
Total Cyanogen Nd
Mercury 0.005
Trichloroethylene 0.3mg/l
Whole effluent toxicity Nil
Total Phosphorous 2mg/l
Total Nitrogen 2mgl/l

Source: - The Environmental Management and Co-ordiation (Water Quality) Regulations, 2006
Note:-

1. The standard adopted for Coliform count is thatnohistry of water and irrigation since that of
30m/100ml suggested by NEMA is not achievable amgretin the world.
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6.8.4 Industrial Effluents Draining into Public Sewers

Both the quantity and quality of industrial effliervary considerably, not only with the type oftéag but also
between neighboring factories producing similar pratucts.

Therefore, each individual factory on a proposedesage system must be considered separately.e Ifatttory is
existing, then the volume and also the concenmatiof the more important constituents in the facteifluent
should be measured; for a new factory; forecastedaipon factories elsewhere, which produce thes samd
products using similar working processes, probghlg the most accurate estimates obtainable.

It is a requirement that industrial effluent betprated before discharging into public sewers.

Table 6.15 below has the details of the standartie tattained before discharging into public sewer.

Table 6.15 Standards for Industrial Discharge intdPublic Sewers

Parameter Standard

pH 6.0-9.0

BOD (5days at 2&) not to exceed 500mg/|

COD not to exceed 1000mg/l

Temperature not to exceéd 20-35

Oil and Grease (mg/l)- where conventional treatment 5

shall be used

Ammonia Nitrogen (mg/l) not to exceed 20

Substance with an obnoxious smell Shall not be hdised
into the sewers

Arsenic (mg/l) 0.02

Mercury (mg/l) 0.05

Cadmium not to exceed 0.5 mg/l

Lead 1.0mg/I

Chromium (Total) 2.0 mg/l

Copper 1.0 mg/l

Zinc 5.0 mg/l

Selenium 3.0 mg/l

Nickel 3.0 mg/l

Nitrate 20 mg/l

Phosphates 30 mg/l

Cyanide 2 mg/l

Sulphide 2mg/|

Phenols 10mg/l

Detergents 15mg/l

Colour Less than 40 Hazen Unit

Alkyl Mercury Not Detectable

Free and Saline Ammonia as N 4.0mg/|

Calcium Carbide Nil

Chloroform Nil

Inflammable solvents Nil

Radioactive residues Nil

Degreasing solvents of mono-di- Nil

trichloroethylene type

Source: - The Environmental Management and Co-ordiation (Water Quality) Regulations, 2006
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7.0 SEWERS
7.1 General

Public sanitary sewers perform two primary funcsion

« Safely carry the design peak discharge,

* Transport suspended materials to prevent depnositithe sewer.

It is essential that a sanitary sewer has adeaqagiacity for the peak flow and that it functiongr@himum flows
without causing operational problems.

Design all sanitary sewers as a separated system.

Wastewater can originate from four primary sourdgsdomestic, 2) commercial, 3) industrial devel@ptand 4)

extraneous inputs. Extraneous flow such as infiirmand inflow enters a sewer through system dgefand illicit
connections.

7.2  Planning
Sewers should be planned in line with recommendatad chapter 7.
However, the following additions should be conséder
7.2.1 Alignment of Sewers

The alignment of sewers shall be determined byhdeal for sewer service, environmental constraimlseeconomic
feasibility. There are three major elements toveesalignment:

(1.) the route selected,
(2.) the horizontal alignment and
(3.) the vertical alignment

Each element needs to be considered in detaildoreran economic alignment that provides the semaquired.

7.2.2 Route Selection

The route or streets to be traversed by a propsaseedr should be based upon sewer deficiency
Studies and demand for sewage service.

7.2.3 Route Investigation

The Designer should review the sewer project routeediately upon assignment of the project.
Environmental considerations should be considéfad.need for the sewer project and the
Economic feasibility should not be different thaigmally intended.

7.2.4 Field Reconnaissance

A field reconnaissance should be made to identifyehanges in the conditions since the sewer
Project was initially conceived.

a. Depending on the project size and complexity thiefdng may be investigated:
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b. Areato be served

c. General Topography. (Preliminary investigation mayy from a casual observationof field conditioosat
detailed topographic and geological study).

d. Nearest available outlet sewers

e. Location and size of large surface and subsurfas&ractions and improvements

f.  Size and number of existing buildings (including&aents)

g. Zoning

h. Future development of the area

The following references would be useful to pregardiminary plans:

Drainage Maps

Past and Present Physical Development Plans
SK Maps scale 1:50,000 sheets

Respective Toposheets

"S" (Sewer) Maps

Substructure Maps

City Planning and Regional Planning data
Aerial Photographs

Flow Gauging Records

Census Data

Construction plans of existing improvements

~T T Te@ o o0 TR

7.2.5 Use of Photographs

Photographs should be taken of the route seleoteeference purposes. Surface culture such as targrhanging
trees, as well as, congested vehicular trafficssda of property development, etc., should be decbwith the
photographs.

7.2.6  The Horizontal Alignment

The most economical horizontal alignment will, getig, be the shortest length possible. The aligmmmeay be
varied to accommodate utilities, to maintain t@affiafety and convenience, to equalize HC lengthsither side
and to minimize other appurtenant work. The goadusth be a horizontal alignment that fulfills thety>s

obligations to the public and utility companiest ygpresents the shortest and most economicalHgagsible. The
Engineer should use all surveys and existing re;adch as, cadastral maps, Sewer Maps, recordamtéurveys
and other data available in identifying the mosisfble alignment.

7.2.7 Substructures

Except under unusual circumstances, the sewerlshddicated so that no portion of the existing
Substructure lies closer than 0.3m (horizontallg sertically) from the limits of the sewer trench.

Close proximity to parallel electrical conduits atedhigh pressure water mains, gas, and oil limes @ther high
pressure mains shall be avoided, if possible, tsrafithe hazards involved during constructionihéf sewer to be
constructed is in close proximity to a thrust bladka pressure main, the owner of the main shattdresulted and
involved.

When practical, avoid long-skewed crossings undéstiag substructures. They are very costly becafsthe
amount of tunneling, difficult excavation and sggcupports required.
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7.2.8  Criteria for Separation of Sewers and Water Mains

To safeguard waterborne disease outbreaks atttidoteéhe entry of sewage-contaminated groundwatter the
distribution systems of public water supplies, fibllowing separations are recommended:-

a. Parallel Construction: The horizontal distance et pressure water mains and sewer lines shalt be a
least 3m.

b. Perpendicular Construction (Crossing): Pressuremmgins shall be least 0.3m above sanitary seénes |
where these lines must cross.

c. Separation distances specified in (a) and (b) sleatheasured from the nearest edges of the fasiliti

d. Common Trench: Water mains and sewer lines shabadnstalled in the same trench.

When water mains and sanitary sewers are not atidygseparated; the potential for contaminatiorthef water
supply increases. Therefore, when adequate physgalration cannot be attained, an increase ifatter of safety
should be provided by increasing the structuragnty of both the sewer pipe materials and joints.

7.2.9 Right-of-Way

Sewers shall be placed in public right-of-way whargossible.

7.2.10 Sulfates Attack

In certain locations, sulfates, alkalies, and walter may be present. These are harmful to conaretesteel if found
in sufficient quantities. Chemical analysis of th@undwater or soil sample should be made to déterrthe
guantity of these substances present. The mosteagtithese harmful substances are the sulfateishvehall be
considered in the design when they are found ifickerit concentrations as shown in Table 7.1

Table 7.1 Sulfate Concentration Harmful to Concrete

% Water Soluble sulfate (as| Ppm sulfate (as S@ in | Relative degree of attack on| Suggested Type of resistan
SQOy) in Soil Samples Water concrete Concrete

To 0.10 To 150 Negligible -

0.10t0 0.20 150 to 1000 Positive Type Il

0.20 to 0.50 1000 to 2000 Considerable Type V

0.50 and over 2000 and over Severe Type V

7.3  Design Criteria

Sewerage over the years has faced investment crnaghthan Water Supply.
As means of Sewerage Promotion, there is need was®m new and emerging “Appropriate Technologiéz™-v

< Shallow Sewer Systems and
«» Simplified Sewerage

Further, some of past Designs have adopted desigpmmendations from W.H.O Report No. 9 on minimum
velocities of 0.75m/sec and minimum gradient vagyivith the diameter of the pipe leading in somessas over
excavations beyond 5m hence making them too deemdonection. A case in point is the existing Gsai
Sewerage System which was constructed over 30 ggarbut the number of connections has stagnaté@Catiue

to sewers being too deep for any meaningful conorest
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This is not an isolated case and | believe othamgtes exist in the Country.

In view of the above shortcomings, sections 7.8.1.8.2.5 have been lifted from:-

X3

%

The Design of Shallow Sewer Systems Manual by UNEGHASBITAT dated 1986 and

World Water Magazine of January/February 1986 Magatitled “ Shallow Systems Offer Hope to
Slums” in Northern Brazil and Pakistan by Geham&tamby, Duncan Mara and Michael MC Gary and
« Simplified Sewer by Delft University, Netherlandwigloaded from the Internet

X3

%

To cope with the emerging trend, lower per capiist and address past shortcomings and experience.

7.3.1 House Connections

All household wastewaters are drained to an ingpechamber located along the length of a commonlkbsewer
line, usually through two or more pipe connectio@mne of these is for the water closet connectiuzah depending
on the distribution and number of sullage genegatireas within each house, one or more sullageeotions are
also provided. Where a grit/grease trap is pra¥idieis usual to connect all the sullage to it gmdvide a single
connecting pipe to the inspection chamber.

7.3.2 Water Closet House Connection

This connection is the short length of pipe thaiink the water closet to the inspection chamber.veRical
ventilation column is usually provided somewhermngl the length of the connection, often adjacenhéoexterior
wall of the house. The following specificatione acommended for the water closet house connection

Pipe materials for house connection and ventilation column PVC
Pipe diameter for house connections and ventilation column Minimum 75mm
Pipe gradient for house connection Minimum, 1 in 50

Manually flushed squat pans, using 3liters of waier flush, have been shown to be capable of toatisg
simulated waste materials an average distanceeaf@weters along 75mm diameter pipes laid at aigmadf 1 in
100. Since the layouts of shallow sewers are shiahthe common block sewer line is adjacent totdlilets, the
water closet connections are usually short in leragid rarely exceed 5m. even so, a minimum gradiehin 50 is
recommended to take account of variations in sité sewer layout. Clearly, the shallowest gradientsy be
adopted where pedestal seats using large flushmeasllare adopted. In any event, a gradient ndeflgtan 1 in
100 is recommended.

7.3.3 Sullage House Connections

Where water consumption is low (25 to 30Lcd) andemghsand, brickbats and other abrasive materias ar
customarily used for cleansing utensils, all sidlaguse connections must be preceded by some fogrease/grit
trap, especially for kitchen wastewaters. Evenralveater consumption is high and detergents are fasecleaning
utensils, it is advisable to provide this preveatimaintenance device. When the overflow pipe ftbese devices,
i.e., the sullage house connection, is free froosgraccumulation of solids, it may be laid at ay\iat gradient.
Direct connections to the common block sewer inspechamber may also be made from laundry andirtogth
areas, including also kitchen wastewaters, in akglasre the average water consumption is over 75[0¢tuk
following specifications are recommended for swdléiguse connections:

Pipe material PVC
Pipe Diameter Minimum 38mm but usually 50mm
Pipe gradient Minimum, 1 in 200
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7.3.4 Common Block and Street Collector Sewer

Within a block, all water closet and sullage hoasanection pipes are connected to a single pipevikras the
common block sewer. Where the natural drainagle wéhin the block is unidirectional, only a sindiock sewer
is necessary. Where this is not the case, in daderinimize excavation and follow the natural faflthe land, it
may prove necessary to adopt more than one cominok ewer.

The common block sewers are designed to be flublkeedently, and therefore as many houses as pesstitniuld
be connected to them. They should be located ewljdo the toilets they serve and are, hence, lydoahted at the
backs of houses. In certain housing layouts wttegdoilets are located at the front, block seveeesalso provided
at the fronts. When the block sewer emerges fiwerbtock, it is connected to a street collectoresewsince block
sewers and street collector sewers operate inisimanner, criteria for their design are discdssgether below.
Traditionally, the design of sewers has been basetthe concept of ensuring that peak daily flowsycaway any
solids deposited during periods of low flow. Thesdf cleansing velocities occur at least once widahe large
downstream sewers but not usually in the small diamhouse connections and street collector sewehe upper
reaches of the network where the flow is intermitteRecently, however, the concept of self claampsielocities in
sewers as a basis for their design has been gonedtlmy many researchers. It has been found thlabugh solids
are deposited in pipes, they become re-suspendédramsported on subsequent flushing, as the medstce
caused by the difference in depth of water acrossolids increases. Solids are therefore shiftexlg the pipes by
the flushing action of sequential waves of wastewaind, as solids deposit in the pipe invert, ewater backs up
until the pressure is sufficient to move the sofitsvard. Based on these findings, it has beemgyastgd that there
is no reason to attempt to design a totally depicesit house connection or sewer.

A comprehensive study of the causes of blockagebomse connections, conducted in the United Kingdom
concluded that most sewers experienced intermitséoppages during normal operation and that thesee w
removed by wave action rather than by the maintemaf a minimum scour velocity. Blockages wereenbsd to
be removed efficiently as the depth of flow incethaand were primarily the result of poor workmapsaind
infrequent use of the system, rather than of litiutes in pipe diameter or gradient. It would appéherefore, that
recent studies undertaken on the operation of sede@not support the current design practice dfiotisg the use
of flat gradients by working to a minimum mean .

Unable to model the true mode of operation of sewespecially at the upper reaches of a networgineers have
resorted to rules of thumb which have become irsingaconservative over the years, thus adding wessecily to
the cost of sewerage. Current knowledge still reffieo alternative to using the self cleansing vigfodesign
concept. It is on this principle that procedureséhbeen developed for the design of shallow seveditsough
recent research findings have enabled substamt@iges to be made in design standards and critepaomote
cost reductions. These are discussed below.

7.3.5 Minimum and Maximum Velocities

Minimum peak daily velocities in pipes have beeid $a lie between 0.76m/sec and 1.0m/sec.

However, laboratory studies have shown that salmsiot decelerate until they reach a thresholdcigidelow
which no further motion is possible; this velocigepending on solid shape, pipe size and slopativel pipe
roughness etc., was found to be between 0.2 amd/€e4. Inert material will, however, be deposidelocities
below 0.3m/sec. Accepting this findings and assgntihat sewers do not operate ongheciple of self cleansing
velocitiesand that, when solids are deposited they beconseispended and transported by subsequent flushes, a
minimum flow velocity of 0.5m/sec is considered quate. In Brazil, sewers have been designed fervedue of
self cleansing velocity for over two decades. Maxin velocities of flow have, in the past, been #jgat; in order
to reduce the possibility of pipe erosion. Sudkets were said to occur at flow velocities in essef 4.0m/sec, but
studies have shown that erosion effects observediatities greater than this threshold value ag minimal, and
hence no upper limit of flow velocity is recommeddeThus, the minimum and maximwsawage design velocities
can be stated as follows,

Minium Velocity 0.5m/sec
Maximum Velocity No limit required
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7.3.6  Minimum and Maximum depth of flow

Minimum and maximum proportional depths of flow, @ak flows, are usually specified for pipes corvgy
sewage, in order to ensure that a sufficient sevitage for solid transport and an adequate surplagacity are
provided in the pipe, a minimum proportional depth0.2 is considered necessary for solid transport, and a
maximum proportional depth @8 in order that approximately 8% surplus capacitgvailable to provide a small
margin of safety against underestimation of theagmnaflow.

However, in the absence of exact design methodsntaintenance of a minimum and a maximum propation
depth is recommended as follows:

Minimum depth of flow in pipe 0.2 times pipe diameter
Maximum depth of flow in pipe 0.8 times pipe diameter

7.3.7  Minimum Sewer Diameter

Since small diameter pipes have shown to havertsitiel transport properties than large diametpegi because of
their ability to build greater depths of water behsolids, there is no justification for using pigiameters in escess
of 100mm, except when required by the magnitudinefflow. In fact, it is definitely not advisabie increase the
pipe diameter under the reduced falls proposedtalow sewers, since this decreases the deptbwef &nd solids
will thus tend to be deposited frequently in thegline. The following recommendation is made rdopay the
minimum sewer diameter:

Minimum sewer diameter 100mm

7.3.8  Minimum Sewer Gradient

A wide range of minimum gradients has been reconti@eiin the past. The Study of the causes of sblwekages

in the United Kingdom found that sewer gradiensswéth pipe diameters, were not determining factorsausing
sewer blockages. House connections laid at greslesflat as 1 in 1200 were found to operate faatisrily for
many years. In fact, the investigation discovemeast blockages on the commonly recommended gradigit
between 1 in 30 and 1 in 70. British Practice re®nds that a 100mm diameter pipe be laid at aegradot
flatter than 1 in 70, provided it serves the eqigimbof at least one water closet, and 1 in 80,néerving when
serving up to five houses. As pipe diameter ineesa it is often common to see recommendationsdtpta
shallower gradients: a minimum gradient of 1 in 180often recommended for 150mm diameter sewerspipe
Minimum pipe gradients are, however independent opipe diameters Using Manning’s equation, it can be
shown that the gradient required for a pipe is gjibg the following equation:

| =Q#*®31.59rf (zsing)?°g"*

Where;
| =Gradient, m/m
Q =Flow Rate, L/sec
V =Velocity of flow, m/sec
@ =angle subtended at the centre of the pipe by#ited perimeter, radians
N =roughness coefficient

Taking the limiting conditions (in the upper reashed a sewer network) of a minimum depth of flow2o2 times
the diameter (0=1.85459) and a velocity of flow @bm/sec, and assuming Manning’s roughness cosffici
n=0.013, the minimum pipe gradient is given by:

| =0.01Q2%®

It follows that, for a given discharge the minimpermissible gradient is independent of the pipendizr.
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The above equation may be used to obtain minimwadignts for a range of flows. Brazilian practieeommends
that the flow from a single cistern flush unit oRR/sec be used to represent the minimum dischatr¢fee head of
any sewer system. Clearly, search dischargesagidly attenuated in the house connection as thdssmove
away from the water closet, and they are neverimddain practice in the sewers, but no problemshasulted
from following this assumption. It is interestitg note that over 200 households with an averagevefpersons
per household and an average flow of 100Lcd woeglddnuired to generate a flow equivalent to 2.2t./s&he
minimum gradient corresponding to a discharge BE/2ec is 1 167(0.6 per cent), and this attainsagimum self
cleansing velocity of 0.5m/sec. The recent sucegtssminimum gradients of 1 in 167 in shallow sewgstems in
Pakistan, in settlements where water consumpti@raaed only 27Lcd and where manually flushed spaats
were utilized for excreta deposition coupled witte tfact that sewers do experience intermittent &ions of
blockages, would suggest that very flat gradientsy he safely adopted in areas of medium and higterwa
consumption.

However, in the absence of additional field data, eninimum sewer gradient of 1 in 167 is recommended.
Minimum sewer gradient lin 167

7.3.9  Minimum Depth of Sewer

Usually, the minimum depth of block sewers is deiaed by the depth to invert of water closet anthge house
connections. Because the length of these conmecisousually short, it is possible to lay pipea atinimum depth
to soffit of pipe of only 0.2m. However, in ordéiat accidental damage to pipework may be avoiés prudent
to adopt a minimum soffit cover of 0.3m. This imegl that a 100mmdiameter block sewer will be laidaa
minimum trench depth only marginally greater tha4n® While such depths are acceptable in areasulject to
vehicular loadings. Continuation of the use of tsuwdepths, once the block sewer emerges into theetstr
necessitates careful location. Where it is ind#ahat vehicular traffic pass over the line, gipeust be laid with a
minimum cover to soffit of 0.8m or, alternativetire pipe must be protected with a concrete collar.

7.3.10 Pipe Flow Formula

Out of several formulae commonly used to designesgmthe manning formula is probably the most wideded.
Although recent research has demonstrated someationis of the Manning formula; for example, it éak
insufficient allowance for the independence to flomused by slimes which can build up in sewerserbegless it is
recommended that it be used for sewer designihgeinya.
The Manning formula is (1/nfRS"?
Where; n= Manning Constant

R=Hydraulic Radius in m

S=Hydraulic Gradient in m/m

The Manning formula contains a friction coefficiéim’ in the Manning which varies with condition dafiterior

surface of the sewer. Proposed values of “n” foiouss types and sizes of pipes are given in Talfle 7

If the value 0.013 is substituted for “n” in the Mang formula, it becomes Crimp and Bruges! Formtiia results
of calculations based on this formula are availableonvenient tabular form so that sewer desigmeiyy much
simplified.

Where the value of “n” differs from 0.013, the Cparand Bruges! Tables may still be used provided tta sewer
capacities and flow velocities they give are reduog an appropriate percentage.

It is suggested that, when designing smaller diams¢wer, the values given in the Crimp and Brudediles
should be modified in order to allow for possibleanges to sewer gradients during construction,artec for

unforeseen localized estate-type development asaltalallow for inaccuracies in forecasting theng®iwhere the
sewage draining from future development will erber sewerage system.

Table 7.2 also shows the factors which it is preposhe Crimp and Bruges! Values should accordirggy
multiplied.

It should be noted that the Crimp and Bruges! Tablgply to pipes running full (but not surcharged).

Figure 7.1 shows how the discharge and velocitg sewer vary with depth of flow; particular poimte that the
discharge capacity of a sewer running full is elyattice that of the sewer running half-full, butet velocity of
flow is the same in each case.
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Table 7.2 Multiplying Factors for use with Crimp and Bruges Tables
Pipe Material Pipe Diameter Friction Percentage Percentage Multiplying
Coefficient “n” adjustment to | adjustment  for | factor (rounded
Crimp and | smaller size| off)
Bruges flows and| sewers (see Text)
velocities because
of wvarying “n”
values
mm Inches
Spun Concrete 300 or less 12 or less 0.015 87 75 65
Greater than 300 butGreater than 12 byt0.015 87 90 80
less than 600 less than 24
600 or more 24 or more 0.014 93 100 95
Cast Concrete 300 or less 12 or less 0.018 72 75 65
Greater than 300 butGreater than 12 byt0.018 72 90 75
less than 600 less than 24
600 or more 24 or more 0.013 100 100 75
PVC 300 or less 12 or less 0.013 100 75 75
Exceeding 300 Exceeding 12 0.013 100 90 90
Pitch Fibre 100 and 150 4 and 6 0.014 93 75 70
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7.4  Flows
7.4.1 Domestic Sewage

Forecasts of the quantity of Domestic Sewage likelpe discharged into each length of sewer mamade using
the data given in Section 6 of the Report.

In Kenya, the ratio between the peak and daily oatdow and the average daily flow of domestic sge is of the
order of 2%. However, it would be uneconomical & uhis factor to design all the sewers in a |lageerage
network.

Sewage takes a finite time to flow through a segersystem; as a result, peak flow rates tend toedee as the
extent of the network and therefore the populaserved, increase.

Babbitt, in his book “Sewerage and Sewage Treatmsuaggests that the relationships between peakgewWows

and population served is

M=5/p"
Where M is the ratio of peak to average flow ratd B is the contributing population in thousandspractice, it is
usually more convenient to link peak flows to pgiees and the following peak flow factors are st for use in
Kenya.

Table 7.3 Peak Flow Factor

Peak Flow Factor

A For sewers 12 inches (300 millimeters) in dianet less 2%

B For sewers exceeding 12 inches (300 millimeténs) less than 24 (600
millimeters) in diameter 2

C For sewers 24 inches (600 millimeters) in diametenore

1%

The designations A, B and C above are identictidse given in sub-section 4.4 below.

If, as an example, an 18 inch (450 millimeter) dasen sewer will receive neither industrial effluet storm water
nor groundwater, then, in accordance with Critéria sub-Section 6.4, the sewer should have a @gpaquivalent
to the average daily design flow times 2 times &g, when running full, the sewer will have capaeiuivalent to
double the peak domestic sewage flow; that isjlitake the peak domestic sewage flow when runtialg full.

7.4.2 Industrial Effluents Discharging into Public Sewers

When designing sewers, it is important to distispubetween wet weather and dry weather flows frobose
factories which have outside yards draining intwvess. In this sub-section, only dry weathers efflutbows are
considered; storm water run-off from factory yaassdiscussed under 6.

Few generalizations can be made about either theage daily flow or the maximum instantaneous cdtéow
from industrial premises; each factory should besatered separately.

Records of readings of the meters on supply maives gpme guidance to factory sewage flows; howewden
estimating industrial effluent quantities, care o taken to include not only for water taken frpoblic mains
but also for the water privately abstracted byfdwtory from surface or underground sources.
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In sub-section 6 below, the varying rates betwéernnstantaneous and the daily average rateswfiflere denoted
by the letters “D”,"E” and “F”, etc: in practicet may be restricted to a maximum or three by efftudischarge
agreement; that is, if necessary, factories wiltdseed to install flow “balancing” arrangements.

As in the case of domestic sewage, sewers shouttbfigned to deal with the peak dry weather inchlstffluent
flow when running half-full.

It is appropriate to assume that, as the necessavgr size increases, the industrial peak flonofactvill decrease
in the same way, and by the same ratios, as foedtosewage(See Clause 6.3.4.1 above)

7.4.3 Storm Water Entering Public Sewers

When designing sewers, storm water should be caregbas follows:-
i) Unauthorized and unavoidable storm water entryh sag from illicit connections or because of leakage

through manhole covers, etc.
ii) Authorized storm water from paved open marketsléedand from certain factory yards.

Unauthorized and Unavoidable Storm Water

A sewer designed as suggested in the section la@s sppacity equivalent to peak flows of domestiwage plus
peak industrial effluent flows of domestic sewadespthe peak industrial effluent flows. It is custary, and
reasonable, to assume that this surplus capacityfiicient to deal with all authorized and unaadite storm water
which finds its way into sewers; therefore, thigeyf storm water may be ignored for design catmna.

It must be appointed out, however, that this sgagacity will be sufficient only if the utmost caie taken to
prevent the entry of storm water into sewers, ekedyere specifically authorized. The fact that sachallowance
has been made must not be made as an excuse td gernndiscriminate entry of storm water into sage
systems; such practice must always be consideleghilif sewers are not to be overwhelmed duringods of
heavy rain.

Authorized Storm Water

An estimate of this must be made in order to afslteria 1 given in sub-section 4.4.
Estimates of the quantity and rate of flow of stawater from any particular area may be made usiaddrmula:-

Q=0.851'W
Where; Q the quantity of storm water entering ey,
I the rainfall intensity,
W the size of the area whicHraining

The units used for Q, | and W must correspondgf@ample, if Q is in cubic feet per second, “I” mbstin cubic
feet per acre and A must be acres.

The value of “I” varies throughout Kenya; everywbeilt is inversely proportional to the durationsbérms. When
designing a partially separate sewerage systentdil’ be taken as rainfall intensity of a 30 mirsttem with an
average frequency of five years, for the partictdavn under consideration.

The intensities of 30 minute storm with averagejdiencies of five years for particular locationsKienya are as
shown in Fig. 7.3 below:-
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3 inches depth of rain falling at a uniform rateidg one hour on one acre produces a run-off @8 €ubic feet
per second.

Substituting this intensity in above formula, Q=83 9W=16W (where Q is in liters per second and i iacres)
Or Q=178 W (where Q is in liters per second ands\W ihectares)

It should be noted that run-off from a yard measmione acre is equivalent to approximately 1.3iomlallons per
day, or the average daily volume of sewage prodiged000 acres of flow density, high class housirg1000
acres of high density, low cost housing with indixél water closets and ablution facilities. Thiseves to emphasis
that the flow of storm water into sewers should Kept to an absolute minimum, consistent with maximu
safeguards to the public health.

By the same reasoning which allows the peak domsstivage flow factor to be decreased as sewersaserin
size, so the rainfall intensity on any particuleeaamay be considered to reduce by 20 per cergvienry mile (1.6
kilometers) length of trunk sewer below each yastlthrging storm water into the sewer; that ishé volume of
storm water is discharged into a sewer from a @algi yard is calculated to be at a rate of ondionilgallons per
day, then when determining the size of a sewertdocane mile below the yard, the run-off may bestaks 800
000 gallons per day only; for a sewer two mileohbethe yard, the storm water flow may be takenrdg 640 000
gallons per day, and so on.

Groundwater infiltration

Where a sewer is located below the water tableurgtvater infiltration depends upon the water tiglat of
manholes, property drains and sewers, and pantiguthat of their joints, and upon the nature obswil;
infiltration is greater in gravels and coarse sahds in cohesive clays.

Infiltration into properly constructed seweragetsys should be relatively low and will tend to dexse with time
as fine particles from the sewage or sub-soil brokll leaks.

The United Kingdom “Code of Practice for Seweragecommends that, during testing with water at 4 {&@e2
meters) head, a sewer should not lose more waderQt? gallons per inch hominal diameter of theesguer hour
per meter length of sewer per meter of nominal di@n). Unless the depth of sewer below the watde tgreatly
exceeds 4 feet (1.2 meters) infiltration shouldbthe same order.

For a 9 inch (225 millimeter) diameter sewer, timsans that infiltration should be the order of 2@@afllons per
mile per day (equivalent to approximately 5000rsitper kilometer per day). In comparison to thelliksewage
inflow, infiltration is relatively small in quangttand it is customary to assume that it is catéoedy the surplus
capacity normally built into each sewer ( as in tlase of unauthorized and unavoidable storm watege sub-
section 6.3.4.3).

This assumption cannot however be made in the @faseisting sewerage systems in Kenya; poor worlghgmon
sewers and poor control of property drains conmkitt®d sewers has inevitably resulted in sewerggeems which
are not watertight. Therefore, when dealing withistitxg sewers in water-logged ground, possibly ideo to
incorporate them into a new sewerage system,eissential that the actual infiltration rates aresueed so that so
that appropriate allowances can be made.

These measurements may normally be made at atzouat ®llowing a period when the rainfall has beeavy, and
the water table is therefore high; at this timenafht, it may be assumed that sewage flows willniegligible
(except that allowance must be made for indus&ffilients if any factories work overnight) so thhé flow in
sewers are then virtually entirely due groundwatltration.
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7.5 Pipes and Manholes

There are several Kenya Standards covering sewes @Eind manholes which correspond to the Britistnc&trd
Specifications.

However, it seems that some products which aremeld to be in accordance with these Specificatiares

frequently of inferior quality; example, in the easf concrete sewer pipes, control over the cleasl of concreting
sand and the proportion of water added is not adveayficiently strict.

Types of Sewer Pipes Available in Kenya

Only three types of sewer pipes are manufacturghisncountry; Viz Concrete, PVC pipes, Pitch Fipgres. The
sizes are as per table 7.4 below.

Table 7.4 Standard Pipe, Sewer and Fittings diametein mm

Pipe GS
Ref material Ductile | Welded | UPVC | Asbestos | or
Letter | stated Clay | Concrete| Iron Steel (NOD) | Cement | Gl Polythene
a 10 75 150 40 80 20 50 6 10
b 15 100 225 50 100 25 60 8 15
c 20 150 | 300 ((60)) 150 32 75((80)) 10 20
d 25 225 375 65 200 40 100 15 25
e 32 300 450 80 250 50 125 20 32
f 40 375 525 100 300 63 150 25 40
g 50 450 600 125 350 75 175 32 50
h 65 525 675 150 400 90 200 40 65
[ 80 600 | 750 200 ((450)) | 110 250 50 80
j 100 675 825 250 500 125 300 65 100
k 125 750 | 900 300 ((550)) | 140 350 80 125
I 150 825 975 350 600 160 400 10( 150
m 200 900 1050 400 ((650)) 200 450 125 200
n 250 1125 -450 700 225 500 150 250
0 300 1200 500 ((750)) | 250 600 300
p 350 1350 600 800 280 700
q 400 1500 700 ((850)) | 315 800
r 450 1650 800 900 355 900
S 500 1800 900 1000 400 1000
t 600 1950 1000 1200 450 1200
u 700 2100 1200 1600 500 1400
v 800 2250 1600 1800 560 1500
w 900 2400 1800 2000 630 1600
X 1000 2550 2000 1800
y 1200 2700 2000
z 1400

Source: Modified Civil Engineering Standard Methofl Measurement for Kenya (Modified from Civil Engering Standard Method of
Measurement, 1999 by Institution of Civil Enginedrsndon).
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Concrete Pipes

There are local companies which, manufacture comaewer pipes in all sizes from 6 inches (150imdters)
diameter up to 48 inches (1 200 millimeters) irethmch (75 millimeters) increments; four inch (I@dlimeters)
diameter pipes are also made. All locally manufisticoncrete sewer pipes are nominally in accomlavith KS
02-548:1986 (Concrete Pipes -drainage).

Some manufactures are spun; pipes are availabEngths of up to 6 feet (1.8 meters), even forlédrger sizes.

Some manufacturer, whose pipes are cast in vibratadds, provides flexible joints, incorporatindher rings; the
other manufacturers supply spigot and socket pigesh need jointing with hessian and cement mortar.

The sewer pipes are normally unreinforced and omky wall thickens per pipe diameter are availabtayever,
some of the manufacturers say they could provideestrength pipes if required.

Occasional hydraulic and crushing pipe tests anmgiech out, on request, by the Ministry of Works. €Th
manufacturers do not normally test their own prasluc

PVC Pipes

There are three types of drainage pipe dependirtgeothickness of the walls viz: - :Low, Medium ddgyh Grade.
Pipes up to 12 inches (300 millimeters) in diametax made in Kenya from PVC imported in bulk. Joiate
flexible and are sealed by rubber rings; each fen§pipe has a socket affixed to the pipe durirmnofacture.

These sewers pipes are nominally in accordance K#H06-217:1981(Specification for unplasticized Pyipes
and fittings for buried drain and sewer but theawehbeen occasional cases of eccentricity resuitingariable
thicknesses of the two pipe walls.

When the total cost of transport plus laying anddaeg sewers is taken into account, PVC sewersamgpetitive
with concrete sewers.

Pitch Fiber Pipes

Pitch fiber pipes up to 8 inches (200 millimetens)diameter are shipped from Europe, to receivér tfieal
machining in Kenya. This procedure probably ensthrasthey are in accordance with B.S. 2760.

Joints are made by pushing the machine-taperedddritie pipe into Polypropylene collars.
In spite of shipping costs and a high proportiorbdakages, the costs of constructing propertyndrasing the

smaller sized pitch fiber pipes are comparable witse of other types of sewer pipes.

Trunk and Branch Sewer Construction

It is proposed that trunk and branch sewers upameters of 9 inches (225 millimeters) shall bestarcted using
PVC pipes.

In Kenya today, concrete pipes are usually beddedrainched or surrounded by concrete. Howevergthes
several instances where rigid-jointed concrete seWwave been laid directly upon the bed of thectnethis practice
has resulted in many fractured, leaking sewer hanteecommended.

There is rarely any attempt to reconcile the stiteraf the sewer pipe and its bedding with the exdkfoad the
sewer has to withstand during its life-time. Tliad can be estimated from the formula:-

W = CwB?
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Where;
W = the load on the pipes in pounds per linear ééétench,
B = the width of the trench just below the crowrtled pipe, in feet,
C = the coefficient of the soil which varies witietdepth/width ratio (see table 4.5),
w = the weight of the trench filling in pounds meibic meter foot (see table 4.6).

This formula assumes that the trench width has kephto a minimum that is roughly in accordancthviermula:-
Trench width = 1.5x the internal diameter of theveein inches 12 inches.

It is usual to allow a safety factor of between &risl 2 which calculating external loads, to all@wtfench widths
being cut wider than minimum during constructionl éor errors in categorizing the type of soil.

By using a suitable bedding, usually of granuldsssil or concrete, the strengths of pipes is nsdatd external
loading may be increased by a “bedding” factor.uFégNo. 4.4 gives details of typical pipe beds.etbgr with
notes as to their limitations and bedding factérshould be noted that the range of possible [beés is very
limited if the pipes have rigid joints.

Currently, concrete pipes are supplied in a widegeaof strengths and hence flexible joints can $eduflexible
joints have additional important advantage theylmamade using only semi-skilled labor.

PVC sewers pipes are slightly flexible and are ablecarry high external loads only by deriving dubafial
supporting strength from literal restraint providegthe soil at the sides of the pipe. These pgtesild therefore
always be backfilled by a free-draining, incompiigles granular material (for example, three quaiteth (20
millimeters) graded gravel at least to the tophef pipe. It is normally desirable to bed the pipesinilar material,
SO as to give even support and to prevent anytembktones or tree roots in the trench bed fro damahe pipes.
Where sewers are so shallow as to be in dangerfisandations or from excavations for other publidities, they
should be protected by concrete arches or surrounds

Table 7.5 Values of C for use in Formula W=CwB

Ratio of Depth to trench width | Sand and Damp topséi| Saturated topsoil | Damp clay Saturated clay
0.5 0.46 0.46 0.47 0.47
1.0 0.85 0.86 0.88 0.90
15 1.18 1.21 1.24 1.28
2.0 1.46 1.50 1.56 1.62
2.5 1.70 1.76 1.84 1.92
3.0 1.90 1.98 2.08 2.20
3.5 2.08 2.17 2.30 2.44
4.0 2.22 2.33 2.49 2.66
4.5 2.34 2.47 2.65 2.87
5.0 2.45 2.59 2.80 3.03
55 2.54 2.69 2.93 3.19
6.0 2.61 2.78 3.04 3.33
6.5 2.68 2.86 3.14 3.46
7.0 2.73 2.93 3.22 3.57
7.5 2.78 2.98 3.30 3.67
8.0 2.81 3.03 3.37 3.76
8.5 2.85 3.07 3.42 3.85
9.0 2.88 3.11 3.48 3.92
9.5 2.90 3.14 3.52 3.98
10.0 2.92 3.17 3.56 4.04
11.0 2.95 3.21 3.63 4.14
12.0 2.97 3.24 3.68 4.22
13.0 2.99 3.27 3.72 4.29
14.0 3.00 3.28 3.75 4.34
15.0 3.01 3.30 3.77 4.38
Very great 3.03 3.33 3.85 4.55

Source: lowa State University Eng. Sta. Bull. 47
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Table 7.6 weights of Trench Filling Material

Material Lbs per Cubic Foot
Dry Sand 100
Ordinary (damp) sand 115
Wet Sand 120
Damp Clay 120
Saturated Clay 130
Saturated Topsoil 115
Sand and Damp Topsoil 100

Property Drains

It is proposed that property drains should alsadm@structed using either concrete or PVC pipes mxitat pitch
fiber pipes may also be used within private propbdundaries, but not in public roads.

Property drains should be the same standards di mawers; beddings and protection should be wseere
necessary. Pitch fiber pipes should be bedded ackfitted with granular material as if they were @¥ipes.
Property drains should connect into sewerage sysieto the sewers for the purpose. Junctions shoeiltiited so
that property drains “fall” into the sewer; the mnium allowable fall should be such that the soffitsat is, the
inside of the roof of each pipe) of the propertgidrand the sewer are level adjacent to the junctio

Blanked junctions for property drains should be ief convenient locations at the time the main ssware
constructed; generally, more junctions then betlevecessary should be provided. When, exceptignalty
additional junction is required on an existing sgwieé should be carefully constructed using purpbsgade
“saddle” provided by the sewer pipe manufactures.

Manholes

Manholes permit the inspection and cleaning of ssveed removal of blockages. They should be pravide
sewers at all changes of direction, sewer levgradient, at every junction and generally throughtba sewerage
systems at intervals sufficiently close to simpBBwer cleaning.

The recommended spacing of manholes is:-

Table 7.7 Recommended Manhole Spacing

Sewer diameter Manhole spacing

Inches Millimeters Feet Meters
4108 100 to 200 130 40
9to 18 225 to 450 200 60
21to 33 525 to 825 300 90

36 & above 900 400 120

Manholes should not leak and they should have cseffi strength to prevent collapse; they shouldepably be
closed by heavy cast iron covers which have haeslow some ventilation; this means that manhslssuld be
carefully sited to ensure that flood water doesdrain through their covers during heavy rain.

In Kenya today, four types of manholes and inspecthambers, which are manholes and inspection lodamn
which are manholes on property drains, are nornzalhstructed:-
i) Concrete block work with rendering;

ii) Brickwork with rendering;
iii) In-situ mass concrete;
iv) Precast concrete rings, with or without in-situ myasncrete surrounds.
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Notwithstanding their rendering, it is very diffictio construct a water-tight blockwork or brick niole and it is
proposed that, in future, such manholes are onty s property drains in dry ground; that is, alinioles on
public sewers should be made using either in-gitprecast concrete. Manholes constructed usingapt@mncrete
rings, which can be provided by most of the corcppe manufactures in Kenya, are normally muctapéethan
in-situ concrete manholes.

To construct this type of manhole, preacast chambgs are set vertically upon an in-situ manhasdy which has
low walls constructed around sewers. In firm drgugrd a concrete surround is not required; howewnbere the
strength of the ground is suspect and certainlyrevtige ground is waterlogged, precast concrete olestshould
always have a 6 inch (0.15 meters) thick surrourid-situ concrete.

Miscellaneous

Sewer Sizes

When a sewer laid at shallow gradient runs intdeapmer sewer, it is often theoretically possiblaléarease the
diameter of the downstream sewer; however, thimiggood practice and it is recommended that, exaeger very
exceptional circumstances, no sewer should disehatg a sewer of smaller diameter than itself.

Sewers should not run surcharged; therefore, wdmners of differing diameters meet at a manhoksy #hould be
laid so that their soffits (that is the inside r@bfeach pipe) are level.

Maximum Depths of Sewers

The depths of sewers must generally be sufficieriake the gravity flows of sewage from adjacenndstic and
industrial premises.

It is difficult to make any generalization aboutettmaximum economic depth to which a sewer should
constructed; this depends upon ground conditidresdepth of water table, local topography, the sizeewer and
its proximity to buildings; however, sewers shorddely be deeper than 26 feet (8 meters).

Duplication of Sewers

Where a long design period is used for new sevears,if it is anticipated that the sewage flows wiltrease only
slowly, it is sometimes possible to achieve som@emy by sizing a sewer initially for a shorter idaesperiod, and
allowing for its subsequent duplication. When aisiea to duplicate at a later date made, it mustémain that
there is sufficient space in roadways and betweleer services to make this possible.

As a general rule, duplication should not be caer@d when the design period is less than 20 yeatsheen only in
the case of sewers 36 inches (900 millimeterspimger of larger.

The Ventilation of Sewers

It is important that sewers should be ventilateothibto keep them safe as possible for the sewenterance
workers and also to keep the sewage aerobic i twdeduce the evolution of hydrogen sulphide.

It is recommend that ventilation is achieved pabyythe provision of ventilating columns at pumpgtgtions and
at manholes where pumping mains discharge, andbgls@ntilation stacks attached to each propertichvdrains

into sewer. The primary function of the ventilatiooles in the manhole covers is to stop excessigspre building
up in the manholes, should surcharging of the setedwe place.

Sewer Design Procedure
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Combined sewerage is an exception in Kenya antlyta@parate sewers are not considered suitabdeefibre, the
sewers discussed in this Section are those which part of partially separate sewerage systems.

The waters in a partially separate sewerage systagnor may not include domestic sewage, induséftilient,
storm water, or ground water. Assuming all thesmmanents are present, a sewer on partially sepaystem
should, by varying its size and gradient, be de=igso as to confirm with each one of the followtinigee criteria:-

1. Capacity to deal with Peak Flows

A sewer should be capable of dealing with the geaks which it receives; these will normally ocaduring wet
weather and will be equivalent to the sum of:-
The average daily design flow of domestic sewage Hiplied by a factor (2A or 2B or 2C),

Plus

The average daily design flow of industrial effluetmultiplied by a factor (2D or 2E or 2F etc),
Plus

The maximum rate of inflow of storm water,

Plus

The maximum anticipates rate of inflow of groundwaer.

(The factors A, B, C, and D etc are explained io-section6.5 of this report).

2. Sewer Design Procedure

Having computed the flow of sewage along a pipgtlenthe sewer is designed to ensure that thevioilp
conditions are satisfied:

% Minimum self cleansing velocities are attained. Esuring that minimum gradients are
provided automatically ensures that minimum self @ansing velocities are attained

Depths to which pipes are laid are minimized withirpermissible limits

Adequate pipe flow capacity is available to carryie maximum peak future design flow
The depth of flow at peak flow is within the recomnended limits.

o,
°n

*.
°n

o,
°n

< Minimum sewer diameters are provided

Design Computation
Application of Hydraulic Computations

For sanitary sewer systems, hydraulic computatiares used in planning, design, and interpretationfl@i
mearements. In planning or preliminary design,dbmputations are usually concerned with condysaciy and
maximum or minimum slopes. Typical design compatet involve capacity, slope, and significant wagerface
elevations at important locations in the conduithsas upstream and downstream of junctions orgetsim conduit
size. Itis often possible to assume that the mateface profile between these locations is aggttdine connecting
the significant elevations. Occasionally, desigquires more detailed computation of actual waieiase profiles,
such as drawdown and backwater curves.
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Capacity and Flow Estimates

Full Pipes

Many design computations begin with an estimatthefcapacity of a pipe of a given size and roughfiesving
full at a given slope, or with the selection of tiee and slope of a pipe to carry a given disahargither the
Manning Equation:-

V=1/n (R??s"?
OR
Alignment chart Fig. 7.1

Are usually employed, and the solution for a fupgis obtained. An example of the use of theralignt chart is
shown in Fig. 7.1.

Partly Full Pipes

In order to consider the range of discharge th#itagcur in a partly full pipe it is often necesgdo determine the
depth and velocity of flow at discharges less thapacity. The partly full flow is assumed to beasty and

uniform, and the depth and velocity are determifiesn a hydraulic element chart (Refer Fig. 7.2).or F
convenience, the velocity or flow rate in the paftlll pipe can be expressed as a fraction of theesponding

value in the full pipe. Let a symbol without a sabipt represent the value of a variable when treduait is partly

full and let the subscript “f” indicate values fitve full conduit.

The flow ratio can be expressed as:
QIQf =AV/(AV) =(nf/n)(A/A)(RIR)??

The ratios Q/Qf, V/Vf, AIAf, R/IRf and n/nf, are éadl the hydraulic elements of the conduit. They asually
determined as functions of the relative depth dfuf are often presented graphically as a hydraidiment chart or
graph.

From fig. 7.2, two sets of curves are shown forw@kcity and discharge ratios. The broken linesssthe values
based on constant n values. For all d/D valuesy#tue of n is equal to nf. The solid lines shbe values that
result if n varies as indicted by the curve forfn/n

The decision to use constant or variable n isttefhe Engineer.

The method of using the hydraulic elements graplfustrated below:-
Example 7.1

A 300mm (12 inch) sanitary sewer is laid on a sl@be3 units per 1000 units. Find the velocity and
discharge if the sewer is flowing 0.4 full (120m#n8inch-depth). Assume Manning’s=A.013

a) From figure 4.1, @0.0566nVsec., V=0.76m/sec
b) From figure 4.2, for d/d=0.4
i n=constant:

Q/Q=0.33; V/V;=0.90
Q=0.27x0.0566  =0.0187fsec or 18.7 L/sec.

V=0.90x0.76 =0.68m/sec.
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ii. n = variable:

Q/Q=0.27; VIV;=0.71
Q=0.27x0.0566  =0.0153¥sec or 15.3 L/sec.

V=0.71x0.76 =0.54m/sec.
Many Engineers prefer a general tabulated versfatheo curve for Q/Q With the Manning equation, the
ratio for circular conduits can be written as:

Q/Q=0Qn (4)*°
1.488D%3s"2

It follows that:-

on =0.4632 Q/Q

D8/381/2

The numerical value of the right hand side candbilated as a function d/D as has been done. $\ith
tables, Q can be found for any value of d/D if Cgriél pare known.

Organization of Computations

The first step in the hydraulic design of a sewettesm is to prepare a map showing the locatioradl dhe required
sanitary sewers and from which the area tributargeich point can be measured. Preliminary profifeke ground
surface along each line also are needed.. Thesédskhow the critical elevations which will estahlthe sewer
pipe grades, such as the basements of low lyingdsand other buildings and existing sanitary sewdich must
be intercepted. Topographic maps are useful atsthige of the design.

Several trial designs may be required to determinieh one will properly distribute tentatively byagphical means
on profile paper before selecting final grades emhputing the sewer pipe invert elevations.

Design computations being repetions, may best Ine dm tabular forms permitting both wastewater ¢jtyaand
the sanitary sewer design calculations to be plamedhe same form. The form shown in table 7.3aidy

comprehensive and can be adapted to the partinekeds of the designer. It is convenient in ushig form to
record the data on transition losses and invepsiro

In using forms of this type, it is assumed thafarmn flow exists in all reaches.

The use of Table 8.8 for sanitary sewer designiregsupplementary charts, graphs, or tables foulzding
wastewater flows and hydraulic data.
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Table 7.8 Typical Computation Form for Design of Saitary Sewers

Manhole No. Area Average Flow Peak Flow
Line Length Total Infiltration Sewage Infiltration Sewage Slope of
No. Location From To | (m) Increment(Acre) (Acre) (m3/sec) M3/sec. (m3/sec) M3/sec. sewer %
1 2 3 4 5 6 7 8 9 10 11 12
Sewer Invert level
(m) Ground Level (m)
Sewer Dia.| Capacity Full| Velocity (full) | Min Velocity | Max Velocity | Manhole Invert| Fall in
Peak Factor] Mm m3/sec M/sec m/sec m/sec (m) Sewer m Head tail Head Tail
13 14 15 16 17 18 19 20 21 22 23 24

163



7.6  Sewer Construction Drawings

Mostly, Construction of Sewers requires Construttcawings

7.6.1 Purpose

The purpose of the drawings (plans) is to conveyplgically the work to be done, first to the owrtbgn to project
reviewers, to the bidder and later to the conswaocbbserver’s inspector's engineer and the cotdrac All
information which can best be conveyed graphicaligluding configurations, dimensions and notegu#th be
shown on the drawings. Lengthy words descriptiom lzest included only in the specification, anddheet be
repeated on the drawings

7.6.2 Field Data

A survey and investigation of the route of the seiweequired to obtain information as to the erigttopography,
underground utilities and property boundaries tashewn on the drawings. The route may be mapped ffata
obtained by conventional ground surveys or by aptiatogrammetry and should be checked againsteaisfing
plans and records if they are available.

7.6.3 Preparation

The plan view is usually drawn on the top halftef sheet and the profile is plotted directly belnéadn the bottom
half, facilitating coordination of the two views.

Topography for the sewer plan is plotted eithenfrine ground survey field notes or from the agsledtography,
resulting in a strip map showing relevant existfiagilities and ground surface features along thth md the

proposed sewer. This topography may be transfatiredtly to the sewer plan/profile sheets fromathprints can
be made for use in sewer design; when aerial phatagetry is used, the topography may be plottegctir on the
aerial photographs and the resulting photomap neayeproduced in the configuration of a strip plan dise in

design. The plotted topography and record dataidd from utility companies as to undergrounditigg are

plotted on the plan. The plan showing existing ditons is completed by plotting property and easeim
boundaries. Relevant basement elevations, ineémisting utilities or other structures that mefect the work
may be shown.

The proposed sewer alignment is developed on pdahthe plan/profile sheets or photomaps showinigtieg
conditions. A profile of the ground surface aldhg proposed sewer alignment is drawn and propssedr invert
elevations are determined and plotted on the jgrofirfhe horizontal and vertical alignments of theppsed sewer
are transferred from the work prints to reprodueiplan/profile sheets. Sections and details ofptieposed sewer
and appurtenances are drawn and traced on rephbbdelusineets for incorporation into the drawings. ewh
applicable, proposed temporary and permanent eageérnandaries are determined and drawn on the splass.
Contract limit lines are added to complete the arafion of the sewer plans.

The scale of the sewer plans should be large entmugow all of the necessary surface and subsuifdiermation
without excessive crowding. A horizontal scalelds00 to 1:1000 is suitable for most sewer plansitremely
crowded urban areas 1:250 should be consideredudh areas, large scale plans of street inteosectire quite
useful. Generally, a satisfactory vertical scalethe profile is 1:100 or 1:50 for relatively flierrain. Larger scales
are used for sections and details.

When plans and profiles are drawn, each statiohbeil100m. Bench mark elevations will be giveriitom(i.e.

three places of decimals). However, it will gefigrae appropriate to show sewer inverts, etc, daljwo decimal
places. Nominal sewer sizes should always be sliowrillimeter.
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Lettering on drawings falls into three general gatées: Labelling and dimensioning, notes, andgitl Notes
should be lettered in the size used for labels dindensions for proposed facilities. Labels and afisions
associated with proposed facilities should startdfram those for existing facilities. Titles shdutonsist of larger
letters than those for labeling and dimensioninggs.0

7.6.4 Contents

7.64.1 Arrangements
The most logical arrangement for a set of drawithggelops the project from general views to morecifigeview,

and finally to more minute details. The subsedibelow are arranged to follow this generally ateemrder of
plan presentation.
7.6.4.2  Title Sheet

The title sheet should identify the project by praing the following information:

o,
o

Project name

Contract number

Federal or state agency project number (if appl&ab
Owner’s name

Owner’s officials, key people or dignitaries

Design Engineer’'s name

Engineer’s project number

Plan set number (for distribution records)
Professional engineer’s seal and signatures

o,
°n

o,
°n

o,
o

o,
o

*,
o

2

%

2

%

5

%

7.6.4.3 Title Blocks
Each sheet except the title sheet should haviedtidck containing the following:

5

%

Sheet title

Project name

Federal or state agency project number (if appl&ab
Owner’s name

Owner’s officials, key people or dignitaries

Design Engineer’'s name

Sheet number

Engineer’s project number

Scale

Date

Designer, drafter and checker identification
Revisions block

Sign off by owner’s chief engineer or district stipeendent

5

%

5

%

o,
o

o,
°n

o,
o

o,
o

o,
°

o,
°n

5

A

5

%

5

%

5

%

7.6.4.4 Index/Legend

Contract drawings should contain an index whicts Il the drawings in the set by title and drawmgnmber in

order of presentation. It also is useful to inéwsheet index drawn on the general plan mapetdifg the sheets
which show the details for each length of proposeder shown on the general plan. These indicesldhme

located on the drawing following the title she&.legend showing a set of symbols for elementsopbgraphic
abbreviations and the various items of the sewageswindicated in the sewer plans should be inaude the

index sheet.

7.6.4.5 Location Map
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There should be a general location map showingldbation of all work in the contract in relation tbe
community, either on the title sheet or on the xildgiend sheet. This location map also may be aseah index
map as outlined in the preceding paragraph.

7.6.4.6 General Notes

Notes which pertain to more than one drawing shbelgresented on the index/legend sheet. An exaimpl note
warning that the location and sizes of existing argdound utilities shown on the contract drawings anly
approximate and that it is the responsibility & tontractor to confirm or locate all undergroutitities in the area
of his work. Each sheet should contain a note ingrmgainst the unauthorized alteration or additiorthe
documents.

7.6.4.7 Subsoil Information

Whether or not the locations of soil borings maderd) the design phase of a project and the bddgg should be
included in the contract documents is a decisioat tshould be made only after proper legal advicd an
consideration. In any event, whatever subsurfadermation has been obtained should be made almitab
bidders.

Drawings and specifications should indicate wherecel construction is required because of knowfavgurable
subsoil conditions. Neither the owner nor the ragr should guarantee subsoil conditions as a kred@ment of
the contract agreement.

7.6.4.8 Survey Control and Data

Survey control information may be shown on the sevl@n/profile sheets or on a general plan on arsge sheet.
Baseline bearings and distances should be includddreference ties to permanent physical featurgertical
control points or benchmarks should be indicated, the datum plane used for determining these etesamust
be defined. A note indicating the dates of thaugtbsurvey and aerial photography should be indude

7.6.4.9 Sewer Plans

A continuous strip map, drawn directly above thefifg, to indicate the plan locations of all wonk iielation to
surface topography and existing facilities is ategnal part of each sewer plan and profile drawitinderground
and overhead utilities along, across or near tbpgeed construction route also should be shown.

Sewer plans always should be oriented so thatlteif the sewer is from right to left on the she&ach sewer
plan should include a north arrow. Stationing d$tidee upgraded from left to right, generally alothg sewer
centerline. Survey baseline stationing also magiben on the plans, but it should not be subtitdor stationing
along the centerline of the sewer

7.6.4.10 Sewer Profile

Contract drawing should include a continuous peo6f all sewer runs indicating centerline groundfesze and
sewer elevations and grades. The profile is alsorevenient place to show the size, slope and ofgape, the
limits of each size, pipe strength or type, theatmmns of special structures and appurtenancesgrasgding utilities
and drainage pipes. The profile should be locatedediately under the plan for ready referenceati®ting shown
on the plan should be repeated on the profile.

7.6.4.11 Sewer Sections

When sewers consist of pipes of commonly knownpecHied dimensions, materials, or shapes, no seaeons
need to be shown. For cast in place concreteosestcomplete dimensions with all reinforcementelsghown
should be included in the drawings.
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7.6.4.12 Sewer Details

Separate sheets of sewer details normally foll@ptlan/profile sheet.
The following details, when applicable, should beluded:

Trenching and backfilling -payment limits includintpose for rock excavation and types of backfill
materials

Pipe bedding and cushion -dimensions, materialsygoel payment limits

House lateral connections -type and arrangemeéiittiofy and minimum pipe grade

Special connections -type and configuration ¢ifniits and dimensions

Manholes -foundation, base, barrel, top slabmé&and cover, and invert details
Sewer/water main crossings -separation requirements

Stream, highway or railroad crossings - casingelited siphon, encasement or other related
details

7.7  Operation and Maintenance

7.7.1 Health Effect of Sewage

Workers whose activities bring them into contacthwsewage and sewage products are at risk of atimigaa
work-related illness. The majority of illnesses asdatively mild cases of gastroenteritis, but peitdly fatal
diseases, such as leptospirosis (Weil's diseagsehapatitis have been reported.

How to protect Yourself

Make sure that you understand the risks to healthtlae ways in which you can pick up infections.

Use safe systems of work and wear the protectivugatent that is provided.

Reports damaged equipment and get it replaced.

Avoid becoming contaminated with sewage.

Avoid breathing in sewage dust or spray. Do notloyour face or smoke, eat or drink, unless yowehav
washed your hands and face thoroughly with soapwaaidr. Cleanse all exposed wounds, however small,
and cover with a sterile waterproof dressing.

Change out of contaminated clothing before eatinigking or smoking.

If you suffer from a skin problem, seek medicaliadwefore working with sewage.

Clean contaminated equipment on site. Do not taketaeninated clothing home for washing. Your
employer should deal with this.

If you become ill

Consult your doctor in the event of flu-like illre®r fever, particularly where associated with seve
headache and skin infections. Show your pocket tatide doctor.

Seek medical advice if there are persistent chesipoms, particularly if consistent with asthma or
alveolitis (inflammation of the lung).

Report any of the above illnesses to your employbn should investigate any Work-related link.

7.7.2 Confined Spaces

Sewers and manholes are confined spaces.
In view of the above, there is lack of oxygen. sThtcurs due to poisonous gas, fume or vapour Emifsom
sewage or induction through pumping equipmentanesof the poisonous gas is flammable.



Some of the above conditions may already be presehe confined space. However, some may arissutfir the
work being carried out, or because of ineffects@ation of plant nearby, eg leakage from a pipanegted to the
confined space. The enclosure and working spaceimsagase other dangers arising through the woirkgbearried
out, for example:

% machinery being used may require special precastisach as provision ofdust extraction for a

portable grinder, or special precautions agairettat shock;

% gas, fume or vapour can arise from welding, or Bg of volatile and often flammable solvents,
adhesives etc;

« if access to the space is through a restrictedaeot, such as a manhole, escape or rescue in an
emergency will be more difficult

If your assessment identifies risks of seriousrinfoom work in confined spaces, contain the foliogvkey duties:
= avoid entry to confined spaces, e.g. by doing thekrom outside;

= if entry to a confined space is unavoidable, follmwafe system of work; and
= Putin place adequate emergency arrangements hbéoreork starts.

You need to check if the work can be done anottar so that entry or work in confined spaces is deti Better
work-planning or a different approach can redueerted for confined space working. Ask yourselhé intended
work is really necessary, or could you:
= Modify the confined space itself so that entry @ necessary;
= Have the work done from outside, for example: Bams can be cleared in silos by use of remotely
operated rotating flail devices, vibrators or airgers;
= Inspection, sampling and cleaning operations céendbe done from outside the space using apprepriat
equipment and tools;
= Remote cameras can be used for internal inspectivassels.

If you cannot avoid entry into a confined space ensilire you have a safe system for working insidesgiace.

Use the results of your risk assessment to helptifgehe necessary precautions to reduce theaiskjury. These
will depend on the nature of the confined space asociated risk and the work involved. Make shiag the safe
system of work, including the precautions identifies

Developed and put into practice. Everyone involwelll need to be properly trained and instructedrtake sure
they know what to do and how to do it safely.

The following checklist is not intended to be exstare but includes many of the essential elementsetp prepare
a safe system of work.

Appointment of a supervisor

Supervisors should be given responsibility to eashat the necessary precautions are taken, td cladety at each
stage and may need to remain present while warkderway.

Health and Safety

Executive

Are persons suitable for the work?

Do they have sufficient experience of the type airkwvto be carried out, and what training have thegeived?
Where risk assessment highlights exceptional caimtras a result of the physical layout, are igials of suitable
build? The competent person may need to considar dactors, eg concerning claustrophobia or fiéneswear
breathing apparatus, and medical advice on aniguiVs suitability may be needed.
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Isolation

Mechanical and electrical isolation of equipmenteissential if it could otherwise operate, or be rafesl,
inadvertently. If gas, fume or vapour could entex tonfined space, physical isolation of pipewdrkreeeds to be
made. In all cases a check should be made to eisslméion is effective.

