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ABSTRACT

Managing the quality of stormwater and greywatanformal settlements are essential to
their growth. In this thesis, methodologies are daligped for the assessment and
management of stormwater and greywater quality dbasethe analysis of both non-

structural and structural control interventions.

The objectives of the research were as follows:

. Review stormwater runoff quality and treatment pcas and the extent of runoff
and greywater management in rural and peri-urbaasaof South Africa. The
review was to also determine the extent of quafipntrol awareness and
experience among stormwater management professiandl collate information
upon which present and future needs can be assasdetidressed.

. To develop a methodology to identify factors cagsivater quality management
issues in low-cost, high-density settlements.

. To develop a methodology to characterize stormgaagl water quality as well as
setting ambient water quality and management albgsct

. To develop a methodology to identify and selecteptél non-structural and
structural control interventions to manage storm guey water quality.

. Based on the above, to develop a decision suppsterm for evaluation of

potential interventions for storm and grey watenagement at planning level.

The methodologies used to achieve the above obgsctionsisted of: literature review;
consultations with stakeholders; data analysiscamaputations; model development; and

model application.

The current status of managing water quality pmiuin urban areas is outlined and the
related problems, specifically those applicable developing areas are discussed.
Management interventions employed to date in theagament of water quality effects
are set out and the applicability of such interi@rd to developing areas is identified.

The potential of expert systems is evaluated ar dpplication of this system to



stormwater quality management models is assessatbeciion support system (DSS)
was developed for rapid assessment of various vgaiglity management interventions.
The model is primarily targeted at those who awlved or are likely to be involved in

stormwater quality management including catchmeanhawgers, local governments or

municipalities, catchment management agenciesaterisonsultants and researchers.

The DSS and the related methodologies have beemnsttwough Alexandra Township

(north of Johannesburg) case study, to be usefilit@rsatisfy all the objectives set out

for the research. The results of the researchuamersarised and the merits and limitations

of the decision support systems are discussed. iReendations for the direction of

future research and the development of the existindel are detailed. Specifically, it is

recommended that:

. Extensive monitoring be undertaken in order to iowpr the defaults in the model

. A research be undertaken into the extent to whith €n be integrated to the
DSS to select appropriate management intervenéindgheir sites

. A research be undertaken into privatization andneaship in the ownership and
operation of stormwater management systems.

. Selection of least cost strategy with the DSS &sently achieved by trial and
error process. The selection process can be imgribtbe DSS can be linked to

an optimizer.
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1 INTRODUCTION

1.1 Background

Inadequate sanitation and drainage is one of th@rmenvironmental and health

problems facing high-density low-income settlementdeveloping countries today. The
unprecedented population growths in these settl&srteave severely strained the ability
of municipalities to meet the need for drainage medtment. As local governments have
tried to cope with insufficient services, prioritas been given generally to high-income
areas where full or partial cost recovery is com®d feasible. Low-income areas are
often left unserved or served by woefully inadegquarilities. The principal reason for

this situation is the high cost of conventionalidage and treatment practices.

The rapid population growth, little or non-existesdlid waste removal or sanitation
services in these settlements (especially in SAtrba) have resulted in the rapid build-
up of pollutants on catchment surfaces which whashed off by stormwater has a great
impact on the receiving waters (Campbell, et @01). Increased concerns about such
impacts led to the introduction of stormwater gqyathanagement, which represents a
system of control and treatment strategies desigmeditigate such impacts either fully

or partially.

Current norm is that water pollution controls bemached on a catchment basis. A
catchment approach allows tradeoffs between poliusiources, point source treatment
and pollution prevention, and optimal balances ketwthese. It requires community-
level involvement and often includes the use ofhbetructural and non-structural
stormwater control interventions to protect or oest catchments from chemical,
physical, or biological stressors. The catchmepr@gch allows simultaneous pollution,
flood, and erosion-sedimentation control by propenistituting non-structural control

interventions and siting structural control intertiens within the catchment to maximize

pollutant removals and reduce stormwater-assocsitedsors.



Historically, structural control interventions wesenployed to capture peak flows, assist
in local drainage, and manage the quantity of rupadduced during wet-weather flow,
i.e. flood control. While these objectives will pably remain a goal of catchment
management planners, structural control intervestiare now also considered for
pollutant removal, stream restoration, and grouridivaecharge infiltration. Source
control and pollution prevention are considered ddjchousekeeping” practices i.e.,
practices that keep pollutants out of runoff suslstaeet cleaning, improved maintenance
levels, education, capacity building, and contablépplication of pesticides/herbicides.
Runoff source controls are used to reduce runoffegied at the source of specific
activities. End-of-pipe or treatment controls arsedi to remove pollutants from
contaminated runoff. The key stressors or polltamit concern are nutrients, litter,
suspended solids, pathogens, flow, and toxic snbsta These stressors have worldwide

significance and their impacts are detailed in MEt& Eddy, 1991.

Development of tools for selection of appropriatermwater runoff management and
treatment systems is invariably determined by dactors like; hydrological, land-use
and development types, socio-economic status @najuhousing type, income, levels of
service provision and maintenance), population iteasid demographic characteristics,
biophysical catchment characteristics (soil, reldimate, hydrology), types of runoff
problems (i.e. pollutants, the sources of theskifaolts, concentrations and loading rates

of these pollutants), and cultural practices (Somaeet al., 2001).

1.2  Statement of the problem

High-density low-income settlements in developiogiries have backlog in sanitation
and drainage. This includes sewage, greywater amdraly contaminated stormwater
runoff. In low-income areas the paths are ofteng®dy sewage, greywater, solid waste
and contaminated runoff enter surface drains, wkidntually discharges into streams,
rivers and impoundments that are used for drinkitager supply and recreation. These
cause water quality problems, pose potentiallyossrihuman and environmental health
risks through contact recreation and through the afsuntreated water, result in high



drinking water purification costs and cause a lossamenity value and diminished

recreation potential (Ashton and Bhagwan, 2001).

Development of comprehensive tools for selectiod design of drainage management
interventions even at planning levels is still &t early stage in South Africa. Hence
planners and engineers are not equipped with tbessary knowledge and tools to deal
with stormwater and greywater quality problems mformal settlements. It suffices

therefore to state that the needs of stormwatergaagwater management planning in
South Africa (national, provincial and municipalvéds) have not received adequate
attention in terms of quality control. Whether wanctake it to the next step of

appropriate treatment and/or management needearcedike this study.

1.3 Hypotheses and research questions

The Oxford Advanced Learners Dictionary defines diipsis asssuggestion that is
based on known facts and is used as a basis faoreag or further investigationrhe
suggestions which provided the basis or the neethie research have been highlighted

in sections 1.1 and 1.2 and is summarised below.

Discharges from informal settlements cause numeadusrse water quality impacts on
urban areas and on receiving waters including enpsiedimentation, dissolved oxygen
depletion, nutrient enrichment and eutrophicatitoxicity, reduced biodiversity, high

drinking water purification costs, and the ass@catmpacts on beneficial water uses.
These problems reflect local conditions with respéx the climate, economic

development, the level of environmental protectpractice (including the associated
infrastructures), institutional arrangements antlipuawareness. Given these adverse
effects on receiving waters, the selection of steater quality management interventions
must be efficient and effective. Efficient and effee selection requires that various
alternative interventions be identified and evatdatat planning stage based on the
principles of sustainability, hierarchical manageimapproach, public consultation, and

adaptive management.



Based on the above hypotheses the research questoa conceived as follows:

. Which area or land use within an urban catchmeasttha greatest potential or
need for stormwater quality improvement?

. How critical are pollutants from secondary soursesh as sanitary sewer
overflows, illicit connections, and active constian in an urban catchment,
which are often overlooked in simple or complex eie@

. How to meet specified target load reduction asired@

. What interventions should be considered to treatdga current and future
contaminant sources to a receiving river body?

. Which combination of interventions (or strategi@g)uld produce a minimum

cost in meeting a community’s stormwater qualitynagement objectives?

. What pollutant reduction has been achieved by ntioeexisting programs?

. What level of assuredness/risk does the estimatatireduced by an intervention
represent?

. How effective are investments in educational angeoton-structural control

programs to manage stormwater quality?

1.4  Aims and Obijectives of the study

The primary aim of this study is to develop a gahguideline for effective management
of stormwater and greywater quality in South Afriwéh particular reference to low-
income, high-density urban developments. To achidvs, the following specific
objectives were set:

. Review stormwater runoff quality and treatment pcas and the extent of runoff
and greywater management in rural and peri-urbaasaof South Africa. The
review was to also determine the extent of quatipntrol awareness and
experience among stormwater management professiandl collate information
upon which present and future needs can be assasdextidressed.

. To develop a methodology to identify factors cagswvater quality management

problems in low-cost, high-density settlements.



. To develop a methodology to characterize stormgaagl water quality as well as
setting ambient water quality and management abgsct

. To develop a methodology to identify and selecteptél non-structural and
structural control interventions to manage storm quey water quality.

. Based on the above, to develop a decision suppstera for evaluation of

potential interventions for storm and grey watenagement at planning level.

1.5 Justifications and specifications

Water quality management is a critical componentwadrall integrated water resources
management. Most users of water depend on adetpads of water quality. When
these levels are not met, these water users mihgtr giay an additional cost for water
treatment or incur at least increased risks of dmmar loss. As populations and
economies grow, more pollutants are generated. Mathyese are waterborne, and hence
can end up in surface and groundwater bodies. dsorgly, the major efforts and costs
involved in water management are devoted to walality protection and management.
Conflicts among various users of water are incredgi over issues involving water

quality as well as water quantity.

The problem statement identified in this reseactsupported by stormwater quality
management issues identified worldwide. Ahmed arde$ (1995) conducted a survey
among stormwater management professionals worldwidater quality was rated an
important issue in stormwater control by 81% of thepondents. 77% believed that a
need exists for more applied research, mathematicalelling or active participation.
Comments also included: (1) shortage of informdtata regarding alternative
stormwater management interventions (2) the low emof stormwater management

intervention applications reflect the need for dexi-making tools.

In this study, ‘structural control interventiong’eaused interchangeably with ‘treatment
control interventions’ and ‘Best management prastic(BMPs). The terms
‘interventions, practice, and measure’ are usedrchiangeably. Non-structural control

interventions are also used interchangeably with tdrm ‘stormwater management



programs’ or simply ‘management programs’. Both-stmctural and structural control
interventions are together referred to in this iheas ‘stormwater management
interventions’. Primary sources of pollution prodscstorm loads (e.g. loads in runoff
from catchment surfaces) and are generally fromweztther flows. Secondary sources
(e.g. from illicit connections to storm drains) guzes non-storm loads and are generally

from dry weather flows.

1.6  Framework for this study

The guideline emanating from this study has beeepared to comply with the
requirements and principles as detailed below:

National Water Policy(1997) and A¢L998) — The White Paper “A National Water
Policy for South Africa” (DWAF, 1997), and the Naial Water Act (Act 36, 1998)
places particular emphasis on protection of theewahvironment from pollution, and

makes provision for both resource- and source-tlicemeasures.

The resource-directed measures is based on idegtiyn appropriate level of protection
for different water resources by setting the “ReselQuality Objectives” (RQOSs), based
on a Water Resources Classification System. Salireeted measures is based on
setting of standards (or management practices)afgbppropriate to manage different
pollution sources (including requirements or inoesd for achieving end-of-pipe effluent
discharge standards, implementing on-site manadgemeactices to control diffuse
impacts, and performing in-stream mitigation andat®litation). These standards aim to
minimize the impact on the water resource and amglemented using precautionary

approach.

The National Water Act (Act 36 of 1998 1xv) defirgslution as:
Alteration of the physical, chemical or biologigabperties of a water resource so as to
make it:-

(a) Less fit for any beneficial purpose for which itynmmaasonably be expected to be

used; or



(b) Harmful or potentially harmful: (i) to the welfardealth or safety of human
beings; (i) to the any aquatic or non-aquatic onggm; (iii) to the resource
quality; or (iv) to property.

By this definition, greywater and urban runoff wittharacteristics that cause such

alteration to receiving water is a source of padlitand needs to be managed.

National Environmental Management Act (1998) Section 2 of the WNational
Environmental Management Act (1998) sets the falhgwas part its principles of which
this study adheres to:

. Ecologically sustainable development (ESD)which requires the effective
integration of economic, social and environmentahsiderations in decision-
making processes when planning, constructing amdatipg infrastructure. ESD
can be achieved through the implementation of tiewing principles and
programs:

0 The precautionary principle — namely, that if thare threats of serious or
irreversible environmental damage, lack of fullesdific certainty should not
be used as a reason for postponing measures t@npre&nvironmental
degradation.

o Inter-generational equity — namely, that the pregemeration should ensure
that the health, diversity and productivity of #rvironment is maintained or
enhanced for the benefit of future generations.

o Conservation of biological diversity and ecologicdaéqgrity.

o Improved valuation and pricing of environmentalo@ses.