Cleaning before entry
This may be necessary to ensure fumes do not defrelm residues etc while the
Work is being done.

Check the size of the entrance

Is it big enough to allow workers wearing all thecassary equipment to climb in and out easily, @odide ready
access and egress in an emergency? For examplsizhef the opening may mean choosing air-linathiag
apparatus in place of self-contained equipment wisenore bulky and therefore likely to restrichdg passage.

Provision of ventilation

You may be able to increase the number of operangstherefore improve ventilation. Mechanical Vatitn may
be necessary to ensure an adequate supply of dreshhis is essential where portable gas cylinderd diesel-
fuelled equipment are used inside the space beazfude dangers from build-up of engine exhawgarning:
carbon monoxide in the exhaust from petrol-fuelledengines is so dangerous that use of such equipment
confined spaceshould never be allowed.

Testing the air

This may be necessary to check that it is free fomth toxic and flammable vapours and that it igdibreathe.
Testing should be carried out by a competent petsing a suitable gas detector which is correcdlijbcated.
Where the risk assessment indicates that condititags change, or as a further precaution, continumaisitoring
of the air may be necessary.

Provision of special tools and lighting

Non-sparking tools and specially protected lightiage essential where flammable or potentially esipk
atmospheres are likely. In certain confined spdegsinside metal tanks) suitable precautions toweare electric
shock include use of extra low voltage equipmeypi¢ally less than 25 V) and, where necessaryduasicurrent
devices.

Health and Safety
Executive
Provision of breathing apparatus

This is essential if the air inside the space cabeomade fit to breathe because of gas, fume mowapresent, or
lack of oxygen. Never try to ‘sweeten’ the air ic@nfined space with oxygen as this can greatlyeiage the risk of
a fire or explosion.

Preparation of emergency arrangements
This will need to cover the necessary equipmeainitng and practice drills.

Provision of rescue harnesses
Lifelines attached to harnesses should run baekpoint outside the confined space.

Communications
An adequate communications system is needed tdesiganmunication between people inside and outide
confined space and to summon help in an emergency.

Check how the alarm is raised

Is it necessary to station someone outside to kexdph and to communicate with anyone inside, rtigealarm
quickly in an emergency, and take charge of theueprocedures?
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Is a ‘permit-to-work’ necessary?

A permit-to-work ensures a formal check is undestako ensure all the elements of a safe systemodf are in
place before people are allowed to enter or wothénconfined space. It is also a means of commatinit between
site management, supervisors, and those carryintheunazardous work. Essential features of a pdoywork are:

= clear identification of who may authorise partieytabs (and any limits to their authority) and wiso
responsible for specifying the necessary precasitieg isolation, air testing, emergency arrangesent
etc);

= provision for ensuring that contractors engagechioy out work are included;

= training and instruction in the issue of permits;

= Monitoring andauditing to ensure that the system works as intended.

Emergency procedures

When things go wrong, people may be exposed toseand immediate danger. Effective arrangementsafsing
the alarm and carrying out rescue operations igraargency are essential. Contingency plans wileddpmpn the
nature of the confined space, the risks identified consequently the likely nature of an emergeasgue.

Health and Safety
Executive
Emergency arrangements will depend on the risks. Sfmuld consider:

Communications

How can an emergency be communicated from insidednfined space to people outside so that resooegures
can start? Don't forget night and shift work, weedte and times when the premises are closed, edalysli Also,
consider what might happen and how the alarm caaibed.

Rescue and resuscitation equipment
Provision of suitable rescue and resuscitation ggant will depend on the likely emergencies idésdif Where
such equipment is provided for use by rescuensitigin correct operation is essential.

Capabilities of rescuers

They need to be properly trained people, suffityefitt to carry out their task, ready at hand, aagpable of using
any equipment provided for rescue, eg breathinguagips, lifelines and fire-fighting equipment. Resis also need
to be protected against the cause of the emergency.

Shut down
It may be necessary to shut down adjacent plawiréefttempting emergency rescue.

First-aid procedures
Trained first aiders need to be available to mak@@r use of any necessary firstaid equipment gdemli

Local emergency services
How the local emergency services (eg, fire brigaate)made aware of an incident?

What information about the particular dangers md¢bnfined space is given to them on their arrival?
Relevant law Cap 532 (Public Health Safety)

The Confined Spaces

The Management of Health and Safety at Work

The Control of Substances Hazardous to Health

The Personal Protective Equipment at Work Reguiatit®92 (as amended);
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= The Provision and Use of Work Equipment Regulatib®@8;

= Electricity at Work Regulations

= Workplace (Health, Safety and Welfare) RegulatiGap 532
Some of the above law is relevant because of tha@eaf the work to be carried out inside a cordirspace, eg
where there are risks from machinery, electricitfrom hazardous substances.

7.7.3 Sewer Maintenance Equipment

For proper maintenance of sewers, the following isust:-

1) Portable Sewage Pump

HP and speed 3.2 at 3,500rpm

Fuel Diesel

Consumption 2.4liters/hr

Starting Rope

Cooling Air

Construction aluminium and cast iron

Air cleaner replaceable element

Oil filter replaceable element

Pump construction Castiron

Connection 2"B.S.P

Max solid size 10mm

Pressure limit 6kg/sg.cm

Seal carbon ceramic

Unit weight 60 kilos nett

2) Sewer Mirrors

Dimensions 285x150nfm
380x250mmh
540x250mmh
420x190m

Spare mirror glass of crystal glass for each ofrtiiveors above.
-Plastic box case

-Extension sticks of 4 parts

-Telescope extension sticks 3x1500mm

3) Search Lights

Smaller, practical and compact lights suitablediperation in difficult surroundings and well pratied.
- Main light of 3.4W for 3 hours

- Economy light of 1.1W for 10hours

- Flash light 3.4W -6hours
1.1wW -20hours

- diameter of reflector, approx. 90mm

- dimensions 1xwxh  =100x60x120mm

- inclusivetwo sets of spare lamps and rechargeable batteries

4) Battery Charger

Suitable for the above items
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5) Manhole Cover Lifter

The cover lifter should be a simple and ingenioesick for removing manhole covers without damageéocover
or strain to the operator. The equipment shouldupplied as a kit of 2 bars, 2 sets of keys, 3jaukd 2 handles,
adjustable to most shapes and sizes of manholeshsasvproviding ease of transportation. Maximupenating
length of about 1,220mm

Spare Keys for Lifter

32x13x7mm (1 1/4x1/2x3/8 inch) rectangular keys @B(/2 inch) dia. Shank.
38x15x7mm (1 1/2x5/8x1/4 inch) rectangular keys @r9(8/4 inch)

6) Motorized rod rotating Machine

The machine shall be capable of cleaning sewes liggo 80m in length using 10mm sectional rods sjiked
couplers. It shall be powered by a petrol engiinat teast Biggs & Stratton 4.5HP-5HP with threeafard spinning
speeds, all in the range of 80-200rpm. These sp@ag be further varied by throttle adjustmente Tlame should
be of steel welded construction mounted on fouredhé.e. 2No. 200mm wheels and 2No. caster whe&sjerall

dimensions of the machine not to exceed 1mx0.8n5x0.7

Power transmission to be through an instant aatiotth with automatic throttle adjustment. Thetcluon drive
shaft shall be protected against overloading anstitwg of rods.

The machine is to be supplied with the followingiigenent:
- Rod holder
- Tool adaptor
- Drive pin
- Rod turner
- Torque adaptor
- Coupling pin key
- Operators gloves (left hand and right hand)

7) Sewer Cleaning Rods and Accessories

These shall be manufactured from treated steehldaitfor heavy duty sewer cleaning application aich can
also be used with motorized tools. Each shallflesize stated in the Bill of Quantities.

8) Sewage Hose

The hose should be of super elastic PVC materidd avishock resistant rigid PVC spiral. Minimum lthickness
to be 7.4mm and weight of at least 2.7kg/m

It should be able to withstand the required workingssure of 3 bar and vacuum at a temperaturé&é+

9) Perrot Coupling
The coupling shall be made of stainless steel thithhook and lever in galvanized steel.

10) Bucket Machines
A set of mechanically operated medium duty pulinachine equipped with 10HP engine (model 9H PRj¢tver
with truck loader of corresponding construction &edsepower rating; This machine to be used fearihg sewers
from manhole to manhole removing accumulationsodér sand, silt and grease. The chassis constnuctimclude

base frames, and uprights, heavy duty welded chamakl-beams. Units to be designed to bucketketrapto 125
feet per minute
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7.7.4 Sewer Cleaning

There are times when the flow in the sewer linegery low and debris, grit and grease may be dégibsn the
sewer lines. To remove these deposits, it is macggo flush the sewer lines with plenty of water 1,000litters
per flush whenever it is necessary:- Flushing efulsbecause it temporarily increases the veloaitffow and also
the depth of the liquid, thus increasing the trantgiion power of the water

a)

b)

c)

d)

7.7.4.1 Inspection Practice

As built drawings are normally provided so that tbeation of sewer line, sizes, and gradients,
manholes and direction of flow are easily identifieUsing these plans, the trunk sewers are rdytine
inspected every three months, intercepting sewespeicted two times per month. During these
inspections, cleaning and repairs as necessagaatied out and records of conditions found, thekwo

done and the costs are kept. The cracked or atushgths of pipes must be replaced with new ones.

Unblocking sewers

In many cases, a blockage can be cleared by formingd headed by a pointed tool through the
obstruction and then allowing the velocity of tleéeased sewage to scour the pipe. Large objects may
require excavation and opening of the line

Manholes are inspected and any broken manhole saeptaced and sealed. During inspection of
lines, several adjacent manholes are opened asahee time and left open fabout 30minutes
before anybody enters them This is to enable poisonous gases to get otliedfanholes and fresh
air to enter the system.

First Aid Kit should always be available during $kanspections. They should include apparatus that
will test for poisonous gases and explosives gasdse tester should always wear a horse mask or
safety belt with a rope attached and other workmaiting outside the manhole ready to pull him out
if he is overcome.

7.7.4.2 Flow Measurement

The incoming flow should be measured on hourly$asi

Costing

The Designer is referred to current cost of pipevailing in the market in deducing his costs.

However, for preliminary estimates Figure 4.5 carubed.

From the figure, it can be deduced that the pipendier is related to the construction cost of ipe ps follows:-

Y=1.1676%37%

Where x=pipe diameter in mm

Y= Cost of construction of the sewer in Kshs.
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Cost in Kshs, 2008
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8.0 MANAGEMENT OF SEWERAGE SCHEMES

8.1 Listed Methods of O & M

Sewerage O & M comprises the following:-
1) General duties

General affairs, personnel, wages, budgeting attiéisent of accounts, accounting, welfare and bengfublic
relations, etc

2) Budgeting
« Purchasing and management of materials (fuel, atesjiconsumables)
% Construction contract
% Consignment agreement

3) Management of Assets

% Management of fixed assets (property management, et
< Building and repairs

4) Guidance, etc., for drainage and other facilities

% Inspections

« Installation, guidance for drainage facilities
¢+ Surveys relating to drainage facilities

5) Direction and guidance, etc., for workplace dramag

o,
o

Installation of pre-treatment facilities

Guidance on improvement

Guidance of management and maintenance of prevtegdtfacilities

Execution of water quality inspections for factoey:.

Surveys relating to pre-treatment facilities (irtthg drainage water quality control or QC tests)

5

%

2

%

5

%

5

%

6) O & M of pipe facilities

B3

» Planning, design, execution and direction of inipas and surveys of pipe facilities
Planning, design, execution and direction of clegrnd dredging of pipe facilities
Planning, design, execution and direction of repaird improvements

Security and protection of pipe facilities

o,
°n

o,
°

o,
°n

7) O & M of pumping stations and treatment plants

Q) Duties related to operation
« Planning of water and sludge treatment plants
« Operational planning of pumping station and treatinpdant equipment
% Formation, design, direction and execution of plmsnanagement duties of pumping
stations and treatment plants
« Planning disposal of sand sediment and screen wdes@gn, direction and execution of
transportation and disposal
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o,
o

Design, direction and execution of cleaning and agament of buildings, plants etc.
Recording and reporting (daily, monthly and yeaeports) of operation and management of
pump stations and treatment plants

+« Directions and operation during malfunctions aneéegancies

o,
o

(2) Duties related to maintenance and inspections

<> Planning of maintenance and inspections of mechhaitd electrical pump station
facilities; formulating outline procedures
<> Design and direction of maintenance and inspectidmsechanical and electrical pump
station facilities
<> Formulation and execution of maintenance and intgpeduties for mechanical and
electrical pump station facilities.

) Duties related to repairs and improvements
<> Formulation, design, direction and execution of kyolans for repairs.
8) Duties related to water quality control

5

%

Formulations of plans for water quality tests, gysj research, etc.
Execution of water quality and sludge tests

Execution of activated sludge tests

Organization and analysis of data, and preparatioaports
Formulation of operation management indicators

Measures to handle problems and malfunctions

Adjustment of water quality testing devices

o,
o

o,
o

o,
o

o,
o

o,
o

2

%

9) Management of Ledgers

<> Adjustment and storage of ledgers
<> Correction and perusal of ledgers
<> Management of maps and reference works (genenas plangitudinal plans, maps of
drainage area, maps of electrical and pipe systetns,
10) Duties related to environmental protection

*,
o

Formulation of plans for atmospheric measurements

Execution of atmospheric measurements

Formulation of plans for noise and vibration measuwents

Execution of noise and vibration measurements

Formulation of plans for unpleasant odor measurésnen

Execution of unpleasant odor measurements

Formulation of plans for water quality measuremémtsver for discharge
Execution of water quality measurements in rivexdufor discharge.

o,
o

5

%

5

%

5

%

5

%

2

%

*,
o

11) Other Duties

o,
o

Reporting to supervisory office

Understanding and improving safety and hygiene itiomd
Construction authorization, etc. by someone oth&n imanager
Survey and research related to sewerage system

Visitor guidance

Publicity and educational activities

Other

o,
o

2

%

5

%

5

%

5

%

5

%
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Personnel allocated to the above O &M activitiel vary according to the size of the cities and tewthe degree
of population density, the terrain, the size andfiguration of the sewerage system, the age o$ylstems, the
conditions of the system, etc. Thus, it is notgille to use a general standard for required numbgersonnel for
O &M. Nevetheless, personnel must be placed ralipand appropriately.

8.2  Office Requirements for O & M

8.2.1 Sewerage Ledger

8.2.1.1 Basic ltems

The sewerage Ledger (the sewerage record plahg)damental to the improving of the O &M of the szage
system, and of a good understanding of the instaksverage facilities. It can also allow thoserafieg the
sewerage system to view its data, and if nece$saproviding documentation to other related auities such as
the road management agency. Therefore, it muspbated regularly so that it correctly indicates éxistence and
current condition of all the sewerage facilitielsoathe ledger must be stored safely because wéite.

Also, while the sewerage ledger (SL) is compriskdritten revisions and diagrams, it is not meralgollection of
basic material relating to technical O &M, but iscauseful for collecting and providing informatioancerning
complaints by members of general public and carecctions. SL is also useful for discussionwither public
agencies and related institutions as well as fection and provision of information necessaryhe event of
natural disasters, etc. Therefore, maintainingveesage ledger is an indispensable part of the Oof:ll sewerage
system. This objective must not be lost from tleswof O &M. A record of the sewerage ledger mustkept in a
rational and appropriate manner.

Based on the above, the following points must besiciered when making adjustments to the ledger.

1) General diagrams for SL for sewers should utilizees maps (white diagrams)
based on street planning and cover the entire pthaawerage area.

2) Supplementary diagrams and documentation shoufatdpared.

3) Atleast 2 sets of all diagrams should be prepagd,each set should be stored
separately for security to avoid the loss of theibaformation in the event of a
fire, etc.

4) To enable record keeping of the SL to be carrigceasily, from the time of
construction, diagrams should be made in such g #ved completed work
diagrams can be converted to standard diagramedord keeping.

5) When alterations or improvements are made in seedaxilities, the personnel
in charge of keeping the SL should be able to doten their progress at suitable
intervals, so that the current situation is alwelgsrly recorded, and corrections
can be made quickly.

In addition, whenever alterations or improvememésraade to the sewerage facilities, the ledger imeistpdated

immediately. In order that the most up to daterimfation recorded therein is available wheneveessary, correct
storage management of the ledger becomes very famdor

8.2.1.2 Contents of Sewerage Ledger

(a) Updates
Written records must include at least the followtggns:-

The area and population of the drainage area awd plames within the drainage area
The area and population of the seaward area and pkmes within the sewered area

o,
°n
o,
°



o,
o

The commencement date for collection and the dhatiesewage treatment commenced at the treatment
plant

Location of the outfall and name of places whekgage is discharged at averflows and outfalls

Length of sewers and numbers of manholes, houseshasd rainwater basins

Location, floor area, construction and capacityreitment facilities

Location, floor area, construction and capacitpwiping facilities.

o,
°n

5

%

5

%

2

%

(b) Diagrams

Diagrams refer to general drawings and standagtaiias of facilities, and must include at leastftil®wing
items.

1) General drawings
v" Town/village names and borders
v' Border of planned sewered area, and the bordenebatother sewered areas and drainage areas,end th

names
Border of drainage area and sewered area

Location of sewers and outfalls, and name of plalcere sewage is discharged at overflows and ositfall
Locations and names of treatment facilities and iamfacilities

Bearing, contraction scale, legend and date ofugithates.

ANENENEN

N
~

Plane diagrams of facilities

Items 1 to 3 and 6 of (1) above

Location, form, internal dimensions, slope, blot&tahce and invert levels of sewers, and direabion
sewage flow

Location, form and internal dimensions of brangbegi

Location, type and internal dimensions of manholes

Location and type of house basins and rainwaténbas

Location of outfalls and names of discharge placabsthe high water, low water and ordinary wateell,
etc of receiving water bodies.

Location, form, internal dimensions and names drfitsoof diversion of road drains into public sewers
Names and floor boundaries of treatment and pumigicitities

Locations, forms, water levels and names of mainpement within treatment and pumping facilities
Location of nearby roads, rivers, train lines, etc

AN

ANANENEN

ANENENEN

8.3 Sewage Charge
8.3.1 Individual Factors for O &M Expenses

O &M costs for the sewerage system are inevitaidarred for maintaining good water quality in tlesvage
effluent discharge to the receiving water bodi€bkey may be categorized as follows:-

1) Repairs -The cost of repairs to facilities, pland equipment, etc.

2) Facility replacement -Necessary in cases wheititfas are severly deteriorated and no longer
repairable (Depreciation)

3) Equipment Replacements -Necessary in cases fahiities are severly deteriorated and no longer

repairable (Depreciation)

4) Wear and Tear Expenses -Cost of purchasing ewuip replacements for plant and equipment, and
consumables etc., necessary for running the treutfaeilities
5) Water Bills -Cost of using water
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6) Electricity Bills -Since the majority of the pleand equipment (pumps, sludge collectors, ett).on
electricity, the electricity bill is one of the nmadmportant operational expenses.

7 Chemicals -Cost of chemicals used in testingemgtiality, in disinfection, etc. Treated water is
made epidemiologically safe and released into puhkditers, so that the costs of disinfectant chelsaae
important

8) Sludge disposal Costs -This is the costs inwbladinal disposal of sludge. After the sludgéaken
from the settling tank and dried, it is transpottiedts ultimate disposal site.

9) Personnel Costs -Salary and upkeep costs

10) Consignment costs -Necessary when other orgimis are commissioned to carryout certain O
&M duties.

8.3.2 Method of Calculating a Sewage Charge

A method of calculating sewage charges should balgecided upon after careful discussion.

Basically, those elements related to rainwatercarsidered public expenses, while those elemetindewith
wastewater are considered personal and are themembby sewage charges based on the polluter payjge
(PPP).

8.3.2.1 Sewage Charges

Sewage charges are collected on the basis of llo&fiog considerations.
1) Basic principles of sewage charges

v" Must be appropriate to the volume and quality efshwage discharged by the user

v" Must not exceed the cost required to conduct eficmanagement

v" Must be clearly specified by a fixed rate or a fi>amount. However, domestic wastewater and
industrial wastewater are considered separately

v" Must not segregate specific users by setting upna@asonable sewage charge system.

2) Concept of Sewage Charges

Sewage charges must take into account economitigsand comply with the general thinking on theywof
bearing O &M costs and the basic principles of ggaveharges. They should be within a cost rangevaip
for efficient management of the system. The céstastewater treatment is high in the initial se&gé
development of the sewage works, and the costraechs the business develops. So, in actuallyledily
sewage charges, a variable calculation methodgstitde method) is used which can change the aosts

accordance with the current stage of the businkss.expected that this will achieve a balanceswenue and
expenditure over the long term.

The stage slide method is shown below:-

Stage 1: Because the cost of wastewater treatméigh, not even the O &M costs (OD) can be covered
so efforts are made to levy the entire O &M costsT users.

Stage 2: DShift from levying all O &M costs to aliseluding the personal expense component of the
capital cost

Stage 3; Add costs which can not be levied in stdg& 2.
3) Cost related charges for domestic wastewater

Domestic wastewater is wastewater other than tletemeater discharge by specific generators suchcasirial
plants. O &M costs relating to wastewater aresostjuired for the running of sewage facilities.
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Cost related charges for domestic wastewater tefre entire O &M costs relating to wastewater .
4) Costs related charges fir specific wastewater (Mamestic)

Charges with regards to specific wastewater geioeréite. sewage above a specified volume disclibbye
factories, businesses, etc, as a result of busawssties)

5) Sewage charge revision times

Sewage charges should be revised at suitable Brey every two to three years to adjust for mafiketuations,
the operational stage of the business, the econoonidition of the particular region etc.

6) Sewage Charge System

a) With regard to the division between domestic wastewreleased by household, etc., and specific
wastewater discharged by factories and businefgesange of cost charge varies, and distinguishing
criteria have been decided based upon the condifidomestic wastewater normally discharged by
households, and the actual situation of busindaserkto daily life etc.

b) High volume discharge can be a factor which inareaspital cost, so, under a suitable progression
rate corresponding to the wastewater treatment aastmulative charge system in accordance with
the actual condition of the city or town conceriedsed.

C) Inorder to assure that all users are treatielg,fas well as to prevent drainage which doesawwsiform to

a specified water quality, the actual drainageasitun of local public bodies and the treatment capaf
the wastewater treatment plantr are considerededéssary, a water quality surcharge is levietbprof
the usual sewage charge. Note also that in susg#sdagoes without saying that the discharge from
specific users must set the limits of water qualiit which will not severly obstruct the functioniofjthe
sewerage system, or damage the facilities, andespect the water quality standards for the eftifiem
the wastewater discharged from the specific uskeedower limit is usually defined to be the averagater
quality of domestic wastewater.
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9.0 SEWAGE PUMPING STATIONS

The standardization of pumping stations and thgiliggment is very desirable. It simplifies desigrgintenance and
repair, and the training of operatives; it alsouess considerably the amount of spare parts whig$t ime kept in
store against breakdowns.

9.1 Duties of Sewage Pumping Stations

There are two basic types of sewage pumping swtithft” stations and stations which dischargeoimtumping
mains.
In the lift station, sewage is merely raised frotowa to a higher level, for subsequent gravity flow

9.1.1 Sewerage Pumping Stations

As their name implies, such stations are usualbaptied on sewerage systems, although they may elst the
entrance to sewage treatment works.

The function of a particular station may be to:-
a) Deal with sewage from low-lying parts of a drainagea,;

b) Avoid excessive depths of sewer by periodicallgiraj the sewage, in flat areas;

c) Overcome some obstacle which makes gravity flowrauoticable; for example, to pump sewage over a hill
or across a stream;

d) Cater for new building development in areas too towow to allow gravitational discharge into anstxg
sewerage system;

e) Liftincoming sewage to the head of a treatmentkspr

f) Discharge sewage into sea

Except in the case of examples a) and d), sewgnagping stations are not usually “lift” stations.
9.1.2 Treatment Works’ Pumping Stations

Such stations may be required:-

a) To pump raw digested, or perhaps activated, sludge;

b) For pumping sludge liquor to the head of the treatihworks;
c) For emptying tanks and other units;

d) To reticulate effluent;

e) To pump the works’ effluent to disposal.

9.2  Design criteria: Pumping Stations

In order of size, the following types of pumps eomsidered most suitable for sewage, in this cguntr
i) Solids diverters (flows of 80 gallons (360 litrggr minute or less).
i) Submersible pumpsets incorporating centrifugal purtflows between 100 gallons (450 litres) per

minute and 550 gallons (2 500 litres) per minute.
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iii) Centrifugal pumps (flows between 550 gallons (2 6086s) per minute and 4 000 (18 200 litres) per
minute).

iv) Mixed-flow pumps (flows above 4 000 gallons (18 2i@@s) per minute).
However, where the public can be excluded, scremygsuare considered suitable for sewage “lift” stadi
Wherever electricity is available, it is recommethdbat pumps be driven by electric motors; elseehdiesel
engines are considered the better alternativedfpeime mover.
For the pumping of sewage sludge, screw pumpéftaiand reciprocating pumps are all considerepliapble.
The design of pumping stations buildings is usudilstated by the type of pumping equipment whichythwvill
contain. It is suggested that, although submerghlaps may be installed in a simple sewerage well®r roto-
dynamic pumps should always be housed in “dry wslfitions. Screw pumps are satisfactory in the agpgn
provided that their motors are switchgear are jpteteby small buildings.
Apart from solids diverters, submersible pumpsets screw pumps, it is recommended that all sewadeshdge
pumps should be protected against blockage by ssrder the smallest pumps, 1% inch (40 millilijredear
opening screens are required, but 4 inch (100meélie) openings are suitable for the larger cergaf and mixed-
flow pumps.
It is recommended that no attempt be made to rengmitefrom sewage at any pumping stations located a

intermediate points on a sewage system.

Table 9.1 Types of Sewage Pumping Plants Recommedder Kenya
Approximate Range of Flows Types of Pump Optimum Limitations
Applications

Liters per second

Gallons per Minute

2t09 2510 100 Solids diverterRaw Sewage
(centrifugal)
810 40 100 to 550 Submersible Raw Sewage
(Centrifugal)
40 to 150 550 to 2000 Centrifugal (Dry wellWill perform any duty| The impeller should be

station)

but probably inferior to

adapted to the

reciprocating  pumps particular duty
when dealing with
sludge
300 and above 4000 and above Mixed Flow Treatment orksy Hot raw sewage
effluents
75 to 7500 1000 to 100000 Axial Flow Treatment veofkHot raw sewage
effluents and digested
sludge
10 to 1300 130 to 18000 Archimedcan Screw At inletstreatment| Lift stations only, low
works and for sludge | heads
4t08 50 to 100 Reciprocating (TheSludge Screened and digested
range given assumes sludge only
sludge pumping)
Air Lift Activated Sludge Low heads and
effluents
Sludge Wheels Activated Sludge Low heads and
capacities
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9.3 Pumps

Several types of pumps are available for pumpingage, sludge and effluents, but they each havediions and
optimum applications as discussed below.

Table 9.1 above has the details.

9.3.1 Roto-Dynamic Pumps

The types of pumps are that they each have amgtatement. Pumps of this type can be placed indfrtaree
categories:-

i) Centrifugal pumps

i) Mixed-flow pumps

iii) Axial-flow pumps

The centrifugal pump has an impeller which rotatéhin a spiral chamber; it is the pump most commarsed for
pumping sewage.

Centrifugal pumps are available in a wide rangecapacities. Standard units vary from about 100ogallper
minute (450 liters per minute) to 2000 gallons pénute (9100 liters per minute); normally the masimhead is
about 120 feet (37 meters) but larger pumps withaciies up to 10000 gallons per minute (45 00€rditper
minute) operating at heads up to 180 feet (55 rmeetesin be manufactured to order. Centrifugal pumvjib

capacities smaller than 100 gallons per minute (#66s per minute) are made, but have passagesaoow to
deal with the solids normally contained in sewage.

Centrifugal pumps for sewage differs from thoseiglesd for water or treated sewage effluents by heirepler
impellers and wide waterways so that they are asilyeblocked by the fibrous and solid objects fdumsewage.

Grit contained in sewage causes rapid wear in puthpsefore sewage pumps should generally be pedvigith
cast-iron impellers and renewable shaft sleevesitiir stuffing boxes.

Centrifugal pumps are sufficiently versatile to eownearly all pumping duties entailed in the sewdgposal
programme for Kenya recommended in World HealthaBDization Report No 8, except when flows are vewy, |
and possibly in the few, largest towns. Howevecasmonally it may be more economical to use scramps in lift
stations and preferable to have reciprocatingmlifing pumps to deal with sludge.

Mixed-flow pumps have twisted impeller vanes whigadily trap any stringy material in the sewagethst it
builds up eventually causes blockages; these pamgpdifficult to clear and are therefore not geltersuitable for
untreated sewage.

Mixed-flow pumps are made only in relatively largizes, from about 4000 gallons per minute (182t#diper
minute) upwards; they are suitable for pumping Baadhe range of 20 feet (6 meters) 60 feet (1&rmap

Axial-flow pumps have relatively small waterways$thaugh they are therefore not suitable for sewdlgey are
useful where there are large volumes of effluemtsligested sludge to pump. Standard pumps areadailvith

capacities ranging from 1000 gallons per minutéQers per minute) to 100 000 gallons per mir@&000 liters
per minute) but are only suitable for relativelylbeads up to about 45 feet (14 meters).

9.3.2 Screw Pumps
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These operate on the principle of the “Archimed&mew”, and comprise an inclined screw which ratate
relatively slowly, within a trough. The rotation tfe screw slowly raises the sewage or water betvwlee open
“threads”, which are of sheet steel, and the trdiar and walls.

Screw pumps merely lift water and are thereforey anlitable for lift pumping stations; they can hindirtually

any untreated sewage and are also suitable fogesladd effluents.

Standard pumps cover tremendous range from 136ngagier minute (600 liters per minute) to 18000ogal per
minute (82 000 liters per minute); a particularlgetul characteristics of these pumps is that they aperate,
without damage, at zero flow and therefore theyaioneed automatic control.

Screw pumps operate only at low heads; the maxiifis dictated by the largest screw which can\semiently
be made and, in practice, this limits the maximifintd about 20 feet (6 meters) per unit. This tiamtion can be
overcome by installing two or more screw pumpseines, one above the other.

A major advantage of screw pumps over roto-dynamaicps is that they require only a shallow excavatod
simple inlet as, running continuously, they do require only a shallow excavation and simple i@gt running
continuously, and they do not require storage @nstiction side. Provided that the prime mover isshd screw
pumps can be installed in the open where publiesis restricted, such as on a treatment works sit

9.3.3 Reciprocating Pumps

Such pumps many be considered obsolete on seweafengnt works, except for dealing with sewage sudm
this application, their positive displacement mofleperations helps prevent the clogging of pumpiragns.

Reciprocating sludge pumps are robust, slow mosimg reliable. Except in the very largest instatlasi, they are
considered to be the most appropriate type of €uyglgnp for Kenya. To reduce the risk of jamminghe& pump
valves, sludge should be carefully screened anfénatay digested before pumping.

Although the ranges of capacities and pumping hdadseciprocating pumps are very large, a typisiaidge
pumping set would have a capacity lying betweem&llbns per minute (225 liter per minute) and 1@0ams per

minute (456 liters per minute) and would operate dtlivery head of about 50 feet (15 meters). &ratteristic of
reciprocating pump is that the quantity deliveredffectively independent of the pumping head.

9.3.4 Pneumatic Ejectors

Ejectors are not recommended for use in Kenya iascitnsidered that other types of pumping equifgraes more
suitable.

An ejector comprises a closed tank into which sew#gws by gravity. When a certain depth is reachel
automatic control introduces compressed air wharieds the sewage up a pumping main; the cycle rinpeats.
The compressed air is either piped from a centiaipressor house or supplied by a compressor hopgpdied by a
compressor until located in the building housing ¢fector.

The capacities of ejectors are usually less thautaB0 gallons per minute (360 liters per minuta) ¢hey operate
at heads rarely exceeding 40 feet (12 meters).

9.3.5 Solids Diverters

A diverter performs similar duties to pneumaticcéje and is considered more suitable for Kenya.

A diverter is also essentially a closed tank intuol sewage flows by gravity; however, in this ¢ake solids are
screened out by grating and, when the automatit¢ralooperates, screened sewage only is pumped ayall
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centrifugal pump. As they do not have to deal vgithwage solids, these pumps may be as small asliddsgper
minute (90 liters per minute) without risk of blage.

During the pumping cycle, the screened sewage psszkwards through the grating and carries albeagptmping
main the solids previously removed.

9.3.6 Air Lifts

Air lifts are very simple; however, they have radaly low efficiencies and only operate at low head0 feet (6
meters) being the practical maximum.

They comprise a vertical tube with its lower endtia liquid’s density and atmospheric pressuredsiicto rise and
overflow the top of the tube.

This arrangement, which is very difficult to choks,suitable for use at treatment works, especifdlylifting
sludge.

9.3.7 Priming of Pumps
All roto-dynamic pumps require priming; they wilbnpump unless they are internally flooded beféaeting.

Patented automatic priming devices are availablg, they are all easily blocked and therefore canbbet
recommended for use with sewage.

The alternative is to ensure that the impeller mppller of any rotating element pump is below kel of the
liquid to be pumped before starting. With solidsetters, this is automatically achieved as thdyufiider gravity
and pumps are located at the bottoms of the units.

9.4 Prime Movers

Stationery steam engines are very rarely used te@dagther types of prime mover are cheaper anceressi
maintain.

9.4.1 Electric Motors

Pumps usually have this type of driver. A guaramt@ewer supply is obviously an important considergt
duplication of power lines to important pumpingtitas is very desirable.

Electric motors are clean, convenient, reliable eehdtively cheap. They land themselves easilyutoraatic control
and are therefore particularly suitable for unatezhpumping stations.

The rate of inflow to a sewerage pumping statiomallg fluctuates considerably throughout the d&yhé part of

the pumping head, for example when pumping sewaged, then the increase in the pumping head aihmax

flow may present difficulties.

One solution to this problem is to have reliableespelectric motors; however, the necessary waimdswitch gear
is expensive and complicated and therefore varigpéeed pump sets are not recommended for use ipakdine

alternative solution in such circumstances is &tdlh a range of pumps, some to pump low flows regteand others
to pump larger flows against higher heads.

The following types of electric motor are consiadkraost suitable for use in Kenya; they all operatealternating
current:-

i) The constant speed squirrel-cage motor simple,stodnd economicahowever, it requires a high starting
current which may not be acceptable to local dlgttrsupply authority; “starters” can reduce the
starting current by almost half.

ii) Slip-ring motorsare not so simple and care therefore slightly neaqeensive than squirrel-cage motors, but

they have lower starting currents.

18¢



iii) Synchronous motorgare more complicated as the rotor windings are dgda separate direct current
“exciter”. However, such motors are very economif large pumping installations, when the
electricity at a power factor unity. These motaguire a relatively high starting current and stiart
are required for all but the smallest units.

9.4.2 Internal Combustion Engines

Such prime movers are usually more expensive iitatagpst than electric motors; also, they are galhedirtier
and noisier and require constant attendance bigdldperators, and competent maintenance.

The starting of internal combustion engines cadiffeeult and so they are not suitable for frequstart/stop duties,
nor can they be easily controlled automatically.

However, if electricity is not available, then imal combustion engines may be the only possihlecgoof power.
In general, diesel engines are suitable for seyag®ging than either petrol-driven or gas engines.

If the local electricity supply is unreliable, thetandby diesel pumping sets are warranted in itapbpumping
stations, where pump failure would cause unaccépfadnding.

At a sewage treatment works, the gas evolved frioifige digestion process may be collected and usegperate
gas engines; instead for coupling these enginesttiirto pumps, it is generally considered preferab have them
drive alternators. The electricity so produced loarinvaluable during emergencies.

However, gas engines running on sludge gas carthgreamplicate and even dominate the running of asgav
treatment works and they should be installed ortgravery careful consideration of the economiessath
arrangements and the reasons for the decision.

9.5 Design Features of Sewage Pumping Stations

The design of a pumping station is, considerabtergx dictated by the type of plant. Thus a stafmma screw
pump simply houses the prime movers, and the mgklfor ejectors or diverters are essentially pditiried boxes
giving access to the equipment and its control.gear

Roto-dynamic pumps require more sophisticatedastatiwhich can be roughly categorized as eithereditor dry
well. Both types of station normally comprise a stubcture below ground level and superstructuretaining
equipment which could be damaged by flooding, alibeeground surface.

9.5.1 Wet Well Stations

In such stations, the substructure or wet well @ioist sewage into which pumps suspended; this araegt
ensures that the pumps are always primed. Usub#yprime movers are located in the superstruetncethe drive
in via cased shafting.

In wet well installations, pump maintenance, angeeglly the removal of blockages, is a constanbjam as the
pumps usually have to be withdrawn to gain acdéssthis reason, new sewage pumping stations sftjfpie are
rarely constructed, with one exception.

During recent years, several manufactures haveéedtdn produce watertight, submersible, portablemping sets
suitable for sewage, each comprising a centrifyggathp sets suitable for sewage, each comprisingnaifteyal
pump and an electrical motor; although it is pralfide to have the compact control equipment abowargtr level,
the remainder of the unit is lowered into simplelerground chamber, such as manhole. This systesideoable
reduces capital costs. Maintenance is also greatiplified as within minutes, a standby unit caplaee a faulty
set, which can then be transported to a workshopverhauling and repair.

It is considered that such installations are esflgcsuitable for Kenya, when the required pumpdaagpacity lies
within the range 100 gallons per minute (450 lifges minute) to 550 gallons per minute (2 500 ditger minute).
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9.5.2 Dry Well Stations

The substructure of such stations comprises twgpeotments, a dry well to house the pumps and agewsamp to
store the sewage, sludge or effluent to be pumped.

The capital costs of such stations are more experban wet well stations of similar pumping capgdbut it is
considered that the case of maintenance providatisyrrangement more than compensates for tferelifces; it
is recommended that all larger sewage pumpingsisin Kenya should be of this type.

Dry well sewage pumping stations will usually howsatrifugal pumps. Both horizontal and verticahtcdugal

pump sets are manufactured. In general, horizpuotaps are cheaper than vertical and easier to amaiiowever,
vertical pump sets have the great advantage tkaprime mover may be installed above ground leselthat it is
protected from flooding caused by heavy rain ohpps by a burst pipeline; in such installations, phime mover
and pump are normally connected by shafting witlvaensal joints. It is recommended that, when céumgal pumps
are used, vertical sets become the rule in Kenya.

Reciprocating sludge pumping sets may also beliedtan dry well stations. These small sets, whictiude the
prime mover, are usually located on the floorshaf tlry wells in order to reduce the suction heaushe pump;
otherwise the station resembles one housing aiftagat pump.

9.5.3 Packaged Pumping Stations

These self-contained, factory-built units are récdmvelopment; they operate by electricity andfally automated.
Usually, a unit is installed underground and cosgsipumping sets enclosed in a protected stedrsctise. Most
are designed as dry well stations except thatrédetidtors are usually close-coupled to verticahps so that they
are also at bottom of the dry well.

9.5.4 Sitting

The sewage system dictates the approximate locatiball pumping stations should preferably be twesed away
from residential property; they should always bedily accessible.

Sewage pumping stations and sewage treatment waeitkstheir attendant stations, are frequentlydsitelow-lying

areas, where flooding may be a risk. The floorsugerstructures of pumping stations should alwaysglbvated
above the highest recorded flood level.

Electrical supply and mechanical failures do ocznd all sewage pumping stations should be so lddhtt any
resulting sewage overflow causes a minimum of datgeublic health, or nuisance or damage to ptyp&vhere
possible, a screened overflow pipe, for use onlynduemergencies, should lead from a high poirthanpumping
station well to an adjacent ditch or stream.

9.5.5 Miscellaneous

It is false economy to provide too small a pumpstation building; the difficulties met during inB&ion, and
during subsequent operation and maintenance, yapidiveigh any saving in capital costs.

Pumping stations should be well illuminated. Alsleey should be heated as necessary and well veotil®
minimize corrosion due to condensation and odousamece which can result from sewage gas; the latinti of
enclosed wet wells and sewage sumps is espeaigtigriant, in order to reduce the hazard of explosio

Water leaking from pumping glands, or used for viigliloors and wells, collects in dry wells; théiwors should
consequently slope towards a simple sump. Eithpars¢e small drainage pumps or auxiliary suctiopegi
connected to main pumps should be provided to rendoainage water as it collects.

The designs and layouts of wet wells and sewagegsuare critical. If they are not hydraulically séictory, air
will be drawn into pumps and efficiencies will beastically reduced; for larger stations containgayeral pump



sets, well and sump designed should be based updelrtests. Wherever possible, non-vertical sudatmuld be
steeply sloped to reduce the formation of siltlodge banks.

9.6 Capacities
9.6.1 Pumping and Station Capacity

When sewerage pumping station has roto-dynameigpuinis total pumping capacity should be compatibith
peak flows in the sewerage system it serves; ifstwers are not operating at their design capacitieen the
installed pumping capacity should be correspongingtiuced.

It is relatively simple and inexpensive to changadd pumping sets, and thereby increase the pyngaipacity of
a station, provided that the station building iffisiently roomy. It is considered reasonable tetall pump sets to
design period of from 5 to 10 years, depending upow rapidly the local community is growing, bugatibn
buildings and other structural features should dremally be designed for 20 years ahead.

A fairly small sewerage pumping station, with tbéat pumping capacity less than about 800 gallersnuinute (3

600 liters per minute), it is more convenient amapdifies maintenance to have all pumping set e size; larger
pumping stations, however, should preferably hawe ¢r more sizes of pump, the aim being to keepr#te of

pumped flow from the station as uniform as possible

Sewerage pumping stations with screw pumps or @ix®cannot be designed in the way, as once imisshllation

is complete, the pumping capacities can only bexgbd by duplicating the installation. Where sughetyof station
are provided, it is considered reasonable to detsigm for either the maximum flow the sewerageeysserved
can produce or 50 per cent in access of the peakveather flows anticipated, which ever is the denalf, in the

case of diverters, this formula results in desigw$ of 100 gallons per minute (450 liters per n@wr more, then
centrifugal pumps rather than diverters shouldnséailed.

9.6.2 Stand by Units

In the smallest sewage pumping station, the pumpimgpment should be duplicated and should be zs ghat
either one of the two pump sets, working aloneabike to deal with the peak inflow to the statitimt is, there
should be 100 per cent standby.

The percentage of standby may be reduced as thberurh pump sets installed in a station increafesexample,
for a station which has to deal with a peak infloix400 gallons per minute (1800 liters per minutejpay well
prove cheaper to have three pump sets each ra@@Dajallons per minute (900 liters per minuteheatthan two
sets each with a capacity of 400 gallons per mi{il8€0 liters per minute); in this case, standbgrily 50 per cent.

It is recommended that the percentage standby nFees below 33 per cent; that is, the total nunddggump sets
in larger stations should be such that about thresters of pumps are capable of dealing with fleaks, with the
remaining pumps held in reserve.

9.6.3 Capacities of Wet Wells and Sewage Sumps

The rate of inflow to sewerage pumping station radlynvaries throughout the day. As the installednpusets will
each have finite, rather than variable, capacitiesewage sump providing storage is required tbwigathe inflow
fluctuations; in the case of wet well type of pumpistation, the terms “wet well” and “Sewage sunapé
sSynonymous.

Effectively, the capacity of sewage sump is theuntd between the highest level at which the pumgns ahd the

lowest level at which they stop. Usually, the higiHevel will be just below the invert of lowestming sewer, to
help prevent surcharging of the sewerage system.
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A sewage sump’s capacity should always be relaietid rate of sewage inflow and the pump capagitiesaim
being to reduce wear on the mechanical and elateguipment in the station by minimizing the numbepump
starts. Each pump should be limited to about siksturing any hour; the maximum number of stactaurs when
the station inflows is equal to half the pumpingaegity of one pump. On the other hand, if sewageps are too
large, sewage will tend to become anaerobic dutindetention.

It is recommended that the capacity of the sewagepsin a sewerage pumping station should be caéuila
accordance with the formula

\% =300Q
Where;V is the capacity of the sewage pump in litres

Q is the maximum rate of sewage inflow during dry \&ather in litres per second.
The calculation leading to this formula is giverdve
In order to facilitate cleaning of the wells anggiwork and repairs to pumps, sewage sumps sheutiivided into
at least two compartments; these should be inteexiad by holes through the dividing walls whicin && closed
by penstocks, when necessary, to isolate a paticoimpartment. The capacities given above for gewamps are

for the sum of the capacities of the individual gamments.

Calculations to determine Optimum size of Sewage $p in a dry Well sewerage pumping Station

We wish to determine the size of the sewage suntpespumps start only 6 times per hour.

Let Vv =volume of sewage sump (in liters)
Q =maximum rate of inflow during dry weather (irets per second)
P =Capacity of pump (in liters per second)

(Here we assume only one pump operating but thenaegt still holds for several duty pumps operating
simultaneously).

T = the time between starts (equals 600 secorttisiié are 6 starts per hour)
Te = the time to empty sewage sump (in seconds)
Tf =the time to fill the sewage sump 9in seconds)
Te =V and Tf =VI/Q

P-Q
T =Te +Tf= A% + VIQ =VQ +VP -VQ = VP

P-Q PQ-Q PQ-G

Hence VP =300P150F  =150P

Or V=150P
If the pumps are sized so that Q=1/2P,

Then V=300Q
9.7  Pump Controls

Automatic pump control is relatively so simple amtlable that virtually all pumps driven electrilgahre controlled
in this way; when this is done, only the largetistss require continuous manning.
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The duties performed by pump controls in sewagepdgnstations include:-

i) Starting pumps in sequence as the level of sewatfeisump reaches predetermined points.

i) Cutting out smaller pump sets when larger are Hrbirgo operation.

i) Isolating any faulty pump set and starting up igdby; when this happens, warning light or alahoutd
be simultaneously activated.

It should be possible for the operator to selectumdly whichever pumps he wishes to have on dut/tanse he
wants as standby units, to operate only if one arenof the duty pump sets fails to start.

The pump controls are normally activated as thelle¥ sewage pump varies. The more usual typeowiial for
sewage pumping stations are:-

i) Float-operated systemghere the float, necessarily located in the seveagep, rises and falls with sewage;
such are simple and satisfactory, provided thafltdss are protected from turbulence. Rod andrleve
operated controls are generally more reliable thase with chains.

i) Pneumatic systemiscorporating a small air compressor, which bublilrough the sewage in sump; the
pressure, which is generated in the air pipe-warld is proportional to the depth of sewage in the
sump, activates pressure-sensitive switches.

iii) Electrical systems, which usually comprises pafrssulated probes which are activated as they imeco
submerged; sometimes, to avoid rags and debrisnfpuhe probes, they are enclosed in rubber
bladders.

The pumps in stations at sewage treatment workofe@ more conveniently controlled by timing desc for
example, sludge pumps connected directly to the shelge-withdrawal pipe of a settlement tank matarted at
prearranged times, thus automating the perioditude® operation. Where time-switches are usedetisdould
also be an overriding safety control, such as drtease described above, which ensures that pupsiever run
dry.

Where pumping station contains several pumps, usigl to stagger operating levels of the pumprotmso that
the various pumps sets cut in at sewage levelkeastthan six inches apart.

This arrangement prevents the sudden electric podegnands which would occur if several sets started
simultaneously, and also gives sufficient time tloe pump to accelerate to its full capacity beftve next duty
pump, or standby, starts, The first pump to stamormally the last to stop.

9.8 Pre-Treatment of Sewage before Pumping
9.8.1 Screening

Screw pipes and diverters will normally handle aoiids, plastics or rags which are likely to beiediin Kenya's
sewage. Roto-dynamic and reciprocating pumps ame susceptible to blockage and, when they are mgalith
sewage or sludges, should be protected by coamsensc

It is more convenient to install these screensejpasate chamber, which can also be used to dittribve inflow
between the various sump compartments. Bar-scrpmgtecting smaller installations should have opgsinot
exceeding 1% inch (40 millimeters), but 4 inch (I@0limeter) openings are adequate for 12 inch (h&er
nominal size pumps (which can deal with over 258I0bgs per minute (11500 liters per minute).

At smaller stations, the bar-screens should prbfgrae inclined at about 45 degrees to the horelotat facilitate
handshaking. At larger stations, double, removetests, located one behind the other, are simpléeé¢p clean;
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these screens should have trays on their upstredtoni edges, to catch large objects, and shoulddoater-
weighed so that they can be simply hoisted ouhef tchamber, one at a time, for cleaning.
Screenings should be drained and then quickly urie

9.8.2 Grit Removal

The abrasive action of grit carried in sewage tedaear pumps and their glands. However, grit neahbefore
pumping is an expensive, impractical task except s¢wage treatment works, where the grit museb®ved as
part of treatment process. It is recommended thiatsgould only be removed from sewage at sewefag®

sewage at sewerage pumping stations in Kenya i eeceptional circumstances, for example when dobees
economically viable as a means of increasing feeoli an expensive submarine pipeline dischargawgege to sea.

9.9 Pumping Mains

The types of pipes used for water mains are algalde for sewage pumping mains; pipes currentbdu®r water
supply in Kenya are described in Ministry of Waded Irrigation Practice Manual, 2005.

Sewage and sludge pumping mains should be lessfdbaimches in diameter to reduce the risk of kéme; even
this size is only acceptable if the sewage or suuls been screened before pumping.

Pumping mains should be sized so as not to beHassfour inches in diameter to reduce the risklotkage; even
this is only acceptable if the sewage or sludgebeas screened before pumping.

Pumping mains should be sized so as to maintaielacity of between 2 feet per second (0.6 metersspeond)
and 4 feet per second (1.2 meters per secondgatdimal pumping rate; velocities should not excéddet per
second (1.8 meters per second). Sewage and slftégegose off gas which can cause “air-locked” ipipeline and
therefore, whenever possible, pumping mains shasddsteadily from the pumps to discharge poing; jifeak in the
main cannot be avoided, special air valves suitflsleewage should be used.

It should be possible to empty a pumping main iregancies; this is preferably done by means of shvaaut pipe
leading into the sewage sump of the pumping station

The normal hydraulic formulae used for water magsign are applicable to sewage, but when pumpimndgsl the
relatively high viscosity of this liquid must beken into account.

9.10 Maintenance of Pumping Station

a) The area around the pumping station must be kepncl

b) The solids, 9grit) settled in the settling tank trives removed every day

C) The inlet screens must be cleaned every day angrithehamber should be cleaned every month
d) Grit and any solids which might have settled inplienping sump must be removed regularly
e) All drainage channels in and around the pumpingiostanust be kept clean

f) Keep all records of pump performance i.e. rateushping and quantity pumped.

o)) Remove any scam forming in the settling tank andgsu

h) Watch out for any leakages developing and stop tinemediately

i) If any pump breaks down, it should be repaired iwithree days.

)] For operations and maintenance of the pumps sdés,to the attached manual

k) Keep records of electrical performance, i.e. congtion, breakdowns etc.

9.11 Retention Pond

The retention pond will be used when both pump®Haited. The sewage will be diverted to the rétenpond
and after the pumps have been repaired then thedssewage will be pumped out into the system.
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10.0 PURPOSE AND RESULTS OF SEWAGE TREATMENT

Sewage is treated in order to reduce its undesirablaracteristic, usually its BOD and suspendeddsol
concentration, to the degree necessary to ensatéttdoes not pollute or contaminate to an unaed®#e degree
any water resources into which it is discharged.

Sewage treatment should be carried out efficieautlf economically, without nuisance or offense, amger to the
health of either the public or the plant operators.

Pathogens contained in sewage are reduced in narmdbang treatment, but their removal is ratherdantal unless
specific disinfection techniques, incorporating roiieals, radiation, sand filtration or long retentionaturation
ponds, form part of the treatment processes.

The treatment of sewage normally results in thedpcton of set solids, or sludge, which are offeasand
dangerous to health in varying degrees; the dispdésewage sludge can be a difficult and expengredlem.

Before deciding upon the methods and degree ofntesa for any particular sewage, it is necessaryntow what
standard of final effluent will be acceptable.

Sewage treatment takes place naturally when avellasmall amount of sewage is introduced intoaescourse or
lake or into the sea.

Natural treatment may be divided into two distipodcesses, the sedimentation of the more densersisg matter
and the biological degradation of the organic$ tihaining in the sewage after settlement.

Two basic types of sewage treatment are discusselthipters 12 and 13 of this manual:-

i) Treatment in waste stabilization ponds; this isallyu in effect, “natural” sewage treatment under
controlled, optimum conditions.
i) “Conventional” treatment where, as it were, theuratprocesses are speeded up.

As the subsequent chapters of this manual will shbe division between these two types of treatnigntery
imprecise; overlapping, and combinations of the tyes, that frequently occur. .

10.1 Sewage Treatment Processes

For convenience, sewage treatment is usually divid® four categories:-

o,
o

Preliminary
Primary
Secondary and
Tertiary

o,
°n

5

%

5

%

10.1.1 Preliminary Treatment Processes

Preliminary treatment comprises two distinct preessscreening” and “grit removal
Screening removes coarse solids, such as ragsermmpineapple pieces and maize cobs. The gribvedis

normally mineral matter, but it is contaminateddeyvage. If preliminary treatment is not providia, result could
be blockages or damage to subsequent pipes amchéngaequipment.
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Preliminary treatment has a negligible effect oa fewage quality, as measured by BOD or susperaits’s
concentrations; however, the removal of recognidloatable by screening may be all that is regulvefore the
discharge of sewage into the open sea.

10.1.2 Primary Treatment

Primary Treatment removes easily settleable sof@sexample those which would settle out in 30 utés under
quiescent conditions.

Purpose made “sedimentation” tanks are usuallyigeavat conventional treatment works. In the cafseaste
stabilization ponds, sedimentation takes placen@icinity of their inlets, as the velocity of floof the sewage
rapidly falls.

Sometimes, as in the case of septic tanks and wtatdization ponds, the sludge which settles ugoles some
biological breakdown in the primary treatment unipre usually at a conventional works, effectivegw” (that is
undergraded) sludge is removed from the sedimentatits.

Primary treatment can be expected to achieve abdut removal of suspended solids and approximaté®s 4
reduction in BOD: BOD removal of about up to 60%ynime achieved in a conventional sedimentation t&nk
chemical coagulation techniques are used; howenethis case, the resulting sludge is very volurasovery
difficult to de-water and virtually useless as d sonditioner or fertilizer.

10.1.3 Secondary Treatment

The purpose of secondary treatment is biochem@aonvert dissolved and colloidal organic matteo isolids,
which then settle out as sludge; the treatmenlius tirected at reducing the BOD of the effluentsnf primary
treatment units.

At “conventional” works, secondary treatment regsia biological unit followed by a “secondary” katient tank.
In the case of a waste stabilization pond, ther@miocess can take place in a single unit, therskry sludge
mingling with the “primary” sludge on the pond floo

The degree of BOD removal by secondary treatment vies; so called “high rate” processes may achievesa
little as 50% removal, conventional treatment abou®0% and waste stabilization ponds up to 95%.

10.1.4 Tertiary Treatment

This is provided where it is necessary to “polisin” effluent from secondary treatment units; thatdsmprove its
quality, usually by the reduction or removal of @remore unacceptable characteristics.

Tertiary treatment of the effluent may, for exame required in order to;-
= Reduce the BOD and/or suspended solids’ concemtrati
= Kill pathogens;
= Remove nutrient (phosphorus and nitrogen) or atheesirable dissolved salts;
= Destroy tastes and odors.

It should be noted that tertiary treatment is apteqpent to preliminary plus primary plus secondagatment; it is
not intended to replace them.
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10.1.5 Reductions in the Numbers of Pathogens during Sewag

Treatment

The isolation, identification and counting of iniual species of pathogens is very laborious, aigldustomary to
utilize coliform bacteria as presumptive evidentéhe presence of pathogens in sewage or water.

The removal efficiencies of bacteria by sewagettneat processes are given as follows:-

Table 10.1 Removal Efficiencies of Bacteria by Sewa Treatment Processes

Type of Treatment Percentage Removal of Bacteria
Conventional —Primary Only 25-35

Conventional —Primary plus secondary (percolatiligr§) 90-95

Conventional —Primary plus secondary (activated g 90-98

Waste Stabilization Ponds 90-98

Although the populations of coliform bacteria aneg considerably reduced during sewage treatmemtaambers
initially in the raw sewage are usually so larget thfter treatment there are still very many left.

Human faeces contain about 1X4@oliforms per head per day. 100 mm of untreatdage may contain 100
million coliforms; therefore, even if treatment vegs the numbers present in the sewage by 98%illion
coliforms will still survive in the treated effluen

The rates of removal of other organisms are gelydess than for coliform; for example, as aga@seduction of
up to 98% for bacteria during “complete” treatmemiuding an activated sludge plant, the correspandeduction
for viruses is only about 90%; the effects of carti@al treatment on ascaris and hookworms is nhawir.

The methods of tertiary treatment usually emplayeceduce the numbers of pathogens still further ar

0] Slow sand filtration followed by chlorinationy
(i) Maturation ponds, sometimes with chlorinatiointhe effluent
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11.0 CONVENTIONAL SEWAGE TREATMENT

This type of treatment is appropriate where is ectinally justified, perhaps because of scarcityhigh price of
land suitable for waste stabilization ponds. Theelesolution of sewage treatment in a particuesecmay well be
combination of conventional units, providing preilary and primary treatment, followed by “unconvenal”
waste stabilization ponds, which provide secondary.

When compared with waste stabilization ponds, fheration and maintenance of conventional treatroaits are
complicated. At the time a conventional works isgmsed, its subsequent running should be thorouglalyned,
and suitable personnel either recruited or traimeliin advance of the commissioning of the instiadin.

The design of any conventional works for Kenya $thaomply with certain general rules. Any mechahygants
comply with certain general rules. Any mechanicknp proposed plant should be as simple as possioid
automation (as against automatic alarm systemshagiiould certainly be used) should be kept to mimmExcept
on very small works, treatment units should alwbgsat least duplicated in parallel, so that théremtorks is not
put out of commission during the maintenance oaireqf a single unit.

11.1  Design Criteria

The usual methods of conventional sewage treatmentshown diagrammatically on Figure 11.1. The outh
considered more suitable for Kenya, for reasondaggd later in this Section, are underlined; teeommended
design criteria for these are summarized in Taklé and 11.2.

Table 11.1: Summary of recommended Design criteritor preliminary and primary conventional

sewage treatment in Kenya

Treatment Design Criteria

Preliminary — Screening 4 inch (100 millimetres clear opening

Trash screens (Occasionally used to protect baess)

Bar screens 1 inch (25 millimetres) Clear opening. Maximum \aitg of flow

through opening — 2.5 feet (0.75 meters) per second

Preliminary — Grit Removal Constant velocity — 0.9 feet (0.27 metres) per séco
Constant velocity grit channels (controlled py
proportional weir or parshall flume)

Primary — Sedimentation tanks Dry weather

Surface loading (where there is no recirculatiorodlgh tanks)
600 gallons per square foot per day (29 cubic regber square
metre) based upon average dry weather in-flow.

Wet weather

Surface loading: -

1 500 gallons per square foot per day (73.5 cubétres per
square metre) based upon the average wet weafloay in

Primary — Septic Tanks

Capacity = the average daily wet weather inflow00 fallons for
each pound (1 000 litres for each kilogram) of smsied solids in
the sewage.
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Table 11.2 Summary of Recommended design crite for secondary and tertiary
conventional sewage treatment in Kenya

Treatment Design Criteria
Secondary — percolating filters Single filtration

0.18 pounds of BOD per cubic yard (3 kilogram’s per
cubic metre) of filter media.
With recirculation

0.30 pounds of BOD per cubic yard (5 kilogram’s per
cubic metre) of filter media.

Secondary - settlement tanks Surface loading:-
(after percolating filters) 1 500 gallons per square foot per day (73.5 culstren
per square) based upon peak flows
Tertiary
Land treatment 700 gallons of effluent per 100 square feet (3¢@diper
square metre) per hour.
250 gallons of effluent per 100 square feet (1g@diper
Slow sand filters square metre) per hour.
1 500 gallons of effluent per 100 square feet (f26s
Upward flow clarifiers per square metre) per hour.

11.1.1 Preliminary Treatment-Screening

The types of screens here described are ofterredfey as “coarse”, as against fine mesh screeighwane
sometimes used in industrial processes and fomsateply intakes.

The purpose of screens at treatment works is tmvenfrom sewage gross which could interfere with it
subsequent treatment. When used for this purpbsegffectiveness of screens is measured largely by
reduced maintenance costs for the entire workshydttie quantity of screening removed form the gmwva

For the treatment of sewage, vertical or inclinad creens with one inch (25 millimeter) clear opes
are most suitable; however, if the treatment waslat the end of a large diameter gravity sewerlarge
objects are expected in the sewage, it is oftefisalie to protect a one inch (25 millimeter) scrégm
“trash” screen with 4 inch (100 millimeter) clegramings located immediately upstream.

The bars of screens should be tapered to reduagsthef solids wedging in the spaces. Large baeests
normally have raking mechanisms to keep the openabgar. However, mechanically raked screens are
recommended only for the largest municipalitiesKienya; elsewhere, hand-raked screens considered
suitable.

Where mechanically cleaned screens are used, Hwmydspreferably be vertical with “grab” type ragin
mechanisms; such screens have the great advahtzgiey have very few submerged moving parts and
therefore corrosion is minimized and maintenanaapéfied. It is convenient to control the raking
mechanisms by time-switches, with overriding safetgtrols should be sewage head on the upstream sid
rise above a pre-determined height, thus indicdtiafjthe screens are becoming chocked.



Where mechanically cleaned screens are instalbt-haked screens should be provided also to dnj-as
passes should a raking mechanism fail during the 6f maximum flow.

Hand-raked screens should be placed at an andleteken 30 degrees and 45 degrees from horizdintal.
is usual to have a perforated tray placed acrasshlannel at the top of the screen to drain ane she
screening before they are taken away for dispddsd. total area of screens required is such asdaren
that the maximum velocity of flow through the opsgs does not exceed 2.5 feet (0.75 meters) pendeco
at this velocity; it is unlikely that screeningsiivie forced through the screens.

Screen chambers should be designed so as to miadidies which tend to trap screenings and gthien
corners of the chambers; at all times, the velaaitffow through a screening chamber should beigafit
to keep in suspension al sewage solids, includiiigifithere is no grit removal unit upstream ofeens.

The total volume of screenings removed by one i@hmillimeters) clear opening screen, from typical
Kenyan sewage during dry weather, is likely to heoler of 7 cubic meters) of sewage per day; the
organic content of these screenings will be abOuét cent.

On many works in developed countries, screeningsnaacerated and then returned to sewage flow.
However, it is recommended that the screeningseinyid are either buried, or incinerated after ajimdy.

A comminutor is a coarse screen, either rectangulam the shape of a circular drum, that has meisha
which cuts materials retained on the screen taathiat permits them to pass through the screenirogs
this eliminates the problem of disposing of scregsi The waer on the cutters comminutors can bg ver
high and, as it is very likely that such equipmetuld have to be important, it is considered that f
Kenya the disadvantages of using comminutors ogftwiie advantages.

When screens are used, it is suggested that grival takes place after screening; however, gnitonal
units should be located before comminutors, togmglthe life ofcutters.

11.1.2 Preliminary Treatment — Grit Removal

The grit in sewage is relatively inert mineral reatits removal is necessary to reduce wear on mach
and attrition of pipeline linings to facilitate slge treatment and handling and to prevent excessive
accumulations of grit in tanks, paperwork and cledgin

As the settlement velocities of grit are substdigtigreater than those of organic solids, grit das
removed preferentially, by selective deposition.

There are several patented type of grit removal anithe market, all based upon this principle. The
simplest type of unit is the constant velocity amelnwhich is not patented.

If the constant velocity channel is rectangulaségtion, then the flow should be controlled byafistg a
proportional weir at its downstream end; this tyfewveir has characteristic that the head on the igei
proportional to the flow, and so, regardless of depth of flow sewage in the channel, its velod#ty
always the same.

More usually, and especially at larger treatmentkeavhere multiple channels are installed, in pakahe
constant flow channel has a “vee-shaped” crossosedhe “vee” of the cross section should appratin

to shape of a parabola. Constant velocity at vgrdiepths of flow is achieved by installation of ar$hall

(or standing-wave) flume at downstream end; thimes@arshall flume can be used to meter the works’
sewage.

Grit removal units should be designed to remove @tispecific gravity 2.0 or above, 0.2 millimeters

more size. It is anticipated that where these rizitere used, 80 per cent of the grit containetthénsewage
during the dry seasons will be removed; the dadlume of grit produced by the unit is likely to bkthe
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order of 32 cubic feet per million gallons (2 culmeters per 10000 cubic liters) of sewage, for @ ne

sewage system.

Although the Reynolds’ Number will exceed 1, Stekkaw gives a reasonable approximation of settling
velocity of grit. For example, at a temperatur@6f3 Centigrade, which is the average of the “minimum*
temperatures for Mombasa, based upon Stokes’ Lawsd#itling velocity of spherical grit particles is

approximately 0.51 inches (13 millimeters) per seto

For design purposes, a constant velocity of flowgiit channels of 0.9 feet (0.27 meters) per sedend
considered suitable. A margin of approximately 80 gent should be allowed when calculating thetleng
of channels required, compensating for inlet antlebuefects, and also for the irregular shapegritf
particles.

Grit storage should be provided below the theoaétitbannel sections; the storage compartments choeul
shaped so as to simplify grit removal.

It is proposed that normally grit will manually resed form channels, using spades and wheelbarrows.
However, mechanical dredgers fixed to travellingldpes may be used to larger works, but only whdre 2
hours supervision by component operators is ass@aéanechanisms should be controlled by manual
switches.

The grit which is removed should be used as lanalfildumping grounds from which the public is gtyic
excluded. For health reasons, grit should be hdnojebare hands and, as the organic matter it cenis
likely to attract insects, birds and rodents, thenged grit should by soil each day.

11.1.3 Storm Tanks

Where storm water is allowed to enter the sewesagéem, it may be that during heavy rain the works’
inflow will be so great as to endanger the operatib the primary treatment units; in such casesnst
tanks are required.

It is recommended that in Kenya, as storm watereisg) to sewers will be strictly limited, storm tank
should be identical to, and should be considerdaktstandby primary sedimentation tanks; they rhan t
be used not only during storms, but also whilstrégular sedimentation tanks are out of commisdion,
repair or routine maintenance.

Storm tanks should be empty at a start of eachmsté/hen they have filled, provided that the disgear
standards imposed on the works’ effluent allowrsterater to overflow in this way during heavy raimeir
effluent may be discharged directly into the lowadter resource; otherwise, the effluent must pass t
secondary treatment units. When the storm has dimbdi both the dilute sewage and sludge helden th
storm tanks should be conveyed to inlet to prinsatflement tanks for treatment.

The criteria for the design of storm tanks showddh®e same as those used for sedimentation tanks.
11.1.4 Primary Treatment -Sedimentation Tanks

Primary settlement or sedimentation removes suggkndatter from sewage by providing relatively
quiescent conditions under which particles (othantcolloids) which have higher densities than wesa
settle out as sludge. At the same time, substaswes as oil and grease, with relative density thas
unity, rise to surface as a scum. Sedimentatioprionary settlement tanks are so designed thatltlugs
and scum can be removed separately from the edréffluent.

Although the process is primarily one simple setdat under the influence of gravity, sedimentation,
especially of smaller particles, is assisted bgdidation which takes place in the tank.
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If sewage has traveled a long distance or if itaims a high proportion of wastes from food faasyithere
is a danger that it will be septic as it enters sk&tlement tanks, thus producing a tendency ftitede
sludge to gasify and rise again.

To guard against this, pre-aeration tanks may bd;ubke function of such units is to increase tissalved
oxygen content of the sewage, thus countering apyics before it enters the sedimentation tankss It
suggested that, where it is considered that pratiaertanks may be required, they should not belies
initially, but a part of treatment works’ site stdbe set should the subsequently prove to be sanes

There are several alternatives designs of primettjesnent tanks. The type of tank selected hds &fffect
upon the degree of purification achieved; howevegrtain types involve simpler operation and
maintenance.

All types of sedimentation tanks have some featire®mmon. Baffles are required at the point détiof
the sewage, in order to dissipate its kinetic epeig diffuse the flow equally and prevent shortaiting
and local eddies. The clarified sewage leaves #tdement tanks via overflow weirs, with baffles to
prevent scum from passing over with the effluent.

Two types of settlement tanks (for both primaryiseghtation and secondary settlement) are recomngende
for use in Kenya. For smaller works, “Dortmund” lsopper tanks with walls sloping at 60 degrees to
horizontal are proposed; the square sides of hojmérshould not exceed about 24 feet (7.25 metirs)
order to avoid excessive excavation. For largerksjorelatively shallow, circular radial-flow typartks,

with central inlets and peripheral overflow weire aecommended; they should have raking mechanisms
which collect the scum and sludge produced. Scumuldhbe removed from the tanks immediately, but
sludge may be stored in central, integral hoppesding periodic removal.

The maximum size of each unit should be of the bodd 20 feet (36.5 meters) in diameter, with aied
(2.4 meters) side-wall depth; however, units udl5® feet (45.5 meters) in diameter, with a minimum
depth of 9 feet (2.7 meters), may be used at \amgel treatment works. It is suggested that therdlad
each tank should slope at 1 in 12 to central sludggper which has walls sloping at 60 degrees ¢o th
horizontal. Notched peripheral weirs are recommdrideeduce the effects of wind action.

It is considered that the sludge-raking mechanismst suitable for Kenya are the type which is sutgub
from rotating half-bridges, pivoted about the tamehters. The electric peripherals drive units ndismran
on rails on the tank walls. Each sludge-rake, oapser, should have linked blades, attached toctess
bridge or hinged anchor tubes.

Scum removal is usually by radial arms connecteghtbrotating with the scrappers.

Regardless of whether the sedimentation tanks eppér-shaped, or circular, it is preferable to reeno
sludge hydrostatically, using telescopic draw-fives.

The most important criterion for design of primasttlement tanks is the surface loading or overflat®,
which is equivalent to average upward velocity. Renya, the following surface loadings are consder
suitable:-

During dry Weather

Without recirculation:
600 gallons per square foot (29 cubic meters paarggmeter) of sedimentation tank
surface area per day, based upon the average dthavelow.

With recirculation of secondary effluent througlke tedimentation tanks
900 gallons per square foot (44 cubic meters paarsgmeter) per day, based upon the
maximum dry weather flow.

During wet weather
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1500 gallons per square foot (73.5 cubic metersgeare meter) per day based upon the average
wet weather inflow, which may be taken as equiviater75 per cent of the peak flow calculated
as described in sub-section 7.2 of this Reporte (@toice of factors A or B or C etc should be the
same as for the largest sewer carrying sewagdtiattreatment works).

The other important factor for sedimentation is tfeention period, which is the volume of a
settlement tank divided by the quantity of sewdgeihg through it in one day; although, in the
high temperatures which often prevail in Kenya, die¢ention period should be short to minimize
the risk of sewage becoming septic, it should reosb brief that the efficiency of the process is
reduced; a minimum detention period of approxinyafiehour, based upon the peak dry weather
flow rate, is considered to be suitable.

If the sewage in a sedimentation tank is alloweduta septic, or if the accumulated sludge is
allowed to undergo anaerobic decomposition, therefficiency of the settlement process will be
very much impaired.

To keep conditions aerobic, operational visitseasst every other day to the simplest hopper type
sedimentation tank are required; tanks containiaghimery require almost continual supervision
during daylight hours.

Where such a high degree of attendance is not ldessither “Imhoff” tanks or septic tanks
should be used. Imhoff tanks are two storey sediiation tanks; the upper part acts as a
conventional, aerobic sedimentation tank and thigobo half is a sludge compartment, where
sludge “digestion” takes place.

The cross section of an Imhoff tank is complicateduiring expensive concrete formwork during
construction when compared with the normal typseasfimentation tank.

11.1.5 Primary Treatment-Chemical coagulation

The settlement of small particles may be improvedhe technique of chemical coagulation, whichls®a
called “precipitation”; iron or aluminium salts amdrmally used. Because of the great sludge didpos
problems which result from chemical coagulatioris tecommended that this process should not ketinse
Kenya, except as a temporary measure for improthiagefficiency of primary treatment in an overlodde
existing works.

11.1.6 Primary Treatment-Septic Tanks
Septic tanks are primary sedimentation tanks wheeerobic conditions prevail.

The gassing which takes place in a septic tanklteegu a relatively poor efficiency of sedimentatjo
however, effluents from such units, although faalntain little settle able matter. The septic tegdires
very little maintenance, apart from occasional lelging, and has application where there is a lafck
competent supervisory labour and also a relatigelyr efficiency of primary treatment is acceptable.

A septic tank should, as a sedimentation tank, ideoeonditions as quiescent as possible. It has be
found that, within reason, the shape of a septik ia unimportant provided that the liquid depthies
between 0.9m for smaller tanks to 1.8m for largéwo compartment tanks, where the first compartment
contains between half and two thirds the capacityhe entire unit, have been found to provide more
efficient treatment; little additional efficiency achieved by having more than two compartments.

When in operation, scum floats on the surface efliduid in a septic tank: the floor is coveredaiayer

of sludge; the “clarified” liquid is contained beten the scum and the sludge. The amount of scuim an
sludge which accumulate depends upon the frequaindganing the particular septic tank.
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Septic tanks should always be roofed. Becausenbeess does not require oxygen, ventilation ak @ic
not required, although an outlet should be provigeallow gas to escape as the tank is filled.

11.1.7 Secondary Treatment

The purpose of secondary treatment is biochemicallgonvert dissolved and colloidal organic maiter
the effluent from the primary units into settleabdids, which are then removed.

The two methods of secondary treatment normallg as&onventional sewage treatment works are:-

(0 Percolating filters,
(i) The “activated sludge” process.

In each case, the biological process is followeddtylement.

A percolating filter comprises a tank containingrt media which provides a large surface for ttoavth

of the sessile organisms mainly responsible foatinent. Aerobic conditions are usually provided by
natural ventilation, which limits the depth of madin a filter bed to about 2m. Very occasionatlgeper
filters ventilated by forced draught are used,dugh units suffer badly from corrosion and rareynpare
economically with other arrangements.

Primary effluent is distributed evenly over the epgurface of the media. As this settled sewanesfl
past, the organisms attached to the surface ofnédia remove any organic material, which are degbst
The sewage leaves the filter bed via drains laisgcits normally sloping floor; air to ventilateet bed
also flows through these drains.

The effluent from a filter bed contains the excratad dead bodies of the filter organisms; this oiga
material settles out when the filter effluent issped through a secondary settlement tank (oftdadcal
humus tank) which resembles a primary sedimentasinok and similarly produces sludge.

The activated sludge process depends upon “seethiegirimary effluent with a very large populatioh
degrading organisms suspended in the” activatedigslu The mixture is aerated and the sludge kept i
suspension by pneumatic or mechanical means. Wiangical activity is complete, the sludge is
removed in a secondary settlement tank, whichrasembles a primary sedimentation tank.

Percolating filtration, depending as it does upaural ventilation, is a less intensive procesathe
activated sludge; also, the depth of filter bedénsted. Consequently, excluding the preliminayd
primary treatment units and the final settlemenksa all of which are common to both processes|ahé
requirements for percolating filters may be sevaes$ greater than those for activated sludge units.

As sewage gravitates through a percolating filtesuffers a loss of head which may be 2.4m oremor
compared with as little as 0.3min a typical actehsludge unit. There, the use of percolatingrilicould
result in expensive pumping costs, should thedfithe treatment works be on relatively level, eatthan
sloping ground.

Even where pumping is not necessary, as a ruledhstruction costs of percolating filters are kigthan
those of equivalent activated sludge tanks, althahg operating costs of the latter process arenalby
much higher.

Percolating filters have the major advantage thal tare extremely simple to operate and maintain,

whereas the activated sludge needs constant, centmipervision. Therefore, percolating filteether
than activated sludge units, are generally recondefior use in Kenya.
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Design Details of Percolating Filters

The simplest method of spreading the primary teaffluent over the surface of a percolating fiileby
means of rotating distribution; although these bardriven electrically, the thrust generated byj#te of
sewage which discharge from the arms are sufficientotate a properly balanced distributor. It is
proposed that all filter beds in Kenya could haveting distributors and consequently should beutar

in plan; all the existing filter beds in Kenya, sidie Nairobi, are in fact constructed in this way.

If the primary sedimentation tanks ha may be takendesigned in accordance with the criteria given
elsewhere in this section, it may be assumed Itiegt Wwill achieve a reduction of approximately 40%he
BOD load of the sewage; therefore, the leadinghersecondary treatment units being equivalent ¥6v@&0

of the BOD of raw sewage.

If, however, primary treatment is by means of setgnks, in view of the poor maintenance which saich
treatment works is likely to receive, it is prefeleato assume that the septic tank efforts no rtsaluat all
in the sewage BOD.

It is possible to achieve very great reduction8@D (measured in weight of FC) removed rather than
the percentage reduction by utilizing what are knas “high rate” filters . However, the costs dhd
complications of running such filters can be higld afor Kenya, “low rate” filters only are recomnu.

Assuming a filter is 2m deep, then a suitable logds$ 0.1kg/m BOD of filter media per 24hrs.

This loading may be increased to 0.17kdjifithe technique of recirculation is adopted. Mistcontext,
recirculation means returning some of the efflueoin the secondary settlement tanks to the inléhéo
filter beds, so that the flow through the filterdiseis always equivalent to the peak dry weathew;flinis
means that, when the actual sewage inflow to theksvequals the peak flow, recirculation temporarily
ceases. Often, the recirculated effluent plus sg&gnsludge is discharged into the inlet of themgauy
sedimentation tanks.

Design Details of Activated sludge units

The primary treatment effluent contains organicteratainly in colloidal and dissolved states. Hist
settled sewage is aerated, the organic mattebwittonsumed and “activated sludge”, comprising lezdg
flocs will be produced; this activated sludge wéltle out under quiescent conditions.

The principle of the activated sludge processas tie primary effluent is “seeded” as it enteesdleration
unit with activated sludge previously formed anttied.

The characteristics of a properly designed and aipdractivated sludge plant are aerobic conditions
throughout and activated sludge which will setdeminimum dissolved oxygen concentration in the
aeration tank liquor of the order of 1.5 milligrasxger litre should be aimed at.

The process variables, which are inter-relatecuohel-

0] The solids’ concentration within the aeration tankhich depends upon the solids’
concentration and the volume, relative to the egtdewage inflow, of the activated sludge
returned from the settlement tank.

(i) The ratio between the applied BOD load and thd teggght of solids carried in the aeration
tank.

(iii) The capacity of the aeration tank, which may becdlesd either in terms of the detention
period, based upon the average settled sewagavinfioas a volume related to the applied
BOD loadings.
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Suggested design for Kenya are the maintenancesaépended solids concentration of 4000milligrames
per litre in the mixed liquor in the aeration tankad applied loadings of 22.5kg BOD for every 10k
sludge solids carried in these units.

It should be noted, however, that as the climateudhout Kenya varies so greatly, the optimum desig
criteria in one location may produce inefficiensults in another. Probably more than any otheragew
treatment process, activated sludge units shoulkbhstructed so as to be very flexible in operatidime
optimum conditions for a particular plant may thenfound by trial and error, by altering the colstrthe
ratio of sludge return and the solids concentratidiile monitoring the volumes and qualities of unit
inflow and effluent.

The efficiency of the activated sludge treatmemtcpss is assessed by measuring the percentage of th
applied BOD load which is removed-the removal cffmnded solids is incidental to the process —asal al
by the weight of applied BOD removed per unit afatticity consumed by the aeration systems.

In an activated sludge unit, the dissolved oxygemntent of the mixed liquor in the aeration tank niey
maintained by bubbling through pressurized aireraltively, aeration may be provided by mechanical
aerators which, by vigorously agitating the liquadlpw it to trap and dissolve atmospheric oxygen.

Mechanical aerators are considered more suitabl€daya because of their simplicity and reliabilitlf is
preferable to have several rather than a singleharécal aerator; by these means, breakdowns afgtesi
unit are not too important. If the mechanical &ansare provided with individual drives, then angdete
assembly may be simply replaced should a failuceioc

Normally, a unit will be in the form of a channedntaining severalplus activa aerators acting ifteser
short circuiting of the treatment process is thusimized. Each channel will operate in parallethnother
identical channels.

Flexibility in plant control can be achieved. Thinplest way is to make use of the “step aeration”
principles; that is, instead of all the settled ageventering at the beginning of each aerationreathe
inflow is introduced at various points along thétun

Activated sludge plants are often supplied as fgctoade units with integral settlement tanks; thadlsv
are made of steel protected against corrosionenggrovision is made in the unit to aerate, andetie
aerobically degrade, the surplus activated sludgech units are often termed ‘extended aerationtgla
The applied loadings on an extended aeration phatild not exceed 10kg BOD per 100kg of sludge
solids carried (compared with 22.5kg BOD per 10@kgsludge solids recommended for conventional
activated sludge plants).

Fabricated activated sludge plants are suitabledaail applications, but it must be remembered they
require frequent, competent, supervision and afihothhey may be simple and relatively inexpensive to
install, their running costs may be very high.

Design Details of SecondarSettlement Tanks

The function of secondary settlement tanks is simib that of primary sedimentation tanks; however,
because secondary sludge are less dense thanyshadge, the design criteria are slightly diffdrefror
Kenya, the following maximum surface loadings (Mased upon peak flows) are considered suitable:-

Table 11.3 Recommended Maximum Surface Loadings foiSecondary Settlement

Tanks
Type of Treatment Surface Loading
M¥/M?/day Gallons/f“/day
Percolating filter 44 90C
Activated sludge uni 29 60C
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In each case, these are to be based upon thelpeaktifirough the units; however, in the case dfeseent
tanks following activated sludge units, the voluafesludge returned to the aeration units may beriggh
in the calculations.

Another important factor in the design of secondsgttlement tanks is the weir loading. In ordeavoid
scouring and carrying over sludge, the weir loadingsed upon the peak flow rate, should not exceed
300n¥/m of weir (20, 000 gallons per foot length) pey.da

In the case of activated sludge, in order to kdepdrganisms viable, continuous sludge withdrawal i
required; excessive retention of sludge in thes&stafor example to increase the solids’ conceiotnat
merely results in the consumption of oxygen andreBses the activity of the sludge. Activated skudg
required by the process should be returned todtetian tanks immediately.

Unwanted sludge resulting from percolating filtezatment, and also surplus activated sludge, iallysu
returned to the head of the works for settlememt emncentration in the primary sedimentation tanks,
along with the primary sludge.

11.1.8 Tertiary Treatment

Should the effluents from a “conventional” sewagetment works be of too poor a quality, then aeyti
treatment is required.

Chemical engineering processes, such as absorgiiectrodialysis, reverse osmosis, ion exchanganfo
separation and distillation, can be used to eliteirspecific, undesirable, constituents; these igcies are
likely to be required only rarely in Kenya durirfgetnext few years.

More usually, it will only be necessary to effectdacrease in the BOD and/or the suspended solids
concentration in the effluent; four ways of achraythis are considered particularly suitable foniyae-

If the elimination of pathogens from the effluesiniecessary, then this may be most economicaligaeth
by the chlorination of effluents from tertiary ttegents; effluents from slow sand filters and maiara
ponds are most suitable for chlorination, and #elyl to require doses of about 2milligrams of cirie
per litre.

11.1.9 Land Treatment using grass plots

In this method, effluent is run on to grasslandtigh a system of channels; after it has flowed der
surface, it is collected by a second series ofndraiThe gradient of the field should not exceeduali in
60; otherwise, there is a tendency for the effluerdut its own channel.

340 liters of effluent per square meter (700 galper 100 square feet) of land per hour is a typate of
treatment; this should achieve reductions in BOD amspended solids’ concentrations of approximately
50% and 70% respectively.

11.1.10 Soil as a wastewater treatment system

Land treatment is defined as “the controlled agian of partially treated wastewater onto lanédbieve
treatment and disposal goals in a cost-effectivaned (Crites et al., 2000). Land application ie thidest
practice used to manage wastewater and control@maental pollution. Historical evidence of wastésva
spreading to the soil for crop irrigation and sainiin purposes goes back to the ancient citiespatates

of Minoan Civilization (Angelakis and Spyridakis996; Angelakis et al., 2005). With the progressirog
land treatment has gone through different stagedestlopment but the basic principles regarding the
planning, operation and management practices weavelaped after runoff; and rapid infiltration (Rtyie
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major difference from SR systems is the lack ofetatjon and the higher application rates (Reed.gt a
1995).

Nowadays, land treatment is recognized as an aligenor supplement to conventional

Wastewater treatment plants that can be both emviemtally sound and economically

Viable. Land treatment systems have been curresttlyanded for the treatment of various types of
effluents including landfill leachates, dairy effhts, and meat processing wastewater, olive oil mil
wastewater, agricultural drainage, and contaminagealindwater (Paranychianakis et al., 2006 and
references there in). In addition, the directionlasfd treatment systems toward biomass productimh a
bioenergy observed in recent years may contribwtelinate change mitigation. Currently, the scignti
interest focuses on the adoption of appropriateaijme and management strategies that could atke e
potential adverse environmental impacts, undergtgnithe cycling of nutrients and their removal, fate

of pathogenic organisms and the factors affectiedy tsurvival, and the fate of toxic organic compds.

A brief overview of historical evolution of landetment concept is discussed with emphasis on s m
important technological developments and on thétagon requirements. Furthermore, the currentdsen
and the future prospects of land treatment conaeppresented in terms of management of wastewater

other polluted water sources.

11.2 Chronological development of land

In 1850’s when the “sewage farms” were expanddglirope and USA in an effort to control pollutiordan
protect public health (U.S. EPA, 1979) ,The develept of conventional wastewater treatment
technologies in the turn of &entury resulted in a decline of land treatmesteys (Reed et al., 1995),
but the interest was renewed after the passagdeainGNater Act in 1972 and particularly the lasb tw
decades. This is mainly due to the low constructioperation and maintenance costs, making this
technology suitable for small communities or derdizted clusters of homes, institutions and isalate
industrial units (Crites and Tchobanoglous, 1998gélakis, 2001). Different types of land treatment
systems were developed through the passage ofd@&pending on the rate of applied hydraulic load, th
presence or absence of vegetation, the needsdpplieation treatment and the intended level aitireent.
These include: slow rate systems (SR): these sgstitize soil matrix for treatment and

The applied load is based on vegetation water reqnts; overland flow (OF): they

Utilize soil surface and vegetation for treatment.

11.2.1 Ecological and Health Risk

Ecological and heath risk issues arising for waatew application to the land Waste has played a
significant role in history. Bubonic plague, chaleand typhoid fever were diseases that altered the
populations of Europe and influenced monarchiesatdwo waste and wastewater management. Greek
ancient civilizations and Romans were aware of bieeefits of sanitation and developed innovative
hydraulic technologies and practices to protectlipuiealth; however issues of environmental protect
were not considered at all during this period. Athein 500 BC, had the first municipal dump in the
western world. Regulations required waste to bephkdrat least a mile from the city limits. In follow
years until the early 1800s the sanitation coneegd totally lost US EPA, 1979 A renewed concern
about sanitation appeared during Renaissance wiglgreat epidemics of cholera and typhoid fevehén
early 1800s stressed the need for sanitation amgrtection of water sources. Although the gereoti

had not been developed yet, polluted water souneae considered responsible for the occurrence of
diseases. These epidemics motivated the resporagjelecies to establish the sanitation requiremepts
constructing sewerage systems, wastewater treauméstand drinking water treatment and environmlent
protection policies.
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In 1865 the Commission on Towns Sewage Dispostddsthat land application was the only way to avoid
river pollution and to make a profit through thelér yields by irrigated crops. Furthermore, thevé&ge
Utilization Acts of 1865 and 1867 prevented thestarction of sewers which discharge directly irte@rs
and ocean. These laws in fact encouraged the adojpfi land treatment by municipalities for the
management of wastewater. In 1872, the first statzdaf effluent discharge to rivers were publishred
England and information was provided about landieation. A second report was published in 1884aby
Royal Commission which also encouraged cities fuyaland treatment practice. From that period ubhid
beginning of the 20th century many demonstratiod fuil scale projects were established in USA and
Britain to investigate the treatment potential afid in order to prevent adverse health effects, tand
protect the environment.

The Royal Commission on Sewage Disposal adoptediates for effluent discharge in 1912 that included
limits of 20 mg/L for BOD and suspended solitksS(EPA, 1979

Few years later in 1914 standards for drinking watelity were suggested in USA which formed thsiba
for the national standards that adopted in 1974. firkt standards for effluent reuse were adoptetil8

by theCalifornia State Board of Health (1918)d they have been continually revised until toagover
new uses and to meet increasing environmental nesgeints. In 1989 WHO published guidelines for the
safe use of wastewater in agricultuvéHO, 200§.

Despite the increasing use of land treatment systemwastewater management Regulations/guidelines
that govern the operation of all types of thesdesys have not set yet. It is somewhat surprisingesit
has been shown by several studies that effluericagipn to the land may result in significant emgical
and public health risksBpuwer, 2000 Paranychianakis et al., 2006t can be considered however that
limits of pollutants and pathogens in wastewatfiuefnt which are applied to the soil must not exttee
limits suggested by the existing regulations odglines for effluent reuse. Principal factors thfiect the
requirements of preapplication treatment are:

a) the degree of public access to the site;

b) the degree of process control the application area;

c) the end-use of the irrigated crop; and

d) thetreatment object (e.g. removal of organic carbon, nitrogen, or pathogens)

Thus, primary treatment should be acceptable fdated sites with restricted public access wheagated
crops are not intended for direct human consumptionwhen effluent application is implemented by
subsurface techniques and the underground patteofrtigated crops is not consumed raw. Biological
treatment using lagoons or other processes, aietl @bintrol of pathogens should be practised imfions
with public access or for crops to be eaten raw.

11.2.2 Conclusions

Land application of wastewater known as “sewagmiiag” has been practiced for

Centuries as a mean to manage wastewater, to tpothation and to eliminate risks for

Public health. Information provided over the yesuggest that land application systems,

with prudent management, can be compatible witkctimeent high public health and

Environmental standards adopted by environmentaheigs and international organizations and with the
sustainable use of land. Land-based wastewatetmesh systems appear to be an ideal practice,
particularly in arid or semi-arid regions wherel@hts can be used efficiently for increasing ategl
areas. The use of land-based systems to treat ipah@nd other types of wastewater is expectedrtihér
expand in the future. This expanded use is in mespdo the high construction and maintenance adsts
Complex tertiary treatment processes, as wellasaded to eliminate disposal of effluents intoatne and
lakes.



11.3 Slow Sand Filters

Slow sand filters comprise shallow, under drainedsbcontaining up to 0.4m of selected sand. Hfflie
applied gently to the filter surface, and percadteough to the under drains whence it is collicte

A rate of application of about 120L#fhr is likely to achieve a reduction in suspendeitls of about 60%,
and a corresponding reduction in BOD of about 40%.

11.4 Maturation Ponds

These units, which are particularly suitable fagating effluents from activated sludge processes, a
discussed in chapter 8 of this manual.

11.5 The Treatment and Disposal of Sludge from a Co nventional
Works

Sewage sludge is of three types:-
1) Primary sludge from primary sedimentation tanks.

2) Secondary sludge, from secondary treatment units
3) Chemicalsludge, from coagulation or precipitation tanks (these are likely to be very unusual in
Kenya).

Scum from primary sedimentation tanks is usualbpdsed of mixed with the primary sludge. As a gainer
rule for Kenya, it is recommended that secondargge are returned to the inlet to primary sediragon
tanks so that the primary and secondary sludgseitied and dealt with together; secondary sludgeily
have very high moisture contents and, by utilizthis technique, a relatively dense mixed sludge is
obtained. In this country, sewage sludge is akkptitlly dangerous to health, because of the likegssure

of pathogens, and therefore great care must becisgdrduring their disposal. Secondary and chemical
sludge are less dangerous than primary.

Disposing of sludge which is produced during corioeral sewerage treatment is a major problem. Usual
sludge disposal methods are summarized on Fig@eas. shown; pre-treatment of the sludge is often
required.

11.5.1 Sewage Sludge Quantities

Where secondary treatment is by percolating filténe total weight of sludge produced at convermtion
treatment works is likely to be of the order of Dlhs (75 grammes) measured as dry solids per perso
day; this figure excludes the contribution madearsjustry and commerce.

Secondary treatment using activated sludge incsethée daily per cent production to about 0.21 (8%
grammes), again based on dry solids.

In themselves, these figures do not demonstratextent of sludge disposal problem. The difficudtaise

because of the high moisture contents of sludgeshasvn in table 11.4, which is based upon the daily
sludge contribution of 1000 persons:
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Table 11.4 Daily Sludge Contribution of 1000 persan

Type of Sludge Weight of Dry Solids Moisture Conten (per | Wet Sludge

cent) Weight Volume
(Kilogrammes) (litres)

Mixed primary &
secondary (from 75000 96 1880 1880
percolating filters)

Mixed Primary & | 95000 97 3140 3140
Secondary (from
activated

Sludge resulting from chemical coagulation is moare voluminous.

11.5.2 Simple Disposal, without pre-Treatment

Sewage sludge rapidly decomposes, and are congbgoffansive; as previously explained, they argoal
dangerous. Therefore, any method for disposalwf{that is untreated) sludge should quickly takauit of
the reach, sight and smell of humans, and makeadcessible to disease vectors.
There are two such methods:-
i) Disposal into the deep sea, which is of course appropriate for relatively few Kenyan countries
on seashore or conveniently located on creekserelithrges or long submarine pipelines may
be used.

ii) Disposal by burying; the wet sludge is dumped atwle in the ground and immediately covered
by at least 2 feet (0.6 meters) of soil, to avaiisance and health hazard and also to prevent
exposure by borrowing animals. Care must be takanthe drainage from the sludge cannot
contaminate underground sources of water supplies.

Often, in other countries, wet secondary sludgeckhave a relatively high content of nitrogen, are
spread upon grasslands; because of hazard to headthis considered a risky procedure not suitable
for Kenya.

11.5.3 Disposal Proceeded by Treatment

Sewage sludge has some agricultural value, provitlatlit has not been contaminated by poisonous
industrial chemicals.
The raw sludge daily by treating the sewage fro@0Lf@ersons may be expected to contain:-

66 Ibs (30 kilogrammes) of carbon,

1.8 Ibs (0.8 kilogrammes) of nitrogen,

0.6 Ibs (0.28 kilogrammes) of phosphorous (as P),

0.36 Ibs (0.16 kilogrammes) of potash (as K)

Rather than as a fertilizer, sewage sludge is finglbraore valuable to agriculturalists as a soilditaner

which, by virtue of its content of undecomposedamigs, can improve both the structure and water
retaining characteristics of soil.
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In addition to pathogens, sewage sludge also am@ils and soaps which can make fertile soil “sick
Therefore sludge should be treated, not only tacedhe health hazard but also to “condition” éfdve
applying to agricultural land. Treatment also restuthe bulk of the sludge, thus simplifying hanglland
transport.

Sludge treatment is expensive and, if it is deciteditilize sewage sludge as an agricultural die, t
decision should always be economically justifiednay prove difficult to do this in Kenya at preséme.
Also, at the very least, there should be guaranieadket with a demand for sludge not appreciably va
seasonally.

From the point of view of the community, a goodaagement would be to sell the treated sludge to a
factory to be used as a base for compound fem#jzich dry fertilizers are usually specific fgpaticular
crop and are made by adding calculated amountsosfanic nutrients and trace elements to an organic
base.

Treated sludge may be used as landfill, withoubdeleeply buried; it may be convenient to use that
local tip to cover the community’s solid wastesrefuse. However, the treatment of sewage soletgake
it suitable for dumping on the ground surfaceksll to prove very uneconomical.

11.5.4 Incineration

Partially-dried sewage may be burned in a purpoaderincinerator; a small amount of innocuous non-
combustible ash afterwards remains for disposal.

An incinerator is complicated and expensive, bath capital and operating costs. Its economical
justification would be very difficult to demonsteain Kenya, unless incineration proves to be th@mapn
solution for the disposal of refuse from particulaxceptionally large, community; in this case, ag&
sludge could be burned along with reuse, at kttlditional cost.

11.5.5 Composting

Aerobic fermentation, or composting, can convewage sludge into an inoffensive and safe material,
suitable for agricultural of nitrogen for efficiemomposting and it is therefore better to mix itthwi
carbonaceous materials such as refuse, or stragreen vegetation harvested from a maturation pond,;
these additions will, of course, increase the qgtiaaf compost produced.

Composting may be carried out mechanically or mbyute later system being particularly simple and

cheap. The climate of Kenya is well suited for costing and, provided that there is a market for the
potentially valuable compost, this process would/dxey suitable for Kenya.

11.5.6 Other Methods of Sludge Treatment

Sludge can be treated in order to:-

i) Thicken (that is to reduce the bulk of) the sludaga preliminary to further treatment or in
order to reduce transport and handling costs.

i) Remove unpleasant or dangerous characteristi¢eafiidge

iii) To de-water sludge; it is rarely necessary for @tewng to be absolute; for example, a

sludge with a moisture content as high as 70 petr can be lifted with a fork, and may be
transported in an open wagon rather than by tanker.

Before describing the techniques of sludge treatribie point that sludge treatment should always be
economically justified is repeated, for emphasis.
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11.5.7 Thickening

This is normally carried out in circular tanks winikave submerged, slowly-rotating stirrers; thesg tre
of the “picket fence” type or may encourage thickgnby bubbling air through the sludge, After stig;,

the sludge is left under quiescent conditions ddlijuids which eventually rise to the sludge acefare
decanted. Thickening reduces the size of sluddealfy

Thickening tanks tend to be very foul units and geaerally not considered necessary or appropitate
Kenya, except possibly as pre-treatment where nmechlade-watering is used.

11.5.8  Anaerobic Digestion

During this process, sewage sludge is allowed twefyu (that is to decompose anaerobically) under
controlled conditions.

Digestion produces a much less offensive sludgé,obe which still carried some health risk. During
treatment, possibly 50 per cent of the organic enatt the sludge is destroyed. Decanting of wateickv
collects in layers, if the sludge is left undereggent conditions when digestion is complete, eanlt in
the sludge volume decreasing to one quarter ofathidite raw sludge.

Anaerobic digestion can be inhibited by substamdt=n found in sewage, including synthetic detetgen
certain factory wastes produce similar results.

In temperate countries, sludge digestion tanks ravemally heated. Kenya’'s climate makes heating
unnecessary and it is therefore not recommended.

A by-product of the digestion process is sludge gath the approximate analysis methane 64 per, cent
carbon dioxide 33 per cent, nitrogen 2.5 per cenhydrogen 0.5 per cent; sludge gas can be used for
cooking, or for operating gas engines or as a frage complex organic compounds can be synthesized.

The collection and utilization of sludge gas bringth it many problems and it is strongly suggesteat,

unless the sewage treatment works is located tdoadarge industrial area where there is a defimarket
for sludge gas, digestion tanks should be left ogzethat the gas wastes to atmosphere; in the e,
careful sitting of the digesters to ensure thatptevailing wind does not carry the foul digestgases into
the town or centre becomes important.

Digestion tanks are normally large concrete tanks) hopper bottoms. Both primary and secondarigan
should be provided. Digestion takes place in thmgny tanks, which should incorporate some methiod o
stirring the sludge to achieve through mixing ahdréby speed the process, and also to prevent the
accumulation of thick scum on the sludge surfadee Purpose of secondary digestion tanks is provided
quiescent conditions, to assist dewatering, and sprovide storage of digested sludge duringoksri
when, perhaps because of wet weather, it cannfatrtheer dried, or distributed.

The design of primary digestion tanks may be bagexh table 11.5; the volumes given apply to eagh 2.
Ibs (viz each kilogram) of suspended solids coetdiim the sewage inflow to the treatment works:-

212



Table 11.5 Suspended Solids for design of Primaryi@estion Tanks

Type of Sludge Required Capacity of Primary
Digestion Tanks
(Cubic Feet) Cubic Meters)
Mixed primary and secondary (from
percolating filters) 75 2.1
Mixed primary and secondary (from90 2.5
activated sludge units) lln

The values given in this table are approximatelyieajent to 6 cubic meters (0.17 cubic meters)
per head of contributing pollution and 7 cubic féet2 cubic meters) per head, respectively.
Secondary digestion tanks should have at leasteb@gnt of the capacity of primary tanks and
possibly much more, depending upon storage reqeiném

Digested sludge may be dumped in its wet stateowttbausing undue offence, although it is still
a potential health hazard; therefore, if it is &xblto agricultural land, it should be used only on
crops which are not eaten raw. It may used direafiylandfill, or dumped on the community
refuse tip.

Alternatively, provide that the local climate isvéaable, digested sludge may be de-watered on
open drying beds. Digestion of sludge as pre-treatnio mechanical de-watering is rarely
warranted.

11.5.9 De-Watering on Open Drying Beds

The effects of de-watering sludge on drying bedsndeed by any other method is to convert a
wet sludge into relatively dry material, very muelduced in both weight and volume; also, drier
sludge is usually less pleasant and less hazatddhesalth.

The relationship between the weight and volumeludge and its moisture content is shown in
table 11.6:-

Table 11.6 Relationship between the weight and vahe of sludge and its
moisture content

Weight of dry solids in| Moisture Content (per Weight of wet sludgg Volume of wet sludge
the sludge (grammes) | cent) (grammes) (litres)

1000 97 33300 33.3

1000 95 20000 20

1000 90 10000 10

1000 70 3300 3.3

1000 50 2000 2

Digested sludge but not raw sludge which is toemdive, may be de-watered on open drying bedsudn s
units, de-watering is achieved by a combinationdafinage and evaporation and thus this method of
treatment is unsuitable where there is daily rdliofaclsewhere during a prolonged rainy season.

Sludge drying beds are shallow, under drained tast#aining a layer of media of order of 12 incf@s8
maters) thick; this media is normally graded, witrarse materials on the bottom and finer media agch
sand above.
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During use, wet sludge is run into each bed to fardayer about 15 inches (0.4 meters) deep; this is
allowed to stand until it has dried sufficiently be@ removed by fork (that is when moisture conteas
dropped to about 70 per cent). During dry weattiés, will normally take about one week.

Sludge drying beds have disadvantages; they octarge areas of land and sludge lifting is always a
problem; mechanized lifting equipment is availaldeit is very expensive and usual method, manual
lifting, depends upon possibly unreliable laboupe® sludge drying beds should be sized as shovabla
11.7:-

Table 11.7 Sizing of Sludge Drying Beds

Type of Digested Sludge Loading of open sludge drying beds measured as|dry
solids per day
Lbs per square foot Kilogrammes per square
metre
Mixed primary and secondary (from percolating file | 35 170

Mixed primary and secondary (from activated sludge
units) 30 146

11.5.10 Mechanical De-Watering

Raw sewage sludge, after “conditioning” by heatmmre usually by the addition of chemicals, may be d
watered by mechanical means; such are complex goehsive, both in capital and operating costs, but
they take up little space and can operate undevesther conditions.

During heat conditioning, sludge is heated undesgure to temperatures of the order of 2000 Cexalégr
The plant required is complicated, and is proneltickage; also during the process very foul liquor,
virtually untreatable by conventional sewage treatmmethods, is produced. This method of sludge
conditioning is not considered suitable for Kenya.

Chemical condition involves the mixing of wet sledgith suitable chemicals, in special mixing tanks
which resemble sludge thickeners. Chemicals noymaed include aluminum chlorohydrate, lime plus
iron salts and polyelectrolytes (which are orggrutymers).

The more usual methods of mechanical de-wateriag@ntrifuging, or on vacuum filters or in filtevs in
filter presses; although mechanical methods of deefing sludge are not generally recommended fer us
in Kenya, if it is decided to use them, then filpeessing is considered to be to be the most deitabcess.

A filter press consists of a number of recessedllghrcast iron plates suspended vertically from an
overhead steel bean, each plate being separataditsoneighbors by two filter cloths. The process i
intermittent, rather than continuous.

At the start of processing cycle, the plates asenpled together by a screw and wet sludge is intexdiu
under pressure between each pair of filter clofte cloths are forced back into the recesses otdisé
iron plates and chambers are formed. The feed pwihigh provides the necessary pressure, contirnies t
pump sludge into the chambers with the result lifatd in sludge is strained through the filter ttle and
leaves the press along drainage grooves in théroagplates.

The process continues until the chambers will acoepmore sludge; the feed pump is then stopped, th

screw clamp is released and , as the cast iroelate pulled apart, the filter “cakes” drop thitoube
floor into a waiting container.
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During the process, the moisture content of thdgauis reduced to about 65 per cent. If the “Cales”
stacked in well-ventilated heaps, protected fromavigerain, further drying will take place due to the
exothenic biological activity of aerobic bacteriéthin the sludge; the final result is powdery, adly-
dry sludge virtually free from any health risk.

11.5.11 Heat Drying

Semi-dried sludge can be further de-watered byyapplexternal heat, usually in flash-drying or dani
units. Heat drying is a very expensive processsmit can be subsidized by using flue gases froiferks

or incinerators. Heat dried sludge is effectivetgriee and can be crushed, bagged and spread on to
agricultural land in the form of granules or powdeis considered most unlikely that heat dryiriglodge

will prove economical in Kenya.

11.5.12  Sludge Liquors

Unless sludge loses its moisture by evaporatiorit dees during composting or heat drying, pollgtin
drainage liquor is produced. This liquor shouldeiee treatment as if it were sewage and, when aitig
the costs of nay sludge treatment process whichshel a by-product, costs increasing the capadity o
sewage product units to deal with liquor shoulddien into account.
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12.0 WASTE STABILISATION PONDS
12.1 Introduction

Waste Stabilization Ponds (WSPs) are large, shallasins in which raw sewage is treated entirely by
natural processes involving both algae and bact&hey are used for sewage treatment in temperate a
tropical climates, and represent one of the most-effective, reliable and easily-operated methfmts
treating domestic and industrial wastewater. Watbilization ponds are very effective in the realof
faecal coliform bacteria. Sunlight energy is thdyorequirement for its operation. Further, it reggi
minimum supervision for daily operation, by simglganing the outlets and inlet works. The tempeeatu
and duration of sunlight in tropical countries offen excellent opportunity for high efficiency and
satisfactory performance for this type of watermciag system. They are well-suited for low-income
tropical countries where conventional wastewatstinent cannot be achieved due to the lack ofi@btel
energy source. Further, the advantage of thesersgstin terms of removal of pathogens, is one ef th
most important reasons for its use.

Waste Stabilization Ponds (WSP) or lagoons, ardihglbasins used for secondary wastewater (sewage
effluents) treatment where decomposition of organatter is processed naturally, i.e. biologicalljie
activity in the WSP is a complex symbiosis of baat@and algae, which stabilizes the waste and re=sluc
pathogens. The result of this biological proceswisonvert the organic content of the effluentiore
stable and less offensive forms. WSP are usecttd & variety of wastewaters, from domestic wasiawa

to complex industrial waters, and they function emd wide range of weather conditions, i.e. trdpica
arctic. They can be used alone or in combinatiah weatment processes.

A WSP is a relatively shallow body of wastewatentained in an earthen man-made basin into which
wastewater flows and from which, after certain métn time (time which takes the effluent to flovein

the inlet to the outlet) a well-treated effluentdischarged. Many characteristics make WSP sulistignt
different from other wastewater treatment. Thidudes design, construction and operation simplicitst
effectiveness, low maintenance requirements, logrgnrequirements, easily adaptive for upgrading an
high efficiency.Photo 12.1on page 267 has a birds of WSP System.

12.1.1 Usage

Waste Stabilization Ponds (WSP) is now regardedhasmethod of first choice for the treatment of
wastewater in many parts of the world. In Europe,example, WSP are very widely used for smalllrura
communities (approximately up to 2000 population lauger systems exist in Mediterranean France and
also in Spain and Portugal) (Boutin et al., 198driB&teeg, 1987). In the United States one thirdlbf
wastewater treatment plants are WSP, usually sgipapulations up to 5000 (EPA, 1983). However in
warmer climates (the Middle East, Africa, Asia dratin America) ponds are commonly used for large
populations (up to around 1 million). In developicguntries and especially in the tropical and eayigit
regions sewage treatment by WSPs has been cordiglerideal way of using natural processes to imgrov
sewage effluents.

In Kenya, Waste Stabilization Ponds are used iro@5of 38 existing sewage treatment works. These
generally operate problem free with the exceptlmat most of the older ponds are filling with sludgyed
vegetation, which generally reduces retention tiameb thus treatment efficiency.

The remaining treatment works, use conventionatgsees such as biological attached growth filters,
oxidation ditches araerated lagoons etc.

21¢



12.1.2 Advantages of waste stabilisation ponds

Waste stabilisation ponds (WSP) are shallow manentazakins into which wastewater flows and from
which, after a retention time of many days (ratian several hours in conventional treatment psE®S

a well treated effluent is discharged. WSP systeamprise a series of ponds - anaerobic, facudties
several maturation. The advantages of WSP systemeh can be summarized as simplicity, low cost an
high efficiency, are as follows:

Simplicity

WSP are simple to construct: earthmoving is thengipal activity, other civil works are minimal -
preliminary treatment, inlets and outlets, pond ankment protection and, if necessary and ponddinin
They are also simple to operate and maintain: meutasks comprise cutting the embankment grass,
removing scum and any floating vegetation frompbed surface, keeping the inlets and outlets chaaa,
repairing any damage to the embankments. Onlyillegskbut carefully supervised, labour is needed f
pond O & M.

Low cost

Because of their simplicity, WSP are much chealp@n bther wastewater treatment processes. Thare is
need for expensive, imported electromechanical ppment (with its attendant problems of foreign
exchange and spare parts), nor for a high annueduroption of electrical energy. The latter pogiell
illustrated by the data in table 8.1 from the Uditstates (where one third of all wastewater treatme
plants are WSP systems) for a flow of 1 million geBlons per day (3780td) (Middlebrooks et al., 1982)

Table 12.1 Energy Consumption Data from USA

Treatment process Energy Constiom (KWh/yr)
Activated sludge 1,000,000

Aerated lagoons 800,000

Biodiscs 120,000

Waste stabilization ponds Nil

The cost of advantages of WSP are analysed and aresyfiour treatment processes - trickling filters,
aerated lagoons, oxidation ditches and WSP, aigded to produce the same quality of final effluent
Summary details are given below:-

Wastewater Treatment Costs

A World Bank report Authur (1983) gives a detailecbnomic comparison of waste stabilisation ponds,
aerated lagoons, oxidation ditches and biologitter§. The data for this cost comparison wer@takom

the city of Sana'a in the Yemen Arab Republic, &net equally applicable in principle to countriesthe
region. Certain assumptions were made, for exaint@euse of maturation ponds to follow the aerated
lagoon, and the chlorination of the oxidation ditmhd biological filter effluents, in order that tieur
processes would have an affluent of similar bagkegical quality so that fish farming and efflueeuse

for irrigation were feasible. The design is basada population of 250,000; a per caput flow andDBO
contribution of 120 litres/day and 40 g/d respeddiiy influent and required effluent faecal coliform
concentrations of 2 x10 and 1 x 10 per 100 mpeesBvely; and a required effluent BOD, of 25 ntgdi
The calculated land area requirements and totapmetent cost of each system (assuming an oppibyutin
cost of capital of 12 per cent and land values 8%b/m) are shown in the Table 12.2 below. Waste
stabilisation ponds are clearly the cheapest option



The cost of chlorination accounts for US$0.22 milliper year of the operational costs of the last tw
options.

Clearly the preferred solution is very sensitivethie price of land, and the above cost of US$5mer
represents a reasonable value of low-cost housitages in developing countries.

If the cost of land is allowed to vary, then thé peesent cost of each process varies as showigie @,

for a discount rate (opportunity cost of capitall@f percent. Ponds are the cheapest option upanda
cost of US$7.8 per m, above which oxidation ditchesome the cheapest. In fact, for discount rates
between 5 and 15 percent, the choice is always deetwwWSP and oxidation ditches: the other two
processes are always more expensive. The variaftbndiscount rate of the land cost below which RVS
are cheapest varies between US$ 5 and 15 per m30880 and 150,000 per ha).

Table 12.2 below has the details.

Table 12.2 Comparison of Costs of Various Technolagal Innovative

Description WSP System Aerated Lagoon Oxidation Ditch | Conventional

System system Treatment
(Biofilters)

Costs (million US $)

Capital 5.68 6.98 4.80 7.77

Operational 0.21 1.28 1.49 0.86

Benefits (million US $

Irrigation Income 0.43 0.43 0.43 0.43

Pisciculture income 0.30 0.30 - -

Net Present cost (milion US $) | 5.16 7.53 5.86 8.20

Land Area (ha) 46 50 20 25

The most important conclusion is that WSP systemaghe cheapest treatment process at land costS®f
50,000-150,000 (1983 $) per hectare, dependindnemliscount rate (opportunity cost of capital; @ibg

15 percent). These figures are much higher thast famd costs in the region, and so land costs are
unlikely to be a factor operating against the d@&acof WSP for wastewater treatment (but land
availability may be).

The above economic methodology strongly recomméodsse at the feasibility stage of all wastewater
treatment projects in which a choice between dffertreatment projects has to be made. This should
include, if necessary, the extra cost of conveyitrggwastewater to an area of low-cost land.

The Dandora Phase Il WSP at Nairobi, Kenya (6 sem&ach comprising a primary facultative pond
(367,500 m3) and 3 equal maturation ponds (@54,38p)0mad a capital civil works cost of US$ 25
millions, plus US$ 4.5 millions for electrical amakchanical works and US$1.8 millions for 55 houses
the resident work force. The civil works cost guivalent to nearly US$ 8 per’rof pond volume (1992
rate).

High efficiency

BOD removals >90 percent are readily obtained isedes of well-designed ponds. The removal of
suspended solids is less, due to the presencegaé al the final effluent (but, since algae arey\different

to the suspended solids in conventional secondfflyests, this is not cause for alarm. Total nifeo
removal is 70-90 percent and total phosphorus rah®8-45 percent.

WSP are particularly efficient in removing excreteathogens, whereas in contrast all other treatment

processes are very inefficient in this and reqaitertiary treatment process, such as chloringtioth all
its inherent operational and environmental prob)enis achieve the destruction of faecal bacteria.
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Activated sludge plants may, if operating very welthieve a 99 percent removal of faecal coliform
bacteria: this might, at first inspection, appeary impressive, but in fact it only representgeduction
from 102 per 100 ml to 102 per 100 m. (thatlmost nothing). A properly designed series of \W&P
the other hand, can easily reduce faecal coliforrmlvers from 102 per 100 ml to <103 per 100ml (the
WHO guideline value for unrestricted irrigationyhich is a removal of 99.999 percent for 5 logtsini

A general comparison between WSP and conventioratrhent processes for the removal of excreted
pathogens is shown in Table 12.3; detailed infoionats given in Feachem et al. (1983).

Table 12.3 Removals of excreted pathogens achievieg waste stabilization ponds and
conventional treatment processes

Excreted Pathogen Removal in WSP Removal in CorvmadtTreatment
Bacteria Up to 6 log units a/ 1-2 log units

Viruses Up to 4 log units 1-2 log units

Protozoan cysts 100% 90-99%

Helminth eggs 100% 90-99%

A/ 1 log unit =90% removal; 2=99%; 3=99.9% and 80 0

WSP are also extremely robust due to their longdaylit retention time, they can withstand both miga
and hydraulic shock loads. They can also cope gh levels of heavy metals, up to 60 mg/l (Moshe
al., 1972), so they can treat a wide variety ofustdal wastewater that would be too toxic for othe
treatment processes. Strong wastewaters from iadustrial processes (for example, abattoirs, food
canneries, dairies) are easily treated in WSPallyinWSP are the only secondary treatment protiests
can readily and reliably produce effluents saferéuse in agriculture and aquaculture.

The principal requirements for WSP are thatsufficient land is available and that thesoil should
preferably have a coefficient permeability less tharl0’ m/s (to avoid the need for pond lining) The
investment made by the sewerage authority in l@ngdnds can always be realized later. For example
the city of Concorde in California purchased laadgonds in 1955 at US$ 375,000 per ha (Oswaldg)197
Inflation during this 20 year period was exactly0l@ercent, so the land increased in real value#ty 3
percent (or 6.8 percent per year).

12.1.3 Layouts
There are four different Typical Layouts. FiguZIlhas the detailed.

21¢



Figure 12.1 Typical Layout of WSP
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12.2 Wastewater Treatment in WSP
12.2.1 Types of WSP and their function

WSP systems comprise a single series of anaerfalsialtative and several maturation ponds, or sévera
such series in parallel. In essence, anaerobicfandtative ponds are designed for BOD removal and
maturation ponds for pathogen removal, althoughes®®D removal occurs in maturation ponds and
some pathogen removal in anaerobic and facultatbrels. The final effluent quality depends largety
the size and number of maturation ponds.

Designers should not be afraid of including anaier@onds. Their principal perceived disadvantage -
odour released can be eliminated at the desige)stagd they are so efficient at removing BOD thair
inclusion substantively reduce the land area reguisee design example)

There are a few special pond types - septage agitt BDil ponds, partially aerated facultative ponds
effluent storage reservoirs, microphyte ponds aigh hrate algal ponds and these are discussed in
subsequent chapters. The last two types in péatieme more complicate, expensive and more pradtiem
than anaerobic, facultative and maturation pondspmmended, although there may occasionally be
special local circumstances which justify their.use

12.2.1.1Anaerobic ponds

Anaerobic ponds are 2 to.5 m deep and receive autigh organic loading (usually >100 g BOB/h
equivalent to > 3000 kg/ha d for a depth 3 m) tthety contain no dissolved oxygen and no algae
(occasionally a thin film of mainlZhlamydomonas can be seen at the surface). They function mikeh |
open septic tanks, and their primary function isB@moval. They work extremely well in warm
climates; a properly designed and not significanthderlaoded anaerobic pond will achieve around 60
percent BOD removal at 2C and as much as 75 percent af@5 Retention times are short.

The process of anaerobic digestion is more intahsemperatures above®G. The anaerobic bacteria are
usually sensitive to pH <6.2. Thus, acidic wastewatust be neutralized prior to its treatment iaeanbic
ponds. A shorter retention time of 1.0 - 1.5 daysdmmonly used.

Designers have in the past been too afraid to purate anaerobic ponds in case they cause odour.
Hydrogen sulphide, formed mainly by the anaerokiduction of sulpahte by sulphate-reducing bacteria
such as Desulfovibrio, is the principa potentialree of odour. However in aguueours soloution bgen
sulphide is present as either dissolved hydrogdphi&le gas (HS) or the bisulphide ion (HS), witke th
sulphide ion (S)only really being formed in siga#nt quantities at high pH. Figure 12.1 shows liosv
distribution of HS, HS and2Xhanges withpH. At pH values normally found in lagsigned anaerobic
ponds (around 7.5), most of the sulphide is preaerihe odourless bisulphide ion. Odour is onlysed

by escaping hydrogen sulphide molecules as thely ®eachieve a partial pressure in the air aboee th
pond which is in equilibrium with their concenttiin it (Henry's law). Thus for any given totalghide
concentration, the greater the proportion of suphpresent as HS, the lower the release,8 HOdour is
not a problem if the recommended design loadingsat exceeded and if the sulphate concentratitimein
raw wastewater is less than 500 mg SO/ (GloynaEaptho, 1969). A small amount of sulphide is
beneficial as it reacts with heavy metals to formluble metal sulphides which form insoluble metal
sulphides which precipitate out, but concentratioh§0 -150 mg/l can inhibit methanogenesis (Pgfff
1970).
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12.2.1.Facultative ponds

Facultative ponds (1-2 m deep) are of two typesnany facultative ponds which receive raw wastewate
and secondary facultative ponds which receive eskttVastewater (usually from anaerobic ponds, septic
tanks, primary facultative ponds, and shallow segersystems). They are designed for BOD removal on
the basis of a relatively low surface loading (W0® kg BOD/ha,d) to permit the development of dthga
algal population as the oxygen for BOD removal bg pond bacteria is mostly generated by algal
photosynthesis. Due to the algae, facultative poade coloured dark green, although they may
occasionally appear red or pink (especially wheghtlly overloaded) due to the presence of anaerobic
purple sulphide oxidising photosynthetic bacteriche algae that tend to predominate in the torctevs

of facultative ponds (see Table 12.4 and figure2)lare the motile genera (such @slamydomonas,
Pyrobortys and Euglena) as these can optimize their position in the pandelation to incident light
intentisty and temperatute more easily than nontenddrms (such aghlorella, although this is fairly
common in facultative ponds). The concentratioalghe in a healthy facultative pond depends oditoa
and temperature but is usually in the range 50®20@ chlorophyll a per litre.

Table 12.4 Examples of algal genera present in faltative and maturation ponds

Algal genius Facultative Ponds Maturation Ponds
Euglenophyta
< Euglena + +
% Phacus + +
Chlorophyta
0o Chlamydomonas + +
0o Chlorogonium + +
o Eudorina + +
o Pandorina + +
o Pyrobotrys + +
0 Ankistrodesmus _ +
o Chlorella + +
0 Micractinium _ +
0 Scenedesmus _ +
0 Selenastrum _ +
o Carrteria + +
o Coelastrum _ +
o Dictyosphaerium _ +
o Oocystis _ +
o Rhodomonas _ +
o Volvox + _
Chrysophyta
¢ Navicula + +
« Cyclotella _ +
Cyanophyta
¢ Ocsillatoria + +
¢ Anabaena + +
Note:
+ =Present -- = absent

As a result of the photosynthetic activities of gond algae, there is a diurnal variation in thecemtration

of dissolved oxygen. After sunrise, the dissolesgigen level gradually rises to a maximum in thel-mi
afternoon, after which it falls to a minimum duritite night. The position of the oxypause (the degit
which the dissolved oxygen concentration reaches)zmilarly changes, as does the pH since at peak
algal activity carbonate and bicarbonate ions remgirovide more carbon dioxide for the algae,esving

an excess of hydroxyl ions with the result thatpghkecan rise to above 9 which kills faecal bacteria
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The wind has an important effect on the behavidiaofiltative ponds, as it induces vertical mixirfghee
pond liquid. Good mixing ensures a more uniforrstrithution of BOD, dissolved oxygen, bacteria and
algae and hence a better degree of waste staigitizain the absence f wind-induced mixing, theahlg
population tends to stratify in a narrow ban, sdtflecm thick, during daylight hours. This conceteda
band of algae moves up and down through the topn5®f the pond in response to changes in incident
light intensity, and causes large fluctuationsffiuent quality (BOD and suspended solids) if ttituent
take-off point is within this zone .

The processes in anaerobic and secondary faceltptiwds occur simultaneously in primary facultative
ponds, as shown in Figure 12.2. It is estimated &haut 30% of the influent BOD leaves the primary
facultative pond in the form of methane (Marais @A high proportion of the BOD that does not leav
the pond as methane ends up in algae. This proegeges more time, more land area, and possibB/ 2
weeks water retention time, rather than 2 -3 daythé anaerobic pond. In the secondary facultatomed
(and the upper layers of primary facultative pondswage BOD is converted into “Algal BOD,” and has
implications for effluent quality requirements. Alio70 — 90% of the BOD of the final effluent from a
series of well-designed WSPs is related to theealljay contain.