. Hierarchical Pollution/Waste Management Approachwhich requires pollution
or waste management to be carried out in the aofleprevention, reduction,
reuse, recycle, and treatment. This hierarchy ¢sm lze translated as managing
pollution firstly at source, and thereafter proagagdlown to the end-of-pipe;

. Public Consultation which assumes that all affected stakeholders ansuted
and given the opportunity to provide input to daems. Community wellbeing
and empowerment must also be promoted through amiental education, the

raising of environmental awareness, the sharirfignofvledge and experience.



. Selection of the best practicable (environmental meagement) optionwhich
recognizes we are dealing with very complex natarad man-made systems
whose responses is not fully predictable with tleently available science-based
tools. Best practice therefore requires selectingnagement options (and
designing) on the basis of best available data,oimiggmonitoring and data
collection, and revisiting decisions to produce ioyed management (and
designs).

. Polluter pays which requires that the costs of remedying paluti
environmental degradation and consequent adversdthheffects and of
preventing, controlling or minimizing further polian, environmental damage or
adverse health effects must be paid for by thosporesible for harming the

environment.

The National Strategy to Manage Water Quality Efed Settlemen{d999)—

The National Water Act makes provision for the depment of a National Water

Resource Strategy, which is given effect at a majitevel by Catchment Management

Strategies. As a first step in this process, Depamt of Water Affairs and Forestry

(DWAF) has divided the country into 18 Water Managat Areas. Water Resources

Management Strategies will be developed for eadihede areas. This is supported by a

number of cross cutting strategies addressing rdifite aspects of water resources

management such as the National Strategy to Manageer Quality Effects of

Settlements (1999) (or simply the National Strajegyhich focuses on addressing

pollution from densely populated settlements. Tthes National Strategy forms one of

the building blocks of Water Resources Managemeérate}jies (DWAF, 1999). The
following principles underlie the National Strategy

. Implementation of the Strategy should include nagoh with other government
bodies, at all three spheres of government, and thi¢ affected communities.

. Recommendation for any settlements must be congatitih, and should
complement national policies that address povedgrvice delivery, and
environmental protection both within the Departmenit Water Affairs and
Forestry, and other Departments.



. Implementation of the strategy should not slow @vpnt service delivery under
other national, provincial or local government pragms.

. DWAF should participate in education campaigns thaise community
awareness of the dangers of poor water quality pmitlition.

. Water quality management in this sector should @dgnizance of, and in some
cases explicitly address, the inequalities of thstp

. Recommendation should address all components thatrilcute to the water
quality problem, be these social-economic, physcdiehavioural.

. Water quality management actions should not ontg 8 provide engineering
and other services, but should include capacitylding and education with

respect to the services provided,

1.7  Methodology of the study
The methodology used in this study comprised tHeviang:

1.7.1 Literature Review

Extensive literature review was conducted on tHges in both local and international
conditions focusing principally on informal settlents, while at the same time reviewing
studies in formal or urban areas in a view of dregvgome techniques and experiences
that can be applied in informal settlements as .wHile review revealed the extent,
achievements, gaps, issues and current norms whwaier management and treatment
practices upon which present and future needs vassessed and addressed. The
information collated from the literature enableé formulation of guidelines which are
developed as methods to: (a) characterize storngeeydwater quality as well as setting
water quality and management objectives; (b) idgpibtential stormwater quality issues
and their causes; (c) identify and select potemtaai-structural control interventions to
manage storm and grey water quality; (d) identrig aelect potential structural control
interventions to treat runoff and grey water. Basadhe above, a decision support tool

was developed for evaluation of management intéimes at planning level.



1.7.2 Consultations with stakeholders

A steering committee was formed by Water Reseamimr@ission to guide this study.
The committee consisted of representatives from ewdResearch Commission,
Department of Water Affairs and Forestry, interdsparties from private engineering
consultancies and educational institutions. Repitasges from Alexandra and Kliptown
township development committees were also consulteshg the study. Alexandra and
Kliptown townships are located at north and southl@hannesburg respectively. The
objectives of the study were developed as part ebm@sultative process among the
steering committee members during the early stafj¢se study. The outcome of each
phase of the study was presented in steering cdseniheetings which were held
biannually. At each meeting, progress and deliMesabf each phase of the study were

assessed against the set objectives and a wayrtbwes outlined.

1.7.3 Analysis of information

Collateral evaluation of information gathered froine literature review was carried out

as a basis for meeting the set objectives.

1.7.4 Model development

A model for future runoff and greywater managemamd treatment at planning level
was developed. Engineers and planners look fortisakj which can achieve pollutant
load reduction requirements cost-effectively. Mdidgl is a financially attractive and
time saving approach that can be used to assesdiqprfuture water quality situations
resulting from different management strategies. yWamofessionals feel somewhat
handicapped by the present shortage of data arlg tooassessing the need to treat
stormwater pollution. One of the tools that arefuise professionals who are active in
stormwater management is a computer based dedsgport tool for stormwater quality
planning. The tool developed under this study festu (a) knowledge of various
interventions that can be included in a quality tomnplan; (c) a framework for

formulating and evaluating alternative strategeemeet management objectives.
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1.7.5 Model application

The decision-support tool developed was appliechgushlexandra as case study.
Stakeholders need to accept the model developedstmin any informal settlement (or
urban) water quality management study. Given tlweewsing role of stakeholders in
water management decision processes, they needleratand and accept the models, at
least to the extent they wish to do so, and thmsardy be accomplished if the model is

tested in local conditions and proven to be rediabl

1.8 Layout of the thesis

Chapter 1 presents the background of water qualggagement in informal settlements.
It defines the problem statement, aims and objestiof the study, framework of the
study, and the methodology used to achieve thectbgs. Chapter 2 presents a review of
previous work done locally and internationally. tea 3 presents the structure of the
decision models. Chapter 4 presents how the modsl developed and it describes:
methods to identify factors causing water qualignagement issues; methods to develop
ambient water quality objectives and managementeabbps; methods to select
management interventions; methods to formulateratare management strategies; and
methods to evaluate interventions and strategibapter 5 is an extension of Chapter 4
and it describes the various computations in thdehdevelopment. Chapter 6 and 7 are
devoted to model implementation and case studyicgtjgn respectively. Finally, the

conclusions and recommendations resulting fromgtudy are presented in chapter 8.
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2 REVIEW OF STUDIES ON URBAN WATER QUALITY MANAGEMENT

2.1 South African case studies

Several monitoring studies related to urban rumatter quality have been conducted in
South Africa over last decade in areas such ase@gWRrovince (Stephenson and Green,
1998; Silberbaurer and Moolman, 1991; Wimberley@2Z,9/an Veelen and DWAF, 1994
a, b; Coleman 1992; Campbell, 2001; Armitage et.18198), Kwa Zulu Natal (Simpson,
1986; Kelbe et. al., 1991; Umgeni Water, 1991; Avald, 1994 a-c; Simpson and
Coleman, 1992; Kelbe et. al., 1992; Pillay and Beigk2001), Western Cape Province
(Kloppers, 1989; Wright, 1991; Wright et. al., 199%2mitage et. al., 1998; Grobicki,
2001), Eastern Cape Province (Mackey, 1993, 1994 @an Ginkel et. al., 1993, 1996),
Free State Province (Grobler et. al., 1987), Oldaniver catchment (Quibell et. al.,
2003), Vaal river catchment (Herold and Roux, 20@&BHuth Africa in general (Pegram
and Gorgens, 2001; Pegram et. al., 1998; Wood.e20D1).

These studies span over a wide range of conditionth, variations in local climate,

relief, soils, dominant hydrological processesdlarse, development type and density,
level of service as well as different demograplspexts and environmental concerns.
Most of these studies follow a similar approachthat a catchment is chosen and
monitoring points selected. Samplings for waterligpanalysis are taken at specific
intervals within the monitoring period. In few adfe studies, flow is also measured
concurrently in order to determine the loadingle# pollutants. In most of these studies
also the monitoring points were located at the pofrdischarge to the watercourse and

as a result, site-specific causes of contaminatfounoff were often overlooked.

Review of all the studies conducted in South Afriodicates that, very few of them
provides meaningful data with regards to water it(p@nd flow monitoring to allow
derivation of even semi-quantitative relationshipst an assessment of this kind, at least
the minimum, maximum and median values for flow aadcentrations, loads and export
coefficient of water constituents are requiredlémw flow and storm flow. However, for

most studies, only mean values were reported, fowd Was very seldom measured
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concurrently with water quality sampling. Detailgghysical, geographical and

demographic information was often not recorded ¢®atan and MacKay, 1995).

Ashton and Bhagwan (2001) have compiled an exdetmnew of the studies prior to
1995. Ashton and Bhagwan (2001) summarized issuésctors related to urban runoff
contamination, identified some management optioasiely; pond systems, filtration
systems, vegetated infiltrations systems, chentregtment systems, wetlands systems

and some policy tools and regulatory instruments.

The literature review of South African case studit® revealed that, contaminations of
urban runoff water quality are related principaty
. Predominant type of land use activity (residentiafjustrial, commercial and

agricultural)

. Development type (formal versus informal)

. Development density (expressed as number of pemptivelling units per unit
area)

. Standard or cost of development (low-cost high-dgngersus high-cost low-
density)

. Level of services provided and degree of serviceteaance.

Table 2-1 presents a summary of studies undertak®outh Africa up to date in relation

to the above factors, as well as other socio-ecomdattors, biophysical catchment

characteristics and pollution problems, where datavailable. An examination of the
management strategies that have been used onngxgbrmwater systems in South

Africa revealed the following problem areas (Ash#&md Bhagwan, 2001):

. Prior to 1994, planning and development strategied not include long-term
measures for dealing with urban runoff problemsogtions for coping with
increased runoff due to rapid increases in settleinageas and rising population
densities.

. In general, insufficient (if any) consideration wgwen to reserving sufficient

space or facilities for future stormwater managehwrtreatment facilities.
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. Despite the fact that the encroachment of shackisbamdings onto river banks
(flood plains) poses a serious danger to lives myriloods and exacerbates the
seriousness of water quality problems, very ligifieention was given to providing
alternative options to the residents concerned.

. All previous attempts to implement remedial actianthout the full and active

participation of the affected residents have failed

Key management issues that require attention ichoant stormwater management as
revealed in the literature include the followingsgfon and Bhagwan, 2001):
. Concentrations of feacal bacteria should meet gweaiter quality standards for

recreational use of receiving water bodies at mllds

. Unsightly litter in and along drains and natural tea courses should be kept to a
minimum
. Dissolved oxygen concentrations should not be degpléo below 60% of

saturation in the initial mixing zones of coastedrsnwater outfalls and, ideally,
should not fall below 80% of saturation in any pafta freshwater body that
receives urban runoff

. Urban runoff should not contain high loads of susped sediment so as to ensure
that water clarity is not adversely affected in theg-term

. The nutrient balances in rivers, estuaries and t@wo receiving urban runoff
should not be changed significantly (<15%) fromitipeesent status

. No toxic chemical should be discharged into recgjvivaters (this includes
pesticides and heavy metals)

. Salt marshes, fringing wetlands, mud flats and taggoshould not be disturbed by
urban runoff to the point that their structure aunttions become adversely
affected (MacKay, 1994a)

. Management actions aimed at reducing diffuse soyrckution from urban
runoff and informal settlements must form part of iategrated catchment
management plan so that all management actions b&amproperly integrated
(Wright et. al., 1992).
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Table 2-1: Summary of urban water quality managemen studies undertaken in
South Africa

Table to be printed on A3 sheet and inserted aghge
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Synthesis of studies undertaken in South Africavigi® estimates of the range of
concentrations likely to be observed, for a givewedopment type and density, and is
provided in Table 2-2 (Coleman, 2001). The shortognof the information in Table 2-2
is that none of the monitoring/sampling studies dude derive the predicted
concentrations was optimally planned. Most (if albt of the studies were based on grab
sampling, and the length and frequency of sampliage not given due consideration to

yield statistically significant data worthy of pnacing a forecast as shown in Table 2-2,

hence, Table 2-2 may taken as indicative only.

Table 2-2: Expected pollutant concentration rangefor categories of residential
catchments (Coleman, 2001).

Develop- | Develo- | Devel- | Pollution | NH,4 TKN EC SS PO, COD DO Feacal
ment type | pment opment | potential | (mg/l (mgl/l (mS/m) | (mgl/l) (mgl/l (mgll) (mgll) Coliform
density costs asN) [ asN) as P) (/200 ml)
Formal High High High 3-7 4-14 13-100( 20-1000 0.2-60  60-5( 3-4 410
Density | Cost Low 1-3 2-8 12-50 40-150| 0.2-3. 40-30 3-6 3107
Low High 1-30 | 10-40| 70-2500 40-185p 0.4 150-400 1-6 1610°
Cost 14.0
Low 1-5 2-8 15-200 21-400[ 0.2-3.0 15-7( 3-6 “10°
High High High 1-21 1-16 30-200 1-25000 0.1-6.p 5-80 3-6 10
Density | Cost Low 0-3 15 10-50 21-350] 0.0-3. 20-80 1-6 F10
Low High - - - -
Cost Low N N - R N - _ N
Informal High Low High 5-24 | 7-103 25-700 800- | 1.0-8.0 [ 70-3000 1-3 fao’
Density Cost 8000
Low 1-5 4-18 8-180 180- | 0.2-5.0 | 40-400 3-6 falo®
3500
Low Low High - - - - -
Density Cost Low N N N

It may be concluded that, extensive monitoringrilam runoff discharges for the purpose
of stormwater quality management is in its earfgss of development in South Africa.
Although many loading estimates have been repoftedvarious land uses, high

variability and inconsistencies exist among regbri@lues. These differences may
represent real variations or differences in sangpdind analytical methods. This problem
of little consistency or comparability among monitg programs is further compounded
by the absence of testing programs to evaluatenurbaoff sampling strategies for

effectiveness and efficiency; therefore, an optipragram has not been identified.
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2.2 International case studies

Planning methodologies in Canada and the US upbsites of water, development and
the environment as an inseparable trinity (Jamed &hemczynowicz, 1992).
Management of urban drainage in new developmentsout upsetting the existing
aguatic ecosystems is prominent in their curreabhpihg methodologies (Ahmed, 1994;
Bowen et al., 1993). As a result, portability and recreationadtev usage are direct
benefits of preserving aquatic ecosystem stabilibere the planning methodology is
applied correctly throughout the catchment (Goyed BicLaughlin, 1978; Heathcote,
1987).

Stormwater management measures, which are alsoe@féco as Best Management
Practices (BMPs) in the USA, Alternative Technoésy(AT) in France, and Sustainable
Urban Drainage Systems (SUDS) in the UK, are oftaplemented in the form of
treatment trains representing a sequence of BMgsu$e of BMPs has been the primary
method to treat or control storm runoff qualityNiorth America and Europe. These are a
combination of practices for source control and tir@atment (ASCE, 1998) but, the
overall goals are to mitigate impacts resultingnfrgtorm runoff pollution. In North
American terminologies, source control BMPs arecticas that prevent pollution by
reducing potential pollutants at their sources teefthey come into contact with
stormwater, while treatment BMPs are methods tatte remove pollutants from
stormwater. Several studies have been undertakersdess the ability of stormwater
treatment BMPs e.g. wet ponds, grass swales, staatar wetlands, sand filters, dry
detention, etc. to reduce pollutant concentratims loadings in storm runoffs. Strecker
et. al., 2001 reviewed many of these studies aparted that inconsistent study methods,
lack of associated design information, and repgrtiprotocols make-wide scale
assessments difficult, if not impossible. For exEmmdividual studies often included
the analysis of different constituents and utiliziferent methods for data collection and
analysis, as well as reported varying degrees fofnmation of BMP design and inflow
characteristics. The differences in monitoring tsgees and data evaluation alone

contribute significantly to the range of BMP efieeness that has been reported.
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Concerns with BMP performances is that it is diffido link their installation to water
quality improvements — receiving water quality @mbhds seems unchanged before and
after construction of BMP. Other major concerns #Hre degree to which pollutant
removal associated with a particular BMP can béipted and whether identical designs,
not considering influent concentration charactesstan produce the same performance
levels at different locations. Also there is a latknethodologies or models to tell water
guality managers where to place the BMP in thehraent to achieve optimal water
quality results. Concerns about BMP performancds cldr research program that
addresses how the BMPs work, how to design for mauelity control, what they cost,

how effective they are, and where to best placetimethe catchment.

BMPs are unit processes with key mechanisms workitgin them to reduce the

effluent load. In Australia, criterion such as effeeness of the BMP to remove
pollutants, stormwater management goals, on-siteeggonal considerations, catchment
and terrain factors, physical suitability factodsydrological and climatic factors,

community and environmental factors, location arefnptting factors govern the

selection of BMPs. Subjective rating systems ardus identify the optimum BMPs

(NSWEPA, 1997).

Processes of stormwater treatment may be dividedaonr main groups:

1. Mechanical approaches, such as sieves, meshesnidarsimay provide better
separation of solid particles from the liquid phase

2. Physicochemical approaches, where chemical additigeimprove separation
characteristics for liquid and solid components rohgnge the composition of
stormwater runoff. The physical part will consi$tsedimentation, flotation and
filtration.

3. Biological approaches, where purification by a combon of physical,
chemical and biological processes is achieved. giesical component is the

necessary storage to provide adequate residences tior reactions and
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biochemical degradation processes relying on diyestf micro organisms like
fungi, algae, and bacteria.

4. Stormwater runoff reduction, where the formation sibrmwater and the
disconnection of impervious areas from the netwesdd to reduced stormwater

flows and related pollution loads.

2.3 Non-structural control interventions

Stormwater management interventions require deoinaif innovative approaches using
a mix of strategies ranging from the basic priresplof planning (to balance
environmental and settlement characteristics)ethriology choice, and to the operation
and maintenance of the system. The interventioescambinations of practices for
source control and for end-of-pipe treatment khé,dverall goals are to mitigate impacts
resulting from storm runoff pollution. Many end-pipe treatment controls are
considered to be structural in that they involvenecsort of earthen or concrete structure
whereas source controls can be non-structuralroctatal. Treatment is only a part of
management interventions, and is often at the dnthe line of the stormwater or
greywater waste stream. This section deals with-staurctural control interventions,
which are “apriori” to the occurrence of waste a@llgtants (that is, avoidance or
prevention, reducing, reusing and recycling of yalhts) before they are mobilised and

delivered to receiving waters.

In response to Agenda 21 and other internatiormethéwork of waste management and
sustainable development, current practices haviéedhaway from a sole reliance on
technological or end-of-pipe solutions to more ptov@ and integrated strategies that
focus on changing the social and institutionaltreteships that have the power to both
cause and minimize runoff quality and quantity peais. Non-structural control
intervention is based on such strategies and aimthea production element of the
pollution continuum (subsection 3.3.1). The Natlonatrategy (DWAF, 1999)
specifically emphasizes on non-structural sourcatrob in choosing appropriate
interventions to manage the water quality effe€tdemse settlements.
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Non-structural control interventions have many adages including: long term
sustainability due to its cost-effectiveness; pntwe in nature and minimizes the need
for treatment controls — “prevention is better tlme”; reduced ongoing operation or
maintenance liability as compared with structurahteols; creation of environmental
awareness and; effective use of all resourcesudimal the involvement of community.
Non-structural control interventions can be catesgal into four main often inter-related
undertakings namely: community education, Local uty’'s management activities,

planning controls and, regulatory and enforcemelity.

2.3.1 Community education to manage water pollution

Stormwater runoff quality problems in urbanizedaarare the result of many activities at
various locations within the settlement. The impdodm the individual activities may be
small but when aggregated over the whole settlemantbecome a very significant
source of pollution to receiving waters. Often, jpleocin developing areas are unaware
that their actions and negligence have pronounogzhcét on stormwater quality. The
willingness-to-pay surveys conducted by consultami$ NGOs in urban areas of many
countries of Africa revealed that many urban hookEhwere unaware that their own
poorly functioning and overflowing septic tanks esft caused health and sanitation
problems (UNEP-ITEC, 2005). Once they are awarelawt learnt simple solutions to
reduce or avoid causing stormwater pollution, cleartg their behaviour are more likely.

Community education is therefore an interventiorsigiged to create awareness of
stormwater and greywater issues to enhance comytsikitowledge and understanding
in order to encourage more responsible behaviodiiraprove their values and attitudes.
The diverse background of a community with respecige, gender, educational level,
and other socio-economic factors imply that peoyilelearn differently, hence a variety
of techniques should be employed to achieve theetksbjective. Such techniques may
include:

. Talks, presentations and seminars

. Workshops
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. Video and audio recordings and slides

. Courses and training through schools and colleges

. Mass media (radio and television) publicity

. Exhibitions, displays and print materials includim@chures, posters, etc.
. Community clean-up days

. Community’simbizos(meetings)

It is important to give public education on the lte@nplications of sanitary disposal of
wastes and stormwater, and the role that the pempleequired to play. Broadly, the
community would be educated on avoid/prevent, reflamimize, reuse, and recycle
principles to manage stormwater runoff and greywadsues. These are detailed as

below:

2.3.1.1Avoidance or Prevention measures to manage water |hation

In low-income, high-density settlements the patirsttie various waste streams are often
merged; sewage, greywater, stormwater, and soligtevanter storm drains, which
eventually discharge into receiving waters. Thiscmused by a general lack of
understanding of the need to segregate differgrastyf waste because of their different
treatment requirements. There is also general kackvledge about the destinations of
the wastes and their impacts to the receiving enwent. Significant improvements to
water quality can be realized if communities areicaded on the need to segregate
various waste streams and use the services apgiepriNon-payment of services also
limits the capacity of the Local Authority to eftaely maintain services, which then
leads to further failure of the services causinganpollution problems. Communities
also need to be educated and empowered to ingrataindertake programs like planting
(grass and tree) and clean-ups in their settlen@arerally, actions communities need to

be educated on in order to prevent pollution inelud

. Separate waste streams and appropriate use chlaleaslervices
. Avoid littering and bush toileting

. Avoid illicit discharge connection into storm drain

. Avoid abuse or vandalism to service infrastructure
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. Avoid non-payment of services

. Good house-keeping, planting and clean-up campaigns

In Phagameng, North West province (DWAF, 2001d}erwentions focusing on
awareness building, clean-ups, grass planting,igimvof skips and litter bins resulted in
a significantly pollution free environment. Also @airn, Mpumalanga province, the
same study (DWAF, 2001d) used awareness campaigosrtail the problem of bush
toileting, illicit solid waste dumping, and non-pagnt of services. Similar interventions
undertaken in Alexandra in Gauteng province (Varelgle and Van Zyl, 1995) using
mass media (radio and television), clean-up cammgaigtc. also achieved significant

success with minimal costs.

2.3.1.2Reduction or minimization measures to manage watggollution
Communities can be educated on interventions timat & reducing the amount of
pollutants that can reach the water environmeng rbhe that the people are required to

play to reduce pollution include:

. Water saving or conservation schemes (e.g. usarofater tanks)

. Impervious cover reduction

. Disconnection of roof-tops from storm drains

. Car washing in pervious areas

. Collection and proper disposal of domestic anirealseta

. Reduction of excessive fertilizer application inrdgns, parks and other

agricultural practices within and around the seitat

Water saving schemes that reduce the volume ofngtey generated should form part
community education particularly in settlementshwéarger water use in order to reduce
pollutant loads entering the water environmentest ttase study in Kilptown, Gauteng
DWAF (2001d), found that one of the main pollutiproblem was the community often
leave taps running unattended causing constant fddwgreywater in the streets.
Awareness campaign significantly reduced the grégmvavaste stream in Kliptown.

Disconnecting rooftops from storm drains, a pra&ctiegulated in some advanced

22



countries, can also reduce stormwater runoff volame peak rate. Washing car on the
street allow soapy water (rich in nutrients frone tihetergents), dirt, oils and grease to
enter water environment. Community should be educad use minimum amount of
detergent to wash cars on the lawn or gravel. Hmldesoapy water should also be
directed towards the sink, toilet, lawn or perviausfaces. A high number of domestic
animals (including livestock) in settlements arematter of concern as their excreta
contribute to bacteria and nutrients in stormwateroff if not properly managed. The
total number of these animals in some settlemerag out-number the population of
human beings. Education on collection and propgpatial of animal excreta cannot be

over emphasised.

Education should also focus on back-yard mechamcthe need to properly dispose of
oil and grease. The need to grass or replant afedisturbed soil to reduce erosion and

sediment load is critically important especiallyhigh slope areas.