In secondary facultative ponds that receive paricde sewage (anaerobic effluent), the remainioig- n
settleable BOD is oxidised by heterotrophic baat@seudomonas, Flavobacterium, Archromobacter and
Alcaligenes spp). The oxygen required for oxidation of BOD Igained from photosynthetic activity of the
micro-algae that grow naturally and profusely ioulative ponds

The dissolved oxygen concentration in the watedggdly rises after sunrise, in response to photihstic
activity, to a maximum level in the mid-afternoadfter which it falls to a minimum during the nighthen
photosynthesis ceases and respiratory activitieswmoe oxygen. At peak algal activity, carbonate and
bicarbonate ions react to provide more carbon dox%or the algae, leaving an excess of hydroxys.ids

a result, the pH of the water can rise to abowstich can kill faecal coliform. Good water mixinghich

is usually facilitated by wind within the upper watlayer, ensures a uniform distribution of BOD,
dissolved oxygen, bacteria and algae, therebynegddi a better degree of waste stabilization.

12.2.1.3aturation ponds

A series of maturation ponds (1-1.5 m deep) reccilie effluent from a facultative pond, and the sind
number of maturation ponds is governed mainly leyréquired bacteriological quality of the finalleént.
Their primary function is to remove excreted patwg Although maturation ponds achieve only a kmal
degree of BOD removal, their contribution to nuttieemoval also can be significant

Maturation ponds usually show less vertical biatagiand physicochemical stratification and are well
oxygenated throughout the day.

Their algal population is thus much more diversantithat of facultative ponds (Table 12.4) with non-
motile genera tending to be more common; algalrditieincreases from pond to pond along the series.

The primary function of maturation ponds is the osal of excreted pathogens, and this is extremely

efficient in a properly designed series of pondahb{& 12.5). Maturation ponds achieve only a small
removal of BOD, but their contribution to nutrignitrogen and phosphorus) removal can be significan

228



Photo 12.1 Birds Eye view of WSP System

224



Table 12.5 Geometric mean bacterial and viral numkrs a/ and percentage removals in raw wastewater arttte effluents of five waste
stabilization ponds in series (P1-P5) b/ at a meanid depth pond temperature of 26c

Organism Raw Water P1 P2 P3 P4 P5

Percentage
Removal
Faecal Coliform 2x 10 4x1¢ 8x10 2x10 3x1d 7x10° 99.97
Faecal streptococc| 3x10 9x10 1x10 1x1¢ 2x10° 300 99.99
Clostridium 51x1d 2x10 6x10° 2x10° 1x10° 300 99.40
perfringens
Campylobacters 70 20 0.2 0 0 0 100.00
Salmonellae 20 8 0.1 0.02 0.01 0 100.00
Enteroviruses 1x10 6x10° 1x10° 400 50 9 99.91
Rotaviruses 800 200 70 30 10 3 99.63
BOD (mg/L) 215 36 41 21 21 18 92

a/ bacteria numbers per 100ml, viral numbers per 10itres

b/ P1 was an anaerobic pond with a mean hydraulicetention time of 1day; P2 and P3-P5 were secondafgcultative and maturation
ponds respectively, each with a retention time of 8ays. Pond depths were 2.8-3.2m.

Source: Oragui et al. (1987)
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12.3 BOD removal

In anaerobic ponds BOD removal is achieved (aseiptis tanks) by sedimentation of settleable sobasl
subsequent anaerobic digestion in the resultindggldayer: this is particularly intense at tempaed above 15°C
when the pond surface literally bubbles with tHease of biogas (around 70 percent methane aneér@@mt carbon
dioxide); methane production increases sevenfalcetery 5 °C rise in temperature (Marais, 1970he bacterial
groups involved are the same as those in any abiaer@actor - the anaerobic acidogens and the met®as, and
those in anaerobic ponds are equally sensitivehéosame toxicants, one of which is low pH (<6.2cidic
wastewaters thus require neutralizing prior tottrest in anaerobic ponds.

In secondary facultative ponds that receive settlagtewater (anaerobic pond effluent "small-bomNerage), the
remaining non-settleable BOD is oxidized by the nmalr heterotrophic bacteria of wastewater treatment
(Pseudomonas, Flavobacterium, Archromobacter amdligenes spp.), but with one important differenitezse
bacteria obtain the oxygen they need not from meichhaeration (aas they do in aerated lagoonslatioin ditches
and activated sludge tanks), but from the photd®tit activities of micro-algae which grow natuyaknd
profusely in facultative ponds, giving them themacacteristic dark green colour. The algae, in,tdepend largely
on the bacteria for the carbon dioxide which thegtpsynthetically convert into sugars:

6COp + 12HO —» GH1.Os + 6H,0 + 60

So there exists a mutualistic relationship betwten pond algae and the pond bacteria: the algagderdhe
bacteria with oxygen and the bacteria provide thaeawith carbon dioxide (Figure 12.2). Of coussene oxygen
and carbon dioxide comes from the atmosphere bys nramsfer, but the bulk is supplied by algal-baate
mutualism.

| Light

New
Cells

* New cells

Organic e
Matter

Figure 12.2 Mutualistic relationship between pond a Igae and pond heterotrophic
bacteria
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In primary facultative ponds (those that receiver r@astewater) the above functions of anaerobic sewbndary
facultative ponds are combined, as shown in Fig2@ Around 30 percent of the influent BOD leaagsrimary
facultative pond in the form of methane (Marais7Qp

As a result of these algal-bacterial activitiearge proportion of the BOD that does not leavenashane ends up
as algal cells. Thus in secondary facultative gofahd in the upper layers of primary facultatiomgs) "sewerage
BOD" is converted into "algal BOD" and this has onant implications for effluent requirements (.

In maturation ponds only a small amount of BOD reatooccurs, principally as a result of lower alagal
concentrations (and hence lower "algal BOD") whighturn, result from a decreased supply of nutdesnd
predation by protozoa and micro-invertebrates saghtDaphnia or by fish such as tilapia if these esent.
Around 70-90 percent of the BOD of a maturationgeffluent is due to the algae it contains.
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Fig. 12.3 Pathways of BOD removal in primary faculative ponds (After Marais, 1970)
12.4 Pathogen removal

12.4.1Bacteria
Faecal bacteria are mainly removed in facultative @specially maturation ponds whose size and nuddtermine
the numbers of faecal bacteria (usually modeleteims of faecal coliforms) in the final effluente@ion 12.2),

although there is some removal of anaerobic pomtigipally by sedimentation of solids-associatedtbda (see
table 12.5).

The principal mechanisms for faecal bacterial remh@v facultative and maturation ponds are now kmaoavbe:

(a) time and temperature

(b) high pH (> 9), and

(c) high light intensity
Time and temperature are the two principal pararsetsed in maturation pond design. Faecal bacteigabff in
ponds increases with both time and temperaturectifesa et al., 1983). High pH values above 9 oatyroinds due
to rapid photosynthesis by the pond alga which eores CO?2 faster than it can be replaced by battedpiration;
as a result carbonate and bicarbonate ions digsocia

2HCO, = CO%3+ H,0 + CG

CO%+ H,O0 20H+ CG,



The resulting CQ@is fixed by the algae and the Hydroxyl ions acclatauiso raising the pH, often to above 10.
Faecal bacteria (with the notable exception of ¥ibinolerae) die very quickly (within minutes) at pt® (Pearson
et a., 1987).

The role of high light intensity has recently beducidated (Curtis et al, 1992). Light of waveldg425 - 100 mm
can damage faecal bacteria by being absorbentébliumic substances ubiquitous in wastewater: ttiese enter
an excited state for long enough to damage the ckight -inadiated die-off is completely dependemt the

presence of high pH. The sun thus plays a threefie in promoting faecal bacterial removal in W8Rectly, by

increasing the pond temperature; and more indyrebtl providing the energy for rapid algal photagasis which
not only raises the pond pH above 9 but also resulhigh dissolved oxygen concentrations whichreaeessary for
its third role, that in promoting photo-oxidativardage.

12.4.2Viruses

Little is definitely known about the mechanisms/ofl removal in WSP, but it is generally considktbat it occurs
by absorption on to settleable solids (including pond algae and consequent sedimentation.

12.4.3Parasites

Protozoan cysts and helminth eggs are removed thyneatation. Their settling velocities are quitghh (for
example, 3.4 x 10/s in the case of Ascaris lumbricoides), and cqueatly most removal takes place in the
anaerobic and facultative ponds.

It has recently become possilbe to design WSPdtmimth egg removal (Ayres et al, 1992) see desigample no.
4) this is necessary if the effluent is to be uedestricted crop irrigation.

Grimason et al., (1993) studied the removal of Cryptosporldium atsyand Giardia cysts in 12 Kenyan WSP
systems with overall retention times in the rang§e62 days. The concentrations in the raw wastewatere 0-73
oocysts/l and 0-6200 cysts/l; no oocysts or cystsewdetected in the final effluents (except in oaee, Eldoret,
which had certain operational pecullarities).

12.5 Nutrient Removal

12.5.1Nitrogen

In WSP systems the nitrogen cycle is at work, wlith probable exception of nitrification and defiitétion. In

anaerobic ponds organic nitrogen is hydrolysednmnania, so its concentration in anaerobic ponduefits is

generally higher than in the raw wastewater (i time of travel in the sewer is so long tHhathee area has
been converted maturation ponds, ammonia is incatpd into new algal biomass. Eventually, the @lgacome
moribund and settle to the bottom of the pond; ato20 percent of the algal cell mass is non-biocaldgile and the
nitrogen associated with this fraction remains irbitived in the pond sediment. That associated wfit@

biodegradable fraction eventually diffuses backittie pond liquid and is recycled into algal cetisstart the
process again. At high pH, some of the ammonible@alve the pond by volatilization.

There is little evidence for nitrification (and leendenitrification, unless the wastewater is highitrates). The
populations of nitrifying bacteria are very low\WSP due primarily to the absence of physical attaait sites in
the aerobic zone, although inhibition by the polyha may also occur.

12.5.2Phosphorus
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The efficiency of total phosphorus removal in WSehds on how much leaves the pond water columreateds
the pond sediments - this occurs due to sedimentas organic P in the algal biomass and predipitads
inorganic P (principally as hydroxyapatite at phidls above 9.5) - compared to the quantity thatrns through
mineralization and resolubilization. As with nigen, the phosphorus associated with the non-biadefie
fraction of the algal cells remains in the sedimmenthus the best way of increasing phosphorus vahio WSP is
to increase the number of maturation ponds sopttegressively more and more phosphorus becomes liitir@ul

in the sediments. A first order plug-flow modet fshosphorus removal has been developed (Huangsémha,

1984) but it is not in a form useful for designheéTmodel shows, however, that if the BOD remova&dpercent,
then phosphorus removal is around 45 percent.

12.6 Environmental Impact of WSP Systems

Adverse environmental impacts resulting from thetallation of a waste stabilization pond systemusdhamormally
be minimal, and the positive impacts, such as @tmn of water pollution, should greatly outweighy potential
negative impacts such as odour nuisance or moshrétding. However, environmental impact assestn{&hA)
are now recognized with an essential componenhyndeevelopment project and as an important decisiaking
goal and the appropriate procedures should bewelio

12.7 Process Design of WSP
12.7.1Effluent quality requirements

Effluent requirements are generally expressed gylagory agencies in terms of, for example:

e Organic matter (commonly as BOD but increasingbpas COD)

e Suspended solids

* Nitrogen (total N, ammonia, oxidized N)

* Total phosphorus

* Numbers of faecal coliform bacteria

* Numbers of human intestinal nematode eggs (Asdanwricodes, Trichuris trichiura and the human
hookworms)

* Numbers of human trematode eggs (Schistosoma spp.)

The last three microbiological requirements aretipalarly appropriate if the effluent is to be uséat crop
irrigation or fishpond fertilization.

In many countries in eastern Africa, especiallysththat were former British colonies, effluent riegionents are all
too frequently based on the UK Royal CommissiorB@Gtandard (that is, 20 mg BOD/I and 30 mg S8#§pite
the fact that such a standard is rarely (if evaifes to local circumstances (see, for example M&%6). In some
countries, however, an attempt has been made toytgate more appropriate requirements which dementhe
receiving water. For example, in Botswana différstandards exist for discharge into perennial epdemeral
rivers (the latter not being used for potable syppl

Table 12.6 Botswana Standards for discharge into pennial and ephemeral Rivers

Perennial Ephemeral
BOD (mg/l) 20 30
Ammonia (mg N/I 1.t -
Nitrate (mg N/I 2.C -
Total phosphorus (mg F 1.C 10
Faecal coliforms (per 100 n | 10C 50C
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In Zimbabwe receiving water are classified into taanes. Zone | contains 15 river catchments wéhsgive
receiving waters and stricter requirements; Zonenlludes all other catchments. The effluent disgh
requirements are:

Table 12.7 Effluent Discharge requirements in Zimbawe

Zone | Zone Il
COD (mg/l)
30

60
Suspended solids (mg/l)
10 25
Total nitrogen (mg N/I)
10 10
Ammonia (mg N/I)

0.5
0.5
Total phosphorus (mg P/
1.0 1.0

(These Zimbabwean standards are, in fact, extrestety and they are unlikely to be appropriateweisere).

However, it must be remembered that 70-90 percetiteoBOD of the final effluent from a series oflingesigned
WSP is due to the algae it contains, and “algal B@Ddifferent in nature to “sewerage BOD”. Thusamy
countries permit a higher BOD in WSP effluents thiagy do in effluents from other types of treatmplant, or
they make some other allowance for WSP effluemtsthe United States pond effluents can have a BPRo 45
mg/l (EPA, 1977); in France up to 40 mg/l (but dtefed samples — see below) (Circulaire Interstarielle,
1980), and in Germany allowance is made for thal®@D on the basis that 100 pg chlorophyll a isiegjent to
3 mg BOD (Bucksteeg, 1987), so that the requirensemlaxed as follows:

BODg> BOD, — 0.003 (Chl)

Where BOL} = required BOD (mg/l)
BOR = actual unfiltered BOD (mg/l)
Chl = chlorophyll a concentration (jl)g /

In the European Community pond effluents have tetrttlee same requirement as other effluents (<2Hmogivith
one very important difference: filtered samples ased to determine the BOD, which is thereforerdsidual non-
algal BOD (Council of the European Communities, 1)99This recognizes the distinction between aR@D and
sewage BOD. The algae in WSP effluents readilgatse and are consumed by zooplankton in recewaigrs, so
they have little chance to exert their BOD, andimwyrdaylight hours they, of course, produce oxygem
agricultural re-use schemes pond algae are vergfio@l: they act as slow release fertilizers ancréase the soil
organic matter, so improving its water-holding azipa It is recommended, therefore, that WSP efiks be
assessed on the basis of filtered samples, togetileran appropriate requirement for suspendedisdafivhich
include the algae): in Europe, for example, thi&58 mg/l (Council of the European Communities, )9%ut this
may be too lax for some rivers in the Region.

12.7.2Design Parameters

The five most important design parameters are teatyes, net evaporation, flow, BOD and faecal oofif
numbers. Helminth eggs are also important if thal feffluent is to be used in agriculture or aquage.
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12.7.2. Temperature and net evaporation

The usual design temperature is the mean air teayperin the coolest month (or quarter). This ptes a small
margin of satiety as pond temperatures are 2-3%nesathan air temperatures in the cool seasonherQlesign
temperatures used are the air temperatures irotilest period of the irrigation season and thahecoolest month
of the tourist season. Net evaporation (= evapmrat rainfall) has to be taken into account in thesign of
facultative and maturation ponds, as these gemgehalle a scum layer which effectively prevents ificgmt
evaporation. The net evaporation rates in the h®onised for selection of the design temperaturesuaed;
additionally a hydraulic balance should be dong@hottest month.

Kenya has very good meteorological records, andpoégature and evaporation data are readily avail&ble
national meteorological offices. Reference mayp als made to Meteorological Office.

12.7.2.2 Flow

The mean daily flow should be measured if the weater exists. If it does not, it must be estimated; carefully,

since the size of the ponds and hence their codiractly proportional to the flow. The wastewdtew should not

be based on the design water consumption per captitjs is unduly high since it contains an allog&afor losses
in the distribution system. A suitable design eaisi 85 percent of the in-house water consumpéiad, this can be
readily determined from records of water meter iegal If these do not exist, the design wastewfder should be
based on local experience in sewered communitisgrfar socioeconomic status and water use pmctic

12.7.2.80D

If the wastewater exists, its BOD may be measusdaigu24-hour flow-weighed composite samples. tdes not,
it may be estimated from the following equation:

L; =1000 B/q (12.1)
Where I; = wastewater BOD, mg/I
B = BOD contribution, g/caput d

Q = wastewater flow, l/caput d

Values of B vary between 30 and 70 g per caputlpgr and a suitable design value for Kenya is g¢@rgcaput per
day.

12.7.2.4aecal coliforms

Grab samples of the wastewater may be used to meetisifaecal coliform concentration if the wasteraxists.
The usual range is 10-10 faecal coliforms per 10Gnd a suitable design value is 1 x 10 per 100 ml

12.7.2.%elminth eggs

If the wastewater exists, grab samples may be tssedunt the number of human intestinal nematodgs.e The
usual range is 100 — 1000 eggs per liter, witHdlter serving as a conservative value for design.

12.7.3Anaerobic ponds

Anaerobic ponds are designed on the basis of vahio2OD loading Lv, g/m3d), which is given by:
W = LQ/N, (12.2)
Where I, = effluent BOD, mg/l (= g/m?)

Q= flow, m3/d
V, = anaerobic pond volume, m3
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The permissible design value b¥ increases with temperature, but here are toorfdiable data to permit the
development of a suitable design equation. Nometkethe results of the Kenyan pond study (Mar&,el890)
indicate that the general recommendations made &nalnd Pearson (1986), which are given in Tablg, IRay
be safely used for design purposes in Kenya.

These recommendations were based on those of igetial. (1968) thaitv should lie between 100 and 400 g/mad,
the former in order to maintain anaerobic condiiamd the latter to avoid odour release. Howedwefable 12.8
the upper limit for design is set at 300 g/m3d iidey to provide an adequate margin of safety wapect to odour.
This is appropriate for normal domestic or munitipastewaters which contain less than 500 mg SO/I.

Table 12.8 Design values of permissible volumetrioading on and percentage BOD removal in
anaerobic ponds at various temperatures

Temperature’C) Volumetric Loading (g/rid) BOD removal (%)
<10 100 40

10-20 20T-100 2T+20

>20 300 60a/

a/ Higher values may be used if local experiencedicates that this is appropriate

T=temperature, °C
Source: Mara and Pearson (1986)

Once a value okv has been selected, the anaerobic pond volunters dalculated from equation 8.2, the mean
hydraulic retention time in the pond.(a) is determined from:

2= VJQ (12.3)

The performance of anaerobic ponds increases &ignify with temperature, and the design assumgptgiven in
Table 8.8 can be confidently adopted. At tempeestumuch in excess of 20°C Table 12.8 is somewhat
conservative: for example, in northern Brazil Matal. (1983) reported a mean annual BOD remov@bgercent

in an optimally loaded pond with a 0.8 d retentibne at 25 - 27°C. However, unless there is lesglerience of
higher performance, the values given in Table $Ad&ild be used for design.

12.7.4Facultative ponds

Although there are several methods available feigéng facultative ponds (Mara, 1976), it is recoemded that
they be designed on the basis of surface BOD lga@in kg/ha d), which is given by:

As= 10 LQ/A; (12.4)

Where A = facultative pond area, m?2

The permissible design value kfincreases with temperature (T, °C). The earliglgttionship betweeks and T is
that given byMcGarry and Pescod (1970), but their value of; is the maximum that can be applied to a facukativ
pond before it fails (that is, becomes anaerobic).
Their relationship which is therefore an envelopéiure is:

As = 60 (1.099) (12.5)
Arthur (1983) recommended the following equationdesign:

s = 20T — 60 (12.6)
However, the Kenyan pond study (mara et al., 1960hd that facultative ponds (mainly secondary kative
ponds) which were receiving loads higher than thpesemitted by either equation 12.5 or equation lRefe

operating reasonably well in terms of BOD remowRegression analysis of data from facultative pand€enya
ponds operating at loadings below those given byMbhGarry and Pescod equation yielded the relatipns
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s = 26T — 160 (12.7)
However since equations 12.6 and 12.7 require wuoafion from elsewhere in the Region before that loa used

for design, it is recommended that the global desiguation given by Mara (1987), which gives valoés
slightly less than those given by equation 12.uided. This is (cf. Table 12.9):

As =350 (1.107 — 0.002T§ (12.8)

Table 12.9 Values of the permissible BOD loading diacultative ponds at various temperatures
(calculated from equation 12.8)

T (C) ) kg/ha d) T{C) )<( kg/ha d)
11 112 21 272
12 124 22 291
13 137 23 311
14 152 24 331
15 167 25 350
16 183 26 369
17 199 27 389
18 217 28 406
19 235 29 424
20 253 30 440

Once a suitable value af has been selected, the pond area is calculateddguation 12.8 and its retention time
(O, d) from:

@ = A DIQ,, (12.9)

Where; D = pond depth, m (see Section 8.8.1)
Qn = mean flow, m3/day

The mean flow is the mean of the influent and effiuflows (Q and Q), the latter being the former less evaporation
and seepage. If seepage is negligible, then equétd® becomes:

Z=AD(I”2(Q+Q) (12.10)
Since Q= Q — 0.001 Ae (where e is the evaporation rate, mm/d), equédtid® becomes:
& = 2A; DI(2Q — 0.001Ae) (12.11)
The BOD removal in primary facultative ponds is albuin the range 70-80 percent based on unfiltesachples
(that is, including the BOD exerted by the algas)d usually above 90 percent based on filtered Emmpln

secondary facultative ponds the removal is less, the combined performance of anaerobic and secgnda
facultative ponds generally approximates (or ighdly better than) that achieved by primary fadiraponds.
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12.7.5 Maturation ponds

12.7.5.Faecal coliform removal

The method of Marais (1974) is generally used tigtea pond series for faecal coliform removal.isTdssumes
that faecal coliform removal can be modeled byt fingler kinetics in a completely mixed reactor. eTesulting
equation for a single pond is thus:

Ne= N/ (1 + Kr @) (12.12)

Where N = number of FC per 100 ml of effluent
N; = number of FC per 100 ml of influent
K+= first order rate constant for FC removal, d
@= retention time, d

For a series of anaerobic, facultative and matmagionds, equation 12.12 becomes:
Ne=N/(1+Kr @) (1+Kr D) (1L+KrD)" (12.13)

Where N and Nnow refer to the numbers of FC per 100 ml of timalfieffluent and raw wastewater respectively;
the sub-scripts a, f and m refer to the anaerdadultative and maturation ponds; and n is the remalb maturation
ponds.

It is assumed in equation 12.13 that all the métmaponds are equally sized: this is the mostcifit
configuration (Marais, 1974), but may not be tommipically possible (in which case the last termtiod
denominator in equation 12.13 is replaced by (1+#¥

The value of Kk is highly temperature dependent. Marais (1974hdotlat:
Kr=2.6(1.19)% (12.14)

Thus K changes by 19 percent for every change in temyeraf 1 deg C (see Table 12.10)
Table 12.10  Values of the first order rate constanfor faecal coliform removal at various
temperatures (calculated from equation 12.14)

T (C) Kr (day) (S Ky (day)
11 0.54 21 3.09
12 0.65 22 3.68
13 0.77 23 4.38
14 0.92 24 5.21
15 1.09 25 6.20
16 1.30 26 7.38
17 1.54 27 8.77
18 1.84 28 10.46
19 2.18 29 12.44
20 2.60 30 14.81

Maturation ponds require careful design to enshag their FC removal follows that given by equasidr2.13 and
12.14. If they are sub-optimally loaded, then 1t removal performance may be correspondinglypptimal, as
was found in Kenya (Mara et al. 1990; Mills et 4892). However, the FC removal performance okswtzic and
facultative ponds in Kenya closely followed equati®.13.

Examination of equation 12.13 shows that it cortdimo unknowns, @ and n, since by this stage of the design
process @and @ will have been calculated, N1 measured or estithédection 12.7.2), Nset (at, for example,
1000 per 100 ml for unrestricted irrigation; seeuter on waste water reuse) ang é&alculated from equation
12.14. The best approach to solving equation 1&.13 calculate the values of@orresponding to n =1, 2, 3, etc
and then adopt the following rules to select thestnappropriate combination of,f&nd n:

@) Dn>a

(b) @m < @mmln
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Where; @™ is the minimum acceptable retention time in a maton pond. This is introduced to minimize
hydraulic short-circuiting and Marais (1974) recoemds a value for it of 3 days.

The remaining pairs of @and n, together with the pair, " and n where n is the first value of n for which &

less than @™, are then compared and the one with the leastdesal requirements. A check must be made on the
BOD loading on the first maturation pond: this mast be higher than that on the preceding facultigtiond, and it

is preferable that it is significantly lower. lhis Manual the maximum permissible BOD loading ba first
maturation pond is taken as 75 percent of thathenpreceding facultative pond. (It is not necessarcheck the
BOD loadings on subsequent maturation ponds asdhelgal BOD contribution to the load on themésywlow).

The loading on the first maturation pond is caltedaon the assumption that 70 percent of the BO® been
removed in the preceding pond(s). Thus:

As(ml) =10 (0.3 L) Q/A (ml) (12.15)

Orsince Qg (mh)=A(ml) D

As = 10 (0.3 ) D/ @, (ml) (12.16)
The maturation pond area is calculated from a aegement of equation 8.11.:
An=2Q 4,/ (2D + 0.001e @) (12.17)

The end of the chapter contains several examplewish how maturation ponds are designed accordinthé
recommendations given above.

12.7.5.Helminth egg removal

Helminth eggs are removed by sedimentation and st egg removal occurs in anaerobic or primacylfative
ponds. However, if the final effluent is to be dider restricted irrigation (see chapter on wasteweeuse), then it
is necessary to ensure that it contains no mone ¢ha egg per litre. Depending on the number thimth eggs
present in the raw wastewater and the retentioaim the anaerobic and facultative ponds, it mewpdxessary to
incorporate a maturation pond to ensure that thel #ffluent contains at most only one egg pee.litAnalysis of
egg removal data from ponds in Brazil, India andhyae(Ayres et al., 1992a) has yielded the followialgtionship,
which is equally valid for anaerobic, facultativedamaturation ponds:

R =100 [1 — 0.14 exp [-0.38¢] (12.18)

Where; R = percentage egg removal
@ = retention time, d

The equation corresponding to the lower 95 percenfidence limit of equation 8.18 is
R =100 [1 - 0.41 exp [(-0.49 & + 0.008% & (12.19)
Equation 12.19 is recommended for use in desigi ébte 12.11 which is based on it); it is appliedentially to

each pond in the series, so that the number of Egthee final how it is used for restricted irrigat. See design
example No. 4 at end of the chapter.
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Table 12.11  Design values of percentage Helmith eggmoval (R) in individual anaerobic,
facultative or maturation ponds for hydraulic retention times (@) in the range 1 — 20 days
(calculated from equation 12.19)

g R [4] R [4) R

1.0 74.67 4.0 93.38 9.0 99.01
1.2 76.95 4.2 93.66 9.5 99.16
1.4 79.01 4.4 93.40

1.6 80.87 4.6 94.85 10 99.29
1.8 82.55 4.8 95.25 10.5 99.39
2.0 84.08 5.0 95.62 11 99.48
2.2 85.46 55 96.42 12 99.61
2.4 87.72 13 99.70
2.6 87.85 6.0 97.06 14 99.77
2.8 88.89 6.5 97.57 15 99.82
3.0 89.82 7.0 97.99 16 99.86
3.2 90.68 7.5 98.32 17 99.88
3.4 91.45 18 99.90
3.6 92.16 8.0 98.60 19 99.92
3.8 92.80 8.5 98.82 20 99.93

12.7.5.80D removal

Maturation ponds are not normally designed for Bf@hoval, yet it is often necessary to be able tonase the
BOD of the final effluent. Results from the Kenyaond study (Mara et al., 1990) were equivocal ianehs not
possible to correlate BOD removal in maturation gmmvith temperature or retention time. BOD remowval
maturation ponds is very much slower than in ar@ierand facultative ponds, and it is therefore appate to
estimate the filtered BOD of the final effluent the assumption of 90 percent cumulative remov#hénanaerobic
and facultative ponds and then 25 percent in eaination pond (Mara and Pearson, 1987).

12.7.5.ANutrient removal

There are very few data from the region on nitroged phosphorus removal in WSP. For design reechas to be
made to equations developed in North America arsigders should realize that these equations magauirately
predict performance elsewhere.

(a) Nitrogen

Pano and Middlebrooks (1982) present equationsafomonical nitrogen (Ng+ NH,") removal in individual
facultative and maturation ponds. Their equat@nmtémperatures below 20°C is:

Ce = G/ {1 + [(A/Q) (0.0038 + 0.000134T) exp (1.041 + 84T) (pH-6.6)}  (12.20)

and for temperatures above 20°C:
C.=G/{1+][1+]5.035% 16 (A/Q] x exp (1.540 x (pH-6.6))] (12.21)
Where; G = ammoniacal nitrogen concentration in pond efftueng N/1
Ci= ammoniacal nitrogen concentration in pond inftuemy ‘N/1
A = pond area, m?
Q = influent flowrate, m3/d
Reed (1985) presents an equation for the remowvatalf nitrogen in individual facultative and madtion ponds:

C. = Gexp/{[-0.0064 ]exp(1.039)%%) x (2+60.6(pH-6.6)]  (12.22)

Where G = total nitrogen concentration in pond efflueng /1
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Ci= total nitrogen concentration in pond influent, iNgl
T = temperature, °C (range: 1-28°C)
@ = retention time, d (range 5- 231 d)

The pH value used in equations 12.20 — 12.22 magsbmated from:
pH = 7.3 exp(0.0005A) (12.23)
Where; A = influent alkalinity, mg CaCO/I

Equations 12.20 — 12.22 are applied sequentialigdividual facultative and maturation ponds in Heies, so that
concentrations in the effluent can be determined.

(b) Phosphorus

There are no equations for phosphorus removal iPWS3uang and Gloyna (1984) indicate that, if B@moval in
a pond system in 90 percent, the removal of tdtalsphorus is around 45 percent. Effluent totad Bround two-
thirds inorganic and one third organic.

12.8 Physical Design of WSP

The process design prepared as described in Sek@idnmust be translated into a physical desigetu#®l pond
dimensions, consistent with the available site, trbescalculated; embankments and pond inlet anlétaittuctures
must be designed and decisions taken regardingnpmaky treatment, parallel pond systems and whethaot to
line the ponds. By-pass pipes, security fencing matices are generally required, and operatolitiasi must be
provided.

The physical design of WSP must be carefully dobds at least as important as process design amd ¢
significantly affect treatment efficiency.

12.8.1Pond Location

Ponds should be located at [e280m (preferably 500 m) downwind from the communityytiserve and away from
any likely area of future expansion. This is mgitd discourage people from visiting the ponds (seetion
12.8.10). Odour release, even from anaerobic posdsiost unlikely to be a problem in a well desidrand
properly maintained system, but the public may naeslirance about this at the planning stage, andthimum
distance 0200 mnormally allays any fears.

There should be vehicular access to the pondssands to minimize earthworks the site should biedtagently
sloping. The soil must also be suitable (see @edtR.8.2). Ponds should not be located withim20k airports, as
any birds attracted to the ponds may constitutskato air navigation.

12.8.2Geotechnical considerations

Geotechnical aspects of WSP design are very imprtén France, for example, half of the WSP systehmat
malfunction do so because of geotechnical problehish could have been avoided at the design stage.

The principal objectives of a geotechnical invesiign are to ensure correct embankment design@détermine
whether the soil is sufficiently permeable to requhe pond to be lined. The maximum height ofgr@undwater
table should be determined and the following proeeiof the soil at the proposed pond location rbestneasured:

(a) particle size distribution;

(b) maximum dry density and optimum moisture conterddified Proctor test);
(c) Alterberg limits;

(d) organic content; and

(e) coefficient of permeability



At least four soil samples should be taken perdrectand they should be as undisturbed as possitiie.samples
should be representative of the soil profile teeptt 1 m greater than the envisaged pond depth.

Organic, for example peaty, and plastic soils anediom-to-coarse sands, are not suitable for embankm
construction. If there is no suitable local soilhavhich at least a stable and impermeable embankieore can be

formed, it must be brought to the site at extrat emsl the local soil, if suitable, used for the amikment slopes.

Black cotton soils are impermeable and very suitétt ponds, but red coffee soils are too permeabtethe ponds

will require lining (see Section 12.8.3).

Ideally, embankments should be constructed fromsthieexcavated from the site, and there should talance
between cut and fill, although it is worth notinigat ponds constructed completely in cut may be eapgér
alternative, especially if embankment constructomsts are high. The soil used for embankment oactiin
should be compacted in 150 — 250 mm layers to 90%e maximum dry density as determined by modified
Proctor test. Shrinkage of the soil occurs dudampaction (10-30 percent) and excavation estinrates take this
into account. After, compaction, the soil shousié a coefficient of permeability, as determineditn, of <10’
m/s (see Section 12.8.3). Wherever possible andqoiatly at large pond installations, embankmenigieshould
allow for vehicle access to facilitate maintenance.

Embankment slopes are commonly 1 to 3 internalty hs-2 externally. Steeper slopes may be us#tikolil is
suitable; slopes maybe used if the slope stabdhypuld be ascertained according to standard sodhamécs
procedures for small earth dams. Embankments dhmuplanted with grass to increase stability:oavstgrowing
rhizomatous species should be used to minimize terz@mce (see Section12.9.2).

External embankments should be protected from stwater erosion by providing adequate drainage.eratl

embankments require protection against erosion dyevaction, and this is best achieved by precastrete slabs
or stone rip-rap at top water level. Such protectlso prevents vegetation from growing down timba&nkment
into the pond, so preventing the development afitalsle habitat for mosquito or snail breeding.

12.8.3Geotechnical Checklist

Experiences with WSP suggest that geotechnicaherging can correct many problems that prevenethkverly

designed systems from achieving their full poténtitere below is a ‘checklist’ for preventing prebis related to
water leakage, geological faults, and slope fafludering excavation and construction as well asontiolled

settlements after construction and a guidelinedamiify problematic soils (expansive, collapsibdéspersive, or
highly compressible) with suggestions for theibgtaation or improvement.

12.8.3.1Geotechnical deficiencies or failure mechanisms

Geotechnical deficiencies or potential failure m@tbms in WSP systems can be classified in thregcges:

« flow-induced, instability, and deformation

% Flow-induced deficiency or failure

% Overtopping: Water flowing over the embankmentstreauses a washout or total destruction of the
structure.

% Piping: Seepage through the soil leads to transpfosbil particles by internal erosion until a pifegms
(Fig 1).

% Leaks: Water leaks may occur through the pond botad embankment. They cause escape of water and
diffusion of contaminants into surface waters armligdwater.

« Scour: Removal of soil particles from the soil-waieterface by current or wave-induced shear forces
possibly in combination with hydraulic gradientdes or because of rainfall run-off above the whibex.

% Erosion: Precipitation may cause local concentraexsion on the dry side of the embankment. Wave
erosion will damage the lagoon side of the embamkme
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Figure 12.4  Area susceptible to initiation of pipehe.

Instability

e Geological fault: When a pond is constructed oveaetive geological fault not discovered duringigesthe
embankment and liner system may be disrupted dfsutbopening.

» Slides: Slip circles and deep sliding are frequaiitre modes. Local shear failure parallel to #hepe is
possible either within the soil mass or at the-smiletment interface. Local bearing failure mayoaktse
present. Many factors can cause slides and loatda: rapid drawdown, pre-existing slip planeshivi soil
foundation, lenses and bands of weaker materiddaeRment crest overloading, inadequate slope design

e Liquefaction: Complete loss of grain-to-grain caitbecause of an increase in pore water pressusbamk
loading of a loosely compacted granular soil. Cgnset loss of effective stress results in a nezglp shear
strength and the soil behaviaga liquid.

Deformation
» Settlement: Deformation due to reduction in soilunoe; may be caused by consolidation, compressiod,
shrinkage.

« Heave: Deformation due to increase in soil volummay be caused by frost- or swelling-susceptibléssoi
especially during excavation.

» Cracking: Cracks may be transverse (perpendicolahe embankment axis) or longitudinal (parallethe
embankment axis), external or internal, shallowdeep. They appear due to differential settlemengod
shrinkage

Many of these mechanisms or failure modes areregltlded and should be anticipated and analyzedhgluri
geotechnical investigations. Piping and overtopgrg of particular concern because they are refgerfer most
serious incidents and failures reported in thediigere.

12.8.3.35ite investigation

Site investigation involves determining the natamed behavior of all aspects of a construction sibel its
environment that could significantly influence @ influenced by a project. Some of the most imptréspects to
be considered are:

» Groundwater effects: seepage, pumping, infilratand percolation.

» Environmental considerations: leachate contarn@nathealth and safety issues on surrounding ptiggerand
inhabitants.

* Excavation: short- and long-term stability, grdumater drawdown and possible damage to top clasrlay

» Ground improvement: barrier system and compaction

* Placement of fill: slope stability, settlements heave.

The soil stratigraphy should be determined pregjs@hcluding soil composition, layer thickness, Isai

homogeneity in horizontal extension, and wateredbtation. It is also important to discover saedsks, weak
layers, and other relevant minor geological feauravestigation is not limited to the constructarea: it should
also cover widespread geological risks such asslate] regional subsidence, and mining activitypamothers. In
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seismically active regions, earthquakes may caegers damage to embankments, barrier systems,taad \WSP
systems facilities. It is important to consider feésmicity of the site in the design.

Reconnaissance investigation is the first phasétefcharacterization. Borehole drilling and samgplare necessary
for more detailed subsurface investigations. Saihgles should be tested in the laboratory to deterrtheir
physical, hydraulic, and mechanical properties.esaswcompatibility tests should be carried outralgze the effect
of some contaminants, salts, or temperature chamgéise mechanical or index properties of the thait forms the
pond systems. Severe changes in the permeabilityAterberg limits in compacted clays under KClutimns, for
instance, have been observed. (Silva, [7])

In situ tests of subsurface soils often provide betterinftion at lower cost than sampling and laboratesging.

The field permeability and standard penetratiotstase the most frequently usadsitu tests. By measuring the
drawdown in piezometers at certain distances fropumped well, the field permeability test deterrsirtbe
permeability of pervious layers below the waterlg¢ab/arious types of borehole permeability testsdendoy
pumping water either into or out of the boring atso used to determine the coefficient of permégbiOn the
other hand, the standard penetration test allowelkations of the number of blows with shear stthrand other
soil parameters.

12.8.3.Froblem soils

Many so-called ‘problem’ soils cause major damagsttuctures and embankments, and cannot be édeiltified
using routine soil testing procedures.

Expansive soils are widely distributed in MexicteEe soils, frequently found in nonsaturated regisoil deposits
of fine material that contain clay minerals of tm®ntmorillonite or illite type, are very sensitive changes in
humidity. Water adsorption in the active clay madercauses them to expand when decompressed pnetbence of
water; they also shrink considerably when subjetiedtying. If the embankment is constructed ofoamded on

Expansive soils, evaporation, rainfall, temporaifdity variation, and change in water level of anganay cause
soil swelling and shrinkage; consequently, difféi@rsettlements and embankment fissures mightrodte shear
strength of expansive soils also changes with tiania in humidity, and a stability problem may arign
embankments. Visual inspection and determinatioptofsical and mechanical properties can identifgagsive
soils. Oedometer testing can determine volume ahangder flooding.

Collapsible soils are fine sediments transported daposited by wind. They range from sand dunekéss
deposits whose particles are predominantly of ssle with a certain amount of fine sand and agdeebalay
particles. Although of low density, the naturallgllapsible soils have a fairly high strength beeao$ the clay
binder, frequently calcium carbonate. However, they easily eroded when flooded or rained on. Swilcture
collapse causes large settlements. Oedometergesgtmidentify these soils.

Highly compressible clays of volcanic or organidgor may cause serious damage to barrier systends an
embankments in WSP systems. One of the most notadalmples of compressible clays is Mexico City chaith
water content as high as 350% to 400%.

These soils, usually high in adsorbed sodium, désper deflocculate easily and rapidly in watelosf salt content.

The higher the percentage of sodium ions, the hitifeesusceptibility to dispersion. Such clays galtye have high
shrink-swell potential, low resistance to erosiand low permeability in an intact state. Dispersiley soils are
identified by running a pinhole test, the Crum testthe SCS dispersion test. Chemical tests @@ faéquently
used to determine exchangeable sodium percentadiins adsorption ratio, percent sodium, and totssalved
salts. Dispersive soils are problematic for embagkinstability, causing piping and rainfall erosiom slopes and
channels.

A simple way to improve a problem soil site is &amove the problem soils and replace them with higfuality

materials. Removal and replacement is most commpmrganic deposits and highly compressible shilg, has
also been used for collapsible and expansive sfmitswhich treatment often consists of mixing saiif high
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swelling potential (collapsibility) with those obw swelling potential. The use of chemical add&ive another
effective technique to improve problem soils. I&sial equipment is used, chemical stabilizationiocanlve mixing

and compaction of near-surface soils as well ap deds. Chemical substances such as lime andaRdrttement
can be used alone or in combination to reducewding and dispersion potentials of soils. Coliafes soils might
be improved by pre-saturation and pre-loading pifapes. Various other soil improvement techniques also
available and can be used if their cost is judiia

These problematic soils are described in detagettoer with methods to identify and treat themnhpriove their
mechanical behavior in geotechnical publicatiors; ®r instance Van Impe, [8] and Schaefer, [9].

12.8.3.Design features

Apart from site investigations and geotechnicallysia (water flow, chemical diffusion, stabilitynd settlement
studies), a number of provisions—as table 12.1&tilhtes— should be considered to avoid or minirdieterious
effects from different environment actions.

Table 12.12  Provisions to be considered in Geotedhal Investigation

Excavanon The topsodl layer 15 generally not suztable for pond construction bacausa it 15 frequently clayeay, orgame,
weathered or fzmured. To use the barner capacity of the lower part of the laver, the remenval of the top clay
layer must not be excessive. The remaining thickness of the clay layer after excavation depends upon local
zeclogic conditions, grade and materials balance, heave poteniial, and thickness required to provids adequate
contamymant attenuation. The exeavation dapth should be determined based on all these factors.

Liner The pond retains contammated water for long penods of ime, so a bamer system should be dasigned to
aveid excessive filration. The barrier system would net only linut the physical escape of the liqud to erther
surface watars or groundwater, but avold the chemieal mozration by diffusion whersby the contaminants
migrate from a pomt of igh concentation to pomts of lower concentration. Clay Imers and zeomembranes
are two of the mest frequently wsed bamier systems. Seils clazsified as CL (clay of low plasticry), CH (elay
of high plasticity) or SC (sandy clay) in the unified claszification system are commenly used to constact clay
liners expected to have a hydraulic conductivity less than 1x10® m's. Although low hydrulic conductivity is
the mamn design eriteria for clay liners, other factors like cracking, strength compattbiliny, diffusion, and
temperature cannot be inderrated. Geomembranes may be used alone or in combmation with low
permeability soils.

Revetmeny The wet sida face of the embanknsent should be protected from wind and wave action by dprapping the face
with rock blocks. Baiprap should extand at laast one meter below the anticipated low water level. Reainforcing
the dry side of the embankment with grass pravents zullymsz.

Freeshoad Pond overtopping sheuld be avorded because 1t endangers embankment secunty, contammates land and
proparty bevond pond boundaries, requires exceszively expensive repairs, and might canse ssrious public
alamms about pond system safetv and performance. A freeboard must be provided between the maxmmm
water lavel and the munimum erest elevation to prevent overtopping. The freeboard 15 determuned b
considering the wind effect and long-termn embankment and foiumdation ssttlament. The fresboard allowance
for wimd-induced wave action i3 the height of nin-up of the sigmficant wave as computed from adopted wind
crteria. The freeboard allowance for settlement should be estimated Som settlement analysis and selsmic
consideration for the smbankmment.

Compacton Compaction procedures should be designed for materzals to be used for constuction of clay Iners and
embankments. Generally accepted compaction criteria, in which maximwom dry density and eptirum water
content define the required compaction ensrgy, are adequate for embankment constuction. Howsaver, 1f
axpansive souls are used in the embankmment construction, strongly compacted soils will have hizh heave
potantial. The prefarred practice calls for placing expansive soils compacted with low compaction energy on
the surface laver of the smbankment. For clay liner, the compaction procedures should ba very well
contrellad to obtain low permeability. It 15 generally belisved that water contents higher than ophrmim help
achieve lower permeability and adequate shear strength.

Earthguake If the pond 15 constructed 1n setzmic zones, additional defensive measures should be taken. These ought be:
defensive provision of more gentle slopes, allowance of ample freeboard for settlement and slumpmg, design of crest
MEasures details for preventing erosion m the event of overtopping, and allowance of wide crest to nutizate

propagation of ransverse cracks that may be generated during shocks, ete. These measures are mentioned
assummg that the embankment has a homegensous clay section. Construction of filter and dramage systems
15 very effective i reducing sarthquake damags.
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12.8.3.%conclusion

Soil mechanics plays an important role in assurthg success of WSP systems. Overtopping and other
Geotechnical-related damages may cause excesgiae o@sts and serious public alarm about secarnity safety.
Efforts directed at identifying potential geoteataliproblems before they materialize will generaégult in lower
Overall project costs.

Since the most important parameter for the corfitgattion of these water treatment systems is thenpability of
the liners and then situ soils, special supervision and permeability tesisstmbe part of both design and
Construction.

It is recommended integrating the geotechnical stigation, analysis, and design from the beginrohgroject
planning through construction and first operatitages. The geotechnical engineer’s inspection jmitant during
Excavation in order to identify new geological fgas and verify the accuracy of design assumptigasjity
Control during embankment compaction must alsodveied out, and design specifications met; thd fitkng is

One of the most critical conditions, partly becapggng or high pore pressures could develop fer filst time;
and,

Finally, frequent inspection is necessary duringrapons but more detailed inspections are requifes extreme
events such as heavy rainfall, rapid drawdown amthgquakes.

12.8.4Hydraulic balance

To maintain the liquid level in the ponds, the awfl must be at least greater than net evaporatidrseepage at all
times. Thus:

Q> 0.001A (e +s) (12.29

Where; Q = inflow to first pond, m/d
A = total area of pond series, m?
e = net evaporation (i.e. evaporation less rdjnfam/d
s = seepage, mm/d

Seepage losses must be at least smaller thanflbe less net evaporation so as to maintain theemigivel in the
pond. The maximum permissible permeability of $b#é layer making up to the pond base can be détedrirom
D’ Arcy’s law:

k = [Qd (86,400A)] A1/ A4) (12.25)

Where k = maximum permissible permeability, m/s
Q. = maximum permissible seepage flow (=Q — 0.001&e)m
A = base area of pond, m?2
Al= depth of soil layer below pond base to aquifemore permeable stratum, m
A4 = hydraulic head (= pond deptid),m

If the permeability of the soil is more than thexinaum permissible, the pond must be lined. A Jgrigf lining
materials is available and local costs dictate twwhsbould be used. Satisfactory lining has beernegset with
ordinary Portland cement (8 kg/m?), plastic membsand 150-300 mm layers of low-permeability sbibgre
12.5). As a general guide, the following interptieins may be placed on values obtained for thstincoefficient
of permeability:

K >10° m/s: the soil is too permeable and the ponds treiined:;

k>10" m/s: some seepage may occur but not sufficieatlyrévent the ponds from filling;

k<10® m/s: the ponds will seal naturally;

k< 10° m/s: there is no risk of groundwater contaminaiiérk>10° m/s and the groundwater is used for potable
supplies, further detailed hydrogeological studies/ be required).
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Figure 12.5 Anchoring of Pond Lining at Embankment Top
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12.8.5Preliminary treatment

Adequate screening and grit removal facilities nhestinstalled at all but very small systems (theseing <1000
people). Design should follow standard proced(fes example, IWEM, 1992; Marais, 1971; Metcalf dfddy,
Inc., 1991), with particular attention being giventhe high grit loads common in domestic wastewatethe
Region (up to 0.17 m3 per 1000 m? of wastewateth \an average of 0.075; Meiring et al., 1968). dukke
disposal of screenings and grit burial in trendbassually the most appropriate method.

Wastewater flows up to 6 times dry weather flowwdtidoe subjected to screening and grit removaly fows in
excess of 6 DWF should be discharged via a storematerflow to a receiving water course. Anaergimnds
should not receive more than 3 DWF, in order torpn¢ washout of acidogens and methanogens; sofoas
between 3 and 6 DWF are diverted via an overflou teethe facultative ponds.

After screening and grit removal and, if installede >6 DWF overflow weir, the wastewater flow shbibe
measured in a standard Venturi or Parshall fluriis is essential in order to assess pond perfarearklow-
recording devices may be installed, but these requareful calibration and regular maintenancete®it is better
to read the upstream channel depth from a calitbriatass rule and then calculate the flow from adsed flume
formula (see IWEM, 1992; Metcalf & Eddy, Inc., 1991

12.8.6Pond geometry

There has been little rigorous work done on deteimgi optimal pond shapes. The most common shape is
rectangular, although there is much variation i@ llngth-to-breadth ratio. Clearly, the optimahgageometry,
which includes not only the shape of the pond lien #he relative positions of its inlet and outlistthat which
minimizes hydraulic short-circuiting.

In general, anaerobic and primary facultative postisuld be rectangular, with length-to-breadthosatif 2-3 to 1
so as to avoid sludge banks forming near the ifetondary facultative and maturation ponds shouférever
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possible, have higher length-to-breadth ratiost@ufO to 1) so that they better approximate plogvftonditions.
Ponds do not need to be strictly rectangular, kay be gently curved if necessary or if desiredafesthetic reasons.
A single inlet and outlet are usually sufficienhdathese should be located in diagonally oppositears of the
pond. The use of complicated multi-inlet and malitlet designs is unnecessary and not recommended.

To facilitate wind-inducted mixing of the pond sagé layers, the pond should be located so thabitgest
dimension (diagonal) lies in the direction of thevailing wind. If this is seasonally variable, thénd direction in
the hot season should be used as this is when dhetmatification is at its greatest. To minimizgdraulic short-
circuiting, the inlet should be located such that wastewater flows in the pond against the wind.

The areas calculated by the process design prozediscribed in Section 12.7 are mid-depth areas, tha
dimensions calculated from them are thus mid-delattensions. These need to be corrected for theestd the
embankment, as shown in Figure 12.6.

A more precise method is advisable for anaerobiwlppas these are relatively small. The followiaigrfula is used
(EPA, 1983):

V = (LB) + (L-2sD) (B-2sD) + 4(L —sD) (B-sD)] [D/6]
Where V = anaerobic pond volume, m?3
L = pond length at TWL, m
B = pond breadth at TWL. M
S = horizontal slope factor (i.e a slope of 1)in s
D = pond liquid depth, m

With the substitution of L as nB, based on a lergtibreadth ratio of n to 1, equation 12.26 becomesmple
quadratic in B. The dimensions and levels thatcth@ractor needs to know are those of the basehaentbp of the
embankment; the latter includes the effect of tleeloard. The minimum freeboard that should beigeal is
decided on the basis of preventing waves, indugettidd wind form overtopping the embankment. Foalsponds
(under 1 ha in area) 0.5 m freeboard should beigedy for ponds between 1 ha and 3 ha, the fredbslzould be
0.5 — m, depending on site considerations. Faelaponds, the freeboard may be calculated frometh&tion
(Oswald, 1975):

F = (log A)% -1 (12.26)

Where F = freeboard, m
A =pond area at TWL, m?

Pond liquid depths are commonly in the followinggas:

Anaerobic ponds: 2-5 m
Facultative ponds: 1-2m
Maturation ponds: 1-1.5m

The depth chosen for any particular pond dependsterconsiderations (presence of shallow rock,migation of
earthworks). The depth of facultative and matorafponds should not be less than 1 m so as to aegdtation
growing up from the pond base, with the consegbanard of mosquito and snail breeding.

At WSP systems serving more than around 10,000 Ipedipis often sensible (so as to increase opamati
flexibility) to have two or more series of ponds parallel. The available site topography may iry @ase
necessitate such a subdivision, even for smallgtesys. Usually the series are equal, that isydlszy receive the
same flow, and arrangements for splitting the raastewater flow into the equal parts after prelimnaeatment
must be made (se®alzer and von der Emde, 1972). This is best done by providing weir penstockeaal of each
series.

244



L+n{D+2F)

|

TWL s F

Figure 12.6  Calculation of top and bottom pond dimasions from those based on mid depth

12.8.7nlet and outlet structures

There is a wide variety of designs for inlet andletustructures, and provided they follow certaasics concepts,
their precise design is relatively unimportantrsy, they should be simple and inexpensive; wiiiis should be
self-evident, it is all too common to see unnecélygsaomplex and expensive structures. Secondigytshould
permit samples of the pond effluent to be takerhwidse. The inlet to anaerobic and primary fatwtgpoonds
should discharge well below the liquid level sa@sninimize short-circuiting (especially in deepaarobic ponds)
and thus reduce the quantity of scum (which is irg in facultative and maturation ponds shouts alischarge
below the liquid level, preferably at mid-deptharder to reduce the possibility of short-circuitingome simple
inlet designs are shown in Figures 12.9 and 12.10.

The outlet of all ponds should be protected agamstdischarge of scum by the provision of a scward. The
take-off level for the guard depth is importantitahas a significant influence on effluent qualityn facultative
ponds, the scum guard should extend just belownignémum depth of the algal band when the pondrétiied so
as to minimize the daily quantity of algae and leB©OD, leaving the pond. In aerobic and maturaponds,
where algal banding is irrelevant, the take-offidtidbe nearer the surface: in anaerobic pondsotildhbe well
above the maximum depth of sludge but below anfasarcrust, and in maturation ponds it should bénatevel
that gives the best possible microbiological gyalithe following effluent take-off levies are resmended:

Anaerobic ponds: 300 mm
Facultative ponds: 600 mm
Maturation ponds: 50 mm

The installation of a variable height scum guartesommended, since it permits the optimal takdenfél to be set
once the pond is operating.

Some simple designs for outlet structures are shiowhigures 12.7 and 12.8. If a weir is used ia thutlet
structures, the following formula should be usediédermine the head over the weir and so, knowiregpond
depth, one can calculate the required height ofvie above the pond base:

Q =0.0567 & (12.27)

Where Q = flow per metre length of weir, I/s
H = head of water above weir, mm
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The outlet from the final pond in a series shoufithiarge into a simple flow-measung device such @isngular or

rectangular notch. Since the flow into the firgind is also measure, this permits the rate of eajpn and
seepage to be calculated or, if evaporation is uredsseparately, the rate of seepage.
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Figure 12.7 Outlet Weir Structure. The weirir
length from equation 12.27. The discharge

pipe would connect with the inlet structure
shown in 12.9

The concrets scum guard depth should be as
described in section 12.8.7. '

As alternative variable depth

wooden scum guard may be
used.

Figure 12.8 Outlet Weir structure at
Karatina, Kenya
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Figure 12.9 Inlet structure for Anaerobic
and Primary Ponds. The scum box retains
most of the floating solids, so easing Pond
Maintenance

150mm concrete surround

wher

e cover |ess than 600mm

im wide concrete s.lob
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Figure 12.10 Inlet structure for Secondary
Facultative and Maturation discharge from
the outlet structure shown in Figure 12.8
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Figure 12.11 By-pass pipework for anaerobic ponds. During normal operation gates G1 and G3 are
open and gates G2 and G4 closed. To hypass one (or both) anaerobic ponds gates Gl and G3 are
closed and gate G2 and one (or both) of gates G4 open.
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Figure 12.12 Chain-link fence and warning notice
at the Karen ponds, Nairobi, Kenya.
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12.8.8 By-pass pipe work

It is necessary to bypass anaerobic ponds sodbaltétive ponds may be commissioned first (segoset2.9) and
also during desludging operations. Figure 12.1#vshschematically a by-pass arrangement for twiesef WSP
in parallel.

12.8.9 Recirculation

If the incoming raw wastewater is septic, it mayrneeessary to achieve odour control by recircujatip to 50
percent of the final effluent. This should be pwtback and mixed with the raw wastewater immelyiatéer

preliminary treatment (i.e before the wastewatdaemnthe first pond). The final effluent acts teygenate the
septic wastewater, and it may help to increase B&boval. The process design of the ponds has aitbed to
allow for the recirculated flow and clearly recikation, with its attendant problems of pump O & $hould only be
considered as a measure of the last resort.

12.8.10 ‘Tree belt’

In desert areas a tree belt should be providedeweept wind-blown sand from being deposited ingbads. Tree
belts may also be desired for aesthetic reasahe ¥VSP site is close to human habitation. Theykhbe planted
upwind of the WSP and comprise up to five rowsiotlews (from the upwind side):
(8) 1-2 rows of mixed shrubs such laatana, Hibiscus and Nereo (oleander), none of which is eaten by
goats;
(b) 1-2 rows of Casuarina trees; and
(¢ 1 row of a mixture of taller trees such Bsinciana regia (flame trees),Tipuana tipu, Khaya
senegalensis and Albizia lebbech.

Local botanists will be able to advice on which @ps are most appropriate; those given above atabs for
semi-arid and arid zones. Such a tree belt isrard®-60 m wide.

12.8.11 Security

Ponds (other than very remote installations) shdédsurrounded by a chain-link fence and gatesldhumai kept
padlocked. Warning notices, in the appropriatalld@nguage(s), attached to the fence and advikiigthe ponds
are a wastewater treatment facility (Figure 12.52d therefore potentially hazardous to health,emsential to
discourage people from visiting the ponds, whicprdperly maintained (see Section 8.9) should apagsaleasant,
inviting bodies of water. Children are especiadly risk, as they may be tempted to swim in the pond
Birdwatchers and hunters are also attracted to pbgdhe often rich variety of wildlife, and theyaynnot be aware
that the ponds are treating wastewater.

An electrified fence (12 V DC), located within thlkain-link fence if there is one may be necessaketp out wild
animals, especially hippopotamuses which at comynatttacted to WSP. The presence of hippos antbdiles in
a pond makes sampling hazardous, and can be dgpaind operator at the Dandora WSP in Nairobi vileeslikby a
hippo in 1989.

12.8.12 Operator facilities

The facilities to be provided for the team of pagkrators depend partly on their number (see Sedt3), but
would normally include the following:

(a) first-aid kit (which should include a snake bité ki

(b) strategically placed lifebuoys;

(c) wash-basin and toilet; and

(d) Storage space for protective clothing, grass-aytéind scum-removal equipment, screen rakes and othe

tools, sampling boat (if provided) and life-jackets
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With the exception of the lifebuoys, these can beoenmodated in a simple building. This can alsaskg if
required, sample bottles and a refrigerator for@anstorage. Laboratory facilities, offices antekephone may
also be provided at large installations. Adeqsagece for car parking should be provided.

At very large WSP sites, such as at Dandora indigiiconsideration should also be given to progdiousing for
the large number of operators employed (59 in #s= ©f Dandora ;).

12.9 Operation and Maintenance
12.9.1 Start-up procedures

Pond systems should preferably be commissionéaeabeginning of the hot season so as to estaldistuiakly as
possible the necessary microbial populations tec¢fivaste stabilization. Prior to commissionidgpands must be
free from vegetation. Facultative ponds shoulddmmissioned before anaerobic ponds: this avoidsioelease
when anaerobic pond effluent discharges into antefagultative pond. It is best to fill facultagvand maturation
ponds with freshwater (from a river, lake or wethains water is not necessary so at to permit tlaelugd

development of the algal and heterotrophic badtpdpaulations. Primary facultative ponds may adagaously be
seeded in the same way as anaerobic ponds (seg)bdlofreshwater is unavailable, facultative perghould be
filled with raw sewage and left for three to foueaeks to allow the microbial population to develagmall amount
of odour release is inevitable during this period.

Anaerobic ponds should be filled with raw sewagd aaeded, where possible, with digesting sludgm,frimr
example, an anaerobic digester at a conventionehge treatment works or with sludge from local metsnks.
The ponds should then be gradually loaded up talésign loading rate over the following week (orntioif the
ponds are not seeded). Care should be taken totamaithe pond pH above 7 to permit the developnunt
methanogenic bacteria, and it may be necessargglthie first month or so to dose the pond with lionesoda ash.
If due to an initially low rate of sewer connectioin newly sewered towns the sewage is weak dloitslow, it is
best to by-pass the anaerobic ponds until the sewagngth and flow is such that a loading of asi€t00 g/m3 d
can by-pass an anaerobic pond whilst it is beirgjudiged (section 12.9.4), so the by-pass should permanent
facility: (see section 12.8.7).

12.9.2Routine Maintenance

The maintenance requirements of ponds are verylsjrbpt they must be carried out regularly. Othsewthere
will be serious odour, fly and mosquito nuisand¢aintenance requirements and responsibilities rhesefore be
clearly defined at the design stage so as to guamblems later. Routine maintenance tasks arellasvk:

(a) removal of screenings and grit from the inlet works

(b) cutting the grass on the embankments and removiag that it does not fall into the pond (this is
necessary to prevent the formation of mosquitodirge habitats; the use of slow-growing grasses
minimizes this tasks — see Section 12.8.2)

(c) Removal of floating scum and floating macrophy&eg,Lemna, from the surface of facultative and
maturation ponds (this is required to maximize phghthesis and surface re-aeration and obviate fly
breeding);

(d) spraying the scum on anaerobic ponds (which shoeide removed as it aids the treatment process),
as necessary, with clean water or pond efflueptéwent fly breeding;

(e) removal of any accumulated solids in the inlets amidets;

(H repair of any damage to the embankments causeadayts, rabbits or other animals; and

(g) Repair of any damage to external fences and gates.

The operators must be given precise instructionshenfrequency at which these tasks should be dmme their
work must be constantly supervised. The superii@@man should be required to complete at weakigrvals a
pond maintenance record sheet, an example of whigtlven in Figure 12.13. The operators may alsodguired
to take samples and some routine measurementsdsgen 12.10).
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Figure 12.13 Pond Maintenance Record Sheet

Pond location

Date and Time Air Temperatuf€
Weather Conditions

Pumping Station(If there is one)

Elapsed time meter reading No. 1 No. 2

Electricity Meter Reading

Observations (Flooding)

Access road: State (Vegetation, damage) mainter@aaged out

Pond Site: State; maintenance carried out

Pretreatment works: state; maintenance carried out

Screen (s) |

Other (grit, grease removal)

Visual Inspection of Ponds

Pond Number

Colour of water (green, brown/grey, pink/red,
milky/clear)

Odour

Scum/foam

Rooted macrophytes

State of Embankment (Erosion, rodent, damage,
vegetation)

Inlet and outlet (Blockages)

Water Level(High, normal, Low)

General Observation, other maintenance carried out
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12.9.3Staffing Levels

In order that the routine O & M tasks can be propéone, WSP installations must be adequatelyetaffThe level
of staffing depends on the type of inlet works @&ample, mechanically raked screens and propyigtirremoval
units require an electromechanical technician, rbahually raked screens and manually cleaned gabréls do
not), whether there are on-site laboratory faesitand how the grass is cut (manually or by mechanmowers).
Recommended staffing levels are given in Table 420t WSP systems serving populations up to 250Q,6®0
larger systems the number of staff should be ima@gro rata. At the Dandora WSP in Nairobi, whselve a
design population of around 800,000 (80,000 m¥d)following staffs are employed:

Superintendent (Manager) 1
Assistant Manage 1
E & M Technician Engineers 3
Works Foreman 6
Laboratory Chemist 1
Laboratory Asst. & Technicians 4
Electricians 2
Artisans 2
Clerk 1
Assistant Clerk 1
Drivers 4
Labourers 28
Watchmen 5

12.9.4Desludging and sludge disposal

Anaerobic ponds require desludging when they aeethind full of sludge (by volume). This occurseey n year.

N = V/3Ps (12.28)
Where; V = volume of anaerobic pond, m3

P = population served

S = sludge accumulation rate, m3/caput year

The usual design value of s is 0.04 m¥/caput/yéarsTfor temperature above®2@\, = 300 g/ m3d) and a BOD
contribution of 40 g/person /day, desludging wolédrequired annually (n = 1.11 years). The pre@sgirement
for desludging can be determined by the “white #6west (section 12.10.2), but it should be bornariind that a
task to be done annually has more chance of ba&ing dn time than one to be done at less regulanvas.

Sludge removal can be readily achieved by usingftamounted sludge pump. These are commerciallylae

(e.g. Brain Industries Ltd., Kilgetty, Dyfed SA68J0, UK), or they can be assembled locally. Thelgtuis

discharged into either an adjacent sludge lagootamkers that transport it to a landfill locatiodlthough pond
sludge has a better microbiological quality thaat florm conventional treatment works, its disposakt be carried
out in accordance with the relevant local regutajaf any, governing sludge disposal.

Table 12.14 Recommended staffing levels for WSPséems

Population Served 10,000 25,000 50,000 100,000 0P80,
Foreman/Supervisor - - 1 1 1
Mechanical Engineer a/ - - - 1 1
Laboratory Technician b/ - 1 1 1 2
Assistant Foreman - 1 2 2 2
Labourers 1 2 4 6 10
Driver c/ - 1 1 1 2
Watchman d/ 1 1 3 5

Total 2 6 10 15 23




a) Dependent upon amount of mechanical equipment used
b) Dependent upon existence of laboratory facilities

c) Dependent upon use of vehicle towed lawn mowecs, et
d) Dependent upon location and amount of equipment use

12.10 Monitoring and Evaluation

Once a WSP system has been commissioned, a rontingtoring and evaluation programme should be é&stedd
so that its performance can be verified and theahctuality of its effluent established.

Routine monitoring of the final effluent quality @f pond system permits a regular assessment toade of
whether the effluent is complying with the locascharge or reuse standards. This information neaeQuired by
the local regulatory river or health authority. Mover, should a pond system suddenly fail orfilsent start to
deteriorate, often give some insight into the caaf¢be problem and may indicate what remedialoacis required.

The evaluation of pond performance and behavidghoabh a much more complex procedure than the rmeuti
monitoring of effluent quality, is nonetheless extiely useful as it provides information on how unld@aded or
overloaded the system is, and thus by how mucanyf the loading on the system can be safely isecas the
community it serves expands, or whether furtherdsaim parallel or in series) are required (se¢éi@ed2.11.2). It
also indicates how the design of future pond ifetiahs in the region might be improved to takecanst of local
conditions.

12.10.1 Effluent quality monitoring

Effluent quality monitoring programmes should bmgie, but should none the less provide reliable.datwo
levels of effluent monitoring are recommended (@fiee should also be made to the routine mainteneaeord
sheets to be completed by the pond supervisor Seeton12.9.2 and Figure 12.9.1):

(a) Level 1: representative samples of the final efitushould be taken at least monthly, although
preferably weekly, intervals; they should be anatiyfor those parameters for which effluent discharg
Or reuse requirements exist;

(b) Level 2: when level 1 monitoring shows that a pefitlent is failing to meet its discharge or reuse
quality, a more detailed study is necessary. TaBlé4 gives a list of parameters whose values are
required, together with directions on how they dtidne obtained.

Since pond effluent quality shows a significantrdal variation (although this is less pronouncedmnaturation
ponds than in facultative ponds), 24 hour flow-weégl composite samples are preferable for mostnpetes,
although grab samples are necessary for some éphperature and faecal coliforms). Composite sasngih@uld
be collected in one of the following ways:

(&) in an automatic sampler, which takes grab samplesyeone or two hours, with subsequent annual
fewn weighting if this is not done automatically twe sampler;

(b) by taking grab samples every one to three hourgefating on labour availability), with subsequent
manual flow weighting; or

(c) by taking a column sample (See Section 12.2) reaotitlet or the final pond; this can be done &t an
time of day and gives a good approximation to tleamdaily effluent qualityRearson et al., 1987b).
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Table 12.15 Parameters to be determined in a “Leve” effluent quality monitoring programme

Parameter Type of | Remarks
Sample a/
Flow - Measure both raw wastewater and final efftutows
BOD C Unfiltered samples b/
COoD C Unfiltered samples b/
Suspended Solids C
Ammonia C
Faecal Coliforms G Take sample between 08.00 ar@Dhe
pH G) Take two samples, one at 08.00-10.00h andther at 14.00
Temperature G) 16.00hours
Total Nitrogen C) Only when effluent being used r(lBeing assessed for use) for
Total Phosphorus C) crop irrigation. Ca, Mg and Na are required toceklte the
Chloride C) sodium absorption ratio d/
Electrical conductivity C)
Ca, Mg, Na O]
Boron C)
Helminth Eggs C)

a) C=24 hour flow weighted composite sample; G=grabpsa

b) Also on filtered samples if the discharge requireta@re so expressed
C) Ascaris lumbricoides, Trichuris trichiura, Ancylogta duodenale and Necator
americanus

d) SAR =(0.044 Na)/{0.5(0.050Ca +0.082 M{f} where Na, Ca and Mg are the
concentrations in mg/l

12.10.2 Evaluation of pond performance

A full evaluation of the performance of a WSP sgstie a time-consuming and expensive process, aratyjitires
experienced personnel to interpret the data oldaitteis in many ways close to research, butthesonly means by
which pond designs can be optimized for local chois. It is often therefore a highly cost-effeetiexercise. The
recommendations given below constitute a level Bitoang programme, and they are based on the goétefor
minimum evaluation of pond performance given inrBea et al., (1987a), which should be consultedfdather
details.

It is not intended that all pond installations Iedged in this way, but only one or two represenés systems in
each major climatic region of a country. This leskinvestigation is most likely to be beyond ttepabilities of
local organizations, and it would need to be cdrioet by a regional or national body, or by a ursitg under
contract to such a body. This type of study i® alecessary when it is required to know how mudthitehal

loading a particular system can receive beforg iiteicessary to extend it.

Samples should be taken and analyzed on at leastéiys over a five-week period at both the hotest coldest
times of the year. Samples are required of thewastewater and of the effluent of each pond inséirées and, so
as to take into account most of the weekly variatioinfluent and effluent quality, samples shobé&lcollected on
Monday in the first week, Tuesday in the secondkna®d so on (local factors, such as a high infllixisitors at
weekends, may influence the choice of days on whkanmples are collected). Table 12.15 lists thempaters
whose values are required. Generally the analytchniques described in the current editioitahdard Methods
(APHA, 1992) are recommended, although the procedures detaile&hnex Il should be followed for faecal
coliforms, helminth eggs, chlorophyll and sulphid&he algal genera present in facultative and raéittm pond
samples should also be determined.

Composite samples, collected as described in $e&f0l0.1, are necessary for most parameters; gaiples are
required for pH and faecal coliforms; and samplethe entire pond water column should be takerafgological
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analyses (chlorophyll a and algal genera determimgatusing the pond column sampler. Pond coluampes
should be taken from a boat or from a simple samgpfilatform. Data on at least maximum and minimaim
temperatures, rainfall and evaporation should hainéd from the nearest meteorological station.

On each day that samples are taken, the mean mpiti-temperature of each pond, which closely appnaiés the
mean daily pond temperature, should be determigesispending a maximum-and-minimum tehrmomentariek
depth of the pond at 08.00-09.00 h and reading hdurs later.

On one day during each sampling period, the deptslunlge in the anaerobic and facultative pondsukshbe
determined, using the “white towel” test of Maldr®964). White toweling material is wrapped along ohird of a
sufficiently long pole, which is then lowered vedlly into the pond until it reaches the pond hwitdt is then
slowly withdrawn. The depth of the sludge layercisarly visible since some sludge particles wilve been
entrapped in the toweling material. The sludgethishould be measured at least five ponds in tiel paway from
the embankment base, and the mean depth calculated.

It is also useful to measure on at least three siona during each sampling season the diurnal ti@mian the
vertical distribution of pH, dissolved oxygen amanperature. Profiles should be obtained at 08.2@0 and 16.00
h. If submersible electrodes are not availablmmas should be taken manually every 20 cm.

12.11 Rehabilitation and Upgrading

12.11.1Rehabilitation

Some WSP systems do not function well. This maypbi be due to overloading (in which case the W§§tesn
needs extending — see Section 12.11.2), but ibftan be the result of:

(a) improper process and/or physical design;

(b) poor design and/or operation of the inlet worksj/an

(c) Inadequate maintenance of the ponds.

The effects can be quite serious: odour release both anaerobic and facultative ponds; fly bregdmanaerobic
ponds; floating macrophytes or emergent vegetatiofiacultative and maturation ponds leading to noiteq
breeding — in extreme cases the ponds can slihdgampletely “disappear”.

Rehabilitation is achieved by a combination offisléowing:

(a) a complete overhaul (or redesign) of the inlet woréplacing any units that cannot be satisfactorily
repaired;

(b) repairing or replacing any flow measuring devices;

(c) ensuring that any flow into the required proporsion

(d) desludging the anaerobic or primary facultativegsmrand any subsequent ponds if necessary;

(e) unblocking, repairing or replacing pond inlets andlets;

(H repositioning any improperly located inlets andfartlets, so that they are in diagonally opposite
corners of each pond;

(g) repairing, replacing or providing effluent scum gisg

(h) preventing “surface streaming” of the flow when fand is stratified by discharging the influent at
mid-depth (or by installing a baffled inlet to aehé the same effect);

(i) removing scum and floating or emergent vegetatiomfthe facultative and maturation ponds;

() checking embankment stability, and repairing, reipig or installing embankment protection;

(k) checking for excessive seepage (>10 percent ahvinfand lining the ponds if necessary;

() cutting the embankment grass; and

(m) Repairing or replacing any external fences andsgdé¢mces may need to be electrified to keep olak wi
and domestic animals.

As rehabilitation can be expensive, good routinenteaance is much more cost-effective.
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12.11.2Upgrading and extending existing WSP

Prior to upgrading or extending a WSP system itfopmance should be evaluated as described in@®etf.10.2,
as this will generally permit the correct decisabout how to upgrade and/or extend the system toduke.

Figure 12.14 Upgrading a WSP series to treat tuiee original flow. The embankment between the inal
maturation ponds becomes a baffle in the upgrasdmaturation pond. The total retention timedduced from
16 to 13 days and the improvement in microbioldgigality can be illustrated as follows, by usirguation 12.13
with N; = 10 per 100 ml and k = 2.6 d (i.e. for 20°C):

Original system: = 10/ [(1 + (2.6 x 10) (1 + (2.6 x 3)]
= 4.8 x 10per 100 ml

Upgraded system: N=10/[(1 + (2.6 x2) (L +2%)] (1 + (2.6 x 3)]
= 1.5 x 1bper 100 ml

Figure 12.14 Upgrading a WSP series to
treat twice the original flow

Original Design
Primary Maturation
Facultative Maturation 1 2

—>
0 > —
3 Days 3 Days
10 Days

Upgraded System
Secondary

Anaerobic Facultative Maturation 1 Maturation 2

g B—
> 3
1 » —> 3 Days Days
20
2 Days 5 Days 3 Days

A number of strategies can be used to upgrade @edd WSP systems. In addition to any rehabititatneasures
needed (Section 12.11.1) these includes:
(a) provision of anaerobic ponds;
(b) provision of additional maturation ponds;
(c) provision of one or more additional series of pgnds
(d) Alteration of pond sizes and configuration — fommple, removal of an embankment between tow
ponds to create a larger one.

Only when al these possibilities have been consitishould thought be given to the installationwface aerators,
thereby creating a partially aerated facultativagho These can do more harm than good, especidhgy are not
continuously operated (as is frequently the cassatte energy costs), since sulphide-rich water farenpond
bottom is brought to the surface and aerated witisequent odour release.

Figure 12.14 shows how (a) and (d) above can bébtwd to upgrade a single series of WSP to red@iiee its
original design flow at a lower overall retentiogmé, and with the production of a higher qualitfhefnt.
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12.11.3Algal removal techniques

The algal in a WSP effluent contributes to bothsitspended solids content and BOD. |If local regyaagencies
do not make allowance for the inherent differenegveen algal SS and BOD and “ordinary” effluente®® BOD
it may be necessary to incorporate an algal remedinique to “polish” the WSP effluent. Suchhigiques can
be “high tech” or “low tech” flocculation (with ata, 40-60 mg/l at pH 6-7, or with lime, 100-200 matlpH 10-11)
followed by sedimentation; coagulation and dissdledr flotation and intermittent sand filtratiorzurther details
are given by Ellis (1983).

“Low tech” systems comprise of microstrainers, rditfers and grass plots, which are briefly desedtbelow,
together with floating macrophyte ponds) and fishwre (See Effluent Reuse).

12.11.4Microstrainers

Conventional microstrainers (for example those usedilter humus tank effluents)have not generdigen

successful with pond effluents as the algae setiteas the effluent flows through. The algae dguuse releasing
nutrients which are utilized by bacteria growingtha surface of the rocks. In addition to algahoeal, significant
ammonia removal may also take place through theitgcof nitrifying bacteria growing on the surfacé the filter

medium.

Performance depends on loading rate, temperatuteraok size and shape. Permissible loading ineseasth
temperature, but in general an application raté.0fm3 of pond effluent per m® rock bed per dayusthde used.
Rock size is important, as surface area for miaiofilim formation increases with decreasing rockesbut, if the
rocks are too small, then problems can occur wabging. Rock size is normally 100 mm, with a lakspth of 1.5-
2.0 m. The effluent should be introduced just betbe surface layer because odour problems are tsoese
encountered with cyanobacterial films developingmensurface rocks exposed to the light.

Construction costs are low and very little maintese is required, although periodic cleaning to reeno
accumulated humus is necessary, but this can bedaut during the lowest. BOD and SS removalS®and 70
percent have been reported for maturation pondezfts in the USA (Middlebrooks, 1988).

12.11.5 Grass plots

These operate by allowing the effluent to flow asrgently sloping grass plots so that the algaerbedrapped in
the soil where they decompose, so releasing ntgridat are then utilized by the grass. Applicatiates are of the
order 2,000 — 5,000 m3/ha d over plots with a unifslope of between 1 in 60 and 1 in 100. Evetrifigion of
wastewater is important and castellated weirs ofopsted pipes are usually used. Porous soilsigeobetter
treatment, and in clayey soils it may be necestaipstall under drains to prevent water logginghe size and
shape of plots depend on land availability, bueast two should be used so that each plot caedied at intervals
to allow re-aeration of the soil. Plots can beasafed from each other by small earthen embankmrith should
contain an impermeable core.

As with rock filters, construction costs are relaty low and, aside from periodic grass cutting alehning of the
distribution channels, very little maintenanceaguired. Reductions of SS and BOD from over 100 orgbelow

can be achieved. Details on North American expegeare given by Witherow and Bledsoe (1983); gdher
suspended solids reductions of 50-60 percent wetaired with WSP effluents. As with rock filterspme

additional nutrient removal also occurs throughsgnalots.



12.12 Special Pond Types

12.12.1Septage and nightsoil ponds

Several WSP systems in Kenya receive septage ¢sapk sludge) in addition to municipal wastewateiowever,
WSP can also be designed to receive solely septagightsoil (Shaw, 1963).

Septage pond systems should comprise several priaeultative ponds in parallel which are desigsadh that, in
the coldest month, evaporative losses equal tHewnfvith make-up water being added in the other theras
necessary (anaerobic ponds are of no purpose &gedp already highly mineralized). Their procgssign follows
that for ordinary WSP, with a value of around 5,00/l for the BOD of the septage (EPA, 1980). Négiilt ponds
are similarly designed, on the basis of a BOD dbution of 22 g per caput per day (Mara, 1976).

Septage and nightsoil ponds also differ in theiysital design and operation. The inlet to the iative pond (for
septage) and the anaerobic pond (for nightsoilyireg, on the upstream side, a chute into whichtah&ers can
discharge their load. In several such chores armally provided and these are used in rotatidris &lso sensible
to recirculate pond water (or add river water whie nightsoil or septage is being introduced tailifate its

dispersion throughout the pond.

Septage and nightsoil ponds should be locatedangser, so that river water can be used to washamkers, wash
down the concrete apron around the inlet chuted, tanprovide sufficient flow to balance evaporatiosses.
Design example no. 6 illustrates how the requited is determined.

12.12.2Partially aerated facultative ponds

The installation of floating aerators on overloadacultative ponds can be a useful temporary meagusupply
additional oxygen for waste stabilization until buime as the WSP system can be properly upgra8edtion
12.11.1). Partially aerated facultative pondsaavariant of aerated lagoons. Indeed aerated tegoere originally
developed from facultative ponds in northern Unitsthtes where in winter the rate of oxygen supply b
photosynthesis was too low for waste stabilizatiétoating surface aerators were placed on thdtfowe pond to
make up the oxygen deficit. It was noticiable, koer, that within two weeks or so the algae disapg and the
microbial flora resembled that of activated sludgstems.

There are now two types of aerated lagoon:
(a) completely mixed aerated lagoons; these are ea#lgntictivated sludge units which receive raw
wastewater and in which there is no sludge reat@n; and
(b) partially mixed aerated lagoons: these have a lopmwer input than completely mixed aerated
lagoons such that not all the solids are kept gpsuosion; some settle and are digested anaergbicall

The design of completely mixed aerated lagoonsvisngin standard texts (for example: Mara, 197GhRiL980;
Metcalf & Eddy Inc., 1991). The design of paryathixed aerated lagoons is presented below in aifraddorm
suitable for determining the power requirementaqrartially aerated facultative pond.
The basic design equation is (EPA, 1983):
Le= L/ (1 +kmm 2) (12.29)
Where; L = effluent BOD, mg/l

L; = effluent BOD, mg/I

@ = retention time, d

Kom (ry= first-order rate constant for BOD removal in jelly mixed aerated lagoon at T°C, d and given by:

Kom (1= 0.276 (1.036)*°
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BOD removal in the partially aerated facultativengoshould be 70 percent (i.e. the same as in a non-
overloaded primary facultative pond). Thus9.0.3 L; and equations 12.29 and 12.30 can be combined as
follows:

o = 8.45 (1.036§7 (12.31)

This value of g is compared with the actual retentiime in the overloaded facultative pond (V/Qor the
partially aerated facultative pond to function pedp, @ must not be greater than (V/Q). (If giieager than (V/Q)
the BOD removal will be less than 70 percent andlma determined from equation 8.29 with g = (V/@Qguation
8.33 below will need modifying to reflect the adtB®D removal.)

The floating aerators should supply 1.5 kg g@r kg BOD removed. Thus the oxygen requirem@ntkg/h) is
given by:
R=15x 1(?(Li - L) Q/24 (12.32)

Since L = 0.3L, equation 8.32 becomes:
R=4.4x10LQ (12.33)

The aerators must supply R kg/R in partially aerated ponds no consideratiogii@n to the power requirement
for mixing. The aerator power requirement (P, K8Wjiven by:

P =R/N (12.34)
Where N = the aerators oxygen transfer rate undier ¢onditions kg @kWh

N is given by the equation:
Nr = No[a] [(1.024) ™% [BC —C)/Cs 20, o] (12.35)

Where N = the aerators oxygen transfer rate under startdatatonditions, kg £kWh

The standard test conditions are tap water aseteliuid at a temperature of 20°C and with atiahtissolved
oxygen concentration of zero. Thus N (which is tadue quoted by the manufacturers) is convertedl toy
multiplying it by the three correction factors shown equation 12.35. The first is to allow for thature of the
liquid to be aerated:

o = ratio of Q transfer in the wastewater to that in tap water (fomestic wastewates, = 0.7) is the
second ratio temperature correction factor. Theptrature T is the temperature of the partiallyatest pond, and
may be estimated from the equation (Rich, 1980):

T=Te+ (To—Te) B (12.36)

Where T = mean air temperature in the coldest m&@th
Te = mean temperature of influent wastewater in tildest month °C.

The third term allows for the difference in thestitved oxygen concentration in the partially aatatend (= 2 mg/I
for design purposes) and that the adopted in tedard test (zero), as follows:

Cs (. ) = O2 saturation concentration (solubility) in dietl water at temperature T and altitude
A. The values of C at sea level (760 mm Hg) are giveiiable 12.15 for T = 15 - 30°C. the
correction for altitude is made by considering itiean air pressure (P mm Hg) at that altitude:
C = O, saturation concentration in distilled water at@hd sea level (= 9.08 mg/l)
DO concentration in partially aerated pond (2 nfigrldesign) = ratio of @saturation concentration in the waste to
that in distilled water (typically for domestic sage,=0.9).

Maturation floating surface aerators are rated4kg Q/kWh.
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Table 12.15 Oxygen saturation concentration in disdved water at sea level at various measures

Temperature’C) Sat. Concentration (mg/L)
15 10.07
16 9.86
17 9.65
18 9.46
19 9.27
20 9.08
21 8.91
22 8.74
23 8.57
24 8.42
25 8.26
26 8.12
27 7.97
28 7.84
29 7.70
30 7.57

Source:  Montgomery et al (1964)
12.12.3Effluent storage reservoirs

Effluent storage reservoirs (ESR) are especialbfulsn arid and semi-arid areas. They were deyedoin Israel
(see Juanico and Shelef, 1991) to store the efffuem WSP systems during the period (8 monthsiadl) when it
is not rquired for irrigation. It is thus a methoficonserving effluent so that, during the irrigatseason, a greater
area of land can be irrigated. Current Israelcfica is to treat the wastewater in an anaerobidpnd discharge
its effluent into a single 5 - 10 m deep ESR with8month retention time. This is perfectly sati$bry, as the
ESR effluent is only used to irrigate cotton (restricted irrigation: see Chapter on Water Reasé)so this usage
complies with the WHO guidelines for restrictedgation since any helminth eggs settle out in thaeaobic pond
and ESR.

If the ESR effluent is to be used for unrestrictejation (i.e. of crops eaten raw), there it sldocontain < 1000
FC per100 ml which the above single ESR cannoteaehi Instead several sequential batch-fed ESRuiallpl are
required (Mara and Pearson, 1992). These aretepeva a cycle of fill, rest and use, with FC dféto < 1000 per
periods. Strategies can be readily developedfigiation seasons of different lengths.

12.12.4 Floating macrophyte ponds

Floating macrophyte ponds contain plants that floatthe water with their aerial rosette of leavisse to the
surface and their fibrous root systems hanging dimémthe pond water column to absorb nutrientsve®al genera
are used, includin&alvinia, Pistia, Lemna and Eichhornia. Most shade out algae efficiently, but the larggecies
with their correspondingly larger root systems eoasiderably more efficient at nutrient strippinglchhornia
crassipes (water hyacinth) has been studied in most detaidl A would seem thaElchhornia ponds receiving
effluent from a facultative pond can be loadedat¢s of up to 40 kg BOD/ha d; at higher loadingsyurs develop
at night.

The breeding of culicine mosquitoes is also a pabin floating macrophyte ponds, but this can betrotled by
the introduction of larva-eating fish such @smbusia and Peocelia. Macrophytes such as water hyacinth, which
trap clean water in their shaded leaf axils abdneepond water surface, also encourage the breedicigan water
mosquitoes, and in this case the larvae are safe fish predation.
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There are other factors that require careful caratibn when using floating macrophyte ponds. Wstime

macrophytes, water loss via evaportranspiratiomftoe leaf surfaces can be greater than evaporBitbanthe free

surface of an ordinary pond. Dissolved oxygen eofration in the pond water column during the daglso very
much lower than in conventional ponds, becausettidosynthetic oxygen produced by the macrophydede is

lost directly to the atmosphere. Furthermore,ube of nonindigenous macrophytes is totally unaedse because,
if they escape from the ponds, as has happenedBigtihornia, they may have a highly deleteriougefon the

ecology and quality of the local environment.

No design for floating macrophyte ponds has beeduated sufficiently to confirm its long-term effiocy of
operation. Information to date suggests that iihgamacrophyte ponds require considerably more teaance than
conventional ponds; otherwise, effluent qualitypmor. In particular, due to the lower pH and desesl light
intensity, pathogen removal is very much less timalgal maturation ponds. Thus, floating macrdphyonds
should only be considered for use as a treatmehintdogy when the waste is microbiologically saje,as an
additional process subsequent to conventional mtdtr ponds, and then only when a high degree gl ar
nutrient removal is necessitated by the ecologhefreceiving watercourse.

12.12.5 High-rate algal ponds

High-rate algal ponds (HRAP) are very specializedst@ stabilisation ponds that are primarily degighe
maximize the production of algae, using wastewasea feed (substrate). It therefore follows tlehes economic
use for the algal product is implicit in the deeisito implement HRAP technology. Yields of up ®01000 kg of
algae (dry weight) per ha per year have been regorfhis is equivalent to 80,000 kg of protein parper year,
which is far in excess of that achieved by conwmdl agriculutre. This is one of the reasons Far apparent
economic attractiveness of these ponds; yet even miore than 20 years of research few full scgstesns are in
operation.

An HRAP usually takes the form of a shallow char2i@ m wide with a water depth of 20 - 60 cm andwaged in

a "race track" configuration. To prevent the algatling out, the pond is mixed by stirring, eitieentinuously or
at regular intervals, with paddles located aloisgléngth. Detention times are between two andlaiys and are
therefore frequently much sorter than those in eotienal pond systems. The shallow depths of HRA® their

short retention times make them more sensitivdémges in environmental conditions and shock loddir short
retention times may appear to offer a significatuction in land area requirements, but this offsetheir shallow
depth and low removal of excreted pathogens, wiriely require the use of maturation ponds to produogcro-

biologically satisfactory effluent.

The influent wastewater is pretreated by primadireentation or in an anaerobic pond to removeesdtte solids.
HRAP can be heavily loaded with wastewater, up30 g BOD per ha per day in the tropics, and ptilduce an
effluent with < 20 mg/l of filtered BOD. Since & ponds are designed to maximize algal biomastuption, it

follows that efficient harvesting of the algae rsiaal to the economic viability of the system andhe economic
viability of the system and to the quality of thedl effluent. Harvesting techniques that havenbesed include
centrifugation, mechanical filtration, autoflocctiten and chemical flocculation, followed by dissedvair floatation
(Ellis 1983).

Reduced algal yields have been associated withaficedby zooplankton, wuch as Daphnia and Moinial as a
consequence of fungal infections. Correction ofhsyproblems is possible but requires a high degrkee
microbiological competence. Careful manipulatidnttee performance of HRAP may also be necessargnin
attempt to control algal speciation in instancesngta particular type of algal product is required.

In summary, HRAP are highly sensitive biologicahetors that require very careful control and maiatee by
skilled personnel. They are much more complicatedperate than activated sludge systems, anddheyot be
considered as a simple alternative to conventipoal systems. Thus their use should only be cqritged when
the necessarily well trained and experienced teelrstaffs are routinely available and when thera idefinite
market for the algal product.
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12.13 WSP Design Examples

1. Constant Population
Design a WSP system to treat 10,000 m3/d of a wmeaséz which has a BOD of 350mg/l and 1 X EQ per 100 ml.
The effluent should contain no more than 1000 FC18® ml, and the design temperature and evaporsgie are
18°C and 6 mm/d, respectively.
Solution

(&) Anaerobic ponds
From Table 12.8 the design loading is given by:
A = 20T — 100 = (20 x 18) — 100 = 260g/m3d
The pond volume is given by equation 12.2 as:
Va=LQ/ L, =350 x 10,000/260 = 13,462 m?3
The retention time is given by equation 12.3 as:
Oa = V,/Q =13,462/10000 =1.35d
The BOD removal is given in Table 8.8 as:
R =2T + 20 = (2 x 18) + 20 = 56 percent

(b) Facultative ponds
The design loading is given by equation 12.8 as:
As = 350 (1.107 — 0.002T¥°= 350 [1.107 — (0.002 x 18]*>= 216 kg/ha d
Thus the area is given by equation 12.4 as:
A; = 10L,Q/ As = 10 x 0.44 x 350 x 10,000/216 = 71,306 m
The retention time is given by equation 12.11 as:
2= 2AD/(2Q — 0.001 4e)
Taking a depth of 1.5m, this becomes:
g - 2 x 71,300 x 1.5/[(2 x 10,000) — (0.001 x 71,308)k= 10.9 d
The effluent flow is given by:
Qe=Q — 0.001Ae =10.000 — (0.001 x 71,300 x 6) = 9572 m3/d
(c) Maturation ponds
For 18°C the value ofiks given by equation 8.14 as:

kr=2.6 (1.19Y°=2.6 (1.19f = 1.84 ¢



Equation 12.13 can be rearranged as follows:
@m = {[Ni/Ne (1 + k-2 (1 + k&)™ - 1}/k;
={[10%10°(1 + (1.84 x 1.35) (1 + (1.84 x 10.9)] -1}/1.84
=740dforn=1
=195dforn=2
=55dforn=3
=28dforn=4
The first two combinations of gand n are rejected ag & . The fourth combination is also rejected as<0
@.""= (3 d). A comparison is made between the thimilwoation and that of @& @,™" = 3 d and n = 4: the latter
has a small product (12) than the former (16.5),iaritherefore chosen.
Check the loading on the first maturation pond fregoation 12.16:
As (™) =10 x 0.3 x 350 x 1.5/3
=525 kg/had

This value is higher than 75 percent of the loadhenfacultative pond ( = 0.75 x 216, = (162 kgfha Thusis(™)
is taken as 162kg/ha d and,@alculated from:

@ m =10 LiD/Asy =10 x 0.3 x 350 x 1.5/162 = 9.7 d

The retention times in the subsequent maturatiodpare calculated from:
Dm={INilNe (1 + k@) (1+k By) (1 ++kBm) "~ 1}/ky

= {[10%/10%1 + (1.84 x 1.35) (1 + (1.84 x 10.9)][1.84x9.7]}1.84

=39dforn=1

=41dforn=2

=17dforn=3
The second combination is chosen as its prod@&®Riswhich is less than that for.@&= F.""=3dandn=3.
For a depth of 1.5m, the area of the first matarationd is given by equation 12.17 as:
For a depth of 1.5 m, the area of the first matongpond is given by equation 12.17 as:
Am = 2Q @ /(2D + 0.001 D) = 2 X 9572 x 9.7/[(2 x 1.5) + (0.001 x 6 x 9.7)p0,721 M
The effluent flow is given by
Q= Q - 0.001A,e = 9572 - (0.001 x 60,721 x 6) = 920&/dn
Similarly the area of the second maturation pordlitmeffluent flow are given by
Amz =2 x 9208 x 4.1/[(2 x 1.5) + (0.001 x 6 x 4.1)P4,964 M
Q. -9208 - (0.001 x 24,964 x 6) = 9058/th

And for the third maturation pond:
Amz=2x 9058 x 4.1/ [(2 x 1.5) + (0.001 x 6 x 4.%)P4,557

Q = 9058 - (0.001 x 24,557 x 6) = 891%/th
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BOD Removal

Assuming that a cumulative removal of filtered B@D90 percent in the anaerobic and facultative goaid 25
percent in each of the three maturation pondsfila¢effluent will have a filtered (non-algal) BO®&:

350 x 0.1 x 0.75 x 0.75 = 15 mg/l, which is satsfay
Summary
The design thus comprises:

Anaerobic pond(s) : volume 13,462 m3
Retention time 1.35d

Facultative pond(s) s area 71,300 m?
Retention time 10.9d
First maturation pond(s) : area 60,721 m2

Retention time 9.7 d
Second maturation pond(s) ;area 24,964 m2
Retention time 4.1d

Third maturation pond(s) s area 24,557 m?
Retention time 4.1d

The overall retention time is thus 30.14 days, #uedremoval filtered BOD and FC throughout the psedes is as
follows:

BOD (mg/l) FC (per 100 ml)
Raw wastewater 350* 1.0X10
Anaerobic pond effluent 154* 2.9x10
Facultative pond effluent 35 1.4x16
1* maturation pond effluent 26 7.2 X10
2" maturation pond effluent 20 8.5 %10
3“ maturation pond effluent 15 9.9 ¥10

*unfiltered BOD

The effluent flow is 8911 id, so evaporative losses are 10.9 percent.

Note

If the above design were done without anaerobiadppthe result would be a primary facultative pamd four
maturation ponds, as follows:

Facultative pond(s) s area 162,037 m?2

Retention time 25.5d

First maturation pond(s) : area 57,270 m?
Retention time 9.7 d

Second maturation pond(s) ;area 17,263 m2
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Retention time 3d

Third maturation pond(s) ;area 17,057 m2
Retentiontime 3d

Fourth maturation pond(s) : area 16,854 m2
Retention time 3 d

The overall retention time is thus 44.2 days, which6.6 percent greater than when anaerobic paregcluded.
Evaporative losses are 16.2 percent, which is g8r6ent more than the design with anaerobic poritiés clearly
shows the advantages of including anaerobic pahey. substantially reduce retention times, and tand area
requirements, and also losses due to evaporatibictivis important if the effluent is to be used ¢oop irrigation).

2. Seasonally Varying Population

The design is to be the same as for design exaNpld but, due to seasonal effects of tourism,cib@ and hot
season flows, temperatures and evaporation ragessaollows:-

Cool : 10,000rd 18C 6mm/d
Hot Season : 30,000 28C 11mm/d
€) Anaerobic Ponds

Design the anaerobic pond for the hot season ampace this with the cool season design example no.1

For 28C, 1,=300g/nid. Therefore:

Va =350x30, 000/300=35,000m
This V. is higher than that for £8, and is therefore chosen
D, =35,000/30,000 =1.17d (hot season)
=35,000/10,000 =3.5d (cool season)
M =350x10,000/35,000 =100g7th (Cool Season) which is satisfactory.
(b) Facultative Ponds

For 28C, the permissible surface BOD loading is given by:
Xa :350[1.107-(0.002x28§]8_25: 406kg/ha d

The BOD removal in the anaerobic pond is 60 perae@8C. Therefore

A¢ =10x0.4x350x30, 000/406 =103,448m

This is greater than that required in the cool@eaand is therefore chosen

oF =2x103, 448x1.5/ [(2x30, 000) - (0.001x103, 448%11)=5.3 d (hot season)
=2x103, 448x1.5/ [(2x10, 000) — (0.001x103, 448x6H.0 d (cool season)

Qe = 30,000-(0.001x103, 448x11) =28,862 (hot Season)
=10,000 - (0.001x103, 448x6) =9,378/day (Cool Season)

¢) Maturation ponds

These will be designed first for the hot seasonthed checked for performance in the cool seagr28°C, k- is
given by:

kr-2.6 (1.19%%%°= 10.5d"
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@ ={[10%10°1 + (10.5 x 1.17) (1 + (10.5 x 5.3} 1}/10.5

=126forn=1
=1.0forn=2

Choose 2 ponds each with a retention time of 3@,(2") and calculate the loading on the first:

A (m) = 10 x 0.3 x 350 x 1.5/3 = 525 kg/ha d which igher than (0.75 x 406), = 304 kg/ha d. Thus #tention
time in the first maturation pond is:

D mi =10x0.3x350x1.5/304 =5.2d

The retention time in the subsequent maturatiordgehis:

D@m= {[10%10°(1 + (10.5 x 1.17) (1 + (10.5 x 5.3)(1+(10.5x5.3f)— 1}/10.5

=0.13dforn=1
So choose a single pond with a 3d retention time.

Check performance in the cool season (when thatietetime in the maturation ponds will be threeds greater):
N=1C/[(1+ (1.84 x3.5) (1 + (1.84 x 16) (1 + (1.845%.6) (1 + (1.84 x 9)]

= 847 per 100 ml, which is satisfactory.

The maturation pond areas are now calculated:

Am=2x 28,862 x5.2/ [(2 x 1.5) + (0.001 x 11 x 5.2)98,183 m?

Q.= 28,862 — (0.001 x 98,183 x 11) = 27,782 m?/d

Amp = 2 X 27,782 x 3/[(2 X 1.5) + (0.001 x 11 x 3)54,960 m?

Q.= 27,782 — (0.001 x 54,960 x 11) = 27,17%dm

Calculate actual retention times in the cool season

@ = 98,183 x 1.5/9,379 = 15.7 d

Q. = 9,379 — (0.001 x 98,183 x 6) = 8798/h
@ m>= 54,960 x 1.5/8790 = 9.4 d

Q. = 8,790 — (0.001 X 54,960 x 6) = 8,46(/dn

These retention times are slightly greater thaiseh@ssumed above in the check on the cool seasfumrpance.
So N, will be slightly less than 847 per 100 ml, bull stf course satisfactory.

Summary
The design thus comprises:

Anaerobic pond(s) : volume 35,000 m?3
Retention time 1.17 d (3.5 d)*
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Facultative pond(s) :area 103,448 m
Retention time 5.3 d (16.0d)

First maturation pond(s) : area 98,183 m2
Retention time 5.2 d (15.7 d)

Second maturation pond(s) s area 54,960 m2
Retention time 3 d (9.4 d)

e Cool season retention times given in parentheses.
Thus the overall retention time is 14.7 d in thé $eason and 44.6 d in the cool season.
3. Unrestricted Irrigation

The design is to be the same as design examplk eacept that the effluent is to be used for unicted irrigation
only in those months in which the temperature mvat25°C (when the evaporation rate is 9 mm/d).

Solution
(a) Anaerobic and facultative ponds

These must operate satisfactorily at all times tedefore they have to be designed for 18°C; sg #ne as in
design example no. 1. The retention time in tloalfative pond when the evaporation rate is 9 misffiven by:

D¢ =2 x 71,300 x 1.5/[(2 x 10,000) — (0.001 x 71,309)k= 11.0 d and the corresponding effluent floanfr
the facultative pond is:

Q. = 10,000 — (0.001 x 71,300 x 9) = 9358 m3/d

(b) Maturation ponds

The value of kT at 25°C = 2.6 (1.195°=6.20 &

The retention time is:

@ = {[10%10°(1 + (6.2 x 1.35) (1 + (6.2 x 11¥'- 1}/6.2

=24 7dforn=1

=1.8dforn=2

Choose 2 ponds each with 0 each with 83 (=3,,™) and check loading on the first pond:
Ami =10x0.3x350x 1.5/3 =1675 kg/had

This is greater than 75 percent of the permisdildeling on the facultative, which at 25°C is (0X7850), = 262
kg/ha d. Thus the retention time in the first mation pond is calculated from:

D =10x0.3x350x1.5/262 =6.0d
The retention time in the subsequent maturatiordgehis:

B ={[10%10°%1 + (6.2 x 1.35) (1L + (6.2 x 11) (1 + (6.2 x 6f J 11/6.2
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=05dforn=1
So choose a single secondary maturation pond wigteation time of 3 d (=g™")
The maturation pond areas are calculated as follows

Am=2Xx9,358 x 6/[(2 x 1.5) + (0.001 X 9 X 6)] = 380 m?
Q.= 9,358 = (0.001 x 36,770 x 9) = 9,027/eh

Am=2x 9,027 x 3/ [(2 x 1.5) + (0.001 x 9 x 3)] =,893 m?
Q.= 9,027 — (0.001 x 17,893 x 9) = 8,86&dn

Summary

The design thus comprises:

Anaerobic pond(s) : volume 13,462 m3
Retention time 1.35d

Facultative pond(s) :area 71,3006 m
Retention time 11d

First maturation pond(s) : area 36,770 m?
Retention time 6 d

Second maturation pond(s) s area 17,893 mz
Retention time 3 d

Third maturation pond(s) : area 54,960 m?
Retention time 3 d (9.4 d)

Thus the overall retention time is 21.35 d, whigl30 percent less than in design example no. 1s illirstrates the
advantage of designing pond systems to producdflalere containing >1000 FC per 100 ml only in thasonths
when it will be actually used for unrestricted ciomation.

4. Restricted Irrigation

The design is to be the same as design example exc8pt that the effluent is to be used for red irrigation.
The raw wastewater contains 600 human intestimabtede eggs per litre.

Solution
(a) Anaerobic pond

As in design example no.3, @will be 1.35 d. For this retention time, the gertage egg removal is given by
equation 8.19 as:

R = 100[1 — 0.41 exp (0.49¢& 0.0085 Z?)]
=100[1 — 0.41 exp (-(0.49 x 1.35) + (0.0085 x 2BY = 78.5 percent

So the number of eggs per litre of anaerobic pditdeat is (600 x 0.215), = 129
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(b) Facultative pond
@:=10.9 d, so R is given by:
R =100[1 — 0.41 exp(-(0.49 x 10.9) + (0.0085 x.81§] = 99.4 percent

So the number of eggs per litre of facultative pefitlent is (0.006 x 129), = 0.8. Thus no furtlesatment is
necessary as the facultative pond effluent compliis the WHO guideline value of > 1 egg per litre

Suppose, however, that the facultative pond effleentained 10 eggs per litre. A maturation porwild then be
required to reduce the number to 1. This is edentato an egg removal of 90 percent. From Tal#e3 khis
requires a retention time of 3.1 days, and so glesimaturation pond of this size would be provided.

5. Partially aerated facultative pond
The WSP system designed in design example no dvisreceiving twice its design flow. The anaerobinds are
to be duplicated and floating aerators installedtenfacultative pond. What is the required aerptiwer input?
The temperature of the anaerobic pond effluenthéncbldest month is 24°C.
Solution

The extended anaerobic ponds will achieve the @B removal as before (56 percent). So the infiderthe
facultative ponds still has a BOD of 154 mg/I.

The current retention time in the facultative porsdlalf that in the original design, e.g. 5.45 d.
The temperature T is the temperature of the pbréarated pond and is given by equation 12.36 as:
T=Ta+ (To—T)/3 =18 + (24 — 18)/3 = 20°C.

Use equation 8.31 to calculate required reteniime in the partially aerated facultative pond fér percent BOD
removal:

@ = 8.45 (1.036%7

For T - 20°C, &= 8.45 d. This is greater than what is availaBlel d) and so the BOD removal is given by
equation 8.29 and 8.30:

Le=Li (1 + kmm@ = 154/ [1 + (0.276 x 5.45)] = 62 mg/l
Thus the BOD removal is 60 percent and the oxygeairement is given by equation 8.32 as:
R=1.5x1CG (Li— Lo Q/24 = 1.5 x 18 (154 — 62) 20,000/24 = 115 kg/hr

Assume that the manufacturer’s rating for the aesafno.) is 2 kg gkWh. This is corrected for filed conditions
by equation 8.35 (assuming the pond system isaalesel):

Nt =No[x] [(1.024) " [(BCs (7, arC1)/Cs (20, 0)
=2x0.7 x1{[(0.9 x 9.08) — 2]/9.08} = 0.95 kg RWh
The aerator power requirement (P) is given by eqndf2.34 as:

P =R/N =115/0.95 = 121 kW

26¢



As the area of the facultative ponds is large (@Q,8f say, for four ponds each of 17,825 on 77 m x 231 m),
twelve 10 kW aerators would be used (three per pond

6. Septage ponds
Design a WSP system to receive septage from fi#§05litre tankers a day. The septage BOD and R@tcare
5000 mg/l and 1 x 10 per 100 ml respectively, dma design temperature and evaporation rate are 20805

mm/d.

Solution

Facultative pond

The daily BOD load (L, kg/d) is calculated from:

L =10°L Q = 10° x 5000 x (50 x 5000 x 1%

= 1250 kg/d

The permissible BOD surface loading at 20°C is&%0a d, so the facultative pond areg, (#) is given by:

A; = 1250/350 = 3.50 ha.

This area is now compared with that calculatedhenbiasis of evaporative losses equaling the sepifiger:
0.001Ae =Q

So that:

A; = 250/(0.001 x 6) = 41,700 m?

This is greater than that based on the permissilalding and so adopted. In practice one would teaye four
ponds in parallel. Make up water is added to gauid in those months when there is positive nepenation (O,

mm/d) at the following rate (Q, m3/d):

Q = (0.001 x 10, 425 x €) — (250/4)
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13.0 CONSTRUCTED WETLAND

13.1 Introduction

A constructed wetlandis an artificial marsh or swamp, created for asplagenic discharge such as wastewater,
stormwater runoff or sewage treatment, and as dtafut wildlife, or for land reclamation after ming or other
disturbance. Natural wetlands act as biofilterspa@ing sediments and pollutants such as heavy sétain the
water, and constructed wetlands can be designenhtdate these features.

Photo 13.1 Vertical Flow Constructed Wetlands

Vegetation in a wetland provides a substrate (r@igns, and leaves) upon whigiicroorganism&an grow as they
break down organic materials. This community of nmicganisms is known as tiperiphyton The periphyton and
natural chemical processes are responsible forappately 90 percent gfollutantremoval and waste breakdown.
The plants remove about seven to ten percent difitpats, and act asaarbonsource for the microbes when they
decay. Different species @fquatic plantshave different rates of heavy metal uptake, a idenation for plant
selection in a constructed wetland used for watstinent.

Constructed wetlands are of two basic types: sthseiflow and surface-flow wetlands. Subsurfacevfleetlands
can be further classified as horizontal flow andigal flow constructed wetlands. Subsurface-floetlands move
effluent (agricultural or miningunoff, tanneryor meatprocessing wastes, wastewater from sewagtoom drains
or other water to be cleansed) throug@ravel or sandmedium on which plants are rooted; surface-flovilavels
move effluent above the soil in a planted marskveamp, and thus can be supported by a wider vasfesgil types
including bay mudand other silty clays. In subsurface-flow systeths, effluent may move either horizontally,
parallel to the surface, or vertically, from theamted layer down through the substrate and outsi8tdre
horizontal-flow wetlands are less hospitablentosquitoes whose populations can be a problem in constructed
wetlands (carnivorous plants have been used tceaddhis problem). Subsurface-flow systems havadvantage
of requiring less land area for water treatment,dre not generally as suitable for wildlife habia are surface-
flow constructed wetlands.
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Photo 13.2 Newly Planted Constructed Wetland

Plantings ofeedbedsre popular in European constructed wetlandsptarts such as cattail$ypha spp.),sedges
andbulrushesare used worldwide. Recent research in use oftearied wetlands for subarctic regions has shown
that buckbeandMenyanthes trifoliata) and pendamgrass(Arctophila fulva) are also useful for metals uptake.

In Kenya, there are four main emergent macrophyfsss, which are used in constructed wetland viz:-
Cyperus Papyrus

Cyperus immensus

Typha domingensis

Typha domingensis and

Phragmites mauritianus

KD
£

e e e e
LCI X IR X i X4



Photo 13.3 The same constructed wetland two years later

13.1.1 General
Constructed wetlands (CWSs) are planned systemgriegsiand constructed to employ wetland vegetati@ssist in

treating wastewater in a more controlled environimtéan occurs in natural wetlands. Hammer (199Gnds
constructed wetlands as a designed, manmade compiaturated substrate, emergent and submergedatien,
animal life, and water that simulate wetlands famian uses and benefits. Constructed wetlands arecn
friendly” alternative for secondary and tertiary mizipal and industrial wastewater treatment. Thélupmts
removed by CW’s include organic materials, suspdreidids, nutrients, pathogens, heavy metals ametr ddxic or
hazardous pollutants. In municipal applicationgytican follow traditional sewage treatment procesBafferent
types of constructed wetlands can effectively tprahary, secondary or tertiary treated sewage. él@vwetlands
should not be used to treat raw sewage and, irstridusituations, the wastes may need to be patdd so that the
biological elements of the wetlands can functiofeaively with the effluent. CW's are practicdteanatives to
conventional treatment of domestic sewage, incdalsind agricultural wastes, storm water runoff, anil mining
drainage.
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13.1.2 Types of Constructed Wetlands

Constructed wetlands for wastewater treatment cancditegorized as either Free Water Surface (FWS) or
Subsurface Flow (SSF) systems. In FWS systemd]dheof water is above the ground, and plantsraed in
the sediment layer at the base of water columru¢gid3.1).

In SSF systems, water flows though a porous madih as gravels or aggregates, in which the planetsraoted

(Figure9.2). Table 13.1 illustrates the type of wetlandgyetation types and wetlands.

Fig. 13.1 Emergent macrophyte treatment system withorizontal sub-surface flow (Brix 1993)

Table 13.1 Vegetation type and water column contadéh constructed wetlands

Constructed wetland type Type of vegetation Section in contact with water column
Free water surface (FWS) Emergent Stem, limited leaf contact
Floating Root zone, some stem / tubers
Submerged Photosynthetic part, possibly root zone
Sub-surface flow (SSF) Emergent Rhizome and root zone

SSF systems are most appropriate for treating pyimastewater, because there is no direct contivtden the
water column and the atmosphere. There is no &ymoy for vermin to breed, and the system is séfem a
public health perspective. The system is partitylaseful for treating septic tank effluent or gremter, landfill
leachate and other wastes that require removalghf ¢toncentrations organic materials, suspendedssaiitrate,
pathogens and other pollutants. The environmetitinvthe SSF bed is mostly either anoxic or anderdbxygen
is supplied by the roots of the emergent plants iangsed up in the Biofilm growing directly on theots and
rhizomes, being unlikely to penetrate very far itite water column itself. SSF systems are goodifcate removal
(denitrification), but not for ammonia oxidationit¢ification), since oxygen availability is the litimg step in
nitrification.

There are two types of SSF systems: horizontal 8&F (hSSF) and vertical flow SSF (vSSFhe most common
problem with hSSF is blockage, particularly arotimel inlet zone, leadingither to short circuiting, surface flow or
both. This occurs because of poor hydraulic desiggyfficient flow distribution at the inlet, andappropriate

choice of porous media for the inline. Properly-designed SSF systems are verplelia

274



Fig. 13.2 Emergent macrophytes treatment system witsurface flow (Brix, 1993)

FWS systems are very appropriate for polishing séaoy and tertiary effluents, and for providing tat The
environment in the FWS systems is generally aerahi@nd near, the surface, tending toward anoslitions
near the bottom sediment. The microbial film grawsall available plant surfaces, and is the maiehasism of
pollutant removal. FWS usually exhibits more biadsity than does SSF systems.

The objective of using CWs is to remove organictaerasuspended solids, pathogenic organisms, atnigmis such
as ammonia and other forms of nitrogen and phosghdrhe growing interest in wetland system is dupadrt to
recognition that natural systems offer advantages conventional activated sludge and tricklingefilsystems.
When the same biochemical and physical processag @t a more natural environment, instead of i@atanks
and basins, the resulting system often consumes deergy, is more reliable, requires less operatod
maintenance and, as a result costs less. Theyaedsosed for removing heavy Metals and toxic caimps. This
manual is concerned with the design, operationMaithitenance of sub-surface flow constructed weand

13.1.3 Advantages and disadvantages of constructed wetlasd

Constructed wetlands are

(1.) relatively inexpensive to construct and operate,

(2.) easy to Maintain,

(3.) provide effective and reliable wastewater treatment

(4.) relatively tolerant of fluctuating hydrologic an@rdaminant loading rates (optimal size for antitépa

waste load), and
(5.) provide indirect benefits such as green space]ifeildabitats and recreational and Educationahsire

The disadvantages are;
(1.) the land requirements (cost and availability oft&le land),

(2.) current imprecise design and operation criteria,

(3.) biological and hydrological Complexity and our lamfkunderstanding of important process dynamics,

(4.) the costs of gravel or other fills, and site gradiluring the construction period, and

(5.) possible problems with pests; mosquitoes and gibsts could be a problem for an improperly designe
and managed SSF

The system may be used for small communities dedetore, may be located close to the users. €perdlence

of wetland community on hydrologic patterns is moisvious in the change in species composition tiegufrom
alterations in water depths and flows.
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13.1.4 Configuration, Zones and components of constructedetlands

Influents to constructed wetland can range from wastewater to secondary effluents.

Most constructed wetlands have the following zonéslet zone, macrophyte zone, and littoral zond antlet
zones. The components associated in each zonas ah®wn in Table 13.2 and can include substreitbsvarious
rates of hydraulic conductivity, plants, a watetuoan, invertebrate and vertebrates, and an aeificanaerobic
microbial population. The water flow is maintainadproximately 15 — 30 cm below the bed surfacentBlin
wastewater systems have been viewed as nutrierstgst&compartments where nutrient uptake is relaigulant
growth and production. Harvesting before senescarae permanently remove nutrients from the systewghin
the water column, the stems and roots of wetlaadtplsignificantly provide the surface area fordttachment of
microbial population. Wetland plants have theigbilo transport atmospheric oxygen and other gassen into
the root to the water column. Most media useduithelcrushed stones, gravels, and different saifsgrealone or in
combination. Most beds are underlain by imperneabhterials to prevent water seepage and assuez lesel
control. Wastewater flows laterally, being purifigdring contact with media surface and vegetatomis. The sub-
surface zone is saturated and generally anaeraltimugh excess DO conveyed through the plant sgetem
supports aerobic micro sites adjacent to the rodtrhizomes.

Table 13.2 Wetland zones and their associated conpents

Zones Components Functions
Inlet zone Inlet structure, splitter box Flow diistition across the full width at
a minimum of 3 — 5 m interval
Macrophyte zone Porous bed/substrate, open wafBo, provide the substrate with high
vegetation, island, mixing baffles, flowhydraulic
diversion conductivity; to provide surface for the
growth of
Biofilm; to aid in the removal of fine
particles by

sedimentation or filtration; to provide
suitable support
for the development of extensive ropt
and rhizome

System for emergent plants.

Deep water zone Usually deeper, non-vegetated Reduce short circuiting by re-orienting
flow path;
reduce stagnant areas by allowing for
mixing by
wind; enable UV disinfections of
bacteria and other
Pathogens; provide  habitat  for
waterfowl.

Littoral zone Littoral area Littoral vegetation protects embankment
from
erosion; littoral vegetation serves fo
break up wave

Action.
Outlet zone Collection devices, spillway, weir,letit Control the depth of the water in the
structures wetland; collect the effluent water

without creating of dead zones in the
wetlands; provide access for samplipg
and flow monitoring.
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13.2 Planning for Constructed Wetland
13.2.1 Viability

The following criteria dictate the feasibility okimg a constructed wetland for stormwater and @ertireatment of
Municipal Seffluent:

1) The type of wetland designed and its charactesistic

2) The hydrologic characteristics of the designed avet]

3) The vegetation planted within the wetland (to méiland lower nutrients and pollutants);

4) The type and volume of nutrients and pollutantging the wetland prior to treatment; and
5) soil texture

13.2.2 Planning for Constructed Wetland
Before Construction of a Constructed Wetland, til®Wing needs attention.

13.2.2.Boil/Topography/Climate

Soil at the site proposed for a created wetlandt ineisuitable to allow for sufficient water retemtj infiltration and
wetland plant growth. For wetland vegetation, sailsst be suitable, from the ground surface to beloavstatic
water level. It may be necessary to stockpile tdpdaring construction and later overlay it alorge twetland
bottom and side slopes.

The topography of the site proposed for a createtiawd must also be considered. Steep side slopssuading
the wetland should be avoided since they will deter growth of wetland vegetation, which in turrcrizases
problems with harvesting and maintenance problemisich may raise potential safety concerns). Minimal
excavation is preferred to reduce constructionsscarsd to produce a more natural looking wetland.

It is also important to know the location of thetaratable. This information will aid in designingeas that will
have standing water.

Climate may be a factor if the wetland will receilagge amounts of storm water or effluents from Mipal

sewerage works during the winter months. Shallowlamd zones may freeze solid in the northern teatpearea,
thereby decreasing the overall effectiveness ofaétand. The lack of vegetation during the winkglt also lower
the amount of nutrients and pollutants that carag&milated into plant tissues. Without aquaticetation, the
sediment may move through the wetland quickly untee detention time is long enough for the paatidb settle
out. Therefore, if the wetland will receive larga@unts of

Storm water during freezing weather, it may be ssagy to provide deep pools that will not freez@also

13.2.2.2Vhere to Apply

Apply in areas where nutrients and sediment are phimary pollutants of concern. Pre-treatment ofido
contaminants must be assured.

There are some locations where wetlands were haatlyr drained for agricultural and other purposesl may no
longer meet the scientific and legal definitionaoivetland; these sites may provide an excellenbxppity for the
re-establishment of wetland habitat for storm waterage and treatment.



13.3 Specifications
13.3.1Planning Considerations

Determine if the site selected for the construetetiand:
* meets the soiltopography/climate and other comaitiabove. Prior to seeding/planting a wetland, ttes

soil to determine if the soil will support wetlanggetation, or if a soil enhancement plan should be

developed.

* meets the legal definition of a wetland. An exigtimetland cannot be destroyed to create anothdanebt
for non point source control. The area must aldocoatain any threatened or endangered plant onani
species, as these will be impacted upon constructfoany of these conditions exist, the site ig no
appropriate for a constructed wetland. A qualifieetland scientist should perform the necessaryandtl
delineation and plant/animal survey prior to design

* meets sizing requirements. The total surface artfaeccreated wetland should be a minimum of 1%hef
area draining into the wetland if it is to treairst water.

Determine the need the wetland will fulfill.

This may include one or more of the following: hytthgic benefits, nutrient uptake, and sedimentgiag. The
design of the constructed wetland will differ degieg on its intended use.

The construction of a wetland may require localtesand federal permits, depending on the spagiifitimstances.
All relevant laws should be investigated prior tans being developed to determine the legalityarfstructing a
wetland for treatment of storm water or efflueminfr municipal sewage treatment plant to ensurenbegssary
Permits are obtained.

Again, it may be necessary to know the locatiothefwater table.

It is essential to establish the emergent and dpfdant communities as soon as possible followiagstruction.
This should be included in the construction seqaeesuhedule.

13.3.2Design Considerations of Wetland treating Storm Wadr

Several examples of constructed wetland designshosvn in Figures 9.3 through 9.7 Please note theat p
community “zones” can be used to describe congduatetlands.

These zones are shown in Figure 11.7
Deep Marsh 18 to 72 inches in depth.
Low Marsh 6 to 18 inches in depth.

High Marsh 0 to 6 inches in depth.
Semi-wet 0 to 24 inches above the normal watel.leve

13.3.2.Wetland Configuration

The wetland should be irregular in shape, withnagtle to width ratio of at least 2:1 preferably 4:1.

Inlets and outlets must be placed far apart tochsbort circuiting (in other words, inlet water ggidirectly into the
outlet without receiving the treatment of the wedln
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The length to width ratio can be increased by ukigéy marsh areas or islands to cause incomingriatmeander
back and forth on its way through the system. Whith proper design characteristics these wetlandsheae a
natural appearance and still provide all the ddswactions for storm water treatment.

All constructed wetlands should contain a fore aathe inlet and micro pool at the outlet. The Huag at the inlet
allows for sediment and other solids to settle @uthe storm water before entering the wetland.sThire bay
should be located in such a way that sediment eareimoved with machinery as it fills up. The migmol at the
outlet allows for the collection of all the waterthe system at one common point. It also providesooling of the
water before discharge.

In some cases the “Pocket Wetland” design showfigure 11.7 may not lend itself to the use of apendy
designed fore bay. A smaller “cattail” fore bay miag useful at least to trap trash and oil. Theofoihg are
guidelines for the size ratios in percent of taetaiface area of each plant community:

Deep Marsh (Fore bay) 20%-45%, Low Marsh 25%-40%ghHMarsh 30%-40%, Semi-wet (the size of this area
depends on the topography surrounding the wetlstegzp slopes will produce less semi-wet habitat sivadlow
slopes will produce more semi-wet habitat). A vigrief different depths must be present within tretland to meet
the growing requirements of diverse emergent wdtlalants.

13.3.2.5urface Area

Runoff

The total surface area of the created wetland shioeila minimum of 1% of the area draining intowetland. The
pollutant removal capability of the wetland is ieased as the surface area to volume ratio is isedea

This ratio can be increased by

a) Increasing the overall area of the wetland, or
b) Creating a complex microtopography within the wedlaf various pools, shoals and Islands.

13.3.2.3/olume

Runoff

The wetland should be able to contain a treatmehimve capable of capturing the runoff generate®@¥ of the
runoff-producing storms in the region on an anmaalis. The forebay should have a minimum treatweloime of
10% of the total wetland treatment volume. The opool should also have a minimum treatment volufriE0&6 of
the total treatment volume.