2.3.1.3Reuse and recycle measures to manage water pollutio

Reuse involves using greywater and/or stormwaténout any form of prior treatment
whereas recycling involves some form of treatmegfole use. Awareness on options for
community to reuse different waste needs to be ptedh Such options include
separation of all wastes. Urine can be separatdlgated and stored for later use as a
liquid fertiliser, rich in nitrogen, phosphorus ammbtassium. Toilet wastes can be
composted and used as soil conditioner, rich immigcarbon, nitrogen and phosphorus.
Greywater can be treated in constructed wetlandlii@ctly be used for sub-surface
irrigation of the garden beds.

Stormwater can be reused at household or munidpadls. Households can use
stormwater by collecting roof runoff in rainwatenks for use as drinking water (after
boiling), for flushing toilets or for irrigation aheir gardens. Water from the roof can be
directed to the garden directly or through a soakya At municipal level stormwater can

be stored in ponds (for sedimentation) for userfigation of parks and gardens and for

fire-fighting purposes. This is in addition to emyhg the ponds for flood control and
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for improving the visual amenity value of the wat®&ther uses of stormwater include
recharge of groundwater, in particular to rechaggeundwater to prevent seawater

encroachment near the coast (Wright, 1991).

2.3.2 Local government/authority activities

The National Strategy (DWAF, 1999) emphasises thecept of institutional capacity

building. This is defined in its broadest senseiraduding the agency’s mandate,
legislative instruments, organisational capacigchhical capacity (human resources,
problem solving capacity and information systemf#)ancial capacity, procedural

capacity (policies, manuals, guidelines, codes mctce), and networking capacity
(associations with other stakeholders). The cangiit of South Africa indicates that
local government has legislative and executive @itth over inter alia; water and

sanitation services, domestic waste water and s@@edisposal, pollution, cleaning,
stormwater management, refuse removal and solidtewdssposal. This mandate
translates to provision of services — i.e. constou¢ operation and maintenance of
services. Hence the degree of planning, managenugdration and maintenance
activities of local governments in terms of effeetiess and efficiency largely determine

the pollution impacts arising from settlements.

2.3.2.1Planning activities to manage water pollution

The process of influencing settlement planning ianaging water quality effects is
addressed in the National Strategy (DWAF, 1999).p@unities exist for local
government to plan settlements to influence watedity impacts on receiving waters in
terms of settlement development type, positionilgtive to sensitive water resources,
size and density, service and maintenance leveals.aglive interventions based on
planning of settlements are most effective pollutmanagement and are aimed at the
production element of pollution continuum, and dbdaherefore be considered as a first

option. Planning should adopt a holistic approacthé four waste streams.

Good practice gives consideration to the following:
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Planning to formalise land-use or development tysdton and Bhagwan (2001)
described a formal development as one that hasflaaned with laid out stands
(i.e. one house per stand without backyard shaakd)a defined road network. A
wastewater disposal system has been installedcthvaists of either a formal
waterborne system, septic tanks and soak-away, itodapiines. A formal
development also has a piped water reticulatiotegysnto the house or at least a
standpipe per stand. DWAF (2001a) proposes thainoame settlements should
not be planned on slopes greater than 1:10. Ifishimavoidable, roads should be
tarred, and subsidised higher levels of servicesllshbe provided. High-density,
low-income housing developments should be avoideat water resources with
high or intermediate levels of protection, and wehehis is unavoidable,
subsidised higher levels of services should beigeav

Planning to select appropriate level of service beances the size, density, and
socio-economic status of the community to ensung-kerm sustainability. Table
2-2 (DWAF, 2001a) provides appropriate levels ofvees and management
practices required to minimise the pollution eféeot dense settlements.

Planning to educate the community on the apprapusge of services (to avoid
abuse and vandalism) as well as other preventiasurmes.

Planning of maintenance of services. The impagiaditition can be significantly
reduced through better maintenance practices. Blaamce of services like all
other preventive measures are ongoing and carfdxeieé and sustainable if well
planned.

Planning of construction projects. In the plannafgconstruction activities, it is
important that consideration be given to the impaeot potential effects of
stormwater quality. Planning should therefore idelureatments or operational
methods to control erosion, sedimentation and pohu The effectiveness of
erosion and sediment control programs would betdichby construction sites that
are not regulated, and by improper design andllagstan of practices at the site
level. Building permits should therefore be regethiand regular inspection at
construction sites would enforce compliance to ierosand sediment control

programs.
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Settlement layout planning should give considematio roads and drainage
layout; creating space for stormwater runoff treatirfacilities; providing visual
amenity and landscape value of the stormwater mysteand reducing and/or
disconnection of impervious areas. Settlement phgnehould take into account
the natural drainage of the landscape to enabtenstater runoff to flow freely
by gravity and minimize flooding. Water reuse ascdssed above, should also be
carefully planned and sufficient area must be sieteawhich can take the form of
water for agriculture, aquaculture, and tree plaoaor for irrigation of public
parks and gardens.

Slum networking (Parikh, 1999), i.e. planning afrek (high-density, low-income
settlements) around cities and major urban cenifbgs concept exploits the
linkage between the slums, natural drainage patlas influence the urban
infrastructure and the environmental fabric of tity. Unconventional concepts
such as topography management, earth regradatmmcarstructive landscaping
are applied to build low-cost service trunks, maitarly for gravity based systems
of sewerage and storm drainage, together with enmiental improvements such
as creation of fresh water bodies, cleaning upadufed rivers, development of
green pedestrian spines, and restoration of watdrftructures. Slum networking
has been successfully applied in Indore, Barodanédabad and Mumbai cities
in India (Parikh, 1999).

Preparation of catchment based stormwater manadetaars. This will provide
an opportunity to involve all stakeholders, throwggtuctured-facilitated process,
to develop an appropriate and coordinated mix @frrentions to address specific
management issues pertaining to each settlemecatohment as a whole. The
concept of structured-facilitated process to managager quality effects of
settlements are well addressed in the Nationakegfya(DWAF, 1999; DWAF,
2001b,c.)
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Table 2-3: Appropriate levels of services and managnent practices required to minimise the pollutioreffects of dense settlements (Source:

DWAF, 2001a).

Size / Density
(plot size)

Sewage Waste

Grey Water

Storm Water

Litter and Household Waste

< 5 dwellings / hectare
(>2000m)

RDP levels of service (as stated in Red Book, 198i0pe sufficient to

protect the water resource.

Erosion management is only
required on steep slopes (>1:10)

Buried on-site. Waste pits
should be covered or fenced.

5-10 dwellings / hectare
(2000mM-80011)

VIPs - may be unlined unless
geotechnical conditions indicate a risk
to the ground water

Soakaways must be
installed at water collection
points and standpipes

Erosion control measures
necessary, irrespective of slopes

Buried on-site. Waste pits
should be covered or fenced.

10-30 dwellings / hectare
(800m-300m)

VIPs - may be unlined unless
geotechnical conditions indicate a risk
to groundwater. Access for desludgin
and regular desludging important.

Soakaways at water collectio
points - if in-home water

gsupply, or yard connections -

n Rudimentary stormwater systems
required — channels may be open
and unlined, swales could be

should be connected to on siteconsidered in less dense areas.

disposal system.

Should be collected and safe
disposed off-site.
Community based systems
preferable (communal pits
etc.)

30-50 dwellings / hectare
(300m-150m)

VIPs — should be lined. Access for
desludging and regular desludging
critical.

Yard connections preferred

- should be connected to on
site disposal system. If
standpipes, formal washing u
areas and disposal required.

Formal stormwater systems
required. Channels lined with
detention ponds. (detention
ptime depends on the
sensitivity of the resource)

Should be collected and safe
disposed off-site, house to
house systems recommende
Steer cleaning required.

50-80 dwellings / hectare
(150mt- 80nt) Note: Dept
Housing is unlikely to
approve new plots which
are < 150rh

Preferably joint removal of sewage and grey waiéh wff-site disposal
of effluent. Intermediate levels of services fowlmcome areas (i.e. low
O&M costs). Demonstrated capacity with respech®raintenance an
operation of high levels of service is required.

Stormwater Management Plans g
required which include detention
i ponds and litter traps.

r&hould be collected and safe
disposed off-site, house to
house systems recommende
Steer cleaning required.

> 80 dwellings / hectare
(< 80m)

Some existing settlements are over 80 dw/ha. Lerg planning should aim for providing less densasitg schemes, with more open space
and adequate services. High-rise dwellings shoelddmsidered. At these densities encroachmeneinghrian zone is a problem and de-
densification should start along the rivers.

¢S

Notes:

1) RDP levels of service are specified ¥ and 25L per person per day within 200m oftibene.

2) On site refers to disposal on the individualpgamy. Off site refers to disposal off the indivadyroperty, and may include condominial systents@mmunal septic

tanks.

3) Levels of services higher than those proposeherable should only be considered after findnéability (beyond capital requirements) has bpeoved. Levels of
services lower than these may result in polluticobfems.
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2.3.2.2Local government management activities

Local government should ensure that the planningyvibes as outlined above are

implemented. In particular, the importance of psomh of adequate and appropriate

service levels and maintenance cannot be over esizatha

Good practices of local government/authority manag@ activities include the

following:

Monitoring the performance of stormwater managenpans as well as other
plans related to the four waste streams througbertons, interviews, reviewing
the number and type of complaints, and operatiandl maintenance processes.
This should result in the development of key peniance indicators. There is also
the need to monitor water quality information tal alecision-making. Good
record keeping and the use of computer technologyimportant to be able to
interpret the information. In most developing coigs, the absence of or scarcity
of information is a barrier to efforts in findinglstions to problems related to
pollution management in settlements. Sometimesatadable information is not
in the right formats and is usually dispersed iecpmeal bits. This inability to
acquire the right kind and form of information whieéms needed usually leads to
insufficient knowledge and inevitably results inopaanagement.

The success of managing the water quality effectsettlements is largely
contingent on the skills and commitment of stafftire local authority that
performs the functions and services within thisktatindertaking internal
education and training to technically enhance dapdmiilding is efficient and
cost effective to refine and improve local authgsitmanagement practices. The
content of the training should be commensurate Watlel of staff and their
specific needs. For example, conducting internalication programs can
emphasise the relationship between pollution probleand operation and
maintenance of services to the maintenance stadfif Should be trained to
routinely check activities and the waste streantesys and their work practices

should be audited periodically.
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. Effective communication within the local authorigmd coordination among all
stakeholders is equally important to manage watelity effects of settlements.
Local authority needs to define procedures: to comnate with stakeholders; for
receiving, documenting and replying to communicatioom interested parties;
for appropriate internal communication at all leveicluding operational staff;
and reporting to the local community on managenmans. Local authority
should also ensure community participation (pubiheolvement) from the
planning stage to the implementation and maintematage in order to create a
sense of ownership to the communities and to faatstainability of the adopted
management interventions.

. It is apparent that managing water quality effesftsettlements is reliant upon
supporting financial management arrangements fpitalaas well as operation
and maintenance costs. However, lack of finan@sburces at local government
level to implement and maintain even the most bkesiels of services requires
consideration to encourage cost effective solutisnsh as non-structural source
control interventions, to obtain better value frdatal government’s overall
financial strategy. Local government should endeavo identify sources of
funding such as: Consolidated Municipal InfrastowetProgram (CMIP); Home
owners subsidies; Pollution levies and catchmenése Donor funds; Municipal
Rates; Private-Public partnerships; and own fundifgese funding sources and
where these resources could be used to fund imiovs are discussed in the
National Strategy (DWAF, 1999). Local governmentowdd also explore
community ability and willingness to pay for semscto fund at least, operation

and maintenance costs.

2.3.3 Regulatory and enforcement measures to manage watpollution

Many policies, legislation and regulation fit inthis intervention including various
scenarios discussed in Grobicki (2001) and AshtoBhagwan (2001). These may be

detailed as follows:
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Various scenarios of regulatory and enforcemeimtasventions to manage water quality
effects of settlements are discussed in GrobidB0{2 and Ashton & Bhagwan (2001).

These may be summarised as follows:

2.4

Applying the principle of “polluter pays”.

Authorizations and site-specific water licensesegglired by the National Water
Act.

Regulating and enforcing prohibition of developmanflood plain (application
of 50-year flood line).

Regulating and enforcing prohibition of illicit coections to storm drains
Regulating and enforcing prohibition of illicit dymmg of solid waste, oil and
grease.

Regulating and enforcing disconnection roof gutfessh urban drainage system.
Regulating and enforcing the use of green fuel erdeaded fuels to control
vehicle emissions. Recent change from leaded t rleplacement fuel in South
Africa is a positive move in a right direction.

Regulating and enforcing prohibitions of other pbtns such as the use of
excessive fertilizers and persistent pesticides.

Regulating and enforcing the number of livestocgtke urban settlements
Regulating and enforcing application of step or téiffs to water use to control

greywater production.