13.3.2.4Vater Depth

The normal water depth in the fore bay and micrbpoeas should be 3.0 to 6.0 feet. Be sure to

allow sufficient capacity for 3 to 5 years of sedimhaccumulation in the fore bay. The depth ofstamding water
for the remaining surface area, where the wetlaagktation is installed, should vary between 6 tant8es. The
depth/area allocation of the wetland should begiesl to produce the desired plant communities atiniba

If the wetland is also used for hydraulic detentithe temporary increase in water depth above themal water
level of the wetland should be no more than 3 &t should not occur for more than 24 hours. Somtand
vegetation cannot survive inundation for extendexdauals of time.

A wetland specialist can provide detailed inforroatabout specific species
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13.3.2.5%5ide Slopes

Side slopes leading into the wetland should bemaote than 3:1 and not less than 10:1. Shallowgvesiawill
promote better establishment and growth of wetlataht species, and will produce a more natural ametl
appearance. Shallower slopes also allow for easdeving and maintenance activities. It is recommerdenclude
in the design a vegetated ten-foot wide shelf, fo¢ deep, leading to any deeper waters (fore Inalyraicropool)
to reduce the hazard potential.

13.3.2.®utlets

The wetland outlet will control the release ratanirthe wetland. The outlet must maintain the ddsivater level in
the wetland and provide the desired release rata fange of storm events.

Wetlands which are designed for extended detentiay need to use multiple outlets. Outlet design #owa
routing through the wetland are complex proceduigish should be done by Licensed professional eragms

If an outlet pipe is used, it should be designediraw water from one foot below the water surfatieis will
decrease clogging from floating vegetative matexral will also draw cooler water from the bottonthoed wetland.

The outlet should be designed so that trapped @adhdebris can be easily removed. An additionbleehoutlet
should be provided to drain the wetland for maiatere. A stabilized outlet structure must be usdtieatlischarge
of the fore bay and at the outlet from the wetlafkis will prevent erosion within the wetland artdtze discharge
point. See the Stabilized

An example outlet structure is shown in Figure 13.7
13.3.2. Emergency Spillway

An emergency spillway must be provided to safecharge from the wetland during storms which exaisign.
A common design condition of an emergency spillvigyhe 50 to 100-year storm event. However, in avetl
design the emergency spillway should be placedhiit the extended detention of storm water to a imaxn of 3
feet or the 50 to 100-year design storm, whichéégss.

13.3.2.8Vater Balance

An adequate dry weather water balance for the nethaust be maintained throughout the year.

This entails the measurement of the incoming blase tb the wetland as well as using soil boringslétermine the
elevation of the water table and soil permeabiiities. This data can then be used to determire ifviater inputs
(runoff, precipitation, and groundwater) are gredan the water losses (discharge, infiltratiomj @vaporation).
To maintain the water level during the dry seasfomay be necessary to install a clay or plastioiggermeable or
impermeable liner. The need for a liner shall biideined by the examination of the preceding infation. Some
liners are discussed further in the Pond SealimglLaming BMP (although this should not be treatscha exclusive
source of information).

13.3.2.9/egetation

A qualified wetland scientist should prepare thetipa of the design that relates to vegetation

(Plant species) selection, installation, and haiwggrocedures. The wetland should contain a

High diversity and density of wetland plant speci€he plant communities should be designed by icrgead
functional ponds cape within and around the wetlards planning will increase the wetland’s abiltty remove
nutrients and pollutants and will provide habitaedsity within the created wetland.
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Establishing the emergent and upland plant comnesnés soon as possible following construction alibw the
wetland to begin storm water treatment and willMite erosion control during the first growing seaso

Periodic harvesting of the vegetation is esseiiatimulating the growth of many plant speciegréiy allowing
them to remove more of the nutrients flowing inte twetland. Periodic harvesting also may removeractated
nutrients and excess organic material and theretend the life of the constructed wetland.

13.3.2.10 Wildlife Enhancement

Measures to further enhance habitat for wildlife ancouraged. Wildlife enhancement, however, iscredary
concern. For the purposes of this BMP, pollutamhaeal and hydraulic detention are the primary comce
Additional wildlife elements may be added to in@e#he use of the wetland by wetland-dependentaripecies.
This becomes even more important in areas whichpeedominantly urban and have lost much of thetunzéd
habitat. For example, maximizing vegetation denafgund the wetland will attract numerous waterfamtl other
species while discouraging the entry of domestimals that would prey on wildlife. Wildlife use shid not be
encouraged if toxic or harmful pollutants are expddo accumulate within the water, soil or plants.

13.3.2.11 Construction Considerations

Wetlands contain areas of deep water and muck whiich may present a safety hazard for those psrammking
or playing in and around them. Depending on loeglutations, wetland areas may need to be fencadgdand
after construction for increased safety. Specie¢ should always be taken during the initial segffitanting and at
harvesting times to minimize potential problems.

The majority of the shallow marsh system is zereitiiteen inches deep, which creates favorableitomsi for the

growth of emergent wetland plants. A deeper foneibdocated at the major inlet, and a deep micobjosituated
near the outlet.
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The Shallow Marsh System

maintanance
bench

] gate valves provids
flexibility in depth control

use of watland .muk:h

5 foot wetland buffer landscaped o create diversity

ith retive: trees/shrubs for habitat

Storage Allocation Surface Area Allocation
pool

lo marsh deep pool

40% 20%
marsh hi marsh
60% 40%

Figure 13.3 The Shallow Mash system
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The Pond/Wetland System

aquatic banch
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30%

Figure 13.4 The Pond/Wetland System

The pond/wetland system consists of two separdis @ deep pond leading to a shallow wetland. oad
removes pollutants, and reduces the space redfuiréide system.
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The Extended Detention Wetland
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Figure 13.5 The Extended Detention Wetland System

The water level within an ED wetland can increage® much as three feet after a storm event, aréturns to
normal levels within 24 hours. As much as 50% eftittal treatment volume can be provided as EDagimrwhich
helps to protect downstream channels from erosind,reduce the wetland’s space requirement.
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The Pocket Stormwalter Welland
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Figure 13.6 The Pocket Storm water Wetland

Pocket wetlands seldom are more than a tenth afcem in size, and serve development sites of tegsamr less.
Due to their size and unreliable water supply, pbcketlands do not possess all of the benefitstlodrowetland
designs.

Most pocket wetlands have no sediment fore baypibesany drawbacks, pocket wetlands may be aitieact
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Extended Detention Wetland Outlet Structure
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stablized outfall
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Figure 13.7  The Extended Detention Wetland Outlet tBucture
The micropool of an ED wetland system is 4 to & fdeep, and helps protect the orifice of the revers
slope pipe extending from the riser. The pipe witlaes water within one foot of the normal pool, asd

equipped with a gate valve to adjust detention s¢infehe pond drain pipe is also equipped with a gate
valve, and is used to drain the entire wetlandbfanting or sediment cleanout.

13.4 Design Criteria of Surface Water Flow (SWF)
13.4.1Design Criteria

The following are design criteria for free waterfage constructed wetland.

Table 13.3 Design Criteria for Surface Water Flow ©nstructed Wetland

Factor Design Value

Detention time (day) 510 14

Max. COD or BOD loading Rate (Kg/ha.d) 80

Water Depth above media (Meters) 0.1-0.5m

Hydraulic loading rate (mm/day) 7 to 60

Aspect ration (Length to width) 2:1t010:1

Mosquito Control Required

Bed Bottom Slope (%) 0-2

Bed depth (substrate) (m) 0.3-0.6

Source: Design Criteria and Practice for Constditetlands by Ronald W. Crites, 1994
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13.4.2Hydraulic Retention Time

For free water surface unit designed to achieve G&0oval, the relation between detention time and
removal rate is estimated by the following expressi

CJCy =gkt X(86.68)xt-InF] (13.1)
Where G =effluent BOD (mg/L)
G =Influent BOD (mg/L)
Kt =temperature dependent rate constanht, d
T =average detention time
F =fraction of BOD that does not settle out withifew metres in the wetland
86.68 =constant accounting for surface area andlfvaction
kt =0.0057d" for 20°C but for any other temperature, the relationstsipas follows
kt=k20x1.06>"
Where:-

1.06=a =temp. correction factor
t —average temperature of wastewatéidn

F fraction ranges as follows:

0.52 =Primary effluents

0.75 =Secondary effluents

0.8 =Tertiary Effluent

From expressiofil3.1)

Kt=0.0057 x 1.06%%" (13.2)

Where 25C is the average water temperature in the wetland

13.4.3Hydraulic Loading Rate

Hydraulic Flow Rate is determined by the followiexpression:

A=Qxt/ (d x ) (13.3)
Where :

A= Plan area of Wetland

Q= Average flow (daily) =hydraulic loading rate

t= Hydraulic detention time (days)

2= Void ratio (typically 0.75)

d= depth of flow above the media

Applying the dimension to expression 13.3 above

13.4.4COD Loading Rate

The removal mechanisms of both COD and BOD is #maes



13.5 Hydraulic Design of Subsurface Water Flow (SSF) Wédnd
13.5.1Design Criteria

Table 13.4 has the design criteria of a subsunfaater flow constructed wetland.

Table 13.4 Design Criteria for Subsurface Water Flv Constructed Wetland

Factor Value

Bed depth (m) 0.3-0.9m

Hydraulic Retention time (Days) 5-10

Hydraulic Loading Rate (mm/day) 60 — 80 mm

COD loading rate (Kg/fday) 0.08

Maximum Water Depth Water level below surface éast 50 mm below surface
Aspect Ratio 1:1t0l1:2

Source: Organic Waste Recycling pp 298 (Aquaticdsesnd their utilization) by C. Polprasert

13.5.2Detention Time

The relationship between detention time and CODorexhfor a subsurface flow constructed wetland is
expressed by the following expressions:-

Ce/Co =+ (13.4)
Where:-

Ce =effluent COD (mg/L) =50mg/L (Max allowed)

Co =influent COD (mg/L)  =462mg/L

Kt =temperature dependent first order reaction catestant per day

T =hydraulic detention time days

Kt values ranges from 0.8 to 1.1 per day for sangravel
Using gravel as the bed media then kt= 1.1 per day

Others remain as before.

13.6 Processes in Sub-surface Flow Constructed WetlandgSSFCW)

Wetland can effectively remove or convert large rgii@s of pollutants from point sources (municipal
industrial and agricultural wastewater) and nompaources (mines, agriculture and urban runoff),
including organic matter, suspended solids, medat$ nutrients. The focus on wastewater treatment by
constructed wetlands is to optimise the contachiafobial species with substrate, the final objeetieing

the bioconversion to carbon dioxide, biomass andemaNetlands are characterized by a range of
properties that make them attractive for managiollutants in water (Bavor and Adcock, 1994). These
properties include high plant productivity, largdsarptive capacity of the sediments, high rates of
oxidation by microflora associated with plant bi@saand a large buffering capacity for nutrientd an
pollutants. Table 13.5 provides an overview of pwlht removal mechanisms in constructed wetlands
(Mitchell, 1996).
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Table 13.5 Overview of pollutant removal mechanisms

Pollutant Removal Process

Organic material (measured as BOD) Biological dégtian, sedimentation, microbial uptake

Organic contaminants (e.g., pesticides) Adsorptiasiatilization, photolysis, and biotic/abiotic
degradation

Suspended solids Sedimentation, filtration

Nitrogen Sedimentation, nitrification/denitrification, mids@l
uptake, volatilization

Phosphorous Sedimentation, filtration, adsorption, plant anccrmobial
uptake

Pathogens Natural die-off, sedimentation, filtration, predatj UV
degradation, adsorption

Heavy metals Sedimentation, adsorption, plant uptake

13.6.1Biological processes

There are six major biological reactions involvedthhe performance of constructed wetlands, inclydin
photosynthesis, respiration, fermentation, nitafion, denitrification and microbial phosphorus oeml
(Mitchell, 1996b). Photosynthesis is performed tstland plants and algae, with the process addirtgpoa
and oxygen to the wetland. Both carbon and oxygere dhe nitrification process. Plants transfer geawy

to their roots, where it passes to the root zomkzdsphere). Respiration is the oxidation of oigan
carbon, and is performed by all living organisnesding to the formation of carbon dioxide and watée
common microorganisms in the CW are bacteria, fualgiae and protozoa. The maintenance of optimal
conditions in the system is required for the profoeictioning of wetland organisms. Fermentationthis
decomposition of organic carbon in the absence xgfgen, producing energy-rich compounds (e.g.,
methane, alcohol, volatile fatty acids). This psxés often undertaken by microbial activity. Ngem
removal by nitrification/denitrification is the press mediated by microorganisms. The physical psoé
volatilization also is important in nitrogen remav®lants take up the dissolved nutrients and other
pollutants from the water, using them to producditahal plant biomass. The nutrients and pollugahen
move through the plant body to underground stocagans when the plants senesce, being deposithd in
bottom sediments through litter and peat accretiban the plants die.

Wetland microorganisms, including bacteria and furgmove soluble organic matter, coagulate codlbid
material, stabilize organic matter, and convertaoig matter into various gases and new cell tissue
(Mitchell, 1996a). Many of the microorganisms dre same as those occurring in conventional waséswat
treatment systems. Different types of organismsydwer, have specific tolerances and requirements fo
dissolved oxygen, temperature ranges and nutrients.

13.6.2Chemical processes

Metals can precipitate from the water column aslifde compounds. Exposure to light and atmospheric
gases can break down organic pesticides, or ldikaie-producing organisms (EPA, 1995). The pH of
water and soils in wetlands exerts a strong infbeean the direction of many reactions and processes
including biological transformation, partitioning ionized and un-ionised forms of acids and basaton
exchange, solid and gases solubility.

13.6.3Physical processes

Sedimentation and filtration are the main physipabcesses leading to the removal of wastewater
pollutants. The effectiveness of all processes|dbioal, chemical, physical) varies with the water
residence time (i.e., the length of time the watays in the wetland). Longer retention times aed¢ the
remove of more contaminants, although too-longtéia times can have detrimental effects.
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13.6.4Limitations of wetland processes

13.6.4.Process rates

The chemical and biological processes occur att@ dapendent on environmental factors, including
temperature, oxygen and pH. Metabolic activitiee aecreased by low temperature, reducing the
effectiveness of pollutant uptake processes relgimdpiological activity. Low oxygen concentratioimgit

the processes involving aerobic respiration withim water column, and may enhance anaerobic pregess
which can cause further degradation of water qualitany metabolic activities are pH-dependent, fein
less effective if the pH is too high or low.

13.6.4.Hydrological limitations

The capacity of wetlands to treat wastewater igtdid) both in terms of the quantity of water, ahd total
guantity of the pollutants. Hydraulic overloadingcars when the water flow exceeds the design chpaci
causing a reduction in water retention time thédas$ the rate of pollutant removal. Pollutant doading
occurs when the pollutant input exceeds the proaaesval rates within the wetland (Whieal., 1996).
Hydraulic overloading may be compensated for bywgisurcharge mechanisms, or the design may be
based on a flush principle, whereby large watewsldypass the wetland when used for storm water
treatment (Whiteet al., 1996). Inflow variations are typically less extrefoe wetlands treating municipal
wastewaters, with incoming pollutant loads alsagenore defined and uniform.

13.6.5Wetland nitrogen processes

. .
The most important nitrogen species in wetlandsdésgolved ammonia (NIZD, nitrite (NOZ), and nitrate

(NO_S). Other forms include nitrous oxide gaszm, nitrogen gas (L\), urea (organic), amino acids and
amine (Kadlec & Knight, 1996). Total nitrogen inyasystem is referred to as the sum of organic géng

. ;
ammonia, nitrate and nitrous gas (Organic-N + !,\IH NO3 + NZO). The various nitrogen forms are

continually involved in transformations from inorge to organic compounds, and vice-versa. Many of
these transformations are biotic, being carried mutitrobacter and nitrosomonas (Kadlec & Knight,
1996). As it undergoes its various transformationpgen is taken up by wetland plants and miorafl

(preferentially as NH and NO) some is leached to the subsoil, some is libdrate gas to the

atmosphere, and some flows out of the wetland, atlynm a dissolved form. Organic nitrogen compsise
a significant fraction of wetland biota, detritils, sediments and dissolved SO|IdS (Kadlec anidh,

1996). It is not readily assimilated by aquaticnpéa and must be converted to Nl-br NO through

multiple conversions requiring long reaction tim€adlec & Knight, 1996). The process of biological
nitrogen removal follows several sequences. Nitfon first takes place, generally in the rhizasghand

in biofilms (aerobic process). Denitrification méyen follow, occurring in soils and below the oxieil
microzone at the soil/water interface, as it imaaerobic process (Broderick et al., 1989).

Nitrification is a two-step process catalysed byrédomonas and nitrobacter bacteria. In the fitgp,s
ammonia is oxidized to nitrite in an aerobic reactcatalyzed by Nitrosomonas bacteria, as shown in
Equation 9.5:

NH +0, “Nitrosomona, ", NO +HO (13.5)

—_—>
The n|tr|te produced is oxrdrzed aerobrcally byroftacter bacteria, forming nitrate (Equation 943,
follows:

NO— + 0 Nitrobacteria > NO— (13.6)

2 2 3
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The first reaction produces hydroxonium ions (guit), which react with natural carbonate to decrehse
alkalinity (Mitchell, 1996a). In order to performitrification, the nitrosomonas must compete with
heterotrophic bacteria for oxygen. The BOD of thatew must be less than 20 mg/l before significant
nitrification can occur (Reed et al., 1995). Tengpares and water retention times also may affertalte

of nitrification in the wetland. Denitrification ithe process in which nitrate is reduced in anderob
conditions by the benthos to a gaseous form. Tlaetion is catalyzed by the denitrifying bacteria
Pseudomonas spp. and other bacteria, as follows:

NO _+ Organic-cOenitrifying Bacteriqy (g gn 0) +cO +HO (13.7)
3 7 2 @) 2G) 2

Denitrification requires nitrate, anoxic conditioasd carbon sources (readily biodegradable). Idiatiion
must precede denitrification, since nitrate is aifethe prerequisites. The process of denitrificatie
slower under acidic condition. At a pH between 5N(230 is produced. For a pH below 5,2i’d the main

nitrogenous product (Nuttall et al., 1995). N4h1; the dominant form of ammonia-nitrogen at a pHr pf
while NH3 (present as a dissolved gas) predominates at & dH. dNitrogen cycling within, and removal

from, the wetlands generally involves both the stacation and transformation of nitrogen in thelamds,
including sedimentation (resuspension), diffusibmhe dissolved form, litter fall, adsorption/degtion of
soluble nitrogen to soil particles, organlsm mignat assimilation by Wetland biota, seed release,

ammonification (mineralisation) (Orga-N — th ammonia volatilization (NH NH (gas)), bacterially-

mediated nitrification/denitrification reacuons;tmgen fixation (I\i, NZO (gases — organic-N)), and

. )
nitrogen assimilation by wetland biota (N4HNox organic — N, with NQusually as NOs). Precipitation is
X

not a significant process due to the high solybitit nitrogen, even in inorganic form. Organic ogen
comprises a significant fraction of wetland biatafritus, soils, sediments and dissolved solidsi{&aand
Knight, 1996).

13.6.6Phosphorus removal

Phosphorus is an essential requirement for biokgjmowth. An excess of phosphorus can have secgnda
effects by triggering eutrophication within a weila and leading to algal blooms and other watetityua
problems. Phosphorus may enter a wetland in disdawnd particulate forms. It exits wetlands in lowts,

by leaching into the sub-soil, and by removal banpland animals. Phosphorus removal in wetlands is
based on the phosphorous cycle, and can involvangber of processes. Primary phosphorus removal
mechanisms include adsorption, filtration and seditation. Other processes include
complexation/precipitation and assimilation/uptaRarticulate phosphorus is removed by sedimentation
along with suspended solids. The configurationasfatructed wetlands should provide extensive uptgke
Biofilm and plant growth, as well as by sedimematand filtration of suspended materials. Phosphau
stored in the sediments, biota, (plants, Biofilmd d&auna), detritus and in the water. The interactio
between compartments depend on environmental ¢onslisuch as redox chemistry, pH and temperature.
The redox status of the sediments (related to axygatent) and litter/peat compartment is a magotdr

in determining which phosphorus cycling processésogcur. Under low oxygen conditions (low redox
potential), phosphorus is liberated from the sedisi@nd soils back into the water column, and eand

the wetland if the anaerobic condition is not reeer(Moss et al., 1986).

13.6.7Suspended solids

Solids may be derived from outside a wetland (erdlows and atmospheric inputs), and from within a
wetland from plankton (zooplankton and phytoplankt@nd plant and animal detritus. With low wetland
water velocities and appropriate composition ofuieft solids, suspended solids will settle from waer
column within the wetland. Sediment resuspensioh amdy releases pollutants from the sediments, it
increases the turbidity and reduces light penetmatirhe physical processes responsible for removing
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suspended solids include sedimentation, filtrat@asorption onto Biofilm and flocculation/precigitan.
Wetland plants increase the area of substrateadlaifor development of the Biofilm. The surfaceaaof
the plant stems also traps fine materials witténdgtugh structure.

13.6.8Pathogen removal

Pathogens are disease-causing organisms (e.g.eribacviruses, fungi, protozoa, and helminthes).
Wetlands are very effective at removing pathogeyically reducing pathogen number by up to five
orders of magnitude from wetland inflows (Reedlatl®95). The processes that may remove pathdgens
wetlands include natural die-off, sedimentatioftrdtion, ultra-violet light ionization, unfavorablwater
chemistry, temperature effects, and predation bgrobrganisms and pH (Kadlec & knight 1996). Kadlec
and Knight (1996) showed that vegetated wetlandmsmore effective in pathogen removal, since they
allow a variety of microorganisms to grow which mmypredators to pathogens.

13.6.9Heavy metal removal

Heavy metals is a collective name given to all fsetdbove calcium in the Periodic Table of Elements,

3
which can be highly toxic, and which have densitiesater that 5g/cn{Skidmore and Firth, 1983). The
main heavy metals of concern in freshwater incligé&l, copper, zinc, chromium, mercury, cadmium and
arsenic. There are three main wetland processesréhzove heavy metals; namely, binding to soils,
sedimentation and particulate matter, precipitatigninsoluble salts, and uptake by bacteria, asyak
plants (Kadlec & Knight, 1996). These processesrarg effective, with removal rates reported u®886
(Reed et al., 1995). A range of heavy metals, mghs, inorganic and organic compounds present in
wetlands can be toxic to biota. The response dahiepends on the toxin concentration and theanter
of organisms to a particular toxin. Wetlands havieu#fering capacity for toxins, and various pro@sss
dilute and break down the toxins to some degree.

13.7  Abiotic Factors and their Influence on Wetlands
13.7.10xygen

Oxygen in wetland systems is important for heteqgitic bacterial oxidation and growth. It is an esisé
component for many wetland pollutant removal preess especially nitrification, decomposition of
organic matter, and other biological mediated psees. It enters wetlands via water inflows or by
diffusion on the water surface when the surfadersulent. Oxygen also is produced photosynthdyidaj
algae. Plants also release oxygen into the wateodityexudation into the root zone of the sedimevitsny
emergent plants have hollow stems to allow forphesage of oxygen to their root tissues. The oxygen
demand processes in wetlands include sediment-liteygen demand (decomposition of detritus),
respiration (plants/animals), dissolved carbonaseB®D, and dissolved nitrogen that utilize oxygen
through nitrification processes (Kadlec & Knighf9b). The oxygen concentration decreases with depth
and distance from the water inflow into the wetlahds typically high at the surface, grading tery low

in the sediment —water interface.

13.7.2pH

The pH of wetlands is correlated with the calciuomtent of water (pH 7 = 20 mg Ca/L). Wetland waters
usually have a pH of around 6-8 (Kadlec and Knigl#96). The biota of wetlands especially can be
impaired by sudden changes in pH.

13.7.3Temperature
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Temperature is a widely-fluctuating abiotic factioat can vary both diurnally and seasonally. Temijpee
exerts a strong influence on the rate of chemical hiological processes in wetlands, including BOD
decomposition, nitrification and denitrification.

13.8 Operation and maintenance of constructed wetlands
13.8.1Commissioning

Sometimes commissioning of the wetland is refermedthe time from planting to the date where the
wetland is considered operational. Operation duthig period should ensure an adequate cover of the
wetland vegetation. The water level within the aetl during this time needs to be controlled cakgftbd
prevent seedling from being desiccated or drowfette the plants are established, the water levglbaa
raised to operational level. Plant loss may occuring the commissioning, therefore requiring
transplanting.

13.8.20peration

The operation of a constructed wetland dependsherntyipe of wetland, and the number of preliminary
treatment units used for wastewater treatment. Qaeted wetlands are designed to be passive and low
maintenance, thereby not requiring continual upke€pnstructed wetland, however, are dynamic
ecosystems, with many variables that require maugadfi not, problems may occur when the operat@sdo
not understand the needed operation and maintendreeavetland is either hydraulically or organigall
overloaded, unavoidable disasters (e.g., floodingught) occur, the wetland is plagued by weed lprob
and/or if excessive quantities of sediments, lited pollutants accumulate and are not removed fham
wetland. The management of the constructed wetlandsists of four tasks, as outlined below in Table
13.6.

Not all constructed wetlands are the same, givanhttiey can be designed for a range of objectiVbese
objectives will determine the kind of operation andnagement activities needed to be undertakers, Thu
the operation and management of a constructed maettaust be tailored to a particular constructed
wetland, reflecting desired objectives and sitecHjme constraints, including local hydrology, satin
climate and relevant aspects of public safety. &sential elements of the operation and maintenainae
constructed wetland must include:

« Description of the wetland and its objectives;

« List of tasks or management; and
 Monitoring activities, including inspection cheicks.

Table 13.6 Management of constructed wetlands

Tasks Example

Operational control Varying water level

Monitoring Water quality, habitat, flora and fauna

Inspection Structures and Embankments

Maintenance Repair damage to the structures and control weeds

The operation of a constructed wetland after comsimmng must include:

» Maintaining the embankments;

» Removing litter and debris;

 Checking the water flow rate to a constructedavet to determine if it is in accordance with thesign;
» Removing any blockages in the inlet and outletksp

* Replacing plants as required;

* Removing any unwanted weed species from the naristd wetland;
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 Checking the plants for any sign of diseases;

* Protecting the deep open water;

« Correcting erosion and slumping; and

* Checking for any signs of over-flooding (for ssiface flow constructed wetlands).

These tasks may be addressed in the form of a listettkdirect the required maintenance, and tatidie
who should be immediately contacted in the eveproblems.

13.8.3Vionitoring

Monitoring selected performance parameters showddigie sufficient information to measure performanc
in meeting wetland objectives. If water quality impement is the primary objective, the performance
indicator should either be presented as a cond@ntrar load at the outlet, or a comparison ofanfland
outflows, also in terms of concentrations or loallsnonitoring results indicate that the systernat
working according to the objectives, corrective mgas must be applied. Improvement of water quality
may be assessed by monitoring a range of inflowautflow water-quality parameters. Useful parangter
for monitoring wetland performance include dissdlvexygen (DO), BOD, COD, total phosphorus,
orthophosphorus, total nitrogen, total Kjeldhalragen, ammonia nitrogen, oxidized nitrogen, faecal
coliform, pH, suspended solids, electrical condiitsti and heavy metal concentrations. Water flotesao
and from the constructed wetland also must be medshe sampling may be done using either an
automatic or manual sampler. Samples within thdandt must sometimes be taken for the purpose of
comparison.

13.8.4Decommissioning and refitting

Decommissioning and refitting of a constructed amd may take place if its design lifetime is ov&trthe

end of its design life, a wetland will be either beditted, or decommissioned if no longer required.
Refitting may be required when the accumulatiorwetland sediments is adversely affecting wetland
performance, or when changing catchment conditregsiire modifications of the wetland. Major refits
may include the removal of accumulated peat, inodquatic plants, and replacements of substrates.
Decommissioning of a wetland may be required ifltrel supporting it is utilized for other purposesijf

the wetland functioning is unable to achieve the iginal design objectives.
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14.0 THE MARINE DISPOSAL OF SEWAGE

Where a Kenyan community is located on the co&&, mhost economical method of disposing of its
sewage will usually be to discharge it into theidimdOcean.

Because of its large volume and well-oxygenatete sthe Indian Ocean has a tremendous potential for
self-purification. If sewage is discharged in sactvay as to take advantage of this ability, thevgitlaact
as a sewage treatment works.

To achieve this, sewage must be diluted by mamedi of its volume of sea-water. The natural
characteristics of the sea assist in this. Miggatirganisms and ocean tidal and wind-induced ctsneill
tend to carry away and disperse any sewage disshaagd the problem becomes one of sitting the
discharge point so as to ensure that unacceptatdé éffects are avoided.

14.1 Characteristics of a Sewage Field

Sea water is denser than sewage unless it isvatyamuch higher temperature. Therefore, excepeund
very unusual thermal conditions, sewage when digglthnear a sea bed rises to the surface in a manne
resembling plume of smoke leaving a chimney. Oceely, temperature variations in the sea can résul
sewage being trapped beneath a warmer, less deyesedf sea water, as denser layers in the atmosphe
can cause smoke to flatten out rather than rise.

As the buoyant sewage rises, the turbulence adgtéés movement causes sea water to be drawrhiato
plume and so the rising discharge has an everdasuorg plan area. The sewage/sea-water mixture
eventually forms a layer or sewage field, a metrmore thick, close to the surface of the sea.

The relative volume of sea-water which mixes veaitfdl dilutes the sewage is a function of the depthe
discharge pipe in the sea, of the differencesérdinsities of the sewage and sea-water, and oEttbeity

and direction of the sewage discharge; this initidition can be estimated by calculations. The sea
currents have little effect on the initial dilutioalthough the plume will be elongated in accor@atacthe
local currents.

The subsequent drifting of the sewage field issdeined by tidal movements and the system of sea
currents in the area. As it drifts, natural densityrents and turbulence cause lateral and vesricaion of
the sewage field and further dilution of the sewhgaea-water takes place.

Any floating solids, grease and other insolublenvatirface-active properties contained in the sewuilje
form a usually oily ‘slick’ on the surface of theas this slick tends to drift with the wind, irrespive of

the direction of the sea currents. Sewage slicksble mainly because of their tendency to damp out
ripples, are characteristics of marine sewage diggs. Eventually, inter-mixing with sea-water and
oxidation cause the slick to disappear

14.2 Effects of Coastal Discharges

The undesirable effects of marine sewage disckarggy be summarized as:-
1) Hazards to public health.
2) Aesthetic nuisance, resulting in loss of amenity

3) Marine pollution, especially when it affectshiésies and tourist attractions such as the Kergfs.re
4) The accelerated corrosion of marine structures.

14.2.1 Public Health
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Sewage contains considerable numbers of pathogem parasitic organisms, which do not naturally
occur in sea-water. To be acceptable, any arrangiefoe disposing of sewage into the sea must prteven
these organisms from infecting humans.

In general, the marine disposal of sewage wiljydrd a hazard to public health if:-

a) Sewage containing sufficient organisms to causeadis to humans reaches waters and
beaches used for bathing;
b) Fish used for human food are contaminated by désesganisms.

The presence of disease organism in bathing waten @ beach does necessarily result in diseasei. T
self, external bodily contact with disease organiswery unlikely to cause any harm, although firsgean
easily transport pathogens from the skin into tloeitim.

The number of organisms required to infect a pexsoies tremendously. However , it is reasonablkeato

that the risk of catching from sea-water , or franbeach, is proportional to the number of disease
organisms present ;therefore, any marine sewagshatige must be sited so as to reduce as much as
possible the number of pathogens and parasitehinggihe inshore waters.

When considering the disease organisms in sewageeffect of the sea-water environment upon the
organism is important. The sea is, for them, mo&iworable environment and they begin to die affess
protected by being enclosed within large piecesrgfnic wastes, the number of organism’s decreases
roughly logarithmically with time, as a result otambination of factors including increasing ditutiand
salinity, sedimentation and the action of sunligihd predators.

Isolating, identifying and counting individual spes of pathogens and parasites is tedious for marin
sewage discharges. It is therefore usual to utilime harmless coliforms bacteria as indicatorshef t
possible presence of disease organisms.

The implied assumption is that the die-off ratésdiforms in the sea is similar to that of othmaicro-
organisms .This does not apply especially in thee a viruses, spores, cysts and ovas.Howeverjgadv
that it is always realized that they are merelydatbrs of the possible presence of disease ongamniather
than proof of their absence.Coliform bacteria akciators has many advantages.

Coliforms bacteria can be identified and countddtireely quickly; they are certainly more numerdaos
sewage than are individual species of disease mmarand therefore provide a sensitive method et
were, a safety factor. When compared to any nangliindicator, coliform bacteria, when dischargetbi
the sea, share a similar fate with other micro-oigras, although the die off rate may vary. If their
mortality is taken into account, the relative numbgcoliforms in any part of the sea gives a pesiand
reasonably accurate method of estimating the dispeand dilution of a sewage field.

The disadvantage of using coliform bacteria is thany of the coliforms in the sewage are of teriast
origin and their numbers tend to vary seasonalle intestinal bacteria E.Coli Type tieing of faecal
origin, is more indicative of sewage pollution; hewer ,its culture is more tedious and it is motersed
as a confirmatory test when the normal colifornt tedicate the possibility of danger.

During daylight hours, probably 90 per cent of dudiform bacteria contained in any sewage discharge
into the Indian Ocean will die within an hour.

Any disease organisms contained in fish are dgstrdy proper cooking. This safeguard does not éxis
shellfish, which are particularly suspectable tehsgontamination are eaten raw or lightly cookeds |

possible to remove disease organisms from shellfishthe mixing of clean and unsafe fish is sopsém
that some risk is inevitable.
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14.2.2 Aesthetic Nuisance

Most of the nuisances which allegedly arise frontineasewage discharges are psychological. If thmipu
are aware of the presence of sewage discharge, wilepften imagine odours and other nuisances;
unfortunately, the sewage discharge point is fratiyeéndicated by the unavoidable presence of seish
seeking food and the inevitable ‘slick’.

For practical purposes, it is reasonable to asstimkeaesthetics nuisance will be prevented if atenat
recognizable as being of sewage origin does nohrtfee inshore waters and beaches.

14.2.3 Marine Pollution

This is defined as the introduction into the maem@ironment of substances which result in hariving
resources and impair the natural qualities of deewater.

The more serious results of excessive marine pafitin the Indian Ocean are likely to be the efeah
inshore fisheries. Fish could for example, be:-
a) Directly poisoned by toxic industrial effluents;
b) Asphyxiated because of the depletion of the disxbl oxygen in the water by
decomposing organic matter in the sewage;
¢) Reduced in numbers because of solids settlingspadning grounds;
d) Driven away to more favorable environments bec#osie food is eliminated.

A particular danger arises from cumulative pois@ugh as organic insecticides and heavy metalsnirg
mercury compounds, which can make apparently inmegufish poisonous to man, are especially
dangerous. In order to minimize the health riskmowrcial fish taken from the neighborhood of any
marine discharge of sewage, which may contain teabstances, should be examined regularly to ensure
that undue amounts of toxic materials are not beiogncentrated in their tissues.

Another undesirable effect of a sewage dischargéddee an explosive increase in the amount of sedwe
as a result of nutrient salts and bio-stimulantsictv are complex compounds which promote the gra#th
vegetation by catalytic action, released as theagewdecomposes. Excessive growths of seaweed may
hinder navigation and fishing, and may be washetbigpoil bathing beaches.

14.2.4 Acceleration Corrosion of Marine Structures

The presence of sewage containing sulphate-reduzdicteria can have a marked effect on the rate of
corrosion of marine structures, such as steel piesbuoys, in tidal waters.

14.2.5 The Treatment of Sewage before Discharge

Most of the undesirable characteristics of sewagg be reduced by treatment before discharge irdo th
sea; for example, recognizable sewage solids magteved or chopped up, undesirable constituents of
industrial effluents may be eliminated or neutrediz

Usually, the major task of the designer of an illeian for the marine discharge of sewage is tikstan
economic balance between providing pre-treatmermxtending the length of the discharge pipe smas t
carry the sewage further out to sea.



14.3 Recommended Criteria for the Marine Disposal of Seage

The following standards are considered to be sigitids marine sewage discharges into the Indiana@ce
for the reasons explained, the standards must dmthrthe quality and the effects of discharges.

14.3.1 Quiality of Discharges

1) All industrial effluents which are disposed of irttte Indian Ocean shall be pre-treated
and “balanced” volumetrically, to the extent neeegdo ensure that the initial dilution of
any toxic chemicals they contain is sufficient tesere that their concentrations are
always within acceptable limits.

2) The discharge of accumulative poisons shall bericestl so far as is practicable; in
particular, sewage shall not contain organic mgrcompounds.

3) Before discharge to sea, all sewage is to passighra screen with clear openings not
exceeding 20 millimetres (0.8 inches).

14.3.2 Effects of Discharges

1) Solid or floating matter, recognizable as of sewaggin, shall never be visible in
bathing waters or upon beaches.

2) The discharge shall not adversely affect the egotdghe inshore waters; in particular, it
shall not harm fish and crustacean taken locallyfdod and it shall not cause damage to
the reef, or to the life which it supports.

3) The dissolved oxygen content of all samples ofwsater taken from one metre below the
surface shall never be less than 2 milligrammedijper

4) The epidemiological experience of all bathing waitghall be satisfactory.

If standard 4) is satisfied, it is very unlikelyat there will be any risk to public health. Howeveuch
visual standards have the disadvantage that theyotdée precisely measured. If it is felt that amjitative
standard for bathing water is necessary, thenuidcoe:-

- The MPN of coli form bacteria shall not exceed  @ir 100 millilitres as an average of 30
random samples examined in a month, provided thatiore than 20 per cent of the samples may
exceed 6 000 coli forms per 100 millilitres.

If during the rainy season the MPN coli forms deti@ations regularly exceed these limits, then tdst
shall not be deemed to have failed if the MPN ofCBli Type 1 bacteria does not exceed 2 500 per 100
millilitres, as an average of 30 random samplesnéxad in a month. This alternative presumptive Bli C
Type 1 count makes allowance for terrestrial colifonwvesshed into the sea from estuaries and from water
drains and ditches during storms.

The numbers of bacteria suggested have not beggnadson any logical basis, but are in accordarite w
standards which have proved satisfactory in otlagtspf the world. Imposing a bacterial standarglies
compliance with it, and this is illogical in theseaof marine sewage discharges: the results doowli
counts do no more than indicate the prevailing ¢@n; they do not measure the safety of bathiatew
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A corollary to these standards is that any shallfeken from the shores of the Indian Ocean withi
kilometres (3 miles) of any sewage discharge psiall be assumed to be unfit for human consumption
until examination proves them free from diseas@woigms and toxic compounds.

14.4 Determining Suitable Locations for Sewage Discharge

Sewage is usually discharged close to the seaib@dder to achieve maximum initial dilution. Seweaig
conveyed to the discharge point through a submaniipeline; as such pipelines, or outfalls, are espee
to construct, they should generally be as shopbasible.

The optimum location for the sewage discharge geinbrmally determined by a hydrographic survey.
14.4.1 Hydrographic Surveys

Conditions in the sea vary with the tidal cycle afgb usually with the seasons; therefore, all bgchaphic
tests and measurements should be repeated atediffstates of the tide, at representative seasons
throughout the year.

A hydrographic survey should provide information-on

a) tidal ranges;

b)  wind velocities and directions;

C) wave heights and periods;

d) the magnitudes and directions of major sea cusrent

e) local current patterns in the upper layers of & s

f) temperature and salinity, and salinity, and tfoeeethe relative density, of the sea-water;
o)) the depth, shape and slope of the sea-bed.

Details of the local tides, winds and waves prowidal background information; for example, the wole
of sea-water available for diluting sewage is largiependent upon the tidal range, and the streagth
direction of the prevailing wind indicate the likedod of floating sewage being blown.

Knowledge of the magnitude and direction of theanapa currents at various depths indicate thegimeb
degree of mixing and diffusion of the sewage fielth sea-water, and also where the deposition ef th
solids in the sewage will probably occur.

The sewage field is likely to follow the currenttigans in the upper layers of the sea and therefore
acknowledge of these will indicate how quickly @ital particle of sewage will be carried into batii
waters, and also whether the sewage field is likelseturn to the vicinity of the discharge poifteaeach
complete tidal cycle, thus reducing the dilutiooypded by the sea.

It is necessary to know the relative density of-water, at various depths, in order to predictittigal
dilution of the sewage field will form.

A knowledge of the depth of the sea t various oistrequired when estimating the initial dilutiohthe

sewage, as this is proportional to the depth ofdikeharge point; general information about thepshand
slope of the sea-bed gives an indication of thal teblumes of sea-water available for diluting mari
sewage discharges.

14.5 The Design of Submarine Pipelines

Sewage may gravitate, or be pumped, along the sulengipeline; the decision generally depends upon
the height of the land relative to high tide leveldsually, pumping will result in a more even aagid
rate of flow, which will prevent deposition of sddi in the submarine pipeline, reduce the tendeaocy f
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marine vegetation to block the outlets and alsoeiase the initial dilution of the sewage in the;sea
however, pumping results in high running expenses.

14.5.1 Diffusers

The dispersion of a sewage field, once formed, dép@®nly upon the prevailing natural conditionsjalh
cannot be varied. The area covered by the sewalgkdhd consequently the rate at which it will miith
the surrounding sea-water, is dependant upon fitial idilution. As previously described, the iwiti
dilution depends upon several factors; howeveredhe sewage discharge point has been locatedntie
factors which the designer can vary are those &gsdcwith the pipeline’s outlets.

Generally, the smaller and more numerous the auyttat diffusers, the initial dilution, and so mplé
diffusers are usual.

14.5.2 Methods of construction

Smaller size marine outfalls, up to about 2 meitediameter, are usually constructed either:-

a) by pulling;
Or
b) Using a lay-barge.

The pulling method involves assembling the pipelinethod involves assembling the pipeline in long
strings on shore; the strings are successiveleg@uut to sea over shore-based launching rollersadgns

of a powerful winch located on a barge, anchoregskaton the route of the pipeline. Successivegstrare
joined together on shore and the sequence of gudiind jointing continues until the complete pipelhas
been assembled and the seaward end has reachwplosed discharge point. Throughout the launching
operation, the pipeline is kept sealed and fukiofand, if required, additional buoyancy tanks attached

so that the submerged weight of the pipeline is1ghat it will just sinks.

In the lay-barge method, pipes are assembled antdfbon a barge. As the pipeline grows in lendgtls
progressively lowered to the sea-bed, down rolltached to an inclined ladder, as the barge moves
slowly seawards.

Large diameter submarine pipelines are usuallyflaioh rigs, fitted with extensible legs so thatyttstand
upon the sea-bed. Individual pipes or sectionscarged to the rig in barges, lowered to the se@-in
cradles and then positioned, aligned and jointatieéqreviously laid pipeline with the aid of diger

14.5.3 Excavating for and Burying Submarine Pipeline

Submarine sewage outfalls are usually buried irst®ebed. This can be carried out in a varietyafs,
depending upon the nature of the sea-bed matarial$he strengths of the local ocean currents.

If the sea-bed comprises bedrock, or other haraniadg, it will be necessary to blast, usually esppig
shaped charges which, when fire, throw the loosematrial out of the trench.

Where the subsoil is sand, silt or soft clay, malebaper methods of excavation are available.

Dredging is suitable when it is certain that angnth excavated in the sea-bed will remain open
sufficiently long to allow a pipeline to be laid ih Self-propelled trailing suction hopper dredgare
usually most convenient and economical for preatienches for submarine pipelines; bucket andegutt
suction dredgers, which are used in harbor work,usually too expensive and cumbersome for useaat s
Dredgers are normally kept on line by electroni¢hmad, which are independent of visibility conditgon
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A dredged trench usually has a minimum bottom widlttabout 5 metres 16 fee), which makes this
method very expensive for small diameter submapgipeline; in such cases, a clamshell excavator,
working from an anchored barge is often cheaper.

Trenching equipment may be used to sink pre-fataitgipelines into the sea-bed, in non-cohesive
materials. During this operation, powerful airwater jets liquefy the bed material so that theeldie
slowly sinks. The equipment usually comprisescav@able frame which fits round the pipeline; thenfo

is slowly pulled along the pipeline by means ofiach fixed to an anchored barge.

The same principle can be used to excavate a trbefidre the pipeline is constructed; in this case,
submersible suction or air-lift pumps are usecetoave the liquefied subsoil from the trench.

If submarine trenches are not likely to be refillednatural deposition resulting from ocean cusettiey
are usually backfilled with sandy material, eititgedged from other parts of the sea-bed and pipelin

trench, or dug from shore-based borrow pits; thekfilhis dropped over the trench from bottom-openi
barges.

14.5.4 Design Details

A submarine pipeline must be strong enough to watits all temporary and operating stresses and, iafte
has been laid, must have sufficient strength agloilgly to withstand any movement.

Temporary stresses, which are those which occungle@onstruction, depend upon the methods of lgying
jointing and burying employed. The magnitudes pérating stresses are affected by the flow vekiti
and the internal hydraulic pressure.

Movement may be caused by one or more of the fatigw

i) Erosion of the sea-bed

i) Earthquakes

iii) Current and wave-induced water forces
iv) Foundation failure

14.5.5 Sea-bed Investigations

Although the hydrographic survey will be providediah important information, more detailed knowledge
of the sea-bed is required before the optimum tfggipe and the method and depth of laying theljripe
can be decided.

The sea-bed investigations should normally proeideitional information on:-

i) The depth of bedrock, and other material requikitagting

ii) The engineering properties of the subsoil's, fomragle to ensure that they are capable of
supporting the pipeline and any protection whicly marround it;

iii) The tendency of the bed to erode, or any evidehceposition;  these may be studied directly
or by comparing sieve analyses of the subsoil thichmeasured local current close to the sea-bed.

iv) Any corrosive properties of the subsoils

v)Any submerged obstacles along the route of thdipie
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14.5.6 Materials for Submarine Pipelines

Steel, aluminum, concrete, plastics and fibreglesge all been used in the construction of submarine

pipelines.

Usually, Marine outfalls laid by the pulling methade butt-welded steel pipes, with concrete sumsun
give negative buoyancy when empty. To preventasion, steel pipelines have internal and externdl a
external and external linings, often supplementéd gathodic protection.

Larger diameter outfalls are usually constructadgiseinforced concrete pipes, jointed in situ.

Factors affecting the choice of material include;-

a)
b)
c)
d)
e)

f)
)

the relative costs and availability of alternatimaterials;

the diameter of the pipeline

simplicity of jointing

the strength of the material which includes, foample, the minim allowance radius of
curvature;

the relative density of the material, which detees whether the pipeline must be
weighted to make it sink;

the resistance of the material to biological anelnaical corrosion;

the method of construction decided upon
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15.0 THE RE-USE OF SEWAGE

Sewage contains over 99 per cent of water; wateftén scarce in Kenya and there is thus a potentia
market for raw or treated sewage. Exploitationhi$ tnarket could result in financial savings orreve
revenue for sewage authorities.

The re-use of sewage or treated sewage helps eensatural water resources and also, by replacing
sewage discharges, helps control water pollution.

The transport of sewage to a location where it tm@ye-used is technically simple; however, if the
pumping is involved, it can be expensive.

Disadvantages inherent in the re-use of sewagéhatet is most unpleasant in its raw state, arid it
also a potential hazard to health. Treatment catually eliminate these characteristics. However,
sewage also contains relatively high concentratwindissolved inorganic salts, which remain even
after the most extensive ‘convectional’ treatmeammd these can remove only by prohibitively
expensive further treatment.

Uses of raw or treated sewage considered appregaaienya include:-

a) lIrrigation of agricultural crops or forests.
b) Groundwater recharge.

c) Fish farming.

d) Industrial re-use.

15.1 Irrigation

This form of sewage re-use has been widely recegrémnd used internationally. In addition to being a
virtually guaranteed permanent water source, sewagins nutrients, especially nitrogen and trace
elements, which give it some fertilizing value.

A disadvantage of irrigation as a method of sewdigposal is that irrigation water is not normally
required during rainy seasons, and at such timeslt@nnative method of disposing of sewage is
required. There are two usual techniques for itidge-

a) Flood irrigation, where water is distributed fmgans of canals and ditches; this is often cated t
ridge and furrow technique.
b) Spray irrigation.

The first of these methods can encourage the smedideases such as bilharzia, or provide breeding
grounds for insects, including mosquitoes. The sédechnique is probably more widely used; it is

usual to subject the sewage to preliminary and gmmntreatment before spraying, to reduce aesthetic
objections, to remove oils and greases which cag ebil and to prevent blockage of the spray

nozzles.

Dissolved inorganic salts in sewage, such as sodiioride, limit its use to those crops which have
higher tolerances for these substances.However,ntar restrictions on the use of sewage as
irrigation water are related to health risks.

Several international bodies, including Unitedt&ahealth departments, control crop irrigation by
sewage in accordance with the following regulations

a)lrrigation is restricted to industrial or foddeops and to crops which are not to be eaten raw.

b) Fruit trees may be irrigated using the ridge andofu technique, so that the fruit is not contaméaiat
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c) Unrestricted irrigation of all crops with sewagédlent is permissible only when it meets the
bacteriological standards of drinking water.

It is suggested that sewage irrigation in Kenyausth be subjected to similar controls. The irrigati
of forested areas appears to be an applicatiorcplamty suited to Kenya.

15.1.1 Standard for Water for Irrigation Purpose

Any water which has to be used for irrigation habé bacteriological and chemically fit.

The irrigation standard of which any irrigation emahas to comply to be used for food which is to be
used uncooked, the coliform count should be less 1H000/100ml (MPN).

Further, it requires fruit to be picked off the gnol and Overhead irrigation avoided.

Table 15.1 and 15.2 has the details.

Table 15.1 Physical Water Quality Guidelines for Irigation water

Parameter Permissible Level
pH 6.5-8.5
Aluminum (Al) 5 mg/L
Arsenic (Ar) 0.1 mg/L
Boron (Bo) 0.1 mg/L
Cadmium (Cd) 0.5 mg/L
Chloride (CI) 0.01 mg/L
Chromium (Cr) 1.5 mg/L
Cobalt (Co) 0.1 mg/L
Copper (Cu) 0.05 mg/L
E. Coli NIL/200 ml
Fluoride (F) 1.0 mg/L
Iron (Fe) 1.0 mg/L
Lead (Pb) 5 mg/L
Selenium (Se) 0.19 mg/L
Sodium Absorption Ratio (SAR) 6.0 mg/L
Total Dissolved Solids (TDS) 1200 mg/L
Zinc (Zn) 2 mg/L

Source: - The Environmental Management and Co-atidin (Water Quality) Regulations, 2006 Nintth&dule page 558

Table 15.2 Microbiological Water Quality Guidelinesfor Irrigation water

Reuse Condition Exposed Group Intestinal Nematodes Coliforms (MPN/100
(MPN/L) ml)
Unrestricted Irrigation| Workers and <1 <1000
(crops likely to be Consumers
eaten uncooked)
Restricted Irrigation Workers and <1 No standard
Cereal crops Consumers recommended
industrial crops,
fodder crops, ang
pasture
. Ascaris Lumbricoides, Trichuris and human hookworms

304



A more stringent guideline (<200 coliform group ledcteria per 100ml) is appropriate for
public lawns, such as hotel lawns, with which thelfc mast come into direct contact

In the case of fruit trees, irrigation should cetse weeks before fruit is picked and fruit
should be picked off the ground. Overhead irrigagbould not be used.

Source: - The Environmental Management and Co-atidin (Water Quality) Regulations, 2006 Eiglchedule page
557

15.2 Ground water Recharge

This may be used to combat sea-water intrusiain supplement underground water resources.
In this latter case, the technique can be considasean indirect re-use of sewage which takes
advantage of the natural treatment and prolongedgt afforded by the ground; unfortunately,
this hardly affect the concentration of dissolvedrganic salts in the sewage effluent.

To prevent clogging of the aquifer, only good dwyakewage effluent may be utilized for
recharge; in addition, when the underground wateised for public supply, tertiary treatment of
the effluent, using ‘water supply treatment’ tecjugs such as coagulation, sand filtration and
chlorination, should be carried out.

Recharge may be either by means of relatively sialtenches or spreading basins or through
deep boreholes, the choice depending upon theidooat the aquifer.

15.3 Fish Farming

Sewage ponds are used internationally for breefisty for food, and it is considered that
secondary stabilization ponds (following primarynds) and maturation ponds in Kenya could
be utilized in this way.

Aesthetic objections from the public to such a farifiood production may have to be overcome,
and with some sewage there may be a problem dethifesh. Also, there is a potential health
risk, but this hazard is acceptably low when tisé fire properly cooked before eating.

15.4 Industrial Re-use

Some risks are inherent in the re-use of tread@dhge by industry, for example because of the
danger of cross-connecting sewage and water supplygs; re-cycling within a factory of its
own treated effluents is generally safer. Howeyegvided that care is taken to safeguard to
public health, there are many profitable ways iniclwhtreated sewage may be utilized
industrially-again, the guaranteed reliability afewage supply is a great asset.

Industry usually requires large volumes of low-gradhter, for example for cooling purposes or
for quenching during steel manufacture; effluewnirfra sewage treatment works is well-suited
for such applications. Further processing of sewaffiaent, by techniques ranging from ‘water
supply treatment’ to deionization can produce wallfuany higher grade water that industry is
likely to need.

It is recommended that the re-use of water by siiiks should be nationally encouraged;
however, this is not to suggest that it shouldibarfcially by sewerage authorities.

Although they should always be willing to let irsdity have sewage or sewage effluent, possibly
at no charge sewerage authorities should not beaorotved in additional capital outlay or take
an increase responsibilities, such as guarantabmguality of the sewage or sewage effluent

they supply.
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Industry it self should provide and operate angitmhal stations, distribution mains or

treatment units required to bring the sewage omgeveffluent to the location and to the quality
necessary. In this way, industry and not a seweaagjority will stand financial loss should the
industrial demand for the sewage or effluent be than anticipated.

It is suggested that sewage authorities shouldr@seamselves that any transportation or use of
sewage effluent by a particular factory will camgehealth hazards; however. All risk pertaining
to the correct use of these waters should be Hoymedustry.

15.5 Reuse of excrete

Human excrete should be regarded as a natural reséo be conserved and reused under careful
control rather than being discarded. Excreta faseeare derived from;

- nightsoil, including that collected by municipalssggms or private contractors, and the
nightsoil of individual households or groups of Beholds and used on their own gardens or
farms;

- solids from full pit latrines;

- sludge, scum and liquor from septic tanks, aqueigsj vaults and cesspits; and

- raw and treated sewage and sludge from sewagengattvorks (which are outside the scope
of this book)

Solids from pit latrines are innocuous if the laés have not been used for two years or so, as in
alternating double pitsR‘1ggl22raw excrete from all other sources are likely tolude recently
excreted faeces and may therefore contain actitregans.

There are three basic methods of using this resoagriculture, aquaculture, and biogas production.

15.6 Use in agriculture

Human excrete are a rich source of nitrogen andrathtrients necessary for plant growth. The most
common method of reuse is direct application tosthié as a fertilizer. Nightsoil contains about%.6
nitrogen, 0.2% phosphorus and 0.3% potassium,fallhich are valuable plant nutrients. The humus
formed by decomposed faeces also contains traogeats which reduce the susceptibility of plants to
parasites and diseases. Humus improves the saiftgte, enhancing its water-retaining qualities and
encouraging better root structure of plants. Soiitaining humus is less subject to erosion by wind
and water and is easier to cultivate.

Health risks

For centuries, untreated nightsoil has been widebd as a fertilizer in east and south

Asia, although there is an increasing awarenefisegbublic health dangers involved.

Pathogens of all kinds can remain viable in thé and on crops. Death of pathogens on crops is
usually caused by desiccation and direct sunlighfpathogens are generally more persistent in humid
cloudy climates than in arid areas.
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It has been suggested that the use of raw exandtéha effluent from septic tanks is acceptable d@nl
confined to industrial crops and foodstuffs tha¢ apoked before being eaten. However, even with
these crops, there is considerable risk of pathdgamsmission to agricultural workers, to people
involved in transporting crops, and to those prsitesindustrial crops or preparing food for cooking

Therefore such use must be carefully planned wittt surveillance by the health authorities.

The risks arising from pathogen transmission fromuse of untreated excrete or sludge on food crops
may be greater for populations with high levelshgfiiene and health (for example people in towns)
than for agricultural workers living in areas wherecretaderived diseases are endemic (Feachem et
al., 1983).

Excreta on paddy fields

Fields with crops standing in water during paralhiof the vegetation period are potential transiis
sites for schistosomiasis if fresh excrete are asefértilizer (Cross & Strauss, 1985).

Fertilization of trees

Treated or untreated sewage is sometimes useddaté trees. This practice is most common in arid
climates, where trees are watered to control désation, to provide shade and windbreaks, or to
cultivate coconuts and some other food crops. Tam mealth risk is to workers and members of the
public who have access to the plantation.

Excreta on pasture

When excrete are applied to land on which cattiezgrthere is a danger of the spread of beef
tapeworm, whose eggs may survive on soil or pasturaore than six months.

Composting

Excreta may be treated in various ways to elimirth&e possibilities of disease transmission. Apart
from storage in double-pit latrines, the most appiaie treatment for on-site sanitation is compgti

Composting consists of the biological breakdowsalid organic matter to produce a humic substance
(compost) which is valuable as a fertilizer and sonditioner. It has been practiced by farmers and
gardeners throughout the world for many centutie€hina, the practice of composting human wastes
with crop residues has enabled the soil to suggglt population densities without loss of fertilifigr
more than 4000 years (McGarry & Stainforth, 1978).

Nightsoil or sludge may be composted with straw attter vegetable waste, or with mixed refuse
from domestic, commercial or institutional premisglse process may be aerobic or anaerobic.

Aerobic bacteria combine some of the carbon in miganatter with oxygen in the air to produce



carbon dioxide, releasing energy. Some energy &l us/ the bacteria to reproduce. The rest is
converted to heat, often raising the temperaturadece than 70°C. At high temperatures there isdrapi

destruction of pathogenic bacteria and protozoarmweeggs and weed seeds. All faecal

microorganisms, including enteric viruses and raumin eggs, will die if the temperature exceeds 46
°C for one week. Fly eggs, larvae and pupae are kdled at these temperatures. No objectionable
odour is given off if the material remains aerobic.

In the absence of oxygen, nitrogen in organic madteonverted to acids and then to

Ammonia; carbon is reduced to methane and sulfuhydrogen sulfide. There is severe odour
nuisance. Complete elimination of pathogens is staking up to twelve months for roundworm eggs,
for example.

Practical composting

The traditional method of composting is to pile e&dple waste with animal manure and nightsoil or
sludge on open ground. Aerobic conditions may béntamed by regular turning of the material,

which also has the advantage of making the moistanéent more uniform throughout the tip. Under
aerobic conditions, rapid decomposition of orgamiatter takes place in the first 2- 4 weeks. The
process is considerably shorter than under anaeooipiditions. Controlled composting in mechanized
composting equipment shortens the process even more

According to Flintoff (1984) there are five precdtimhs for successful composting:
- suitability of the wastes;

- marketability of the product;

- support of authorities, particularly those in agltare;

- a price for the product that is acceptable to fasmend

- anet cost (i.e., process cobiss income from sale) that can be sustained by the operating

authority.

Pretreatment

In developing countries most domestic refuse ietedge matter, and there may be little paper, glass
or metal. Where these materials are more commoperpean be composted and some glass is
acceptable in compost if it is ground up at sonagestof the composting process. Metals need to be
removed. Textiles, plastics, leather and the lily tne removed or they may be shredded and included
in the compost. Dust and ash may also be includedibthey form too large a proportion of the
refuse, the value of the compost is reduced.

Working over refuse heaps with forks to break ddarge lumps helps the composting process.
Broken-down refuse has a greater surface aredrfeo anter and for bacteria to attack. It allowsd
penetration of rain and fly control is easier.
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Control of composting

Too much moisture in a heap of composting matditlalthe spaces between particles, preventingraim
getting in. On the other hand, bacteria do notrfsuif the material is too dry. The optimum morgteontent

is 40-60%. Moisture content can be increased bgyspg a compost heap with water, and can be desileas
by adding dry straw or sawdust. Frequent turnitgna a heap to dry naturally by evaporation.

For optimum value to plants, the ratio of availabégbon to nitrogen in compost should be aboutr2the
composting process carbon is used by the bactsridhe best raw material for composting has a Ihighe
carbon: nitrogen ratio, say about 30. The carbdnogen ratio of nightsoil is about 6, of fresh e¢aple
waste around 20, and of dry straw over 100. The mitmixed household refuse is often in the raBge50,
but it may be higher if there is a high paper cont&éhe desirable ratio of 30 can sometimes beimnddaby
judicious mixing of incoming waste, for example agljusting the proportions of nightsoil or sludged an
vegetable waste. It is rarely practical to detesriime carbon: nitrogen ratio by chemical analysigjood
operator learns to judge what mix of materials pithduce the best compost.

During composting the volume is reduced by 40-80fb the weight by 20-50%.
Windrows and pits

Unless expensive mechanical plant is used, aeaigosting of municipal refuse is usually carried i
long heaps called windrows. The best height fordnéms is about 1.5 m. In heaps more than 1.8 m, high
material at the bottom becomes too compresseceapsless than | m high, too much of the heat gtser
by the bacteria is lost.

The width and length of windrows should be planferdhe most efficient handling of materials and test
utilization of the area available. The initial whdis often 2.5-3.5 m at the bottom. In dry weattier cross-

section should be trapezoidal, as shown in Fig.
Al.1, but during the rainy season a more roundegeiprevents the material getting too wet.

For composting small quantities (for example, framsingle village), refuse should be stored ungk¢his
enough to make a pile about 3 m in diameter andnldgep.

For composting nightsoil, a common method is ta@lalternate layers of nightsoil (about 50 mm thick
and vegetable waste (about 200 mm thick) in pitwiodrows. Fig. 15.2(a) shows how a windrow can be
formed to ensure destruction of faecal pathogenbidly temperature. Vegetable matter below and at th
edges provides some insulation. Fig. 15.2(b) sterwalternative method: after a windrow has beeamsis
for two or three days and the temperature has,rsérench or pocket is formed in the centre agthtsoil

is poured in.
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Fig. 15.3 Temperature variation during aerobic decmposition of mixed refuse(T=point at
which material was turned for aeration)
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Providing that the material being composted remaar®bic the temperature may rise to 45-50 °C durin
the first 24 hours. A few days later it will rea@®-70-C, well above the lethal temperature for all
pathogenic organisms. Fig. 15.3 shows the variatioemperature during aerobic composting of mixed
municipal refuse; the points marked T indicate wtrenmaterial was turned for aeration.

Various methods of aeration have been tried. Fnall refuse heap (as in a village), refuse catipped

over bamboo or timber poles which are removed wherheap is complete, leaving holes through which
air reaches the refuse (see Fig. 15.4). Other appes, including forced aeration (using compressed
blowers or suction) and use of porous floors, hawebeen very successful in keeping large masses of
material aerated.
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Fig. 15.4 Aeration of compost by placing around pels
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Material in windrows can be turned by labourersngsforks or by adapted earth-moving equipment.
Turning should keep the heap aerobic. In additioaterial at the outside should be moved to thereent
because the outer layers may:

- be too wet because of rain;

be too dry owing to evaporation (especially ongtae facing the wind);
be unaffected by the temperature rise in the cerittiee windrow;
containlarge numbers of flies, fly eggs and larvae

Some operators turn their windrows every two ore¢hidays. However, aerobic conditions can be
maintained with less frequent turning after thestfiveek or so. One suggested pattern is to turn the
windrow after one day and then on the 3rd, 7thh Btd 21st days. On the 28th day the materialtisnpa

a storage area to await removal.

Generally compost is only required at certain tirakthe year. If there is only one harvesting aodiag
season a year, an area sufficient to store masieofear's production of compost may be requiraedirg
storage, compost continues to "mature”, but highptratures cannot be maintained. The time taken for
stabilization depends on the initial carbon: nigogatio, the moisture content, maintenance ofkaero
conditions and the particle size. Unless precastiare taken, fly breeding may be a problem when
compost is stored.

Condition and quality of compost

Tests of compost during and after stabilizationvshehether the process is going well and whether the
finished product is suitable for agricultural u€except in a large mechanical composting plant, the
condition of the compost is gauged by simple meghodt is reasonable to assume that pathogenic
organisms will be killed if the temperature risé®ee 65°C. This can be confirmed by poking an iban

or wooden stick into the heap and pulling it oueagbout ten minutes. It should then be too hdtdial.

The temperature falls when stabilization is comglétbsence of an unpleasant smell and absendie®f f
also indicate satisfactory aerobic composting (6fin1984). An experienced operator can check afias
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well from the appearance of the composting matelti@hould look moist, but not so wet that liqsieleps
out. While aerobic stabilization is progressing Hmgpearance will change from day to day. Anaerobic
conditions are shown by a pale green, slightly hous appearance of material inside the heap.

Farmers and market gardeners may want to know Hhieenical composition of compost derived from
nightsoil or sludge. The major plant nutrients r@gien, phosphorus pentoxide and potassium oxide) ar
likely to be about 3% by weight, three times thagantration in compost from municipal refuse.

Use in aquaculture

The practice of depositing excretes into fish poada tank is common in many Asian countries. Imso
places, latrines are placed immediately over ongd@e ponds; elsewhere nightsoil is tipped fromisca
tankers or buckets. Nutrients in excrete resuli iich algal growth, which encourages aerobic dioms
and provides food for certain fish.

Carp and tilapia are especially suitable for suohds, but a variety of fish species may coexismeso
feeding on large algae, some on small algae, sonmoplankton; some prefer the bottom layer, sdmee t
top. Fish are usually netted for human consumption,in some places they are dried and ground up fo
feed for poultry or animals. Ducks may also be lapthe ponds.

There are three health risks associated with &simiihng in ponds that receive excrete.

(1.) Pathogens may be transmitted on the body surfaciestioe intestines of the fish without causing
overt disease in the fish; the pathogens may tlegralssed to people handling the fish.

(2.) Helminths, particularly flukes, may be transmittedpeople who eat infected fish that has not
been properly cooked.

(3.) Helminths with intermediate hosts (such as Schist@swith water snails) may continue their life
cycle in ponds.

The WHO publication, Guidelines for the safe usevatewater and excreta in agriculture and aquaeult
(Mare & Cairncross, 1989), gives further usefubimfiation.

Biogas production

The search for alternative sources of energy hdstdewidespread use of organic waste to produce a
combustible fuel which can be used for domestidkoap Basically, a biogas plant consists of a chamb

in which excrete are fermented, producing gas whattains about 60% methane. The biogas is cotlecte
at the top of the chamber, from which a pipe le¢adsomestic appliances or to flexible storage doeta.

A few biogas plants operate entirely on human dgcrieor example, in Patna, India a 24-seat powhflu
latrine serves several thousand people and gesesaféicient energy to light a 4-km length of road.
However, most plants, of which there are more thanillion in China (Li, 1984), are dependent onraai
excrete with which human excrete are processed.edium-sized buffalo or cow provides about twenty

31c



times as much gas as a person. The minimum fetbatisSrom one cow and a family of people, althoitgh
is more usual to add excrete from at least fourscdw China it is customary to produce biogas fitbin
excrete of pigs.

Construction

Although there are many variations, the most comtypes of domestic plant have a floating or fixed
dome under which the gas collects. The floating €ldype, shown in Fig. 15.5, is widely used in India
China, masonry or concrete fixed domes are usaahawn in Fig. 15.6. They are generally cheapan th
those with a floating roof. The daily gas outputajgproximately equal to one-third the volume of the
digester

Fig. 15.5 Biogas plant with floating dome

Gas
delivery
Inlet for Cutlet for

raw wasle digested slurry

WHO 91506

Operation

Excreta are often mixed with straw or other vegetataste, such as that used for animal bedding, and
equal quantities of water added to make slurrys Thfed to the inlet side of the chamber. Effluglntry is
removed after a retention time of 30-50 days. Bsogduction is greater at higher temperatureSCAC

the rate of generation of gas is about twice tha&5C, and little gas is produced if the temperature is
below 15C.

The effluent slurry is usually dried in the operdarsed as a fertilizer. On a dry solids basis,nitr@gen
content is greater than in untreated excrete beoafuthe loss of carbon in the gas. The nutrientffluent
slurry, whether dried or applied directly to lamde more readily taken up by plants.
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Mixing pit Gas
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digested sturry
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WHO #1505

Fig. 15.6 Biogas plant with fixed dome
Health risks

Retention of excrete in biogas tanks results indd&th of many pathogens, including Schistosoma.efyg
few hookworm eggs survive, and there is high savdf roundworm eggs.
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16.0 COMPUTER AIDED DESIGN
16.1 Information Technology

Information technology is the technology, which pogs activities involving the creation, storage,
manipulation and communication of information tdgget with their related methods, management and
application

16.2 Computer

A computer is a device that works electronicallydemnthe control of stored programs, automatically
accepting, storing and processing data to prochfoenation that is the result of processing.

The forms in which data is accepted or producethbycomputer vary enormously from simple words or
numbers to signals sent from or received by otteng of technology. The functions of the computer
include: -

- Input ---------- accepts data from outside for processing.

- Storage-------- holds data internally before, during and aftercessing.

- Processing---performs operations on the data it holds within.

- Output--------- produces data or information from within for exiglruse.

16.3 Hardware

Hardware is the name given to all the physical ¢evifound in a computer, including its associated
facilities, the peripherals.

All electronic elements found in the computer ¢hg. transistors; diodes, electronic paths/charetelsand
the input/output and storage devices are collelgtidescribed as the hardware.

Computer peripherals are the term used to desatilibe elements connected to the computer apam fr
the computer itself. These are facilities connedtethe computer to assist the computer in satigfyis
users and include the input/output units that fater the computer from its users and the storage tat
supplement the computer internal memory.

16.4 Software

Software is the general term used to describehallvarious programs that may be used on a computer
system together with associated documentation.

There are two classes of software: -

0] Applications software — Software that is designed for specific use,eixaimple, designed to solve
sets of mathematical equations or controlling oizgtions budgetary allocations.

Many applications packages are designed in sweayathat they can be used for a variety of similar
problems. For example, engineering design packageproduced in forms that enable them to be
set up and used by different disciplines, eachrizagiightly different ways in which they need to
produce their designs.

There is abundant selection of engineering pack#lggt can be used on personal computers in the
market.
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(ii)

Systems software— These are programs with associated documentdietncontrol the way the
computer operates or provide facilities that extdredgeneral capabilities of the system.

Within systems software is operating system compasgea specific program or suite of programs
that controls the performance of the computer liggla variety of jobs to ensure the proper, orderly
and efficient use of hardware and application paogy. Examples of operating systems will include
MICROSOFT WINDOWS AND MACNTOSH.

NOTE: Applications programs only work when used in cowjion with the operating system.
16.5 The Internet

Internet is the world’s largest computer networngisting of over 2 million computers supporting
over 20 million users in almost 200 countries. dtewth is phenomenal — between 20 to 30% per
month and hence any estimate is quickly out of.date

The value of the Internet lies precisely in itsliépi easily and inexpensively, to connect so many
diverse people from so many places all over thddvoAnyone who has an Internet address can log on
to a computer and peach virtually every other caempwn the network, regardless of location,

computer type, or operating system.

16.6 Functions

Internet carries many kinds of traffic and providsers with several functions that include:
» Communication through e-mail, Usenet, newsgroupatting and telnet.

» Information retrieval through Gopher, Archie, Wideea Information Servers (WAIS),
and the World Wide Web (The Web).

16.7 Using Internet

Most characteristics of Internet is how data ifelarom one computer to the other. Data transfer
can be summarized as follows: -

(i) Piece of data is broken into small pieces called PCK
(i) A headeris added. This header explains
a) Where the PCK comes from
b) Where it should end up
c) How itis fixed with the rest of the PCK
(iii) A PCK is sent from computer to computer until it finds its way to its destination

NB: A computer along the way decides where next to send the PCK depending on how
busy other computers are at the time of PCK was RX.
(iv) At destination the PCK are examined. If a PCK is missing or damaged a message is sent asking for
this PCK to be resent and this is procedure is repeated until all PCK have been received intact.
(v) Packets are re-assembled into their original form load and at computers must have TCP/IP
responsible for receiving sending and checking Packets.



The Internet also consists of a number of regiexahanges, which are large computers called
servers These servers are connected by a large cabofgfer wire), which is quite separate to
the telephone system. Undersea cables connectusteafian system to the American system, and
thence to the rest of the world. Universities angegnment departments own these servers, and
are thus able to pass information back and fortieyTare thus permanently connected to the
Internet.

Recently, private companies calledernet Service Providers (ISPshave established servers on
the Internet cable. Individual users from their leoon office connect to the server of an ISP, and
thereby gain access to the entire Internet systdms. connection between a user and their ISP is
made over a normal telephone line. The ISP hasreauof incoming lines to their office (like an
SP bookie), which enable a number of users to airingheir server.

16.8 Data & Information Transfer and Retrieval

Internet is a vast computer database with variegomputer resources and information. The only
easy way of finding information on internet is bging URL which is specified on location or
address bar.

Some of the problems encountered when searchingmation on the internet

0] Incorrect URL or the URL has been changed
(i)  What if we do not know the URL
(i)  Solution to the above is use of search engines

Searching engine is a computer that goes arounéhtbmet to find documents that contain the
word that you type. The search engine also incitdakes information provide web designer and
put it in a database.

Search engines works in different ways:-

a) Some rely on people to maintain a catalogue ofvbie 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 from the computers onltiternet. These services are:

16.9 The Web

e The web is an information retrieval tool similar @oper, Archie and WAIS. However, it
has had an enormous impact on the commercial ue afet 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, making information rappealing more informative and easier
to grass.
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16.10 Benefits of Internet Use

* Reducing communication costs

» Enhancing communication and Coordination
» Accelerating distribution of knowledge

* Improving customer service and satisfaction
» Facilitating marketing and sales.

16.11 Problems of Internet Use

» Lack of security

e Technology problems

e Legalissues

«  Anti commercial culture.

16.12 Spreadsheet

16.12.1 Description

» A spreadsheet or worksheet is an application proghat displays a working sheet consisting
of rows and columns of cells; the rows are usudintified by numbers, and the columns by

letters.
« Each cell can hold a numeric value, a text labed fwrmula that processes values contained
in other cells.

* Many spreadsheets contain extensive libraries df-inuformulas and can even maintain
links to other spreadsheets so that data enterederspreadsheet updates entries in another.

» Extensive data presentation featured and standartst spreadsheets, which include reports
generation and powerful graphing capabilities.

16.13 GIS Database

At the frontier of the information age, geographiormation management technology is emerging as
a powerful means to manage voluminous geographia, da help cope with the information
explosion, and to provide a foundation for solvitg problems that beset planet earth and its
inhabitants.

Societies in general are becoming keenly awarkeoheed to manage information from a geographic
perspective. This awareness has been brought bipale twentieth —century trends toward a global
community and economy. At the same time, the afegative impact of advancing technology has
shown the need for wise management of the eagh®urces. Geographic information systems (GIS)
provide the tools to help meet these challenges.

Geographic information systems (GIS) rely on thiegration of three distinct aspects of computer
technology:

a. Database management (of graphic and non-graplay; dat
b. Routines for manipulating, displaying and plottargphic representations of the data; and
C. Algorithms and techniques that facilitate spatiaigsis.
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16.13.1Definitions

Data: A set of facts or figures, which have been gatheystematically, and form which conclusions
may be drawn e.g. coordinates, pollution data etc.

Information: Data that have been processed to have meaningstr.a

Geographic Information Systems (GIS):
Francis Hanigan (1988) defines a GIS as “any in&dion management system which can:

(@) Collect, store and retrieve information based sisjitatial location;

(b) Identify locations within a targeted environmentievhmeet specific criteria;

(c) Explore relationships among data sets within thairenment;

(d) Analyze the related data spatially as an aid tomgatecisions about that environment.

(e) Facilitate selecting and passing data to applicaticspecific analytical models capable of
assessing the impact of alternatives on the chersaronment.

() Display the selected environment both graphicatig aumerically either before or after
analysis”.

GIS database: A pool of integrated and structured graphic and-gaphic data from which
relevant facts may be retrieved and processedtada information to users.

16.13.2 Digital Data for GIS

A G.I.S database can be divided into two basicsydelata: graphic and non-graphic (attribute).data
Each of these types has specific characteristidsrequirements for data storage, processing and
display. In G.I.S, data consists of features dities, which are represented by four geometric
concepts i.e., points, lines, polygons and surfaces

(&) Points: Points describe individual objects depitted cartographic
symbols e.g. Schools, hospitals, spot heights.

(b) Lines: Are used to describe networks e.g. roadgags rivers canals, contoeis
Normally networks are assumed to have no area bec¢heir widths on maps are assumed to be
zero.

(c) Polygons: Are used to describe area features suzbrees of population density, administrative
districts, lakes etc.

(d) Surfaces: Are a three-dimensional representatideadfires e.g. a Digital Terrain Model (DTM)
of a hill.

16.13.3 Feature Definition in GIS

In the GIS database, any feature is defined by&wpeters:

(&) Its position
(b) Its attributes; and
(c) lts relationships to other features.

Feature Position:; Feature position consists of locational data degjr@ feature’s spatial extent. It may be in
either vector or raster formats. In vector fornatational data consists of Cartesian coordingtesine 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 coordinatsmnganto themselves

(d) Surface: represented by 3D coordinates.

32C



In raster format:

(@ Point: represented by a single pixel whose valuifiierent from the value of neighbouring
pixels
(b) Line: represented by a series of contiguous pioEthe same value surrounded by pixels of

different values.
(©) Polygon: represented by a 2-D extent of pixelsjoftvalue
(d) Surface: represented y a 2-D extent of pixels ahkgalue, plus a height value at each pixel.

16.13.4 Feature Attributes

Feature attributes is data that specify the nomagdigac characteristics of a feature. Attributeyrba
numeric (eg. size, slope, height etc) or semastic flame, type, etc). Feature attributes in G&S ar
stored by means of feature codes. A feature code@cise alphanumeric code which describes the
type of feature represented by given coordinate®rdimg to some chosen coding scheme. A
commonly used coding technique is that of genextidiz and specialization which arranges features
hierarchically in a tree structure.

16.13.5 Feature Relationships

Spatial relationships i.e. neighborhood, conndgtamnd inclusively are not as apparent in digitsthd
as in analogue data. Digital data cannot adequatgsesent the real world without relationships.
There are three kinds of relationships:

(&) Proximal- Describe the closeness of non-adjacent feat@rassarness or farness.

(b) Hierarchical — Describe the relationship of feature subclaseetheir super classes. It is
encoded by a tree structure.

(c) Topological— Describe the neighborhood, connectivity andusioin properties of features.
It is encoded via a topological data structura process called topology building.

16.13.6 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. franious collecting agencies.

(i)Direct import from other GIS’s
16.14 Computer Aided Design (CAD)

16.14.1 Introduction

* The use of a computer to produce designs is refdoé’‘computer Aided Designs (CAD)”
sometimes known as “Computer Aided Drafting andige§CADD)".

« CAD programs present objects as wire frame outlioresore complex three- dimensional
(3D) images.

e CAD reduces the time needed to create, edit, sark transmit drawings by using high
performance computers and monitors, with inputdaevlike scanners and graphics tablets,
sending their output mostly to laser printers opém plotters.
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16.14.2 CAD capabilities

The capabilities of modern CAD systems include:

* Reuse of design components

» Ease of design modification and versioning

« Automatic generation of standard components ofitrségn

» Validation/verification of designs against speatfions and design rules

» Simulation of designs without building a physicabtotype

* Automated design of assemblies, which are collestif parts and/or other assemblies

» Output of engineering documentation, such as matufag drawings, and Bill of Materials
»  Output of design directly to manufacturing facdgi

» Output directly to or Rapid Manufacture Machine ifudtustrial prototypes

16.14.3 Tools and Methods

Development in CAD has resulted in the followingl®and methods:

*  Wire frames

e Solid modeling

* Intelligent wiring diagrams and production linkeatabase systems

» Graphically represented system or plant diagrardsdatabases

e Parametric design models

* Real-time process simulation

*  Computer Numerically Controlled (CNC)) load filgsdl path instructions)
» Finite Element Analysis (FEA)

* Rapid prototyping

Many CAD drawings are created from scratch using #pplication software using design
sketches and other inputs. Other CAD drawings eeated from pre-existing electronic CAD files
by copying all or part of another CAD file, makinanges, then saving it as a new file. Drawings
that only exist in physical form (blueprints, plai lost files, etc.) can be converted into CAD
files using a procedure called “Paper-to-CAD cosign”, drawing conversion, digitization, or
vectorization.

16.14.4 CAD application in Sanitation and Sewerage Services

All personnel involved in the water supply needhtve knowledge of data processing through
computer. In more recent years, the technologiealebpments associated with the creation,
manipulation, storage and communication of data arfdrmation, principally computing,
telecommunications and electronics is now carrigtdtbrough computers. These developments
have given rise not only to the rapid evolutiordata processing techniques but also to a greater
integration of the data processing techniques wfitler activities in an organization. This calls for
technical personnel in the water supply industrnjh&we knowledge of data processing and its
related information technology.

In a Sanitation system, the computer-aided desiga®ased on computer model network analysis
that is widely used to identify the causes of deficies in a proposed system, thereby developing
the most effective components. The network analgEiwater systems will include a number of
interdependent variables: -

- Water sources (Quality and quantity)

- Water demand (Consumption)

- Intakes (Capacity and type)

- Pipelines (Diameters, material and pressures)
- Treatment (Quality, quantity and methodology)
- Storage (Capacity, duration and type)
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System efficiency and effectiveness, and henceesygterformance can be affected by altering
various combinations of these variables. Compreaterseady state analysis of the water supply
systems should perform for a wide range of watenated conditions. However, if the Sanitation
System can operate satisfactorily under the mosérsedemand conditions, it will operate
satisfactorily for all conditions. For this reasahe demand condition most limiting to the
performance of the Sanitation System variables lvéllestablished, and the computer model runs
will represent the system operations at these timoging demand conditions.

16.14.5 Hydraulics Mathematical Models Applications
16.14.6 Models and Modeling Systems

The Use or numerical models as tools in enginer{g practice has increased rapidly over the last
decades}In fact, the major hydraulics laboratories of VéestEurope now do more than 80% of
their modeling work with mathematical models.

Modeling has nearly always been a part of engingguractice. Solving a particular river problem
mainly requires construction of a model; this modeuld be a physical (scale) model or
mathematical (numerical) model.

16.14.7 Applications of mathematical models

With the introduction of the digital computer itdzane possible to analyze and solve whole sets of
governing equations using solution methods whiabcalise of their large number and long
Complex Calculations had been previously considaced difficult and unreliable due to the
possibility or making (simple) mistakes in handccddtions.

» The application of these solution methods to thedyesis and design of engineering problems
is referred to asumerical (mathematical) modeling.

* Models canbe applied to an extremely wide rangerablems. However, in order to keep the
models as Mathematical simple and efficient as iptessparticular fields of application can
be identified for which different types of modelwosid be used; e.g.- free surface flows

» Pressurized flows

» Transport and dispersion of pollutants or heat

*  Groundwater flows

* Morphological computations — Short waves, etc...

16.14.8 Development of Mathematical Model

1. Objective

The choice of the objectives of the model detersiitiee level of complexity of the system and the
main parameters that are involved.

2. Schematization

The schematization selected depends upon the crityplef the processes involved and the
availability of models, which can be used at experthat can be justified by the value of the answer
given. Consideration must be given to the variationtime (t) and space (X, y, z). The variables ¥,

and z are referred to as independent variablesreAl processes vary with variations in one orenor
of the independent variables. However, by cargfeMamining the particular process, assumptions can
be made about the dimensionality of the problem.
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As far as the number of dimensions in space is concerned a distinction can be made into: D (one
dimensional model), 2D (two dimensional models), 3D (three dimensional models)

Furthermore models are distinguished into steady models and time dependent model

1 D models: (variation int and x) This type of models is often used for e.g. water flow, sediment transport
and morphology, flows in tidal estuaries, control of irrigation systems, Smulation of dam break waves,
flood propagation through channels and reservoirs.

2D Modéls. (variations in t, x, and y) This type of models is often used for e.g. sectional models of
structures, models to study salt intrusion and water quality, tidal flows, detailed flows in rivers (e.g.
circulations), short-wave modeling.

3D Models. (variationsint, X, y and 2) This type of models is often used for e.g. study of discharge from
power station of hot water plume into ocean, physically-based, distributed hydrological model.

The next step in Schematisation is the choice of dependant variables. These variables are the unknown

guantities which vary in time and space and whose values we wish to calculate by modeling e.g. flow (Q),
depth (h), stage (H), Concentration (1), etc.

3. Equations

The variations in the dependent variables can bertdeed by equations, which relate all the dependen
and independent variables. The equations are gbnedeaived from balances in control elements, e.g.
mass, momentum, energy, heat, population balafitésleads, in general, to one or more ordinary or
partial differential equations.

4. Solution Methods

There are many solution methods for differentiabaopns. In hydraulic engineering numerical
methods are most commonly used. These includenite fidifference, - finite element, boundary
element methods,

5. Computer program

Once a solution method has been selected, a comatgram has to be written. In this program the
computer is instructed to execute all the stepthersolution method in the correct sequence and to
realize input and Output of a wide variety of dafde data must be collected from prototype or

experiment to help determine the values or modedrpaters and to determine the boundary conditions
to be specified during the model simulations.

6. Calibration

A series of simulations with the model for diffetefalues of parameters leads to choice of parameter
values, which give the best comparison betweensured and computed results.

7. Verification
After the model has been calibrated satisfactatishould then be run once more with a completely

new set of data for a final verification of the tability of the model. This run should accurately
reproduce the measured data without having to tdjusof the parameter values.
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8. Simulation

Finally the model is ready for application to thiejextives of the study, which was defined at the
initiation of the model development.

16.15 Distinguishing Feature of Computer Aided Design andDrafting
(CAD & CADD) Technician

The work involves responsibility for creating, Wging, modifying and producing civil engineeringsiign
plans, sketches, layouts, schematic drawings, ded@wings, graphic representations and plans &iemw
and sewer capital projects, utilizing computer-didesign and drafting (CADD) software technologgtsu
as AutoCAD. Projects may include all technical aspef the civil engineering field, but will prinigr
consist of water distribution, sewer collectionpret water collection, pumping, management, and
treatment.

The incumbent also assists with the digitizatiorexiting records, digital collection of field reds, and
provides support and training to other engineesitadf in the use of AutoCAD, ArcPad, Trimble GPSlan
similar technologies. Additionally, the incumbergrforms technical engineering and survey work i th
field, including construction record survey andwidrgy, construction layout, and measurements tofyeri
drawings, plans, sketches, etc. Additionally, theumbent will assist in daily records management fo
current records, plus assist and coordinate inptieservation and archival of historic records otewa
utilities, sewer utilities, stormwater utilities, 3¢r and Sewer buildings and facilities. The incanitalso
acts as a liaison with contractors, consultantblipwitilities, and property owners regarding poige This
position differs from that of an Assistant Civil ineer by virtue of the fact that a CADD Technician
performs technical work rather than professionaimeering tasks. The work is performed under direct
supervision of a higher level Engineer in accor@anith standard engineering principles, practiced a
techniquesDoes related work as required.

Typical Work Activities

Drafts, reviews, verifies and modifies digital ahdrdcopy civil engineering design plans, sketches,
layouts, schematic drawings, record drawings, dcap@presentations and plans for water and sewer
capital projects, using CADD software; Conductédfimeasurement checks to verify drawings and plans,
using levels, theodolites, tapes

and other engineering equipment; Updates AutoCABterdiles with project as-built drawing submittals
from project managers upon project completion;

Queries a computer data base and retrieves datsdan engineering projects and

water/wastewater installations; Trains staff in thee of computer-aided design and drafting software
Digitizes hand and field records using softwarehsas ARCPAD;

Updates, maintains and archives water and seweffipda;

Prepares graphics for inclusion in project repgmteposals and presentations

Contacts a variety of public and private agenciesroployees to obtain and relay information rekatio
construction and/or survey projects;

Creates and maintains a variety of records andriepelative to the work.

FULL PERFORMANCE KNOWLEDGES, SKILLS, ABILITIES, PER SONAL
CHARACTERISTICS :

Good knowledge of computer-aided design and dgafoftware, including AutoCAD; good knowledge of
modern engineering practices and techniques; gooaviedge of surveying practices, techniques, tasks,
equipment and terminology; working knowledge of tdmanmon practices, tools, equipment, terminology
and safety precautions associated with construgifofects and/or installations to water and wastewa
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systems; working knowledge of federal, state anzhllaules and regulations relative to construction
projects and installations to water and wastewatetems; skill in using computer-aided design and
drafting software such as AutoCAD;

skill in operating optical and satellite-based &yiag instruments and equipment; ability to orgarénd
maintain accurate records and files; ability to enstnd and interpret complex oral instructions/@nd
written directions; ability to establish and maintaffective working relationships with others; Ialyito
communicate effectively both orally and in writinghility to successfully work with and serve a daes
local community; physical condition commensuratéhwire demands of the position.

16.16 Examples of CAD
16.16.1  Sewer Design based on Spreadsheet

Out of several formulae commonly used to designessywthe manning formula is probably the most
widely used. Although recent research has demdasdtrsome limitations of the Manning formula; for
example, it takes insufficient allowance for thdeépendence to flow caused by slimes which can hugld
in sewers, nevertheless it is recommended that itded for sewer designing in Kenya.

The Manning formula is(1/n) R3S"?

Where; n= Manning Constant
R=Hydraulic Radius in m
S=Hydraulic Gradient in m/m

The calculations are done based on an Excel spgreatishere the introduced data are the grounddevel
with the corresponding chainages and the dischardédee output of the spreadsheet calculation is the
velocity of flow, frictional losses and the dynanaicd static pressures along the sewer.

The spreadsheet is made out of different sheetshwhiie linked. The sheet, which we call “sewer”
contains the pipe characteristics and is linkedh whie sheets for calculation of the losses, pressand
flow velocities. The number of sheets for caldolatdepends on the number of lines as each linathas
own sheet. For the clarity of working, the shestsnamed according to the sewer line.

16.16.2 PC Based Simplified Sewer Design

The purpose of the program is to aid the desiggiroplified sewerage systems. It seeks to do this by
(1.) automating — and thus speeding up — the necessaigrdcalculations;

(2.) providing a tool for analysing different design pettations / configurations; and
(3.) being suitable for training / learning purposes

The program should only be used by engineers whdcamputer-literate.” It is not really suitablerfose
by others.
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16.16.3 System requirements

The program will run on any of the following Micaf$ Windows-based operating systems:

< Windows 95
<+  Windows 98
<  Windows 2000
» Windows NT4

>

It will not run on computers running the Windows 3.1 operatiysgiem.

The monitor screen resolution must be 800 x 60@lpigr greater (this is a very common resolutiamly one step
up from the minimum possible).

The hardware requirements are not demanding — @ngapable of running one of the above versions wfdéivs
should be able to run this program.

16.16.4 Obtaining the program

There is an Internet website from where the programbe downloaded; its address (URL) (which i€ cEnsitive)
is:

http://www.efm.leeds.ac.uk/CIVE/Sewerage

From this site, you can obtain the most up-to-datsion of, and latest information on, the program.

16.16.5 The definition of a sewer network used in the progam

The program requires the sewer network to be desttras a series of linked sewer pipes. The sewaysomly be
linked in atree type manner — that is, the network expands frommbet downstream point branching at junctions
to several upstream ends. And there must be ncsloothe network. (The program has built-in autdmahecks
which show warnings if any network is entered #&inot be calculated.)To cater for designing irtlial sections
of a sewer network (which may be drawn togethaghatend of the design process), the network magplieinto
sub networks, termeslb-nets in the program. Sub-nets may join other sub-netsl@p” junctions — i.e. those at
which the sewers are not necessarily at the sawe. [Ehe typical case would be for a small branetves sub-
network to be designed. When complete, this needetlinked into a main street/collector sewer thay be at a
much lower level.

In summary:
- A network consists of one or morgub-netswhich may join at drop junctions. dub-netis a tree structure of

sewers whose ends join at continuous levels, iighowt drop junctions. In general sub-nets correspdo
condominial systems and these then form the ingatpublic collector sewers.

16.16.6 The minimum information necessary to use the progtm

As a minimum to get your basic layout entered, ydll need the length of the sewer and number ofpfeo
connected to it (this may be described in termthefnumber of houses connected together with a meaber of

people per house, or in terms of a single total memof people who live in houses connected to ¢vees). To be of

practical use you will also need the ground lea¢lthe end of each sewer length.
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16.16.7 Getting started

If you really want to jump straight into a desigyggu can go directly, where four step-by-step examre
presented. The next sections describe in detaildhieus screens contained within the program. i@ $tarting the
program you are presented with the screen showigimre 16.1.
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Figure 16.1 The Initial Screen

Below the main menu bar are four buttons (Figure 16.2) which allow you to switch
Between the four main screens of the program:

[rata Enlpsedt | Hesults Table Lalculztar

Figure 16.2 The main Tool Button bar

The first button takes you to thésual Editor screen. This is the screen that is shown when ystidtart the
program — see Figure 12.1. Here you can draw tiverseetwork on-screen and also edit all the netvamdcription
parameters. It provides the normal means of emaiinthe necessary design data.

An alternative to this method of entering data ysusing theData Entry/Edit screen — see below. You may use
either or both of these screens to edit your ndtwlata. The second button switches toDia¢a Entry/Editscreen.
This is the alternative, table-based method fotirgglthe sewer network description.

The third button takes you to tiesults Tablescreen — a table of the detailed design resultthiosewer network.
Here you may also change some of the design céilmodaand recalculate to show these changes.

The fourth button displays th@alculator screen. On this screen you can see the detailaladlations performed
for each sewer in the network and adjust the patenméo examine possible design changes.
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Figure 16.3 Exit button

There is a fifth button on this toolbar — tBgit button (Figure 16.3), to allow you to leave thegyeom. You will be

prompted for confirmation to prevent accidentalsclie of the program or closure before first sawiogr edited
network.

16.16.8 Visual Editor Screen

This screen (Figure 16.4) allows you to draw theesenetwork on-screen and also edit all the netvamcription
parameters. This screen should be used as thesehimp screen for any network that you wish to tgueFrom
this screen all network changes can be made. Amaltive method of changing/specifying the netwierfarovided
using theData Entry/Edit screen where all changes are made by entries lestabd boxes. Changes made on one
screen are automatically changed on the other.

| Simplified Sewsrage
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Figure 16.4 Visual Editor Screen
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Note that this screen doest draw the network to scale. Lengths drawn on theestdonot necessarily represent
the actual length on the ground, or the actualtlergtered in the data; thus changing the dataesaluthe program
will not change the view on the screen. The redspthis is that simplified sewerage is designethait requiring
a detailed survey of positions of sewer ends (¢egls are required); hence the co-ordinates obs@nds are not
usually known. It would, of course, make senseraadany network on the screen to loskilar to that being

designed on the ground.

Sanitary, Storm and Combined Sewer Design and Modielg

HIOMAF 5
HOMAF Sewer Suite
HIOMAF Sewer Pra
HIOMAF Sewer Suite Pro
_ H

S5 Vos G S T i Mo 140 «la - Batch Run and Compare Multiple
e N e - Scenarios Instantl
¢ m.-v::m BN Do [P SRR (e gl . . y
R ““‘””—"”"dm.,uu",,(...._ﬂ“‘“‘“—'..¢m’:ym (Click to enlarge the picture)
O Bl
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H>,OMAP Sewer Usage:

Master Planning

CMOM Program Planning
Facility Sizing

Wet-Well Design

Facility Management

Outlet Configuration

Operations Study

Pump Cycling

Real-time Simulation
Infrastructure Rehabilitation/Replacement
Peak Flow Effects

Flow Capacity Evaluation
Overflow Management
Infiltration/Inflow Modeling
System Deficiency Identification
System Improvements

BOD Modeling

Odor Control

Source Tracing
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Pollutant Contribution Analysis
Discharge Permit Compliance

Corrosion Control

Treatment Process Efficiency Evaluation
Sewage Age Improvement

Sediment Modeling and Impact Analysis
Sensitivity Analysis

Alternative Analyses

Dynamic Loading Comparison

Flow Monitoring Design

Model Calibration

Operator Training

Capital Improvement Program Development
Capital Budgeting

Impact Fees Determination

System Expansion

New System Design

System Layout Mapping

Dynamic Profiling

Project Management



H.,OMAP Sewer is a powerful, stand-alone GIS-basedpeten program for use in the planning, design, yais)|
and expansion of sanitary, storm and combined sewoléction systems. The program can be effectivelgd to
model both dry-weather and wet-weather flows antkrd@ne the most cost-effective and reliable metlodd
wastewater collection. Built using advanced Obm@tnted Geospatial Component model,0MAP Sewer
seamlessly views, manipulates, and exchanges G&Ssdes with incredible ease and simplicity.

Utilizing a rigorous and versatile network modelisglution, HOMAP Sewer supports geo-coding and multiple
mapping layers which can be imported from one ohyndata sources including Computer-Aided Design DTA
drawings (e.g., dwg, dgn, dxf), CAD world filesastlard GIS formats (Shape files, Generate file©)/MIF files,
and Arc Info coverage), Vector Product Format (VFiEs, Spatial Database Engine (ArcSDE) Layersjhatte
tables, grid data, image files, ODBC, and CommaaB#pd Delimited Text (CSV) files. The program adeectly
supports the new geo-database standard of Arc@8dh an ArcSDE connection.

H,OMAP Sewer surpasses its competitors with fast eochprehensive hydraulic and dynamic water quality
computational capabilities such as steady-stathy/sinaising various peaking factors and automaystes design,
along with sophisticated dynamic solution of the ¥énant's equations considering flow attenuatitbme of
concentration, source tracing as well as pollut8®D, sediment transport/deposition, hydrogen delfand
corrosion modeling. It utilizes a full-featured at-of-the-art hydraulic, water quality and seditn&ansport
computational engine. Through the use of extenstemario management functionality, the progranisis eapable

of analyzing existing or proposed sewage collecsigstems.

H,OMAP Sewer Pro adds very sophisticated rainfalbftimodeling for representative peak flow compwuatand
dynamic routing of combined sanitary sewerage aodrs water throughout the collection system, equigp
wastewater utilities with a powerful tool for pretihg unwanted overflow events and backups and Idpirey
sound remedial alternatives for eliminating CSO,0S&nd storm water problems, meeting environmental
regulations, and improving system management, tiparand community relations.

The program also offers a complete, database-dapen-architecture environment, which makes it éasyanage
and distribute geospatial data as well as exchamgertant modeling information with other applicats and
enterprise GIS systems. Because the program creatéstores all graphic data in a native shapefditenat,
H,OMAP Sewer instantly becomes an integral part ofirydata warehouse, compatible with any other GIS
application. You can now visualize your sewer ailn system at a glance and develop informed -effsttive
and reliable solutions concerning it.

There are three main parts to this screen: théaodFigure 16.5), which allows setting of the edjtand display
options for the network.

z.uummadul-ﬁ:& ﬂl el I'Ihi‘lqh ﬁliﬂ E.rldrh ﬂl -] o D'mkHuhmkIl

Figure 16.5 Visual Edit toolbar.
The details panel to the right provide the meamggfeing, and allowing changes to, details of aittiee selected

sewer or junction the initially blank white parf€igure 16.1) is where the network will be displdyend the status
bar at the bottom displays such information asestzadtor, and the mouse co-ordinates.

8.1 SANSYS FOR SEWERAGE- Sanitary Sewerage System DesigAnalysis and
Management Software

SANSYS will help you analyze, design and manage wauitary sewerage system. It is a comprehensivehic
information system (GIS) for your sewer infrasturet
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As a municipal planning tool, SANSYS will simulatiee effects of zoning changes. As a design toolldad
development, you may quickly determine suitableepifzes and velocities. As a maintenance managetoeit
your pipe and manhole inspections may be recordedcalor-coded to help you to prioritize the workyour
infrastructure upgrading projects. By using zonidlgssifications, population densities, industrignsities,
contributing areas and infiltration allowances, ymay size pipes for a new development or find ftiratlon
problems of an existing system.

Key Plans & Profiles

On key plans and profiles, powerful keyed manhdilage features which allow you to view or label datato
locate manholes and pipes on a spreadsheet or @CAD drawing. They let you navigate in a simpleywsith

little effort. Spreadsheets

SANSYS provides you with an easy way of selectergering, changing, and reviewing data. Spreadsitglet data
management offers descriptive prompts and helgesesras you move from cell to cell.

AutoCAD

SANSYS stands alone, but if you have AutoCAD the twill work together. Specify your own base plam fo
capturing manhole and pipe locations. Our toolbakes it easy to locate or edit sewerage system aoems
within SANSYS and AutoCAD. SANSYS produces detaithdwings of your model to your specifications gsin
the same color-coding as the key plans and profiles

SANSYS Features
» integrated spreadsheet style data editing and neamaf

» key plans and profiles with keyed manholes

e AutoCAD R12, R13, R14 input and output

» import or export ASCII files

* append models

» formatted report

* manhole and pipe sorting and search facilities
» pipe length calculations from coordinates

» invert calculations from ground elevations

e pipe grade calculations from lengths and inverts
» comprehensive cross-reference checks

» model and design criteria descriptions

Sewerage Model
This gravity network model will calculate flows ngimany choices and combinations of peaking factors

e peaking factor formulae:

«  Babbitt with variations

¢ Harmon (Ten State) with variations

*  constant and exponential

« specified allowable ranges

e variations for commercial, non-residential flows

*  pipes, manholes entered in any order

. manhole alphanumeric identifiers, coordinates, ingkevations, ground elevations, head losses
e pipe connections, lengths, grades, and diameters
¢ Manning's n roughness coefficients

e  pipe location descriptions

« fixed length option for curved or irregular alignme
« models may be linked together

e zoned contributing areas

« overflow diversions

e forcemains

e metric, Imperial or U.S. units of measurement
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* residential, per capita flows

* population, industrial and commercial densities
» zoning definitions with choice of density units

» contributing populations

« infiltration by area or pipe size and length

e pumped and measured flows

Results

average and peak flows

flows from infiltration

existing and required pipe capacities
required pipe diameters

full pipe and peak flow velocities

part flow as remaining capacity, peak flow/capaoitylepth/diameter
hydraulic grades for surcharging pipes
overflows diverted

summary totals for areas and populations
list of under capacity pipes

list of pipes with inadequate scour velocity
totals of pipe lengths by diameter

pipe Inventory Management

As a maintenance management tool, your manholepg® inspection data may be recorded and colordade
help you to prioritize the work of your infrastrucé upgrading projects. If you have another GlSnmeehensive
export utilities help you keep your system updated.

installation and inspection dates

video reference

cleaning history

inspection comments

condition marks

material type

coordinate and invert elevation sources

Key Plans & Profiles

labels display your choice of information when yeursor is placed over a keyed manhole

point-and-click locating of keyed manholes betwepneadsheets, key plans, key profiles and
AutoCAD

double-click a keyed manhole to edit it and itsepip
image zoom, copy to clipboard, save, print

insert labels or legend on image

size pipe lines to correspond to diameters

Pipe color-coding (see below)
AutoCAD

link to AutoCAD for pipe, manhole and area digitigiand input on base plans with dynamic data
exchange
user specified manhole sizes, text sizes, lay@rsptext font and text aspect ratio
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plan showing flow directions, undersized pipescémnains and overflows with labels for pipes,
manholes, existing and proposed diameters, capscitelocities, peak flows, part flows
profiles showing pipes, hydraulic grade lines andnholes with labels for manholes, lengths,
existing and proposed diameters, grades and inverts

title, user descriptions and legend

pipe color-coding (see below)

Color-Coded Plans

undersized pipes

diameters

capacities

part flows:

peak flow/capacity

remaining capacity

depth/diameter

materials

position sources

conditions

Size

3000 pipes and manholes per model

10 character manhole/pipe identifiers

10 infiltration rate codes

20 overflows and diversions

30 zoning categories
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9.0

ENVIRONMENTAL IMPACT ASSESSMENT

9.1 Introduction

e EIA s the study of the effects of a proposed actia the environment. The “environment” is taken t
include all aspects of the natural and human enwient.
Ethics

» EIA identifies both negative and positive impacts development activities and how they affect the
people, their property and the environment. ElAaiidition identifies measures to mitigate the
negative Impacts, while maximizing on the positowges. EIA is essentially a preventive process,
which seeks to minimize adverse impact on the enwirent.

» The EIA Studies covers all physical, biologicalcisd economic and other impacts arising from an
action on the environment. The studies vary framioa and include studies on weather, flora and
fauna, soil erosion, human health, urban irrigaiod employment.

 EIA seeks solutions to all feasible alternativesttihepresents an optimum mix or balance of
environmental and social-economic costs and benefit

* The technical work involved in EIA is the estimatiof the changes in environmental quality which
may be expected as a result of the proposed actioBIA attempts to weigh environmental effects on
a common basis with social-economic costs and fisriefthe overall project evaluation.

* The ultimate objective of EIA is to aid judgmenticision making by giving the decision maker a
clear picture of the alternatives which are congdethe environmental changes which are predicted,
the trade-offs of advantages and disadvantagesafdr alternative.

9.2  Objectives

The objective of Environmental Impact Assessmehf)EStudy is to ensure that the project conforms to
regulations of the “National Environmental Managei&uthority (NEMA)” of Kenya and in general of
the prevailing Kenya’s environmental rules and tatjons.

9.3 Legal framework

» Environmental Management Coordination Act (EMCAP2Qjive authoritative legislature framework
within which the environmental protection and masragnt shall take place.

* The Environmental Impact Assessment and Audit Rers, 2003 outlines how an EIA Study has to
be carried, how it is written and what needs t@iesented to NEMA

 The Environmental Management and Coordination (W#&eality Regulation), 2006 gives the
required Quality which any water source has to raedtthe quality of sewage discharges to be met

* The Environmental Impact Assessment (EIA) is guibgdhe Environmental and coordination Act,
1999 and the above regulation and standard thrélaglonal Environmental Management Authority
(NEMA). The Act became effective on ldanuary 2000 after receiving Presidential Assartd
January 2000.

* Only Sewerage is included in EMCA schedule 2 asiired to undertake full EIA Study and is
therefore, expected to comply with the EIA requiemtnunder the same Act ,itss regulations and
Standard.

* The preparation of EIA Study and subsequent appronacedures are set out in the Environmental
(Impact Assessment and Audit), Regulation 2003.
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9.4  EIA Regulations

In accordance with NEMA regulations, a proponerlissubmit to the Authority an environmental impact
assessment study report incorporating but notdidnio the following information.

0] The proposed location of the project

(i) The objective of the project

(iii) The technology, procedures and process to be imstitk implementation of the project
(iv) The materials to be used in the construction aqpldmentation of the project.

(v) The products and by-products and waste generatéfieljyroject

(vi) The environmental effects of the project includthg socio-cultural impacts, effects and direct,
indirect, cumulative, irreversible, short-term dodg-term effects anticipated.

(vii) A concise description of national environmentalid&give and regulatory framework, baseline
information and any other information related te groject.

(viii) A description of the potentially affected environthe

(ix) Alternative technologies and processes availableraasons for preferring the chosen technology
and processes.

x) An analysis alternative including projects sitesida and technologies and reasons for preferring
the proposed site, design and technologies.
(xi) An environmental management plan proposing the wumeasfor eliminating, minimizing or

mitigating adverse impacts on the environment,udiclg the cost, time frame and responsibility
to implement the measures.

(xii) The provision of an action plan for the preventaord management of foreseeable accidents and
hazardous activities in the cause of carrying octivities or major industrial and other
development projects.,

(xiii)  The measures to prevent health hazards and toeessgurity in the working environment for
employers and for the management of emergencies.

(xiv)  An Identification of gaps in the knowledge and wutai@ties which were encountered in compiling
the information.

(xv) An economic and social analysis of the project

(xvi)  An indication of whether the environment of any esttstate is likely to be affected and the
available alternative and mitigating measures.

(xvii)  Any other matters as the authority may require.

9.5 Reasons for EIA study

Reasons for carrying out an EIA will include:
» Assurance of adequate procedures for managingamagntal risks and compliance with procedures.
* Improved statutory compliance

» ldentification of environmental risks and problemeas, early warning and prevention of potential
adverse environmental effects.

 Improved planning through the identification of dtg and potential capital, operating and
maintenance costs, associated with environmentiaitaes.

» Improved preparation for emergency and crisis itnamanagement.

» Improved corporate image and positive public refzi

» Enhancement of environmental awareness and reldgghroughout the corporate hierarchy.

* Improved relations with regulatory authorities

» Facilitation of obtaining insurance coverage foviemnmental impairment liability.
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9.6 EIA Requirements

9.6.1 EIA Expert
Criteria for listing

Below is the criterion for listing EIA Experts.

Category | Assignment Requirements
expert
1 Lead Entitted to Conduct EAI 1. Minimum 2" degree in an fieldnd:
Experts studies independently under Trained in EIA and 2 years of experience in
their name as professional conducting EIA
or

2. 5 years research work in any disciplared

2 years experience in conduction EIA

OR
Must have undergone EIA course for a minimum peob@1

3. | days and must have worked for at least 15 years

3 Associate Entitled to undertake EIA 3. Phd. In environmental related studies
Experts studies only under the and
guidance of a Lead Expert. 2 years research experience

or

4. Phd in any discipline, an environmental course
and 2 years research experience.
or

5. Engineerswith an environmental course
and 2 years of working experience.

6. 2"% degree in 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 capa@tyuirement.

» The rational of selecting the Lead and Associatpefxis mainly based on the experience in condgdaA
studies. One finishes a minimum of 2 years as éiat® Expert. Preference is given on number of &lfdies
undertaken rather than the years.



9.6.2 Procedures for registering with NEMA

An applicant should prepare the following:-
» An application in the subscribed form to the DicgdBeneral NEMA

e A detailled CV mentioning the academic performanagnesi and dated highlighting relevant
experience in the field of EIA.

» Three letters of recommendation (references) fridfardént recognized experts of Institutions acting
the field of environmental management and/or EIA.

* A detailed list of studies, publications and cotemuties undertaken indicating whether acting in a
team, his role and contribution.

* Any other relevant materials which may help aptecthe qualification of the applicant.

9.6.3 Fees
The charge is KShs6,000/= to 20,000/= per yeaeasafpached schedule:-

Fees
Application fee (KShs.) Annual fee (KShs.)
citizen Non citizen| citizen Non citizen
1 Application by individual expert:
(@) 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 20,000 60,000
3. Inspection of records/register .......... 200 per rdfregister
4. Environmental Impact Assessment Licence ..... Ooi%e total cost of the project
5. Surrender, transfer or variation of Environméhtgpact Assessment licence ..... 5,000

Source: - Kenya Gazette Legal Notice No.101 of R0OGS.

9.6.4 Licences for EIA

9.6.5 EIA licence fees

To obtain EIA licence, KShs. 5,000 to 500,000 iglfzs detailed in schedule below.

9.6.5.1 Inspection Records Fee

Between KShs.200 to 500 is required to inspectrosco However if photocopy is to be obtained, addittonal
KShs.4 per page is paid attached is the schedule.

Inspection fees Extraction fee
(KSh.) (KSh.)
1. Environmental Impact Assessment Report 200 Hage
2. Environment Audit Report 200 4 per page
3. Environmental Impact Assessment Study Report 500 4 per page
4, Register of Experts 500 Not for extraction
5. Access to Data Banks 500 Not for extraction
6. Register of projects 500 Not for extraction
7. Other/public documents 500 4 per page.
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9.7 TERMS OF REFERENCE (TOR)
9.7.1 TOR of EIA Study

Below is as Sample TOR:-

Task 1: - Description of the proposed Project

Provide a full description of the project: locatigieneral layout; unit process description and rdiag size in terms
of population and population equivalents, presemi @rojected; number and types of connected iniggstr
anticipated influent and effluent characteristipggconstruction and construction activities; schhedstaffing and
support facilities and services; operation and teai@nce activities; required off-site investmeats] life span.

Task 2:- Description of the Environment

Assemble, evaluate and present baseline data orerthieconment characteristics of the study areaclutie
information on any changes anticipated before thgept commences.

€) Physical Environment: geology (General descriptfon overall study area and details for land
application sites); monthly average temperaturaisfall and runoff characteristics; descriptiontio¢
receiving waters (identity of streams, lakes, orinrewaters; annual average discharge or curreat da
by month, chemical quality; existing dischargesvihdrawals)

(b) Biological environment: terrestrial communitiesareas affected by construction, facility sitingyda
application or disposal; aquatic, estuarine or ngrcommunities in affected waters; rare or
endangered species; sensitive habitats, includankspor preserves, significant natural sites, sseof
commercial importance in land application sites ewiving waters.

(c) Sociocultural environment:  present and projectedpufadion; present land use; planned
development activities; community structure; présamd projected employment by industrial
category; distribution of income, goods and sewjiaecreation; public health; cultural properties;
indigenous peoples; customs, aspirations and @estu

Task 3:-Legislative and Regulatory Considerations

Describe the pertinent regulations and standardergmg environment quality, pollutant dischargessurface

waters and land, industrial discharges to publigese, water reclamation and reuse, agriculturallandscape use
of sludge, health and safety, protection of seresitireas, protection of endangered species, sltind,use control,
etc; at international, national, regional and Ideskls.

Task 4:- Determination of the Potential Impacts othe proposed Project

In this Analysis, distinguish between significardsfiive and negative impacts, direct and indiregpacts, and
immediate and long term impacts. ldentify Impagkéch are unavoidable or irreversible.

Wherever possible, describe impacts quantitativielyerms of environmental costs and benefits. igksgsconomic
values when feasible. Characterize the extent quality of available data, explaining significamfdarmation
deficiencies and any uncertainties associated prigldictions of impact. If possible, give the TO& Studies to
obtain the missing information.

Special attention would be given to:
e The extent to which receiving water quality staddaand/ or beneficial use objectives will be acbdkv
with the proposed type and level of treatment.

e The length of stream or expanse of lake or mariatrs which will be positively or negatively affedtby
the discharge, and the magnitude of the changesater quality parameters.
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» Projected quantitative changes in beneficial usesh as fisheries (species composition, produglivit
recreation and tourism (visitor-days, overnightgyenditures), and waters available for portablepsyp
irrigation, and industrial use.

» Sanitation and Public Health benefits anticipated.

Task 5:- Analysis of Alternatives to the Proposed i®ject

Describe alternatives that were examined in therssowf developing the proposed project and identifyer
alternatives which would achieve the same objestivéhe concept of alternatives extends to siting design,
technology selection, construction techniques dmalsimg, and operating and maintenance procedutesnpare
alternatives in terms of potential environmentapatts, land and energy requirements, capital aedatipg costs,
reliability, suitability under local conditions, dninstitutional, training, and monitoring requiremte When
describing the impacts, indicate which are irreildesor unavoidable and which can be mitigated. ti® extent
possible, quantify the costs and benefits of edterative of not constructing the project, in arde demonstrate
environmental conditions without it.

Task 6:- Development of Management Plan to Mitigat&egative Impacts

Recommend Feasible and Cost Effective measureset@mt or reduce significant negative impacts toeptable
levels. Estimate the impacts and costs of thosasuares, and of the institutional and training respaents to
implement them. Consider compensation to affeg@dies for impacts which cannot be mitigated. pBre a
management plan including proposed work programslgét estimates, schedules, staffing and training
requirements, and other necessary support setddagplement the mitigating measures.

9.7.2 Environmental Audit

The Audit shall be carried out through questioremirsite visits and Test Analysis and in the manner
shown hereunder:-

(a) Initial Auditing
The Auditor in conduction an Initial Audit shall:
% make a precise description of the project
» present the objective, the scope and the critérisudit
» collect and review all relevant environmental lavd aegulator frameworks on health and
safety, sustainable use of natural resources armtaaptable national and international
standards
Verity the level of compliance by owner with condiits of regulations 31(jii)
» Evaluate knowledge and awareness of and respahsifor application of relevant
legislation on the laws:
» Review existing project documentation related tarditastructural facilities and designs.
» Examine monitoring programmes parameters, procedimeplace for control and
corrective actions.
Evaluate the relationship with the Authority or etielevant bodies
Inspect all buildings, premises and yards in whitdnufacturing, testing, transportation
within and without the project area s well as sgerand disposal of goods is carried out
and give a record of all significant environmemtsks associated with such activities.
Example and seek views on health and safety issuBs both the project employees, the local
and other potentially affected communities and
Prepare a proritised list of health and environtaleconcerns of past and on going activities and
provide recommendations on estimated costs, coree@nd rehabilitation measures and test
implementation

B3

B3

5

%

D3

D3

D3

o,
°n

o,
°
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9.8 Methodogology
9.8.1Definitions Related TO EIA

9.8.1.1EIA

EIA refers to a critical examination of the effeofsa project on the environment before its implatagon.

9.8.1.2 Screening

A process used to determine whether a project regj@n Environmental Assessment and what type ered bf
Assessment would be necessary.

9.8.1.3 Scoping

A procedure for attempting to ensure that an Emvitental Assessment focuses on the key Environmessiads
associated with a project on omitting irrelevantenal.

9.8.1.4 Environmental Management Plan (EMP)

An Action Plan or system which addresses the hoteny who, where and what of integrating environmlent
mitigation and monitoring measures throughout astieg or proposed operation or activity. It enqgasses all the
elements that are sometimes addressed separateligation, monitoring and Action Plans.

9.8.1.5 Environmental Audit

A management too comprising a systematic docunpartpdic and objective evaluation of how well a jpob,
organization or equipment is performing with thenaf helping to safeguard the environment. TheiAskiould
facilitate management control of environmental pcas and assess compliance with policy objectiaad
regulatory requirements.

9.8.1.6 Strategic Environmental Assessment (SEA)

A similar technique to EIA but normally applied policies, plans, programmes and groups of projects.
SEA provides the potential opportunity to avoid freparation and implementation of inappropriate
plans, programmes and projects and assists imémtification and evaluation of projects.

Alternatives and Identification of cumulative effecSEA comprises two main types:-
Sectorial SEA (Applied when many new projects fathin one sector) and
Regional SEA (Applied when broad economic develaugeplanned with one region)

9.8.1.7 Project

A project is defined as a specific set of Humarivéts in a particular location and time frame antended to
achieve any objective(s)

9.8.1.8 Environment

The term “Environment is used in its broadest gisssense to embrace not only physical and biokbgic
systems, but also socio economic systems andittieirrelationships.
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9.8.2 Levels of Environmental Impact Assessment

9.8.2.1 Small projects

Small scale projects whose potential Adverse Emvirental Impacts can easily be identified and foictvh
mitigation measures can readily be prescribed amdbe included in the Design and/or Implementatibn
the project. This type of project will be normadlpproved on the basis of mitigation measures withwe
need of a detailed EIA study requiring field invgations.

9.8.2.2 Projects suspected

Projects for which there is some level of uncettaon the nature and level of Impacts. Decisioilklve

made during the scooping phase whether the progeciires a full study or a partial study. The eswiat
this stage also examines various alternativeshabthe decision maker can select options whicmato
have significant environmental impacts.

9.8.2.3 Projects with significant Impacts

Projects which clearly have significant adverseanip. The study will determine the nature andetttent
of these impacts and examine the alternatives lamanitigation measures. Conducting such EIA rexguir
greater public participation.

9.8.2.4Strategic Environmental Assessment (SEA)

SEA can be undertaken at a range of levels, frolips to programmes and plans.
9.8.2.5 Auditing and monitoring

An environmental Audit differs for EIA which aim® tpredict Environmental Impacts in that it is
multidisciplinary process of objectively reviewitige environmental performance of an operating jgtoje
or enterprise including its processes, materialrag®, operating procedures and Environmental
Management to identify potential environmental ictigaand liabilities.

9.8.3 Approach Principles
9.8.3.1 General

Focus on the main issues

Avoid covering too many topics in too much detalil
Screen to limit to only the most likely and mosti@as of the environmental impacts.
Work on mitigation measures that are workable arejptable

o Involve the appropriate persons and groups
Resourceful actors for EIA Study

Decision makers

o Link information to decision about the project
o Organize EIA early enough to provide informatiorirgprove basic designs, and progress through the
several stages of the project planning and impleatiem.

o Present clear options for mitigation measures andd 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.

9.8.3.2 Preliminary activities

Identification of the activities and the actorshe project that will include:-
Decision makers
Project team

Description of actions
Review of existing legislation

9.8.3.3 Impact Identification

Check list of impacts

Selection of important impacts based on
=  Magnitude
= Extent
= Significance and

9.8.4 Special sensitivity
9.8.4.1Baseline Study

Data prior to proposed action — bench mark
9.8.4.2mpact Evaluation
Quantification or qualification of impacts

9.8.4.Mitigation measures
Identification of actions to eliminate or minimiaelverse environmental impacts.

9.8.4.4Assessment of alternatives

Combination of environmental losses and gains with socio-economic costs and
benefits for each alternative.

9.8.4.5Documentation

» Reference documents that will confirm detailed rdaaf the work done in the EIA.

*  Working documents that convey information for imnagel action.
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9.8.4.@ecision making

Decision making to be based on:-

» Socio-economic and environmental considerations

» Political considerations

e Choice not between “bad” and “good” but betweenddjband “better”. However, the
decision maker must:

9.8.4.7Accept one of the project alternatives

Request further study or
Reject ant proposed action altogether.

9.8.4.8Post Audits

Conducted to determine the closeness or how aecaratthe predations of the EIA.

» Provide information in a form useful to decisionkais
o] Terms and formats of conclusions of EIA Must beemsthndable by decision makers.

9.9 REPORT WRITING

9.9.1EIA Scoping

(a) Executivesummary

(b) The proposedroject

(c) Approach and methodology

(d) Potential alternatives

(e) Study limits

(H Environmental policy, legislative and planning fraaork
(g) Existing environmental conditions

(h) Scoping the environmental impacts

(i) Scooping the assessment

() Scooping the environmental management aspects
(k) Recommendations

() Technical appendices

(m) Administrative appendices — this will be consulsitinerary, etc

9.9.2 Full EIA Study

Q) Executive summary

(2 Presentation of the project
e project selection
* project location
» project description and associated activities
» alternatives.

3) Approval and methodology

e General approach
e Assumptions, uncertainties and constraints.
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(4)

()

(6)

(7)

(8)
(9)
(10)

Environmental policy, legislative and Plannifigamework
e Environmental policy and legislative framework

e Consultation and public participation

» Institutional capacity

* Relevant ongoing projects

Existing environmental conditions

Assessment of environmental impacts and mitganheasures
« Prediction of potential environmental impacts apdédfits
* Enhancements

Environmental Management Implementation

e Environmental monitoring

» Environmental management capacity

» Environmental management

Conclusion and recommendations

Technical appendices

Administrative appendices
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9.10 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 ............ccoooiiiiiieinann,
A2 PIN NO. oo e e e
A3 AAIESS ..ot
A4 Name of CoNtact Person ..........ccoevviie e iii e e e
A5  Telephone No. .................... A6 Fax No. .........cocvvvvnvnnns

A7 E-mail .o

PART B: DETAILS OF THE PROJECT REPORT

Bl Title of the proposed project...........ccvvvviie i ie i,
B2 Objectives and scope of the project ...........ccoeevviiiiiiiiin ..
B3 Description of the activities ...........ccooiiiii i,
B4 Location of the proposed project ...........c.ccooeiviiiiiiiininnanns

PART C: DECLARATION BY THE PROPONENT

| hereby certify that the particulars given abowe a&orrect and true to the best of my
knowledge.........cooov i

Name .......ccoeeevv i e, POSION L

Signature ..........covviiiiiiiii,
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PART D: DETAILS OF ENVIRONMENTAL IMPACT ASSESSMENEXPERT
Name (Individual/firm) ... e
Certificate of registration NO. ..........cooiiiii i e e e e s
AGAIESS et e e

Tel: s FAX s Emals

PART E: FOR OFFICIAL USE
APProved/NOt @PPIOVED ... e e e e e e e e e

O00] 1010 411 1 15

Officer: .....oovoeiviiits Sign: Date:...ccoveiiiiiiie

NB: 1. If the Project Report does not contain sugft information required under the
Environmental (Impact Assessment and Audit) Regulatthe applicant may be requested to
give further information concerning the projecth® notified of any defects in the application

and maybe required to provide the additional infation.