Structural control interventions.

In the previous section, non-structural controementions were shown to prevent and

reduce pollution resulting from settlements. In dag and denser settlements, the

application of non-structural controls alone may lo® adequate to manage the pollution

and significant amount of pollutants may still reabe receiving water. This section

therefore looks at structural controls, which mlagnt be employed to treat the residual

pollution that cannot be cost-effectively contrdlldy non-structural management

strategies.
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Many stormwater treatment measures are considerbd structural in that they involve

some sort of mechanical devices and earthen orre@nstructure. Structural source

controls are normally distributed within the cat@nh at or close to the source of

pollution whereas structural end-of-pipe controte &cated at the outlet and are of

bigger size. These are indicated schematicallyigure 2-1. Structural source controls

have many advantages (compared to their counteepdrof-pipe controls), including:

Greater water quality protections of downstreamiremwment resulting in lower
environmental and health impacts within the settliets.

Smaller size and flows implies lower costs (capidgleration and maintenance) of
individual treatment measures, although total syst®sts can be higher than
single end-of-pipe control. Generally they are @d&tctive for targeting
particular site pollutants and ‘hot spots’.

Comparative lower flows may result in improved treent efficiency

Provides visual amenity value of the stormwatetesys when they are properly
integrated into settlement planning. In both depetband developing areas, some
can be designed to fit aesthetically into open spacdscaping.

The probability that all the individual treatmeneasures will fail at a particular
time is remote. Individual treatment measures hawer risk of failure.

They can easily be retrofitted into existing setibats when space is available or
can be created. Hence they lend themselves to dstaagproach of

implementation.
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structural control

e mterventions

(a) end-of-pipe strategy {b) source and'or lot-level strategy

Figure 2-1: Location of stormwater treatment measues

On a finer scale of structural source controls at&t is normally termed lot-level
controls which represent minor measures implemeatetbts to perform hydrologic
functions such as: reduced lot grading to slow dowroff flow and enhance infiltration,
redirecting roof leader discharges to ponding areassoakaway pits, reduced
imperviousness, functional (bioretention/filtrafjodandscaping, and open drainage
swales. Lot-level controls are better achieved wimrorporated into site design.
However, some critics have found lot-level to batooversial, as it sometimes conflicts
with building codes, challenges conventional stoat®aw management paradigms and is
perceived by some to accommodate urban sprawhricplar, Strecker (2002) questions
the adequacy of the hydrological design procedugbzed to substantiate the

effectiveness of lot-level controls.

Structural control interventions often referred de “treatment BMPs, or treatment
practices/measures/technologies” refers to physitatctures designed for the purposes

of: removing pollutants from stormwater runoff, vethg downstream erosion, providing
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flood control and promoting groundwater rechargendamentally, they involve some
engineering design and construction in contragt win-structural controlSome of the

technologies (e.g. ponds and constructed wetlamds) be used to control both
stormwater quantity and quality. In most instance® technology predominates but, the
trend is to combine the capabilities of two or mogions by establishing “treatment
trains” of complementary technologies in seriesathieve the required stormwater

guality and other benefits.

All of the structural control interventions requseme sort of control over the flow rate
of the water that flows through them. At high flouwaptions like ponds, wetlands and
other vegetated infiltration measures are ineflectas the water is not retained long
enough for biological and chemical reactions t@tplace. In addition, sedimentation and

filtration of solids are also effective in quiesteonnditions.

2.4.1 Treatment processes

Structural control interventions involve a varieaty treatment processes. Water quality
treatment can be provided by: 1) trap systems, ssctacks, screens, sieves, meshes or
similar to provide better separation of solid paes from the liquid phase; 2) settlement
of contaminants, 3) filtering of contaminants by thassage of stormwater through a
filter media or into the ground, or 4) gravity fion for oil and litter. There are other
treatment mechanisms such as attachment to plaetriaiabiological uptake, bacterial
decay, and precipitation. The water quality impgattte pollutants that cause the impacts,
the processes that may be involved in treatingptiiRitant and the treatment system in

which the processes take place are summarizedhie Pa3.
The theoretical background of standard unit openatiand processes employed in the

treatment of wastewater are the same for stormvwistatment and are available in the

literature, however, basic descriptions are pravidelow:
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Table 2-4: Summary of water quality impacts, assoaited pollutants, and removal

processes occurring in treatment technologies

Water quality Causative Treatment Processes Possible treatment system
Impact Pollutant
Suspended e Settle 1. Pond/river system
Sedimentation solids « Filter 2. Filter system
+  Flocculate/settle 3. Wetlands
4. Swales/buffer strips
5. Chemical treatment
Organic » Settle 1. Pond/river system
Oxygen depletion | material e Filter 2. Filter system
BOD /COD + Bacterial oxidation 3. Wetlands
« Aeration 4. Swales/buffer strips
Nitrogen « Bacterial oxidation 1. Pond/river system
« Aeration 2. Wetlands
NH; « Filtration 3. Filter system
« Plant/algal uptake
Organic N e Settle Pond/river system
 Hydrolysis Filter system
« Filtration Wetlands
Swales/buffer strips
NO; + Plant and algal uptake Pond/river system
Eutrophicatiorn . Bacterial conversion to N Swales/buffer strips
P (anaerobic) Wetlands
NH;  Bacterial oxidation Pond/river system
« Aeration Wetlands
« Filtration Filter system
« Plant/algal uptake Swales/buffer strips
Organic P e Settle Pond/river system
« Filtration Filter system

Mineralization to PQ

Swales/buffer strips
Wetlands

Heavy metals

Precipitation
Settle
Filtration

Pond/river system

Filter system

Wetlands

Vegetated infiltration system
Chemical treatment systems

Biocides * Plant/algal uptake Pond/river system
Toxicity « Filtration Filter system
« Bacterial oxidation Wetlands _
e Settle Swales/buffer strips
Hydrocarbons | « Plant/algal uptake Pond/river system
 Filtration Filter system
« Bacterial oxidation Wetlands _
« Settle Swales/buffer strips
Bacteria, + Settle Pond/river system
Health aspects viruses and « Filtration Filter system
worms « Disinfection Wetlands

Sunlight/UV radiation

Chemical treatment systems

Aesthetics

Litter, plastic

bags, metal can

Filter
Settle

whRPlAONDREIRPONEIAODRIORONEIRONE RMONREIONEIRWONE

Filter systems
Pond systems/gross pollutant traf
Wetlands
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2.4.1.1Sedimentation

Sedimentation is the removal of suspended partesildrom the water column by
gravitational settling. The settling of discretertpdes is dependent upon the particle
velocity, the fluid density, the fluid viscosityha the particle diameter and shape.
Sedimentation can be a major mechanism of pollutantoval in structural control

measures such as ponds and wetlands. Sedimentatioremove a variety of pollutants
from storm water runoff. Pollutants such as metaglrocarbons, nutrients and oxygen
demanding substances can become adsorbed or dttacharticulate matter, particularly

clay soils.

Removal of these particulates by sedimentationtbarefore result in the removal of a
large portion of these associated pollutants. Thanrfactor governing the efficiency of a
structural control intervention at removing suspehdatter by sedimentation is the time
available for particles to undergo settling. Firartigulates such as clay and silt can
require detention times of days or even weeks titeseut of suspension. Therefore, it is
important to evaluate the settling characterisb€sthe particulates in runoff before
structural controls design in order to determiredltention time necessary for adequate
settling to occur. The overall efficiency of a stiwral control in removing particulates by
settling is also dependent upon the initial coneitn of suspended solids in the runoff.
In general, runoff with higher initial concentrat®of suspended solids will have greater
removal efficiency. In addition, some particlesclsas fine clays, will not settle out of
suspension without the aid of a coagulant. As alrabere is usually a minimum
practical limit of approximately 10 mg/l of TSS,lbe& which additional TSS removal
cannot be expected to occur (UDFCD, 1992).

2.4.1.2Flotation

Flotation is the separation of particulates withpecific gravity less than that of water.
Trash such as paper, styrofoam “peanuts” used &okaging, and other low-density
materials can be removed from storm water by thehax@ism of flotation. If the inlet
area of the structure is designed to allow forabeumulation of floatable materials, then

these accumulated materials can periodically beualgnremoved. Significant amounts
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of floatable can be removed from storm water inpprty designed control measures in
this manner. In addition, oils and hydrocarbong frélquently rise to the surface in storm
water structural control measures. If the structisrelesigned with an area for these
materials to accumulate, then significant remowdishese pollutants can occur. Many
modular or drop-in filtration systems incorporate @l and grease or hydrocarbon trap
with a submerged outlet pipe that allows these arairtants to accumulate and to be

periodically removed.

2.4.1.3Filtration

Filtration is the removal of particulates from waltg passing the water through a porous
media. Media commonly used in storm water struttaoatrol measures include soill,
sand, gravel, peat, compost, and various combmatsaich as peat/sand, soil/sand and
sand/gravel. Filtration is a complex process depehdn a number of variables. These
include the particle shape and size, the size efvihids in the filter media, and the
velocity at which the fluid moves through the medtdtration can be used to remove
solids and attached pollutants such as metals amgbmts. Organic filtration media such
as peat or leaf compost can also be effective rmbveng soluble nutrients from urban

runoff.

2.4.1 . dinfiltration

Infiltration is the most effective means of conlirgy storm water runoff since it reduces
the volume of runoff that is discharged to recegvimaters and the associated water
quality and quantity impacts that runoff can causdiltration is also an important
mechanism for pollutant control. As runoff infiltes into the ground, particulates and
attached contaminants such as metals and nutrametsremoved by filtration, and
dissolved constituents can be removed by adsorptitmwever, infiltration is not
appropriate in all areas, for example, where theiselayey and/or depth to bedrock is
shallow.
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2.4.1.5Adsorption

Adsorption, while not a common mechanism used ornsivater structural control
interventions, can occur in infiltration systems em the underlying soils contain
appreciable amounts of clay. Dissolved metals #natcontained in storm water runoff
can be bound to the clay particles as storm waiteoff percolates through clay soils in

infiltration systems.

2.4.1.6Biological Uptake

Biological uptake of nutrients is an important matism of nutrient control in structural
control interventions. Urban runoff typically comsa significant concentrations of
nutrients. Ponds and wetlands can be useful foroverg these nutrients through
biological uptake. This occurs as aquatic plantggagg microorganisms and
phytoplankton utilize these nutrients for growtleriBdic harvesting of vegetation in
structural controls allows for permanent removaltleése nutrients. If plants are not
harvested, however, nutrients can be re-releasedetavater column from plant tissue

after the plants die.

2.4.1.7Biological Conversion

Organic contaminants can be broken down by themaif aquatic microorganisms in
storm water structural control interventions. Baetgresent in structural controls can
degrade complex and/or toxic organic compounds lege harmful compounds that can

reduce the toxicity of runoff to aquatic biota.

2.4.1.8Degradation

Structural control interventions such as ponds wetlands can provide the conditions
necessary for the degradation of certain organmepmunds, including certain pesticides
and herbicides. Open pool technologies can provtte necessary conditions for

volatilization, hydrolysis and photolysis of a &ty of organic compounds to take place.

Pollutants exist in either particulate or solubdenis, but commonly they exist as a mix

of both forms. Particulate pollutants, such asreedi and lead, are relatively easy to
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remove by common treatment processes, includingingetand filtering. Soluble
pollutant, such as nitrate and phosphate, are rmarie difficult to remove and settling
and filtering processes have little or no effeat] diological mechanisms such as uptake
by bacteria, algae, rooted aquatic plants or tera¢s/egetation must be used. Most
structural control interventions can achieve ameawely high removal rate for suspended
solids and trace metals that exist largely in paléite forms. Much lower removal rates
are generally obtained for total phosphorus, oxydgemanding materials and total
nitrogen, since they exist as a mix of particukatd soluble forms (Schueler, 1987)

2.4.2 Typical structural control options

A number of structural alternatives are availabbde &pplication depending on the
characteristics of the upstream catchments andrélgeirements for water quality
enhancement. Regardless of the type, structurdtatanterventions are most effective
when implemented as part of a comprehensive stoateramanagement program that

includes proper selection, design, constructiospéction and maintenance.