2. Any person who fraudulently makes a false stat@nin 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

(© 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. 254-02960
FORM 2 (r.19)

Application Reference No.
FOR OFFICIAL USE

THE ENVIRONMENT MANAGEMENT CO-ORDINATION ACT

SUBMISSION OF ENVIRONMENTAL IMPACT ASSESSMENT STUDREPORT

PART A: DETAILS OF PROPONENT

Al. Name of proponent (Person or Firm) ........cccoviiiiiieie e e e

A2 PIN NO. oot e
A3 AAIESS. et
A4 Name Of CONtACT PEISON ...t e e e e e
A5 Telephone NO. .......c.cvveiiennn. AB Fax NO. ....cooovii e,
A7 Bl e

PART B: DETAILS OF THE ENVIRONMENTAL IMPACT ASSES@ENT STUDY
REPORT.

Bl Title of the PropoSe ProOJECT ......viviie et e e e e
32 ObjeciiVes and SC0pe of te PIECt ..
B3 DeSCrplion Of the ACIVIIES ..o
B4 Localion of he propoSe] OJEct ..o

PART C: DECLARATION BY THE PROPONENT
| hereby certify that the particulars given aboxe @rrect and true to the best of my knowledge.

NamMe ... Designation ..........cccooevii i i,

34¢



PART D: DETAILS OF ENVIRONMENTAL IMPACT ASSESSMENEXPERT
Name (Individual/firm) ... e e e
Certificate of registration NO. ..........ccoii it e e s
AGAIESS et e e
Tel: oo FAX s Emmall o

PART E: OFFICIAL USE
APProved/Not aPPIOVED ... e e e e e e e

LO00] 10100 1=] 1 15T

Officer......ccoovviiiiinn . SiIgN o Date ...............

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: .........cccvvviviiiiiiiiiinnnn,

Registration NO.: ......cooiiiii e

FOR OFFICIAL USE

THE ENVIRONMENTAL MANAGEMENT AND CO-ORDINATION ACT

ENVIRONMENTAL IMPACT ASSESSMENT LICENCE

This is to certify that the Project Report/Envircemtal Impact Assessment Study Report
. received from ... (name

of individual/firm) ... (address) submetti to the National

Environment Management Authority in accordance Wl Environmental Impact Assessment

& Audit Regulations regarding ..........ccoovviiiii i

.e........ (title of project whose objectivis to carry on

(briefly describe purpose) located at .............ccceveiiiiii e, (locality and District) has
been reviewed and a licence is hereby issued f@lemmentation of the project, subject to

attached conditions.

Datethis ..........cccooevvecnday oo Of 20, i,
S [0
(seal)

Director-General

The National Environmental Management Authority.
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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 aransfer/variation/surrender of this licence.
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FORM 4

Application Reference NO. ............cccevvvnenn.
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 Name of proponent (Individual or Firm) ..o eeeenen
A2, NAtIONAIIY ... e e e e e
A3 PIN NO. o e

A4 Firm (LOCal/FOreign) ......covie e e e e e e e e e e
AL AAAIESS ottt
A6 Telephone NO. ..o, A7.Fax No. ...,

A8 | = 1]

A9  Applicants academic/professional qualifications.........................

Al10 List of professional and their academic/prof@sal qualifications and their nationalities

(where applicable)

All Experience in Environmental Impact Assessmelated activities: ......

Al12 Application for registration of Lead ExpertAssociate.

352



PART B: DECLARATION BY APPLICANT
Bl | hereby certify that the particulars given abare correct and true to the best of my

knowledge and belief.

Sgnature of applicant Full namein Block letters Position
Onbehalfof ...

Firm name and seal Date
PART C: FOR OFFICIAL USE
APProved/NOt apProVed ...t e e e e e e
COMMENES ... e e e e et e e e e e e e e e e e ae e
Official ...........ccceenetn. Sign ... Date ....ccovviiiiiinnnn.

Important Notes: Please submit the following

€)) Application Form in duplicate

(b) Curriculum vitae of all applicants: and

(© 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. 254-02997
E-mail ..o
FORM 5 (r.14(4))
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Application Reference NO: ..............ceeeente.
Registration NO: ..........coooviiiiiiiiiiennn,
FOR OFFICIAL USE

THE ENVIRONMENTAL MANAGEMENT AND CO-ORDINATION ACT

CERTIFICATE OF REGISTRATION AS AN ENVIRONMENTAL IMP ACT
ASSESSMENT/AUDIT EXPERT

This IS 10 cCertify  M/IS oo of
.......... (Address) has been registered as anrBnmental Impact Assessment

Expert in accordance with the provisions of the iEBmment Management and Coordination Act
and is authorized to practice in the capacity dkad Expert/Associate Expert/Firm of Experts

(TYPE) e e e e,

Datethis .....................day oo, of 20....ccciiiinis

SIgNAUIe ..o

(seal)

Director — General.

The National Environmental Management Authority
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FORM 6 (r.15(1))

Application Reference No. .............ccceeenee.
FOR OFFICIAL USE
THE ENVIRONMENTAL MANAGEMENT AND CO-ORDINATION ACT

APPLICATION FOR LICENCE TO PRACTICE AS AN ENVIRONMETAL IMPACT
ASSESSMENT/AUDIT EXPERT

PART A: DETAILS OF APPLICANT

Al
A2
A3
A4
A5

A6
A7
A9
Al10

All

Al2

Name of proponent (Individual of Firm).............ccoooiiii i
NAIONANILY ....oe e

Firm (LOCal/FOreIgN) ... e e e e e e e ee e
Business registration No. (where applicable) ...,

Telephone NO. .......coviiiiiiiiiiin, A8 Fax NO. .......coovinienne.

List of professionals and their academic/profesonal qualifications and their
nationalities (where applicable) ..o

PART B: DECLARATION BY APPLICANT

Bl

| hereby certify that the particulars given aboe are correct and true to the best of
my knowledge and belief.
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Signature of applicant Full Name in Block letters

On behalf Of ..o e e

Position

Firm Name and seal Date
PART C FOR OFFICIAL USE
APProved/NOt aPPIOVEA ... e e e e e e e e e
LOF0] 1 4101011 1 1 £ AU
Official ..........ccceevieinis Sign oo Date .......coceovnnenn.

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),
Kapiti Road, South C,
P.O. Box 47146,
NAIROBI, KENYA.

Tel. 254-02-609013/27/79 or 608999 Fax. 254-02997
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FORM 7 (r.15(2))

FOR OFFICIAL USE
THE ENVIRONMENTAL MANAGEMENT AND CO-ORDINAITON ACT

ENVIRONMENTAL IMPACT ASSESSMENT/AUDIT PRACTICING LCENCE

VIS o e (Individual or firm) of Address

. is licenced to practicein
the capacity of a (Lead Expert/Associate Expert/Fim of EXperts) .............c.ccoveene.
. in accordance with the provsions of
the Environmental Management and Coordination Act.
Datethis ..........coccevevvevecday oo, 0f 20
SIGNATUIE ..t e e e e e e e e e e e e e

(Seal)

Director-General,

The National Environmental Management Authority.

Conditions of Licence:
1. This licence expires on $iDecember, 20................



FORM 8 (r.21)
THE ENVIRONMENTAL MANAGEMENT AND CO-ORDINAITON ACT

NOTICE TO THE PUBLIC TO SUBMIT COMMENTS ON AN ENVIRNMENTAL
IMPACT ASSESSMENT STUDY REPORT.

Pursuant to Regulation 21 of the Environmental (Imm@act Assessment and Audit)
Regulations, the National Environmental Impact Assesment Study Report for the
implementation of the proposed ProjecCt..........o.uveiii i iii it e e

veee......(brief description of project)

PPN ([0 Tor=1111Y) of
.......... District. The said project anticipate the following impact

(describe anticipated impacts and proposed mitigabin measures).

The full report of the proposed project may be inspcted during working hours at:
(@) The NEMA Headquarters.
(b)
(C©)

NEMA invites members of the public to submit oral @ written comments within
............days of the date of publication of this noticéo assist the Authority in the approval
process of the project to:

@) Director — General, NEMA,

(B)
(a)
Dated this ........................day. e, of 20..........
SIGNALUIE ..
(seal)
Director-General,
The National Environmental Management Authority.
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FORM 9 (r.25)

Application reference NO. ..........cooooii i,

Licence NO. ....oovviiii i,

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 envirormental impact assessment licence.*
The Environmental Impact assessment licence was piieusly amended.*

PART B: DETAILS OF APPLICANT
Bl Name (Individual or firm): ... e s
B2 Business Registration NO: ... e e e
B3 N6 [0 =SS
B4 Name Of CONACT PEISON: ... . e e e e e e
B5 POSItion Of CONtACT PEISON: ....cvvie et e e e e e e e
B6 Address Of CONtACT PEISON: ... iu it e e e e e e
Telephone No.: ......ccovvvvvvnvnv  FaX e NOS
Bl o

PART C: DETAILS OF CURRENT ENVIRONMENTAL IMPACT ASS ESSEMENT
LICENCE.

C1 Name of the current Environmental Impact Assessent licence holder .............
C2  Application No. o the current Environmental Impact Assessment licence ...........
C3 Date of issue of the current Environmental ImpacAssessment licence ..............
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PART D PROPOSED VARIATION STO THE CONDITIONS IN CUR RENT
ENVIRONMENTAL IMPACT ASSESSMENT LICENCE.

D1

D2

D3:

D4

D5

D6

D7

Conditions in the current Environmental Impact Assessment licence................

Proposed VariationN(S) ... ... .. et ie e e e e e e e e e

Reason for variation(S) ......c.v v e e e e e

Describe the environmental changes arising frorthe proposed variation(s) ........

Describe how the environment and the community mght be affected by the
(o1 oToXSY=To IRV =T =i o ) T

Describe how and to what extent the environmenkgerformance requirements set
out in the EIA report previously approved or project profile previously approved or
project profile previously submitted for this project may be affected

Describe any additional measures proposed to elinate, reduce or control any
adverse environmental impact arising from the propsed variation(s) and to meet
the requirements in the Technical Memorandum on Enwonmental Impact

ASSESSIMENT PrOCESS. .. ..ttt it it e e e e
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PART E: DECLARATION BY APPLICANT.

| hereby certify that the particulars given above a@e correct and true to the best of my
knowledge and belief. | understand the environmeri impact assessment licence may be
suspended, varied or cancelled if any information igen above is false, misleading or
incomplete.

Name Position Signature
ON DENAIF OF ..o
Company name and seal Date

PART F: OFFICIAL USE
APProved/NOt apPrOVEd ... e e e e e e

(O00] 1010 01=] 1 -

Officer ................. Signature..................... Date ......ccceiiennins
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. 254-02997

*Delete where applicable
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FORM 10 (r.25)

Application Reference NO................c.etee.

Certificate NO.......oovv i,

FOR OFFICIAL USE

THE ENVIRONMENTAL MANAGEMENT AND CO-ORDINATION ACT

CERTIFICATE OF VARIATION OF ENVIRONMENTAL IMPACT ASESSMENT
LICENCE.

This is to certify that the Environmental Impact Assessment Licence NO. ..................
Ldssuedon ... (date) to .....cvvvvnnennnnnnn.
...(name of individual/firm) of ...............
...(address) regarding

...(title of project) whose objective iIS 10 .o.vvvvviiiiiiiiieeenn,

...(briefly describe purpose) bcated at
...(locality and District) has been varied to

..(nature of variation) with effect from ......................... (date of
var|at|on) in accordance with the provisions of theAct.
Dated this ..........cooiiiiiiiinn. day ........ooevveiieeen0f 20
Signature ...,
(Seal)

Director-General
The National Environmental Management Authority.
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FORM 11 (r.26)

FOR OFFICIAL USE

ENVIRONMENTAL MANAGEMENT AND CO-ORDINATION ACT

NOTIFICATION OF TRANSFER OF ENVIRONMENTAL IMPACT ASESSMENT
LICENCE.

PART A: DETAILS OF CURRENT LICENCE
Al Name of the current Environmental Impact Assessent licence holder............

A2 PIN N O, L

A3 AJAreSS ....cooiiiiiiiiii i AdTel oo
A5 Fax NO. ... A6.E-mail ...
A7  Application No. of current Environmental Impact Assessment licence ..........
A8 Date of issue of current Environmental Impact Asessment licence .............

PART B DETAILS OF THE TRANSFEREE

Bl Name (Individual/firm)..........ooir i e e

B2 PIN N O, ot e e e e s

B3 AdAreSS ... AdTel oo

B5 Fax NO. ... B6. E-mail ..o,

B7 Name Of CONACT PEISON... ...t i e e e e re e e e

B8 Capacity of transferee to run the project (finarcial, 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 ...............ccooiiiiiiii i, Of v on this
day of .....ooooiiiiiiiii, transferred EIA licence NoO................... to........
e P 11/ ¢ [0
will assume his responsibility for all liability under this project.

Transferor Transferee

Name ... Name ...,

Address .........ocovviiviiiineenee. AdAress L,

Signed ... Signed

Date ... Date .....coovvviiii

PART E: FOR OFFICIAL USE

APProved/NOt aPPIOVEM. .. ... et e e e e e e e e e e e e e ae s

@0 101 0 117 0|5
Officer........ccoceevenn.n. Signature ..................... Date.....oo
Important Notes:

1. Where an Environmental Impact Assessment licencis transferred, the person to

whom it is transferred and the person transferring it shall jointly notify the

Director-General, of the transfer.

2. The person holding an environmental impact assssent

licence assumes

responsibility for the transfer of the licence onlyin respect of the project to which

this licence was issued.

3. Any transfer of an environmental impact assessme licence, shall take effect on the

date the Director General is notified.

This Form must be submitted in quadruplets with
5. Prescribed fees, to:

364



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
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FORM 12 (r.26)

Application Reference NO: ..........cocviiiiiiiiiinnnns

Certificate NO. ....c.vveiie i

FOR OFFICIAL USE

THE ENVIRONMENTAL MANAGEMENT AND CO-ORDINATION ACT

CERTIFICATE OF TRANSFER OF ENVIRONMENTAL IMPACT ASSSSMENT LICENCE

This is to certify that the Environmental Impact Assessment Licence NoO....................
IsSsued ON ..o (date) t0 ovveveeie i,
veveennen.. (n@ame of previous holder) of ..........ccoveeeienie.

PN (= o [0 | 7=151S) I (=To T= 1 £ [ 0o R PP {itle
(0] 0] (0] [0 )

WHOSE ODJECHIVE IS 10 ...ttt it e e e e e e e e e e e e eee e

(briefly describe purpose) located at ..........ccoeoviiiiiiiiiiii (locality and
District) has been transferred 10 ........c.ov i e (name of new
holder) of . (address) with eféct from

veeiene.....(date of  transfer) in
accordance with the provision of the Act.
Dated this ........................day oo 0f 200
SIgnature .......cooviiiii
(seal)
Director — General,
The National Environmental Management Authority.
Important notes

1. The transferee as well as the transferor of adence under this regulation shall be
liable for all liabilities and the observance of dlobligations imposed by the transfer
in respect of the licence transferred.

2. The transferor shall not be responsible for anyuture liabilities or any obligations so
imposed with regard to the licence form the date tl transfer 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 ASESSMENT
LICENCE.

PART A: PROPONENT DETAILS

Al Name: (Individual or firm) ...t e,
A2 PIN NO. o e
A3 AAIESS .t

A4 Name of CONtaCt PEISON .......ocoiiiiiiie e e e
A5 Position of contact Person ..........c.ooevii i
A6 Address ..........cccoeeinennn. Tel ..ovvovvevvn.. FaX NO.LL

PART B: DETAILS OF THE CURRENT ENVIRONMENTAL IMPAT ASSESSMENT
LICENCE.

Bl Environmental Impact Licence NO..........cooviiiiiiiiiiiiiiici e,

B2 Title of project under the current Environmentapact licence

B3 Please state the following details of the Envinental Impact Assessment licence to be
surrendered.

() Scope/scale Of ProJECI(S). .. uvuie ettt et e e e e e eaeas



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 namein block letters Position
onbehalfof ..........cooii

Company name and seal Date

PART E: FOR OFFICIAL USE
APProved/NOt aPPIrOVEM ... ...t e e e e e e e e e e e e e

@00 0 8] 0.0 =] 1 155

Officer ........cceeeeeeeeee. Signature ..o, Date..........ccevneee.
Important Notes:

Intent to surrender an environmental impact assessfitence should be communicated to the

Authority atleast six months before the date ofenuder.
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FORM 14 (r.27)
Application Reference NO.: ..........ccceeieininnn.

FOR OFFICIAL USE
THE ENVIRONMENTAL MANAGEMENT AND CO-ORDINATION ACT

CERTIFICATE OF SURRENDER OF ENVIRONMENTAL IMPACT ASESSMENT LICENCE.

ISsued ON ... (date) 1O veueeee e
(name of individual/firm) of ... (addss) regarding

S (1)1 of
project) Whose ODJECHIVE IS 10 ....ovvie et (briefly describe
purpose) located at ...........ccoeiiiiiiiiiiii e e ee e (lOCaLTEEND. District)
has been duly surrendered with effect from ..............ciiemeee e, (date) to the

National Environment Management Authority in ac@rce with the provisions of the Act.
Dated this ... day oo of 20...........
SIGNALUIe ..o

(seal)

Director-General
The National Environmental Management Authority.

I mportant Note:

A surrender shall be without prejudice to any liéiles or obligations which have accrued on the

holder of the licence prior to the date of surrende
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FORM 15 (r.29)

FOrm NO. ...

Reference NO. ........covviiiiiii e,

FOR OFFICIAL USE

ENVIRONMENTAL MANAGEMENT AND CO-ORDINATION ACT

NATIONAL ENVIRONMENT MANAGEMENT AUTHORITY
APPLICATION FOR ACCESS TO INFORMATION

PART A: DETAILS OF APPLLICANT
Al. 1P 1 2=

Telephone: ..., Fax oo,
E-mal o

PrOfESSION ..o

A2 NAME OF EMPLOYER (if applicable)..........cooiiiiiiiii e
6 [0 =TSSP
Telephone: ..., FaX: o
Bl e

373 o = U1 o o P
PART B: INFORMATION DETAILS

Bl1. TYPE OF INFORMATION REQUIRED (tick as appropej
] Project Report
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Environmental Impact Assessment Study Report
Environmental Audit Report
Strategic Environmental Assessment Report

Environmental Monitoring Report

O ood o

Record of Decision (ROD) for Environmental Impagissessment
Approvals

Licences for Project Reports

Licences for Environmental Impact Assessment

Environmental Impact Assessment Experts (Indiviidua

Ood o

Environmental Impact Assessment Experts (Firms)

B2 DOCUMENT
Title of the dOCUMENT ...t e e e e e
AU O e e e e e e e e e e

(== Y

B3 HOW THE INFORMATION IS EXTRACTED?
Reading

[]
[ Environmental Impact Assessment Experts (Individua

B4 PURPOSE FOR REQUIRING THE INFORMATION
] Educational ] Research

] Affected party ] Interested party

I mportant note:

A prescribed fee of KShs.200 will be charged faress to information per record/register.
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10.0

REPORT WRITING

10.1 Introduction

10.1.1Purpose

Design reports have two main functions, namely

(i) to record and present all particulars of a prajeet clear and concise way for future reference
and for information to planners or other partidsriested in the project

(i) to present basic data assumptions and conclusgasding the project to enable superiors and
other interested parties involved in the projedupervise and approve the design

10.1.2Report Standard
The form and contents of the reports will vary ddasably depending on the complexibility and siz¢he
water supply projects.
However, reports shall always be compiled to satisé two requirements as described above.
Large and complex projects should be reported otwim stages namely preliminary Design and Final
Design of which details are given later in this pies.
For small and uncomplicated schemes one DesignrRispaften adequate.
10.2 Contents

10.2.1Prefeasibility, Feasibility and Preliminary and Final Design Reports

The following list of contents will generally be @jzable for medium and large size projects. Hosvehe
contents of the report should always be modifieguit the requirements of the particular project.

Front Cover Page
The following Information is contained in front:-

% Title of the Project: The Project Title should bearly stated so that the type of project
being proposed can easily be identified e.g Mulfjpse Irrigation Project. The Title should
indicate the following:

(a) The project’s general location including itgimnal and national setting, and
(b) Phase of the Project, if applicable

% Project Client: It is important that Project cliebé clearly stated. The report should also
include name of the Consultant (s) or other orgations that were called upon to carry out initial
assessment

Consultant

Date

o,
o

o,
°n
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Table of Content
This will be the entire format of the report

(a) List of Tables

(b) List of figures

(c) Acknowledgement/Preface
(d) Acronyms

Chapters, which will consist of:-

Chapter 1 Executive Summary

Presents an Overview of the Project which shoulddexjuate to allow a decision is made by supesiods
policy makers.

Chapter 2 Introduction
This Chapter briefly explains the reasons for te@d®tt and how it was prepared
2.1 Project Genesis
+ Describe how the proposed Project idea was develope
+ Indicate which agencies, have responsibility f@r pinomotion of the Project

< List and explain briefly previous studies and repamn the project (particularly the project
identification report) prepared by others

< Make Reference to related long term plans for #was, regional development, Land use,
water resources development, rural developmenmhauyi health care, etc

2.2 Organization and Management of the Study

«+Explain how the present study was carried out
«Indicate which agencies are responsible for theuarelements of work
% Present a timetable for the Study and indicatdethel of effort

2.3 Scope and Status of this Report

% Explain how this Report fits in the Overall proce$$roject Preparation

+« Identify data Limitation

% List Interim Reports or notes submitted during t&tudy and summarize any guidance provided by the
responsible Project Authority

< Explain whether the Report is intended to be useobtain approval in principle for the proposedjgct

If so, the report needs to be more comprehensideless tentative in its conclusion than in casebeo

initiated shortly after this study report is contplké

3.0 Description of Area

3.1  Location

3.2 Climate (Rainfall, temperature, evaporatieind regime , sunshine hours etc)
3.3  Topography and Geology

3.4 Drainage Regime

3.5 Existing Community based NGO,s

3.6 Existing Self Help Groups and siustainability
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3.7 Community Participation Mechanisms and Exp&gen

4.0 Socio-economic Infrastructure
41  Administration

4.2  Education

4.3  Health Facilities

4.4  Transport

4.5 Commerce and Industry

4.6  Agriculture

5.0 Existing Water Supply

5.1 Location, Source and ownership

5.2  Consumers

5.3  Reliability and Constraints

5.4  Technical and Economic assessment ofupply

6.0 Existing Sanitation

6.1  Location, Source and ownership

6.2  Consumers

6.3  Reliability and Constraints

5.4  Technical and Economic assessment ofdhésfion Mode

7.0 Consumer projections
7.1 Design Period

7.2 Human population

7.3 Institutions

7.4  Commerce and Industry

8.0 Water Demand

8.1 Human demand

8.2 Institutional demand

8.3 Industrial demand

8.4 Total Sewage Generated

9.0 Socio-economic Study
9.1  Social Structure

9.2 Cultural Values

9.3 Sanitation and hygiene System and Promotions

9.4 Water Usage , Demand and Trend

9.5 Existing Economic Activities

9.6 Existing Income and Distribution

9.7 Type of housing and distribution

9.8 Willingness and ability to pay for water anchi&ation Services
9.9 Conclusions

10.0 Hydrology

10.1 Groundwater sources
10.2 Surfacewater source
10.3 Other possible sources

11.0 Possible Applicable Sanitation Mode

11.1 Onsite Sanitation
11.2 Off site
11.3 Recommended Sanitation Option
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12.0 Initial Environmental Assessment
(Should be written in line with Chapter 17)

13.0  Cost Estimation

13.1 Capital

13.2 Operation and Maintenance

13.3 Revenue

13.4 Tariff Setting

13.5 Sustainability

13.6 Loan Repayment schedule at Interval of Fiverge

Appendices

5

%

Calculations

Drawing Index Sheets

Name of People who undertook the Study and theplalged

List of Reference

Etc

Note: - If there has been other Reports e.g Prelimary, the Final Design Report should be a
summary of Preliminary Design Reports. It should le accompanied by working drawings.

5

%

2

%

2

%

5

%
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GLOSSARY
Sanitation

Interventions (usually construction of facilitiesch as latrines) that improve the management of
excreta.

Excreta
Faeces and urine
Hygiene

The practice of keeping oneself and the surroundimgronment clean
Aqua-privy

Latrine in which excrete fall directly through absonerged pipe into a watertight settling chambeolwehe

floor, and from which effluent overflows to a soaley or drain.

Desludging

* Removing settled solids from pits, vaults, tankd septic tanks, digestion
» Decomposition of organic matter in wet conditions.

Nightsoil

* Human excrete, with or without anal cleaning malenvhich are deposited in a bucket or

other receptacle for manual removal (often takilag at night).

Offset pit

« Pitthatis partially or wholly displaced from gsperstructure.

Overhung latrine

« Latrine sited such that excrete falls directifoithe sea or other body of water.

Scum

 Layer of suspended solids less dense than waigifloating on top of liquid waste from which yhe

have separated by flotation



Sedimentation

» Process by which suspended solids denser than settér as sludge

Vault

» Watertight tank for storage of excrete

Water closet (WC)

» Pan from which excrete is flushed by water intoaird

Water seal

» Water held in a U-shaped pipe or hemispherical lmmminecting a pan to pipe, channel or pit to
prevent the escape of gases and insects from wWer se pit.

Aerobic A term used to describe either an environment inclvloxygen is present
, or to describe an organism requiring, or not dgstidy, the presence
of free 9elemental) oxygen

Anaerobic A term used to describe either an environment ircivlexygen is absent, or to
describe an organism requiring, or not destroyedtly absence of air or free
(elemental) oxygen

Anaerobic Decomposition Putrefaction or septic decay
Contaminate To introduce pathogens
Domestic Sewage Sewage produced as a result of normal domestiwitéesi and principally

derived from dwellings, business buildings’ indiibims and the like; it includes
human excreta

Excreta Liquid and solid human or animal body wastes -thataeces and urine
Faeces Solid human excreta

Industrial Effluent Sewage produced from industrial processes or dgrieliactivities

Infect To introduce disead® a new victim

Mechanical Carriers Creatures which, without being themselves diseasady pathogens

on their bodies

Organic material The waste products or remains of living organisms
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Pathogens

Pollute

Property Drain

Property Laterals
Public Sewer
Sanitary

Sanitary Facilities

Sewage

Sewerage

Sewerage System

Storm Water

Sullage

Surface Water

Surface Water Drains

Urine

Water Closet

Water Resources

Watersheds

Organisms which cause disease

To lower the quality of a water relative to a pautar use or in such a
way as to affect adversely the aquatic environment

Drains usually within a property boundary which ceyn sewage from
sanitary fitments to a sewer or sewage tank

Those parts of property drains which lie outsidelbundary
A sewer provided and operated by Water ServiceiBeov
Conducive to health; usually applied to methodsesfage disposal

arrangements for sanitary sewage disposal, indudiimks, baths,
water closets and similar fitments

Used water containing organic and inorganic mattet, especially in
tropical countries, usually also pathogens; sewagenally comprises
both domestic sewage and industrial effluents aagt or may not be
diluted by groundwater or storm water

A sewerage system plus all plant for pumping amting sewage
before disposal

A network of sewers and perhaps pumping mains hepth a sewage
treatment works

Surface water produced by heavy rainfall

Water dirtied as a result of washing or food prapan; for example,
the liquid wastes from sinks, baths and showers

Water on or flowing over the surface of the ground

Purpose made drains or ditches for collecting aadsporting surface
water to a watercourse or soakage area

Liquid human excreta

A small room with sanitary fitments furnished wihwater supply to
flush away wastes; that is, a water closet providesder borne
sanitation

The total amount of water available for uge any way, by a human
society

The boundaries enclosing and separating drainage a
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Introduction

A total of 11 previous studies have been reviewealtain their findings and also enable the
determination of historical per capita trend in ian

(@) Design and Selection Criteria for community Water Spplies

(Report No.4 by World Health Organization (WHO)ethOctober, 1972.)

Report No.4 presented operation charts for all metse which were being operated by Ministry of
Water Development. These charts were completed manth for each supply and gave details of
number of connections, fuel costs, chemical coséges and water consumption figures. The
data gave the following figures: -

Table 3.a.1: - Per Capita Water Consumption

1968 — 1969 1970-1971
Urban centres 86 litres/head/day 103litres/head/day
Rural centres 67 litres/head/day 76.5 litres/hemd/d
Market and Local centres 30 litres/head/day 38ditiead/day

The results were plotted and showed that there avdarge variation within each group as

indicated in Table 3. a.2.

» It was concluded that the Average Consumption vate therefore unsuitable to adopt as a
standard figure.

Arising from the above, the following consumptiates were proposed as a guide for design and
it was suggested that the values could be adjustedecessary after considering the particular
conditions and the present consumption trends: -

High class housing 300 litres/head/day
Average urban housing 150 litres/head/day
Low cost: 75 litres/head/day
Squatters and people served by stand pipe or kiosks 20 litres/head/day

It was suggested that the requirements of Indsssti®uld be assessed separately according to the
plans of the particular area for extensions totegsndustries and new industries.

In cases where augmentation is required to serge kdditional areas and Development Plans are
uncertain, the following overall consumption ratess proposed to be used to allow for all types

of users: -
Urban centres 135 litres/head/day
Rural centres 110 litres/head/day

For commercial and Administrative units, the foliaggwas proposed: -

Administration offices per person 25 litres/day
Hospitals, high class, per bed 400
Hospitals, medium class, per bed 200
Hospitals, low class, per bed 100
Dispensaries per out-patient 10
Boarding schools per person 50

Day schools per person 25

Hotels, high class per bed 600

Hotels, medium class, per bed 300

Hotels, low class, per bed, without toilet 50
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Industrial requirements were noted to vary with tiipe of industry. These were to be studied
separately compared with overseas figures.

Table 3.a.2: - Variation of per capita Water Demand

CONSUMPTION DATA

A. Urban Centres WP Operated Scheme (Excluding Molrasa)

Population |Average Consumption/ | Average Consumption/| %lncrease
1969 Consumption head Consumption| head in Total
1968-69 1970-71 Consumption
(In 1000 Its) | (Inlts) (In 1000 Its) | (Intk)
Central Province
Port Hall 4,800 516 107 533 105 |3
Nyeri 26,000 1,590 61 1,730 64 9.5
Rift
Kabarnet 54,000 74 14 71 13 |-3.5
Kericho 10,100 746 75 842 79 |13
Naivashi 6,900 450 65 705 977 5
Ngonc 1,590 96 61 123 728
North Easter
Garissa Not known 220 549 125
Coast
Malindi 6,000 962 161 1,110 41715
Nyanza
Kisii 6,000 61 103 77 231 |28
Homa Bay 3,200 314 99 456 137 |45
Eastern
Babu 3,930 526 134 632 1530
Kitui 3,020 232 77 313 98 (34
Machakos 6,300 615 97 865 130 |41
Meru 4,470 500 112 595 108
\Western
Bungona 4,400 297 68 304 65 (2
Busia 1,100 69 64 142 231|104
Kakamega 6,200 495 80 676 105 |36
Average 86 103 |32
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B. Rural Centres WD Operated Schemes

Average Consumption/ |Average Consumption/
Consumption |head Consumption |head Y%lIncrease
Population |1968-69 1970-71 in Total

1969 |[(In 1000 1Its) |[(Inlts) (In 1000 Its) |(In lts) Consumption
Central Province
Gatundu 800 82 105 110 130 (31
Kandara 510 20 40 25 48 |25
Kangema 850 20 25 44 49 110
Karatina 10,000 184 182 250 362 |36
Kiambu 2,700 347 127 450 915 |30
Kigango 5,900 385 65 654 105 |70
Kikuyu 1,500 183 123 210 313 |15
Kerugoya 1,900 153 80.5 198 99 |30
Kianyaga 500 42 83.5 65 104 |30
Limuru 1,200 83 69 103 82 |23
Mukurweini 2,000 30 14.5 35 17 |19
Othaya 4,240 39 9 50 11 |40
Ruiru 1,670 169 100 194 11015
Coast
Gede Watamu 2,100 154 73 257 115 17
Kilifi 1,200 135 113 221 517 |63
Kwale 1,100 91 83 96 83 |6
Mariakani 4,000 230 57 220 52 |4
Lamu 7,400 154 21 169 2 2|10
\Voi 5,300 331 62 413 7425
Wundanyi 4,300 80 18 116 26 |44
Rift Valley
Bomet 630 29 45 30 45 |5
Eldama Ravine 2,700 6 23 62 22 |2
Gilgil 4,200 165 39 185 42 12
Kajiado 1,800 284 159 368 901 |30
Kapsabet 2,300 129 56 151 62 17
Kapenguria 1,700 82 48 77 43 |-6
Londiani 3,000 90 30 96 30 |7
Lumwa 2,600 80 30 81 30 2
Lodwar Not known 110 _ 80 _ -27
Maralal 3,900 93 24 103 25 11
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Average Consumption/| Average Consumption/
Consumption | head Consumption | head %lncrease
Population |1968-69 1970-71 in Total
1969 |(In 1000 Its) |[(Inlts) (In 1000 Its) |(In Its) Consumption
Molo 4,200 327 76 340 6 7 4
Nandi Hills Not known 73| 86 | 17
Narok 2,600 146 56 171 6p 17
Sotik 800 84 105 108 271 29
Average 67 81 26
Nyanza
Bondo Not known 63 78 | 23
Maseno 1,280 304 240 327 324 7
Migori 2,000 43 21 46 22 10
Ukwala 1,000 33 33 31 29 |-6
Eastern
Chuka 2,500 44 18 71 27 63
Isiolo 8,200 145 18 193 23 34
Marsabit 5,600 771 14 186 32 124
Maua 1,000 18 18 23 21 26
Mwingi 2,500 32 13 57 21 18
Nkubu 3,000 54 18 75 24 39
\Western
Butere 1,000 75 75 62 59 |-16
Kimili 700 113 161 118 551 4
Average 67 76.5 24
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C. Market and Local Centres

Average Consumption/| Average Consumption/
Consumption | head Consumption | head %lncrease
Population |1968-69 1970-71 in Total
1969 |(In 1000 Its) |[(Inlts) (In 1000 Its) |(Inlts) Consumption
Central
Kigumo 420 21 51 27 62 27
Saba Saba 1,000 24 24 27 26 14
Rift
Elburgon 5,300 96 18 123 23 28
Kapkatet 590 16 27 18 28 15
Kijabe Not known 3 3| _ 15
Kinangop Not known 950, _ 1,280 | _ 34
Coast
Kinango 2,400 35 15 53 21 50
Mazeras 2,800 50 18 114 39 126
Nyanza
Nyamire 250 87 35 87 38
\Western
Vihiga 500 26 52 39 73 49
Average 30 38 36
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(b) Ministry of Water Development Design Manual dated May 1978.

This was the Standard Book used by the Governmielenya for regulating and coordinating the water
sector from year 1978 to 1983

Water Consumption

The consumption rates as recommended in WHO rdpegre proposed as a guide for design and
could be adjusted as necessary after considerimgdinticular conditions and the consumption
trend. The rates represented the expected maxioeimand and expected leakages in the
distribution system.

Requirements of Industries were to be assessedaselyaaccording to the development plan of
the particular area.

An addition of 5% was to be provided for water usetteatment plants.
(© Ministry of Water Development Design Manual dated Aigust, 1986.
This was the Standard Book used by the Governnfaf¢ioya for regulating and

(i)  Water Consumption rates

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

The figures are the consumption rates for which sheply system shall be designed. No
additional peak-factors shall be applied to caleuthe design demand.

The rates were proposed as a guide and may beedljiislifferent rates are shown to be more
appropriate in a particular case. The rates reptebe consumption of the average consumer
category. Within a consumer category there magdmsiderable variations.

(d) Ministry of Water and Irrigation Practice manual fo r water supply
services dated October 2005.

This is the standard book currently being used ésignh Water Supplies in Kenya.  The Study
looked at facilities in WHO Report No. 4 and comgghthe values deduced in After Care Study of
1998.

It concluded that the values as proposed in MiyistDesign Manual 1986 be adopted since the
values appeared to be valid as per After Care dmtiper capita values despite of belief to the
contrary.

The reason was cited as majority of our water sapplere constructed twenty to forty years ago
and have hence surpassed their life span. Theselaglt of maintenance and new investment.
This implied that rationing was the order of thg.da

In view of the above the forces of supply and desnaare not allowed to come into play.



Table 3.c.1: -

Consumption Rates

Consume Unit Rural Area Urban Area
High Medium | Low High Medium | Low class
potential | potential | potential | class class housing
housing | housing

People witk| 1/head | 6C 5C 4C 25( 15C 75
individual day
connections
People  withou| 1/head | 2C 15 1C _ _ 2C
individual day
connections
Livestock 1/head |5C _

day
Boarding schoo | 1/head | 5C

day
Day schools witl| 1/head
wC day 25
Without WC 5
Hospitals 1/bed/ | 400 +20 1 per outpatier
Regional District | day 200) } and day
Other 100) (Minimum 5000 1/day)
Dispensary an| 1/day 500(
Health Centre
Hotels 1/bed/
High class day 600
Medium class 300
Low class 50
Administrative l/head |25
offices day
Bars 1/day 50C
Shop: 1/day 10C
Unspecifie( 1/ha | 20,00¢

(e)

The After Care Study on the National Water master jan dated

November, 1998 financed by JICA.

The After Care Study Report used 141 Urban cerdres 50 districts to estimate the National
Average per capita water consumed as 100 I/p/dé simmary is as below: -
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Table 3.e.1 National Per Capita Water Consumed asep 1996

Service Total Service Water Water Per capite

Area Population | Coverage | served supply consumption
(1998) (%) population | (m*day) (I/p/d)

Urban 5,280x1¢ | 94 4,974x1C | 709x1C 143

Centre (141

Rural Area | 22,240x1° | 44 9,724x1¢ | 750x1C 78

Total/ 27,520x16 | 53 14,640x1d | 1,459x10 | 100

average

Using about 30 urban centres from the said AftereC3tudy and using Excel, the average Urban Water
Demand per capita is estimated as 141l/p/d.
The details are as in table 3.e.2 below: -

Table 3.e.2: - Summary of Per Capita Urban Water Cosumption

Name of | Municipal Urban Urban Quantity Per Capita Wate

N | Urban area in Km Population | population of Water| Consumption in

0. Centre connected tg Supplied Ipd.
Water Supply| in m*day
1. Bungoma 55 70,000 36,000 2,620 7277777778
2. Kisumu 604ha 231,687 280,845 14,565 51.86134701
3. Nakuru 12.9| 231,687 304,561 41,120 135.0140038
4. Nairobi 693 | 2,240,000 1,784,577 326,700 183088
5. Kiambu 58 7,500 8,058 490 60.80913378
6. Limuru N/A 3,000 1,958 660 337.0786517
7. Thika 93 155,770 120,000 24,000 200
8. Muranga 25 30,000 24,000 2,000 83.33333333
9. Nyahururu 104 | 60,000 50,000 3,000 60
10 Karatina N/A 7,299 14,533 1,300 89.45159293
11 Nyeri 200 142,000 40,000 7,000 175
12 Mombasa 282 | 580,000 370,764 180,200 486.0234543
13 Voi 16 15,772 20,300 2,700 133.0049261
14 Embu 80 45,000 35,000 45,000 128,5714286
15 Isiolo N/A 26,968 36,000 4,700 130.5555556
16 Athi River 684 | 50,000 12,500 2,000 160
17 Machakos 520 | 154,006 80,000 1,740 21.75
18 Meru N/A 124,412 16,330 4,700 28.78138396
19 Kisii 29 65,000 45,000 4,000 88.88888889
20 Homa Bay 197 | 75,000 43,000 750 17.44186047
21 Ngong N/A 15,000 6,000 1,260 210
22 Kericho 66 80,000 58,723 5,246 89.33467296
23 Nyanyuki 147 | 55,000 43,100 11,250 261.0208817
24 Naivasha 9.89| 60,000 46,000 762 16.56521739
25 Kitale 92 75,000 60,000 9,000 150
26 Eldoret 147 | 220,000 90,000 25,000 277.7777778
27 Kapsabet+ 14 20,000 7,000 1,100 157.1428571
Baraton

28 Webuye 69 60,000 40,000 1,700 425
29 Busia 25 48,000 17,267 2,072 119.9976834
30 Kakamega 51 110,000 27,826 7,000 251.5632861
National Urban Average 140.6438102
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Similarly using the same information, per capitvage generated in urban areas is estimated at
about 120 Ipd.

The details are as in table 3.e.3 below: -

Table 3.e.3: - Summary of per capita urban sewagesgerated

Name of | Municipal Urban Urban Quantity of | Per Capita
No. | Urban Centre | area in K Population population sewage flow| Sewage flow in
connected  td in m/day Ipd.
Sewer

1. Bungoma 55 70,000 12,6000 772 61.26984
2. Kisumu 604ha 231,687 130,000 15,000 115.3846
3. Nakuru 129 | 231,687 123,500 8,223 66.583
4. Nairobi 693 2,240,000 1,000,000 217,000 217
5. Kiambu 58 7,500 2,250 150 66.66667
6. Limuru N/A 3,000 2,100 495 235.7143
7. Thika 93 155,770 87,230 10,000 114.6395
8. Muranga 25 30,000 10,500 870 82,85714
9. Nyahururu 104 60,000 18,000 3,436 190.8889
10 Karatina N/A 7,299 5,109 561 109.8062
11 Nyeri 200 142,000 37,100 2,500 67.38544
12 Mombasa 282 580,000 69,600 4,590 65.94828
13 Voi 16 15,772 700 Facility dry 0
14 Embu 80 45,000 9,000 682 75.77778
15 Isiolo N/A 26,968 1,700 595 350
16 Athi River 684 50,000 12,500 1,700 136
17 Machakos 520 154,006 8,000 150 18.75
18 Meru N/A 124,412 800 500 625
19 Kisii 29 65,000 13,000 972 74.76923
20 Homa Bay 197 75,000 15,000 1,045 69,66667
21 Ngong N/A 15,000 750 Very little 0

flow and

ponds

neglected
22 Kericho 66 80,000 41,600 2,000 48.07692
23 Nyanyuki 147 55,000 24,750 8,000 323.2323
24 Naivasha 9.89| 60,000 30,000 dry 0
25 Kitale 92 75,000 37,500 4,760 126.9333
26 Eldoret 147 220,000 70,400 6,000 85.22727
27 Kapsabet+ 14 20,000 8,000 591 73.875

Baraton

28 Webuye 69 60,000 12,000 433 36.08333
29 Busia 25 48,000 9,600 600 62.5
30 Kakamega 51 110,000 51,700 5,000 96.7118
National Urban Average 119.8916

Further, correlating sewage generated and watesucoed from the same source, it has been
found that about 85% of water used in Urban Argabu as sewage and has to be treated before
being disposed. The details are as in table Bealv: -
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Table 3.e.4: - Summary of per capita urban water ath sewage correlation
No. | Name of| Municipal Urban Per Capite| Per Correlatior

Urban area in Popula- | Water Capita

Centre Km? tion consumption| Sewage

in Ipd Flow in
Ipd

1. | Bungom: 55 | 70,00( 727777777 | 61.2698- | 0.84187568
2. | Kisumt 604h¢ 231,68 | 51.8613470 | 115.384( | 2.22486730
3. | Nakurt 12.€| 231,68 | 135.014003 | 66.5¢3 0.49315622
4. | Nairobi 69% | 2,240,001 | 183.068592 | 217 1.18534805
5. | Kiambt 58 | 7,50( 60.8091337 | 66.6666 | 1.09632653
6. | Limuru N/A 3,00( 337.078651 | 235.714. | 0.69928571
7. | Thika 93 | 155,77 | 20C 114.639! | 0.57319729
8. | Murang: 25 | 30,00( 83.3333:33% | 82.8571 | 0.99428571
9. | Nyahurun 104 | 60,00( 60 190.888! | 3.18148148
10 | Karating N/A 7,29¢ 89.4515929 | 109.806: | 1.22754912
11 | Nyeri 20C | 142,000 | 17¢% 67.3854- | 0.38505968
12 | Mombas: 28z | 580,000 | 486.023454 | 65.9482 | 0.13568949
13 | Voi 16 | 15,77: 133.004926 | O 0
14 | Embu 8C | 45,00( 128.571428 | 75.7777¢ | 0.58938271
15 | Isiolo N/A 26,96¢ 130.555555 | 35C 2.68085106
16 | Athi River 684 | 50,00( 16C 13€ 0.8
17 | Machako 52C | 154,00t | 21.7¢ 18.7¢ 0.86206896
18 | Meru N/A 124,41; | 28.7813839 | 62& 21.715:255¢
19 | Kisii 28 | 65,00( 88.8888888 | 74.7692. | 0.84115384
20 | Homa Ba 197 | 75,00( 17.4418604 | 69.6666 | 3.99422222
21 | Ngonc N/A 15,00( 21C 0 0
22 | Kerichc 66 | 80,00( 89.3346729 | 48.0769. | 0.53816644
23 | Nyanyuk 147 | 55,00( 261.020881 | 323.232. | 1,2383:894¢
24 | Naivashi 9.8¢ | 60,00( 16.5652173 | 0 0
25 | Kitale 92 | 75,00( 15C 126.933: | 0.84622222
26 | Eldore 147 | 220,000 | 277,777777 | 85,2272 | 0.30681818
27 | Kapsabet- 14 | 20,00( 157.142857 | 73.87¢ 0.47011363

Baraton
28 | Webuye 68 | 60,00( 42.5 36.0833: | 0.84901960¢
29 | Busie 25 | 48,00( 119.997683 | 62.5 0.52084338
30 | Kakameg 51 |110,00( |251.563286 | 96.711¢( | 0.38444321
National Urban Average 140.6438102119.8916| 0.85244834

Ul
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() Water Practice Manual by Bernard J. Dangerfielddated January 1983.

This seems to be the recognized Standard book Wudidé up to date i.e. from 1983 to 2006. The
Ministry’s Standards have tended to ensure thap#neapita adopted is within the required range as
set out in this book.

The International Agencies e.g. Japan Internati@wdperation Agency (JICA) do recognize this
ranges for Developing Countries Kenya being onein.

(1) Requirement for survival

It is not possible to determine a precise figure tfee minimum per capita water requirement.
Requirements will vary depending upon the climaté prevailing social conditions.

The normal bodily water requirements for an adaltai temperate climate are about 2.2 l/day
though some of this will be obtained from food. drhot humid climate the requirement can
exceed 9l/day. Apart from this, water is requifed personal, ablutions, cooking and washing
dishes, laundering, house cleaning, toilet flusifihgny), and other uses such as watering gardens
and animals.

The Table 3.f.1 below gives the minimum water §k&d be acceptable to consumers: -

Table 3.f.1: - Estimated minimum water requirementsin (I/head/day)
Source Male, Maldives Kathmaandu,
Nepal

Private Piped Standpipes
wells

Drinking cooking,| 7-15 15 10.5

dishwashing, house cleaning

Laundeing 8-10 5 5

Ablutions 2C-40 44t 17.5

Toilet flushing

Cistern flush 15 45 -

Hand flush 8 17.5 2.5

Other uses - 8 4

Total 43 -73 90-117.5 39.5

The use of water is likely to be at minimum wheupies are taken from standpipes, tankers or
hand pumps.

Table 3.f.2-1.1.5 below shows the result of surtaken from various countries: -
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Table 3.e.2: - Results of Survey of Standpipe andanker supplies from various
Countries
Location Per Capita consumption I/head/day Type of supply
Min. Mean Max.
Lima, pueblos, Jovenes, - 30 - Tanker
Hong Kong - 32 68 Standpipe
Kathandu 7 31 47 Standpipe
Male, Maldives Republic - 25 - Standpipe
Cairo - 14 - Standpipe
Egypt, Provincial towns 12 32 46 Standpipe
Lesotho Provincial towns 20 - 36 Outside tap
St. Lucia _ 45 - Standpipe

From table 3.f.2, it is suggested that average gagita consumption for water taken from
standpipesis about30l/head/day.

A World Health Organization publication on the Dpsdf standpipes recommends a figure of between
20 and 60l/head/dayfor Design purposes.

Further, figures for hand pump supplies in Bangsidshow Per Capital consumption ranging from
12l/head/day where 100 or more people use one ptongver 40l/head/day where a single family uses

a pump alone.

Table 3.f.3: - Results of Survey of Domestic Per @&a Consumption using

Individual Connection from various Countries

Place Country Domestic per| Year Growth in domestic Per
Capita Capita consumption,
consumption, 1/head/day/year.
1/head/day

Male Maldives 40-100 1981

Kathmanda Nepal 96 1973

Cairo Egypt 157 1966
181 1976 2.6

Port Said Egypt 127 1966

Provincial towns Egypt 39-149 1978

Provincial towns Lesotho 107-158 1977

Istanbul Turkey 119 1976

Lima Peru 212 1980

Santa Cruz Bolivia 124 1981

Sucte Bolivia 98 1981

Camiri Bolivia 137 1982

Paris France 143 1948
159 1978 0.5

Cape Town South Africa 140 1978

Amsterdam Netherlands 91 1948
123 1978 1.1

Reference: Binnie & Partners* #1212 John Taylor & Sons and Binnie & ParthaBONNAL, and Reet.

39¢




Table 3.f.4: - Summary of Measurements of Domesti®er Capita Consumption
from various Countries according to Housing Class

Housing Class Description Range of per capita conmption ©,
1/head/day

High Detached houses, luxury apartments
having 2 or more WCs, and 3 or more
taps per household

260 — 150
Middle Houses and apartments having at least 1
WC and 2 taps per household.
160-110
Lower Tenements, government rehousing
shared houses, having at least 1 tap per
household but sharing WC.
70* - 55

*Frequently higher due to wastage.

The above figures are based on tests carried aweba 1970 and 1978 in the following places:
Instanbul (Turkey), Sakaka (S. Arabia), Lesothori@s), Cairo (Egypt). Palembang (Indonesia),
Hong Kong, Alexandria and Port Said (Egypt), ats&amiri, Bolivia in 1981.

Reference: CONNAI*, Twort™®.

Notes:

€)) Exclusive of avoidable consumer wastage

(b) Figures for the same type of property gave soqions of 90 1/head/day where there
were fewer than 15 persons per meter to 233 1/Hagdihere over 35 persons were
supplied through the meter.

(c) In government low cost housing blocks consumptaverages 50 1l/head/day where
households have individual meters, but is about IWh@ad/day where washing facilities
are shared.

Table 3.f.5: - Results of Per Capita Water Use Supy

Water use Total Consumption
1l/week

3 showers/person/day, 20 1/shower 2100

4 uses of WC/person/day, 10 1/use 2800

2 hand washing/person/day, 2 1/wash 140

3 meals/family/day, 10 1/meal 210

2 clothes washes/week, 150 1/wash 300

1 garden irrigation/week, 100 1/irrigation 100

1 car wash/week, 100 1/wash 100

1 floor wash/day, 2 1/wash 14

Total per family per week 5764

Average per Capita 165 1/head/day

Reference: CONNAL™

b) Per Capita Domestic Water Consumption

Table 3.f.3 above shows Average Domestic Per Cdpidasumption where a 24-hour piped supply is
provided.

Table 3.f.5 illustrates water use per a “typicahily”.

It should be noted that because of the wide vanati Domestic Per Capita Consumption, it is nategelly
advisable to adopt a figure from another area @adésis of forecast.
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(h)

This is the Standard Book used for Design of Sewer&enya.

WHO Report No.9

anticipated Daily contribution of Domestic Sewage:

Table 1.g.1 b

elow gives the

Table 1.h.1: - Anticipated Daily contribution of Domestic Sewage from various types of
Establishments

Type of Establishment Unit Factor Anticipated quantity of Sewage
(pen) (percent) | Produced Daily.

Litres Gallons Litres Gallons
High Class Housing 300 66 head 75 Say 220 48
Average Urban Housing 150 33 head 80 120 26
Low Cost Housing 75 16.5 head 85 Say 65 14
Communal Latrines/ ablution
blocks (serving low cost
dwellings which do not have
individual facilities)

Say 70 155 head 85 Say 60 13
Public latrines - - - - Say 1,500 litres (330 gallp for each

water closet or group of three urinals

Day schools, shops and offices

Say 25 5.5 head 85 Say 21 5
Hospitals, high class

400 88 bed 80 320 70
Hospitals, Medium class

200 44 bed 80 160 35
Hospitals, low class 100 22 bed 80 80 17.5
Hotels, high class 600 132 bed 80 480 106
Hotels, others 300 66 bed 80 240 52.5
Dispensaries 50 11 Out 80 40 9

patient

Non-resident factory workers Say 25 5.5 head 80 20 4.5

Peak Factor

In Kenya, the ratio between the peak daily ratélat and the average daily flow of
domestic sewage is of the order &§2

However, it would be uneconomical to use this fatbodesign all the sewers in a large
sewerage network.

Sewage takes a finite time to flow through a segeystem; as a result, peak flow rates
tend to decrease as the extent of the networkheerdfore the population served increase.

Babbitt, in his book “Sewerage and Sewage Treatmenggests that the relationship
between peak sewage flows and population served is

M=

5
P

WhereM is the ratio of peak flow to average flow ratada

P is the contributing population in thousands.
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In practice, it is usually more convenient to lip&ak flows to pipe sizes and the following peak
flow factors are suggested for use in Kenya.

Table 3.9.2 Suggested Sewage Peak Factors for Kenya

Pipe Size Peak Flow Factor
For sewers 300 millimetres (12 inches) in diametdess
2',
For sewers exceeding 300 millimetres (12 inches)ess than 600 millimetres (24
inches) in diameter
2
For sewers 600 millimetres (24 inches) in diametenore
1',

® Nairobi Mater Plan for Sewer, Sanitation and Drainaye.

(By Otieno Odongo & Partners, Gath & Wanjohi in dsistion with SWECO dated September,
1998. )

a) Selection and Classification of industries

From the NCC water consumption records (Oct-Dec5)98dustries consuming at least 100

m*/month were selected. Using the NCC water consiampecords and the industrial inventory

obtained from the Ministry of Commerce and Industrgelection of the industries considered to
be major producers of wastewater and those distitatge most polluted wastewater was done
and a list drawn up. The criteria for selectionnofactured in Kenya, their location/address,
product manufactured and classification accordingthe International Standard Industrial

Classification (ISIC). The distribution of the imstries in the four main industrial area were taken
into consideration.

The industries selected were then grouped intddlteving broad classification.

Class 1 Wastewaters from the manufacture of foadl damk. The main characteristic of
these is that the compounds they contain are Haixganic compounds.

Class 2 Other organic wastewaters. This classides wastewaters from such industries as
paper, leather and wool, in which the raw materigded are animal or vegetable
matter.

Class 3 Wastewater containing metals and cyanid€kese are largely produced in the

engineering industry.

Class 4 Chemical wastewaters. These arise larfieiy chemical and pharmaceutical
industries and factories using chemicals as pati@manufacturing process.

Generally, wastewaters in Class 1 and Class 2 dmawomally present problems of treatment
provided sufficient hydraulic and biological capggds available at the treatment works. Class 3
wastewaters can be toxic to fish and can inhibitdgical processes used at sewage treatment
works. Class 4 wastewaters may at one extremeaicorguantities of complex organic
compounds, such as pesticides, some of which gldyhfoxic in also very small concentrations
and at the other extreme the wastewaters may ke guiocuous. It is the toxic wastewaters,
which can give, rise to the greatest problems &nlischarge to sewers is uncontrolled they can
lead directly to difficulties or even breakdowntbé biological process at sewage treatment works
and to fish deaths in receiving waters. Even stihal quantities may make water unsuitable as a
source of potable supply.
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The International Standard Industrial ClassificatiiSIC) has been used as a basis for the
identification of class sub-groupings and Tablellshows the Industrial Classification Index that
has been produced.

Table 3.h.1: - Industrial Classification Index

Class ISIC Process
No.
Class 1 3111 | Slaughtering, preparing and preserving meat

3112 Manufacture of dairy products

3113 | Canning and preserving of fruit and vegetables
3114 | Canning, preserving and processing of fish

4115 Manufacture of vegetables and animal oil and fats
3116 | Grain mill products

3117 Manufacture of bakery products

3119 Manufacture of cocoa, chocolate and sugar confeetio
3121 Manufacture of food products

3122 Manufacture of prepared animal feeds

3131 Distilling, rectifying and blending of spirits

3133 Malt liqguors and malt

3134 | Soft drinks and carbonated waters industries.

Class ISIC Process
No.
Class 2 3140 | Tobacco manufacture

3231 | Tanneries and leather finishing

3240 | Manufacture of footwear

3411 Manufacture of pulp, paper and paperboard
3419 Manufacture of pulp, paperboard and articles
3420 Printing, publishing and allied industries

Class 3 3700 | Basic metal industries

3811 Manufacture of cutlery, hand tools and general Wward

3812 Manufacture of furniture and fixtures primarily wietal

3813 Manufacture of structural metal products

3819 Manufacture of fabricated metal products excepthimery and equipment
Manufacture of electrical machinery, apparatusliappes and supplies
3830 Manufacture and assembly of motor vehicles

Manufacture of aircraft and repair.

3843
3845

Class 4 3211 | Spinning, weaving and finishing textiles

3212 Manufacture of made-up textile goods except weaaippggarel
3220 Manufacture of wearing apparel except footwear

3219 Manufacture of textiles

3511 Manufacture of basic industrial chemical excludiedilizer.
3514 Manufacture of fertilizer and pesticides.

3521 Manufacture of paints, varnishes and lacquers

3522 Manufacture of drugs and machines

3523 Manufacture of soap perfumes, cosmetics and otiegrapations.
3529 Manufacture of chemical products NEC

3530 Petroleum products

3550 Manufacture of rubber products

3560 | Manufacture of plastic products

3620 Manufacture of glass and glass products
3691 Manufacture of structural clay products
3699 Manufacture of non-metallic products NEC




Industrial Testing and Sampling of the Wastewater

A sampling and testing programme for the selectellistries was prepared and a questionnaire
drawn up by the study team was used to gathernrgtion about the quantity, strength, content
and method of wastewater discharge. Productsepses and amount of water consumed were
also established. Any wastewater pretreatmentt plas carefully examined and snaps effluent

samples taken for analysis.

Industrial wastewatewey information is summarized in Table

1.i.2.
Table 3.h.2: - Summary of Industrial Water Demand h Nairobi as per 1995
\Water
Consumption/Month in
Class No. ISIC No. Name of Industry m%month Water Consumption in nt/day
1 3113 Trufoods 239.00 7.97
1 3115 East Africa Industries 1,624.00 54.13
1 3115 Kapa oil Refineries 321.00 10.70
1 3117 Elliot Bakeries 2,840.00 94.67
1 3117 House of Manji B 472.00 15.73
1 3117 Mothers Favourite 1,022.00 34.07
1 3117 House of Manji A 472.00 15.73
1 3119 Cadbury Schweppes 918.00 30.60
1 3121 Nestle Foods 1,336.00 44.53
1 3121 Deepa Industries 235.00 7.83
1 3122 Proctor and Allan 282.00 9.40
1 3131 Kenya Wines Agencies 4,475.00 149.17
1 3131 Kenya Wines Agencies 7,118.00 237.27
1 3133 Kuguuru Foods 251.00 8.37
1 3133 Kenya Breweries 10,224.00 340.80
1 3134 Coca cola bottlers 7,118.00 237.27
2 3140 BAT 7,134.00 237.80
2 3231 Aziz Din Nabibux 115.00 3.83
2 3411 Silpack 168.00 5.60
2 3411 Tetra Pak 207.00 6.90
2 3420 Kenya Times Media 275.00 9.17
3 3700 Galsheet 1,675.00 55.83
3 3811 Metal Processing 288.00 9.60
3 3819 East A. Spectra 553.00 18.43
3 3830 Philips 2,391.00 79.70
3 3830 Battery Manufacture 211.00 7.03
3 3843 General Motors 2,500.00 83.33
3 3843 D.T. Dobie 471.00 15.70
3 3843 Simba Colt Motors 448.00 14.93
3 3843 CMC Hughes 497.00 16.57
4 3211 E.A. Fire Spinners 2,145.00 71.50
4 3211 Sunflag Dyeing 885.00 29.50
4 3511 Hoechst 3,842.00 128.07
4 3511 East African Oxygen 1,610.00 53.67
4 3514 Johnson Wax 391.00 13.03
4 3521 Crown Berger Paints 718.00 23.93
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\Water

Consumption/Month in
Class No. ISIC No. Name of Industry m®month Water Consumption in nt/day
4 3522 Kenya Vet Vaccines 1,076.00 35.87
4 3522 Sterling Health 605.00 20.17
4 3522 Phoulene 9.00 0.30
4 3523 Colgate Palmolive 1,445.00 48.17
4 3523 Cussons (K) Ltd 4,449.00 148.30
4 3523 Elephant Soap 170.00 5.67
4 3523 Reckit and Coleman 321.00 10.70
4 3529 Kiwi Brand 326.00 10.87
4 3529 A Battery Spillage drain 211.00 7.03
4 3529 Associated Battery 211.00 7.03
4 3529 Henkel (K) Ltd 6,831.00 227.70
4 3550 Firestone (Sewer) 135.00 4.50
4 3550 Plastic and Rubber 1,207.00 40.23
4 3691 Mareba Enterprises 388.00 12.93

Source: - Service Demand Forecast of Nairobi ambsnoding urban areas of Ngong, Kiserian, Ongatagap Kikuyu,
Mavoko & Ruiru by Athi Water Services Board dateecBmber, 2006
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