Structural control interventions can be grouped s#veral general categories. However,
the distinction between the technologies typesthaderminology used to group them is
an area that needs standardization. In particthlarterms “retention” and “detention” are
sometimes used interchangeably, although they de Hestinct meanings. Storm water
detention is usually defined as providing temporatgrage of a runoff volume for
subsequent release. Examples include detentiondyaanks or pipes, and deep tunnels,
as well as temporary detention in parking lots,f iops, depressed grassy areas, etc.
Retention is generally defined as providing storajestorm water runoff without
subsequent surface discharge. With the strict pné¢ation of this definition, retention
practices would be limited to those practices #igter infiltrate or evaporate runoff,
such as infiltration trenches, wells or basins. ideer, retention is also commonly used
to describe practices that retain a runoff voluared(hence have a permanent pool) until
it is displaced in part or in total by the runoffeat from the next storm. Examples
include retention ponds, tanks, tunnels, and wdtlzsins. In being consistent with these

definitions structural control interventions haweeh grouped and defined as follows:
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Infiltration systemscapture a volume of runoff and infiltrate it intloe ground.
Environmental benefits in this system include dilion of pollutants through the
underlying soil and adsorption of pollutants to theil particle surfaces.
Treatment facilities in this group include infiltian trenches, basins and porous
pavements.

Detention systemsapture a volume of runoff and temporarily retidiat volume
for subsequent release into natural or artificiatemcourses. Detention systems
do not retain a significant permanent pool of wdietween runoff events. The
environmental benefits of detention system are téichi to sedimentation
improving the water quality of flood peaks and thest flush” effect, and habitat
protection of aquatic ecosystems downstream throagielioration of flood
peaks. Because detention ponds operating aloneinaféective, it is not
appropriate to recommend them as a viable watetitgueontrol measure.
However, they can be very effective when used injuwtction with other
stormwater control practices.

Retention systemsapture a volume of runoff and retain that voluomsil it is
displaced in part or in total by the next runofeet: Retention systems therefore
maintain a significant permanent pool volume of evdtetween runoff events.
Environmental benefits of retention systems are lhmueore wide-ranging,
through improving water quality as wells as redgdine total volume of surface
runoff. Retention ponds, in their similarity to oedl and seasonal wetlands,
encourage the development of chemical and bio-atenactivity, together with
assimilation through established aquatic and bat&k\segetation.

Constructed wetland systemare similar to retention and detention systems,
except that a major portion of the wetland contaiegetation. This group also
includes wetland channels and provides filteriragtli®g, stabilizing, oxygenation
and nutrient uptake.

Filtration systemsuse some combination of a granular filtration raeslich as
sand, soil, organic material, carbon or a membtanemove constituents found

in runoff. Examples in this group include sancefit and leaf compost filters.
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Vegetated systemgiofilters) such as swales and filter strips designed to
convey and treat either shallow flow (swales) ogetHflow (filter strips) runoff.
The dense vegetative cover facilitates conventiggalutant removal through
detention, filtration by vegetation, sediment defyas, infiltration and adsorption
to the soil.

Miscellaneous and vendor-supplied systemslude a variety of proprietary and
miscellaneous systems that do not fit under anthefabove categories. These
include trapping devices for litter, hydrodynamievites, and filtration devices.
Trapping devices and a number of additional deswga® investigated for South
African conditions by Armitage and Rooseboom (199B)e study surveyed
international experience on litter trapping devieesl together with laboratory
experimentation; various trapping devices were amagb in terms of operating
efficiency and cost (installation and maintenartceinake recommendations for
the South African context. As a result of this stuseven devices (composed of
self-cleaning screens and in-line screens) wenetified as showing the greatest
promise in South Africa: Side-Entry Catchpit Trgf&CTs), The North Sydney
Litter Control Device (LCD), The In-Line Litter Sepator (ILLS), The
Continuous Deflective Separator (CDS) device, Therr®wvater Cleaning
Systems (SCS) structure, The Baramy® Gross Potltieap (BGPT) and, The
Urban Water Environmental Management (UWEM) concApummary page of
each device is presented in Appendix A which inekid brief description of the
device, its application, patent holder or supplieosts considerations, head
requirements, size, trap efficiency, method of wmieg, potential advantages and

disadvantages; and general comments about theedevic

2.4.3 Effectiveness of structural control interventions

Rate of pollutant transport is a function of watlpth, velocity and the degree of

turbulence. Fine and dissolved pollutant may becatteched to suspended solids; with

the smaller sizes more implicated on account oir theeater surface area relative to

larger particles, and with improved ease of transgblower velocities. Storage facilities

(detention, retention and wetland systems) asstiatth urban drainage waterways
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reduces particle-associated pollutants throughcitgloeduction and subsequent settling;

the efficiency of this accomplishment is a functiohdetention time. The controlling

variables in storage facilities are:

. Inflow concentration. Structural control intervemis do not function with a
uniform percent removal across a wide range ofuerft water quality
concentrations. For example, a treatment contail demonstrates a good percent
removal under heavily polluted influent conditiamsly demonstrate poor percent
removal when low influent concentration exists. R@ny constituents, there is a
minimum concentration necessary to achieve anyctexu

. A design index that describes basin geometry, and

. Up-flow rate — a parameter based on annual runoffime, storage area and
catchment area (Chiew et al., 1997)

For particulate pollutants, inflow concentrationdanp-flow rate are identified as

controlling parameters. If a treatment control egliheavily on particle settling for its

effectiveness, the determination of particle-sisgrdbution of solids in the stormwater
and analysis of various fractions of the sedimer® mecessary for selecting and
designing an efficient treatment train system. Al@a treatment control relies on
filtration, then it is important to use particleestdistribution as an evaluation parameter.

The index is more important in the removal of diged pollutants. In the case of total

phosphorus and total nitrogen, up to 70% removdbisd to be achievable in good

practice. Crucial to the success, therefore, acarate estimations of runoff and pollutant
load, and Chiew et al., (1997) suggests three rdifteapproaches: the Simple Method

(Schueler, 1987); analysis of data from a goodnstevent monitoring program; and an

appropriate runoff and water quality model. Methdais pollutant load estimation are

extensively dealt with in chapters 4 and 5.

The goal of catchment management is to reducedhetgnt load either through source
control (the most effective way to do it) or thrbugulti-stage treatment (treatment
trains). Although individual treatment controls miag less effective on percent basis, if

they cumulatively still result in lower effluent weentration (or load), they benefit the
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catchment. Treatment controls should thereforebeotlesigned for percent removal but

for pollutant removal to achieve a given effluentdl or water quality objective.

Review of structural control interventions effeetness reveals the need for monitoring
of performance over time and how performance elaead to design method used (such
as control of first flush, extended detention orenéion, or peak discharge control),
varying influent concentrations, different pollutsnlarge or small storm events and
rainfall intensity. Some inferences adapted froraligki (2001) include:

Grass swalesperformance is site-related. Minimum flow velaest and land slopes is
necessary. Whalen and Callum (1998) report susplesaléls removal rates in excess of
80%, but this is dependent on soil characterisigshis level of removal requires high
infiltration capacity.

Porous pavementasphaltic monolithic poured surfaces are knowseia over time with
the accumulation of trapped solid material (Schueleal. 1991) but modular block
structures perform well (Pratt, 1990).

Percolation (infiltration) trenchescapable of removing up to 99% of solid partidbes
are failure prone, with groundwater mounding sunf@avithin the trench (Schuelet al.
1991).

Infiltration basins capable of removing up to 99% of stormwater patéite matter
depending on site conditions. Prone also to faililm®ugh sealing and groundwater
mound build-up (Schuelet al. 1991).

Water quality inlets evidence indicates poor performance of sand,asitf oil traps.
These devices are expensive and appear to oftée iMater quality enhancement
(Urbonas, 1994).

Trapping devicehave been shown to have performance levels that fvam low for
booms, to high for SEPTs and to very high for C2Sices. More detailed comparisons
on the effectiveness of litter trapping devicesgven in Armitageet al. (1994).

Extended detention basinserformance is governed by basin size, shapeirégidoutlet
geometry, with removal rates varying between 10% %0%%6.

Wetlands perform similarly to detention basins in sedimeamoval; nutrient uptake

performance is thought to be dependent on maintenar@asures e.g. crop harvesting.
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Significant research has recently been conducteth@mesign, use and effectiveness of
retention and detention pond features as structaratrol measures. Somesal (1998)
discus the design of retention ponds, noting tkathbse ponds are frequently designed as
amenity features as well as having assimilation ectbjes, undesirable flow
hydrodynamic conditions are frequently producedeylhnvestigated a number of
hypothetical designs focusing on inlet/outlet cgafations and pond shape in terms of
hydraulic efficiency to produce guidelines for magtpropriate design shapes. Duncan
(1998) presents an overview of urban stormwatetiment by detention in on-stream
storage (ponds and wetlands), identifying relatigps between quality improvement
performance and a range of explanatory variablasguslata from international
experience. The study reports that the best pednce measure is percentage removal,
estimated as output concentration as a percemfpaot iconcentration. Basin size measure
is in terms of mean annual hydraulic loading rateterms of pollutants, suspended
solids, nutrients, hydraulic loading and input camications are the most important
explanatory variables. The study again notes thatemt removal is poor with hydraulic
loading rates greater than 100m/a, even with gesibd practice.

Lloyd et al (1998) present a description of an investigatdnretention basins and
wetland systems for reducing sediment bound stotensllutants. They found that the
removal efficiency of pollutants such as TSS, a#l a® sediment bound contaminants
such as phosphorus is intrinsically related tost@ment characteristics of the sediment
inflow into the wetland. These pollutants frequgritave an affinity with the finer range
of sediment sizes. They conclude that to achiekgla reduction in sediments and thus
pollutants, a long retention time is required. Gagnce is also taken of the role wetland
vegetation performs in reducing fine sedimentsyigiiag improved removal efficiency
compared to an equally sized permanent (deep) @fointerest is the conclusion that
differing sediment characteristics of catchmentgehenportant implications for the types
of systems selected for pollutant reduction, areddizing of these facilities. Because of

these differing sediment characteristics, the astlall into question the suitability of
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directly transferring guidelines (e.g. Schuelel@7)pfor appropriate sizes of wetlands for

effective removal of pollutants such as TSS, TPraethls.

A brief review on the effectiveness of structurahtrol interventions has been provided
above but there is certainly no shortage of refe¥esround this subject. For example,
Schueler et al., (2007) have compiled an up-to-gatieitant removal rates (efficiencies)
for each major group of stormwater treatment irgations by statistically analysing the
updated database of the UNational Pollutant Reduction Database for Stormefat

Treatment Practicesto derive new median and quartile values, thatpmesented in

Table 2-5.
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Table 2-5: Range of reported removal rates for majogroups of stormwater structural control measures(Source:Schueler et al., 2007)

Dry Extended Detention Ponds Wet Ponds Stormwater \atlands Bioretention Areas

Pollutant 25th 75th 25th 75th 25th 75th 25th 75th

Quartiles Median Quartiles | Quartiles Median Quartiles | Quartiles Median Quartiles | Quartiles Median Quartiles
Total Suspended Solids
(%) 20 50 70 60 80 90 45 70 85 15 60 75
Total Phosphorus (%) 15 20 25 40 50 75 15 50 79 75 5 30
Soluble Phosphorus (% -10 -5 10 40 65 75 5 25 55 10 - 5 50
Total Nitrogen (%) 5 25 30 15 30 40 0 25 55 40 45 5 5
Organic Carbon (%) 15 25 35 25 45 65 0 20 45 40 55 70
Total Zinc (%) 0 30 60 40 65 70 30 40 70 40 80 95
Total Copper (%) 20 30 40 45 60 75 20 50 65 40 80 5 9
Bacteria (%) 25 35 50 50 70 95 40 60 85 25 40 70
Hydrocarbons (%) 40 70 80 60 80 20 50 75 920 80 90 5 9
Chloride (%) 0 0 0 0 0 0 0 0 0 0 0 0
Trash/Debris (%) 65 80 85 75 90 95 75 90 95 80 90 5 9
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Table 2-5: Range of reported removal rates for majogroups of stormwater structural control measures(Source: Schueler et

al., 2007) cont.

Stormwater Filters Infiltration Practices Swales

Pollutant 25th 75th 25th 75th 25th 75th

Quartiles Median Quartiles | Quartiles Median Quartiles | Quartiles Median Quartiles
Total Suspended Solids
(%) 80 85 90 60 90 95 70 80 90
Total Phosphorus (%) 40 60 65 50 65 95 -15 25 45
Soluble Phosphorus (% -10 5 65 55 85 95 -95 -40 21
Total Nitrogen (%) 30 30 50 0 40 65 40 55 75
Organic Carbon (%) 40 55 70 80 90 95 55 70 85
Total Zinc (%) 70 90 90 65 65 85 60 70 80
Total Copper (%) 35 40 70 60 85 90 45 65 80
Bacteria (%) 25 40 70 25 40 70 -65 -25 25
Hydrocarbons (%) 80 85 95 60 90 95 70 80 90
Chloride (%) 0 0 0 0 0 0 0 0 0
Trash/Debris (%) 85 90 95 85 90 95 0 0 50
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2.5 Urban stormwater quality management models

Due to the impacts on receiving waters and the msgp@volved in obtaining monitoring
data on non-point source pollution data, interest grown in compiling and analyzing
existing data to develop predictive models for nrbtormwater loads and concentrations.
Such models aid planners and engineers to makentpastimates for unmonitored
catchments. Compilation and analysis of data ie@ssary step in the development of
predictive models for estimating stormwater ruoéds. These sorts of data compilation
and analysis have been done on a coarser scaésjabpfor the United States (USEPA,
1983; Driver and Tasker, 1990) and on a finer st@leseveral catchments and sites in
them (Owusu and Stephenson, 2006; Coleman, 199@®).quality of urban runoffs is
highly variable and site specific. This high rangeiability makes it difficult to predict
impacts and design appropriate treatment measutiesut/site-specific data.

Many methods exist to estimate stormwater runofficemtration and loading of
pollutants. The process-based models typically Etaihe dry weather accumulation of
pollutants on the catchment surface and the sulbs¢quash off over storms (Heaney et
al., 1976, Geiger and Dorsch, 1980; Huber and Dgm, 1988). The process-based
models require substantial data for calibrationrdiie range of expected conditions but
can be very effective when data exist and can sitauthe most important physical,
biological and/or chemical aspects of the probl&he regression equations empirically
relate the event loads to the storm and catchmieatacteristics (Jewell and Adrian,
1981, 1982; Driver and Lystrom, 1986; Driver andKex, 1990, Owusu and Stephenson,
2006). This type of model can be used with littteno data but are very rough in their
estimates. They are less effective for “what ifabsis, which may extend the situation
beyond the limits of data bases, nor are they aecyrate in prediction of acute or shock
loadings. The relative merit of using regressiondei® compared to process-based
models is not clear, i.e., it is not evident whetthee process-based models yield results

that are worth the effort required to make thenrajpenal.

The main problem in modeling storm water pollutioads is the unavailability of event

water quality data and the large variability in th@lutant concentration data that are
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available. Different opinions exist in the literegufor explaining the pollutant buildup-
wash off mechanisms and this focus on four exptagavariables: rainfall intensity
(Sartor and Boyd, 1972; Yaziz et al., 1989), rdinfalume (Pravoshinsky and Gatillo,
1969), runoff rate (Lager et al., 1971, Ichikaw881; Huber and Dickinson, 1988) and
runoff volume (Diniz, 1979; Barbe et al., 1996)damvo main processes, shear stress
generated by flow (Nakamura, 1984; Akan, 1987; felet al., 1997) and the energy
input of rainfall (Coleman, 1990).

Extensive monitoring of urban runoff discharges toe purpose of stormwater quality
management is in its early stages of developmenSonth Africa. Studies locally
undertaken involving the subject are indicated etti®n 2.1. Although many loading
estimates have been reported for various land ins8suth Africa, high variability and
inconsistencies exist among reported values. ThiBerences may represent real
variations or differences in sampling and analyticathods. In most of these studies also
the monitoring point were located at the point afcarge to the watercourse and as
result, site-specific causes of contamination abftiwere often overlooked.

In the developed countries, the modelling of stoat®awv management facilities for both
guantity as well as quality control is often accdisiged using event and/or continuous
simulation analysis methods. Analytical probahliishodels, based on long-term rainfall
statistics, have been developed as an alterngbeach and have proven to be reliable
when compared to continuous simulation models far éestimation of stormwater
guantity control performance. As more emphasis lbesn placed on environmental
impacts in the developed countries, and how nontpsburce pollution, namely urban
runoff, can be mitigated, these analytical modelsehbeen extended for the prediction of
water quality control performance of urban drainagstems as well. Pam al., 1997
found that, at planning stage of urban drainagéesys, the analytical models can be
employed with confidence to estimate system perdoiee for pollution control for
significantly less cost than their more expensiventerparts. This is especially more
useful where the time and funding required to penféull scale simulations may not be

available, as is in the case of this study. Aneaftmodels are closed-form mathematical
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expressions requiring relatively few input parametand, as a result, performance
characteristics are computed. Table 2-4 compare$ytazal models with continuous
simulation models. The advantages of using a coatia simulation model must be

weighed against the problems (disadvantages) with an approach.

Table 2-6: A comparison of analytical and continuoa simulation models

Advantages Disadvantages
Analytical models * Requires few input parameters| «  Assumption of constant catchment
* Less complexity in setting up parameters does not reflect reality
and executing the models. e Variability in input parameterg
» Less knowledge base and skillof  cannot be captured.
the user is not critical » Between storms pollutant loadings
*  More user-friendly and stormwater treatment measures

performance cannot be trapped

Continuous models e Could capture some variabilitys More data set requirements.
occurring with input parameters.e  Good catchment and climatic 0
e Can simulate inter-arrival time hydrologic variables is required
between storms and its impacts since algorithms within models are
on trapping performance of only as good as their inputs.
stormwater treatment measures.e  More complexity in setting up and
executing the models.
* More knowledge base and skill of
the user is required
* May not be user-friendly to an
average user community

-

Wright et al., 1992 reports that, to date, hydradab modelling of South African
township urban runoff (using hydrological modelsuid not be performed satisfactorily.
This was because the data required for such armatgercould not be collected from
townships under the prevailing conditions. With dhenging political and social climate
in South Africa, such studies may become possiblée future. Even so, great care will
still have to be taken in selecting a study aresaurderground stormwater systems in

low-cost, high-density type settlements providequei problems with regard to flow

gauging.

Hence continuous simulation offers possibilities design and management that do not
currently exist in South African low-cost, high-d#y settlements. However, widespread
adoption of the National Strategy to manage watglity effects in dense settlements

depends in part on the models becoming sufficieniber friendly and the input
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guidelines developed that the user community catuwe the models with confidence

and competence.

Urban water quality models and modelling are furtieeiewed in Appendix B to provide

guidance for developing areas.

2.5.1 Model by Centre for Watershed Protection (CWP, 2001

CWP (2001) is an analytical model for assessingouarwatershed treatment options.
The model evaluates loads from a range of pollusanirces including urban runoff

loads, dry weather loads, forest loads, farms ames$tock loads, open water loads, road
sanding loads, and point sources loads. It alsludies a suite of watershed treatment
options involving stormwater treatment practiced atormwater management programs

as shown in Table 2-5.

Table 2-7: Menu of treatment options in CWP (2001)

Stormwater treatment| « Stormwater treatment practices for new development
practices . Stormwater retrofits

. Lawn care education

. Pet waste education

. Active construction erosion and sediment control

. Street sweeping

. Impervious cover disconnection

. Land reclamation

. Impervious cover reduction (Better site design)
Stormwater T
management programs' Riparian b_u frers

. Catch basin clean outs

. Combine sewer overflow (CSO) repair/abatement

. Sanitary sewer overflow (SSO) repair /abatement

. lllicit connection removal

. Septic system education

. Septic system inspection/repair

. Septic system upgrade

. Marina pumpout

. Point source treatment
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Loads are estimated as a product of stormwategr@ywater/wastewater) volume and
concentration. The volume of stormwater is estighatsing The Simple Method
(Schueler, 1987). Annual runoff is estimated asaalpct of annual rainfall volume, and
runoff coefficient (eqn. 2-1); where runoff volunseestimated as:
R = P*P#R, (2-1)
Where:

R = Annual runoff (mm)

P = Annual precipitation (mm)

P; = Fraction of annual precipitation events thatdoiee runoff (assumed to be

0.9)

R, = mean runoff coefficient
Based on computed Rv’s from 44 sites in the US,u8lem (1987) conducted linear
regression analysis using the sités as the dependent variable and watershed
imperviousness (l) as the independent variabledadmained a relationship (egn. 2-2) for
estimating mean runoff coefficients. As the reg@sgquation (egn. 2-2) is empirical in
nature, caution is noted in its application. Lo&dsn urban catchments are estimated by
CWP (2001) from impervious areas only.
R, = 0.05+0.009(l) (2-2)

For all treatment options, the CWP (2001) assetdsedreatment (i.e., load reduction)
achieved by applying the practice efficiency to tteatable load, and then adjusting, or
“discounting” the total treatment achieved to reflehe level of implementation
throughout the watershed. Pollutants tracked in rtiaelel are nitrogen, phosphorus,
solids and bacteria. The discount factors are destras: 1) treatability discount — the
fraction of drainage area that can be treatedttivensvater treatment practice; 2) capture
discount — the fraction of annual rainfall captuldthe practice; 3) design discount —
the factor applied based on the adequacy of egistesign standards; 4) maintenance
discount — the factor applied based on the adegwhcmaintenance conducted on
treatment practice; 5) awareness discount — thetidra of people who remember
educational messages; and 6) participation disceutite fraction of people who are

willing to change their behaviour.
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2.5.2 Model by Li et al., (1998)

Li et al, (1998) is an analytical probabilistic model éwaluating alternative stormwater
management strategies with respect to their achieme of ecosystem and economic
objectives. Treatment options in the model are dpent disconnection, stormwater
exfiltration systems, and stormwater quantity amelidy ponds. Adams et al., (1986)
analysed long-term rainfall records across Canadiafeund that rainfall characteristics
such as rainfall event volunge), duration(t), and inter-event timg) could be described

by probability distribution functions (pdf's) whicire exponentially distributed. With the
exponentially distributed rainfall event volumegtpdf of runoff event volume were
derived by Li et al., (1998) using the derived p@bitity distribution theory. The annual

runoff volume and pollution load were estimatedgiagen in equations 2-3 and 2-4

respectively.

R=10 DAE(@Je‘de (2-3)
{

L= % (2-4)
where:

R = average annual runoff volume irf/gr,

A = drainage area in hectares,

(7] = average annual number of rainfall events,

¢ = area-weighted average runoff coefficient,

¢ = reciprocal of average rainfall event volumaenr(t)

S = area-weighted average depression storage (mm)

L = average annual runoff solids loading in kg&md

C = average runoff solids concentration (mg/l).

Li et al, (1998) used a multi-efficiency model (based o $tudy by Weatherbe (1995))
to estimate the cumulative volun(l,) and solids loading\s) reduction efficiencies of a

series of treatment options as shown in equatiehai2d 2-6 respectively.
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N, =[1-[]@- qv}moc% (2-5)

N, =|1- |‘| 1-n,)a- qs}moo% (2-6)

where:

i = thei" treatment option,

n = total number of treatment options,
n, = runoff volume reduction efficiency of a treatrheption, and
A = solids concentration reduction efficiency of@atment option

Li et al, (1998) notes that for a treatment option whthuces solids concentration only,

(e.g., oil/grit separators, ponds), is zero. For a treatment option which reduces ffuno
volume only, (e.g., downspout disconnection, stoatew exfiltration systems)y, is

zero. The latter implies that the model can onbchr particulate pollutants and not

dissolved pollutants.

2.6  Hydrological design basis of structural stormwatercontrol interventions

The design concepts in this sub-section form thesbior the water quality design of
structural stormwater control interventions. Hydgit data evaluated in order to propose
or size management intervention include the amaund distribution of (1) rainfall
volume; (2) rainfall intensity; (3) runoff volumend; (4) runoff intensity. Runoff volume
and intensity are the most important hydrologidalales for water quality protection and
design, and they are directly related to captuck teeatment of mass load of pollutants.
Maximum runoff intensity is the most commonly udeglirologic variable for drainage

system and flood analysis in current design prastic

A common goal in all structural treatment intervens is not to effectively treat all
catchment runoff but to provide effective treatmeptto a certain flow level, with lower
or negligible treatment provided for flows abovestlevel. Most recurrent rainfall events

are small (less than 25 mm of daily rainfall (USERA02)). For example, records of
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rainfall from Johannesburg International Airport7(4years of records), Pretoria
University (68 years of records) and Roodepoorty@&s of records indicated that, 90%
of the annual rainfall comes in storms smaller tB@&rmm/day (see Figures B-1, B-2 and
B-3 in Appendix B). Stormwater management professi® have come to realize that
these small storms dominate catchment hydrologiarpaters typically associated with
water quality management issues and thereforedptie and treatment of these small
storms will lead to improved water quality sinces ttotal pollutant load to receiving
streams would be minimized. This new focus hasrgige to concepts such as small
storm hydrology in design and management of stotemaeatment measures in the
United States (USEPA, 2002) and Australia (NSWEPZ97). In these countries, the use
of small storms (those with return period underrabnths) approaches dominates design
of stormwater treatment measures for pollutant rehdn particular, ASCE & WEF
(1993) note that design events for runoff qualipntcol are small frequent events

(smaller than the 1 year average recurrence inteumaff event).

Large storms (i.e. storms ranging from 2 to 100ryesurn period) may contain
significant pollutant loads (Chang et al., 1990} lieir contribution to the annual
average pollutant load is really quite small dughe infrequency of their occurrence.
Besides, the infrequency of occurrence of largensdooffers longer periods of recovery

to receiving waters to flush themselves.

On the basis of this assertion, an approach fresthall storm hydrology concept based
on the work of Pitt (1994) for small urban catchmsar proposed and consists essentially
of:

. 90% rule regarding cumulative rainfall volume foater quality treatment. The
rule simply reflects the risk decision-makers areppred to take which will
depend on the level of protection required for ai@alar resource class. For
example, the 90% rule implies that 90% of the ahnumulative rainfall volume
will be treated, and the rainfall volume correspiagdo this 90% can be obtained

from rainfall frequency spectrum.
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. A method for estimating runoff water quality voluna@d peak discharge for
structural treatment measure design using smalinstolhe water quality volume
is 100% of the runoff volume produced by the 90%6 deepth.

These translate to defining or specifying a ralmfalume such as the first 20 mm or
other rainfall depth (that correlates to 90% of wadncumulative rainfall volume) or
specifying the capture of stormwater runoff voluthat corresponds to a design storm
such as 3-month, 6-month or 1l-year frequency st@everal models are available to
estimate runoff volume and peak rate however, #lection of the appropriate model
will depend on the level of detail and rigour reqdi as well as the amount of data
available for the use of the model. The recurrenterval is commonly obtained from
statistical analysis of rainfall data, since ralihfata is generally more readily available
over a longer period.

By using resource directed measures as proposebeirNational Strategy (DWAF,

1999), the local authority depending on the le¥elater resource protection required (or
the established water resource class of the rexpwiater) can accordingly change the
proposed 90% rule (e.g. to 70% rule for lower resewclass) to optimize the attainment
of the resource quality objectives. As mentionedvab the rule represents the risk
decision-makers are prepared to take to protedt theource. However, the optimum
rainfall depth from any rainfall frequency spectraliagram occurs at a sharp upward
inflection point, i.e., at the asymptote of thevawhere it suddenly turns upward (see
Figures B-1, B-2 and B-3 in Appendix B). At thatimp small increase in the percent
rainfall events results in disproportionately veaigh increase in rainfall depth which will

in turn result in very high increase in the sizd aost of treatment measure as well.

The above inference is applied in the SCS methasdtimnate stormwater quality volume

and is described in Appendix B.
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2.7  Discussion of literature survey

Informal settlements face serious urban water tyjuploblems, the severity of which is
related to several factors including populationvgto rates, living standards, rates of
urbanization, level of services, types and dersit@d housing settlements. Key
management issues that require attention in thesasainclude reduction in
concentrations or loads of pollutants of concerchsas nutrients, solids, bacteria, oxygen
demanding compounds, metals, and litter. A balamoedbination of sound stormwater
and urban environmental management practices,eaptvticipation of affected parties
and improved legislation (such as stormwater digghgermits) are identified as a
requirements to achieve adequate reduction in fafulevels in discharges from

informal settlements.

It was revealed that monitoring programs of urbamoff discharges for the purpose of
stormwater quality management is in its early stagkedevelopment in South Africa.
Loading estimates from existing monitoring studies South Africa contain high
variability and inconsistencies in reported val&shoeman and MacKay (1995) and
Campbel (2001), thus indicating the need for thsearch to identify optimal monitoring
programs to characterise stormwater and greywatdr adso to define water quality
management objectives. Synthesis of literatureesurgvealed that, appropriate solutions
to urban runoff management problems are multi-iteteflecting the diversity and
complexity of the problems themselves. Solutiorgppsed include control or reduction
of pollution at source, through to interception darehtment of runoff prior to discharge
to receiving water bodies. Socio-economic, envirental and technical aspects need to
be integrated at the planning level when desigmmapagement options. Up to now,
solutions are only proposed for developing areasvak forward is a research like this
study to develop a methodology to select potentidrventions that are optimum for

developing areas.
The models by CWP (2001) and ¢i al, (1998) were designed for developed areas in

the United States and Canada and have some setibattiesr applications in informal

settlements in South Africa. These setbacks arusgsged below.
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The runoff volume estimated by let al, (1998) is based on derived probability
distribution theory of Adams et al. (1986) (Secti®®.2) which in turn, is based on
rainfall records of Canada only. Significant costrbetween climatic conditions and
level of development in Canada and South Africagesgthat the empirical model of Li
et al, (1998) is inadequate for use in South Africaifoimal settlements. The model

only tracks particulate solids which limit its ajgaltion.

The model by CWP (2001) was considered good fop&aio in this study but there was
one fundamental setback in the estimate of runoftime, i.e., the use of empirical
regression equation (egn. 2-2) based on the studiethe US to estimate runoff
coefficient. Again, the contrast between climaonditions and level of development in
the US and South Africa suggest that the empiniegression equation (eqn. 2-2) is
inadequate for use in South Africa’s informal sattents. Again loads from urban
catchments are estimated in CWP (2001) from impewsviareas only. Studies such as
Mackey (1993, 1994a,b), Grobicki (2001), van Ginkelal. (1993) and Wright et al.
(1993) have shown that pervious areas in develogiags contribute substantial loads to
the receiving environments. Moreover, the defausisd in CWP (2001) model are based

on highly developed catchments in the US.

This research therefore also aimed at improving CY¥801) by undertaking the

following modifications and additions:

. Modify the method to estimate runoff volume,
. Modify defaults and where possible, use data obthin South Africa as defaults,
. Add implementation strategy to accommodate assegsnwé different

management intervention scenarios,

. Add cost assessment in selecting strategies,

. Add a module to quantify water quality managemdmnectives,

. Add interventions that are more suitable for infatsettlements in South Africa,
. Add uncertainty/risk analysis, and

. Increase the number of pollutants tracked by thdeho
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3 DECISION MODELS TECHNOLOGY

3.1  Description

A decision model can be defined as any quantitativéogical abstraction of reality
which is used to assist a body of persons in regchn informed decision. The model
developed must be appropriate to the users andahakds of the decision makers for

which it is designed.

Decision models contain (Power, 2004):

a. System variables — that describes the environment,
b. Structural linkages — showing interdependenciesrantioe system variables, and
C. Preferences — regarding the outcome of the deasion

3.2  Decision support systems

Decision support system (DSS) practice, researdntechnology continue to evolve. By
1996, Holsapple and Whinton had identified five gpkzed types of DSS, including
text-oriented DSS, database-oriented DSS, spreatshented DSS, solver-oriented
DSS, and rule-oriented DSS. These last four typ&S®S match up with some of Alter's
(1980) categories. Arnott and Pervan (2005) trakeckvolution of DSS using seven sub-
groupings of research and practice: personal D&&pgsupport systems, negotiation
support systems, intelligent DSS, knowledge manageéinased DSS, executive
information systems/business intelligence, and aaeehousing. These sub-grouping
overlap, but reflect the diverse evolution of pniesearch. The knowledge management-
based DSS match up with Expert systems, a technigaetificial intelligence. In this
thesis emphasis is placed &nowledge management-based DSS or expert systems

Expert systems are presented in detail in Secti®il3
A decision support system is defined as a tool lwheoables the decision makers to

manipulate a decision model. In its simplest fohm decision support system could be an

EXCEL worksheet. The embedded formulae and relskigms would form the decision
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model. It is therefore through the decision supmystem that the variables can be
inspected and altered, the linkages created aretedieland the preferences set out and
evaluated. The methodology for carrying these m®ee out must be simple to use,
versatile and allow for the majority of possiblerrpatations and combinations. At all
times the needs of the decision making body andapimdication of the system must be
considered. The decision support system must iftiaddassist the decision makers in
evaluating and interpreting the outcome of the ymisl This is crucial as many incorrect
decisions could be made due to a misunderstandihgthe variables and

interdependencies involved.

3.3  Atrtificial Intelligence

Artificial Intelligence (Al) is a new and rapidlyesteloping field of science. Many
definitions for artificial intelligence exist in ¢hliterature. No single definition has
achieved general acceptance. A simple definitioa praposed by Rich (1983), in which
he described the process ‘&w to make computers do things at which, at thoenent,

people are better atThis definition is obviously open to a wide fiaélinterpretation.

A more detailed classification was proposed by Bliseid Norvig (2003) and is adopted
here, as it is more appropriate to the planningdfi€Artificial Intelligence aims to
understand the nature of human intelligence througl construction of computer
programs that initiate intelligent behaviourThis implies that the computer program
arrives at a decision by calling on a wide rangeeasoning processes incorporated into
the program. Artificial intelligence techniques rgi@re offer a methodology of solving

ill-structured problems, i.e. problems not havinglearly defined algorithmic solution.

Over the past 40 years artificial intelligence hexeived much attention, this is due to the
increase in the speed and memory capabilities wipcers, as well as the more readily
available and more affordable computer hardwareinguhis period a wealth of articles,
theses and books were published on Al in an attempdrmalize the approach to this
relatively new science. Initially Al research contrated on development of general laws
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of reasoning and progressed to a more detailecaeapbn of knowledge representation.

Today the field has developed into a series ofigpeed areas of knowledge.

Russell and Norvig (2003) categorised the areasghiich artificial intelligence has been
developed as:

I. Problem solving — games requiring the ability tok@head (chess);

il Logical reasoning — mathematical proofs and redusti

iii. Language — understanding natural language andatemg

iv. Programming — developing automatic programmingnggles;

V. Learning — systems that exhibit cognitive behaviour

Vi. Expertise — the use of an expert’s knowledge atiata base to reach a solution;
Vii. Robotics — repetitive performance of tasks.

The most promising of these areas and the mosticappg to water resources is

‘Expertise’.

3.3.1 Expert systems

An expert systemalso known as knowledge based systers a computer program that
contains the knowledge and analytical skills of onenore human experts, related to a
specific subject. As an artificial intelligence jAkechnique, it has been applied by many
of the more practical researchers, in an attempréve that Al is a valid science with
practical applications. An Expert System providesfgssional advice through the
gathering, codifying and application of accumulatednan knowledge and experience in
a specific field of expertise. The system developas problem solving expertise which

is tailored to the specialized problem to be solved

A basic expert system consists of three secticarmety:
I. Knowledge base;
il Inference or Reasoning engine; and

iii. User interface.

60



The knowledge basef expert systems contains both factual and hisudmowledge.
Factual knowledges that knowledge of the task domain that is widdiared, typically
found in textbooks or journals, and commonly agrapdn by those knowledgeable in
the particular field.Heuristic knowledges the less rigorous, more experiential, more
judgmental knowledge of performance. In contrastfdotual knowledge, heuristic
knowledge is rarely discussed, and is largely imldiglistic. It is the knowledge of good
practice, good judgment, and plausible reasoninthénfield. It is the knowledge that
underlies the "art of good guessing."

The problem-solving modedrganizes and controls the steps taken to sokeibblem.
One common but powerful model involves chainingF6fTHEN rules to form a line of
reasoning. If the chaining starts from a set ofdions and moves toward some
conclusion, the method is callédrward chaining(i.e. data— rules— conclusion). If
the conclusion is known (for example, a goal to dmhieved) but the path to that
conclusion is not known, then reasoning backwasdsalled for, and the method is
backward chainindi.e. sub goals— rules< goals). These problem-solving methods are
built into program modules callethference engineor inference procedureghat

manipulate and use knowledge in the knowledge tmafiem a line of reasoning.

User interfaceis the means of communication with the user, reotvord, the code that
controls the dialog between the user and the systémn user interface is generally not a
part of the expert system technology, and was magngmuch attention in the past.
However, it is now widely accepted that the uségrfiace can make a critical difference
in the perceived utility of a system regardlesthefsystem's performance

The relationship between these sections is illtetran Figure 3-1. A practical expert
system is unlikely to follow this form exactly, babuld if necessary, be reduced to fit
this outline. Some practical applications will mdigely contain more than one user

interface.
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Expert systems cover a wide range of detail orllefeomplexity. The basic definition
of an expert system allows for the incorporatiorsinfiple coding programs, which offer

advice on data entry, through to diagnostic packggeviding professional advice.

Expert systems have been developed in order tceasl@r variety of problems. Some of

the more successful in general fields include (@tano and Riley, 2005):

DENDRAL based on data obtained from mass specteméhis program
determines the molecular structure of an unknowgamic
compound;

MYCIN one of the best known, this application véhalyze clinical data in
order to identify bacterial diseases;

PROSPECTOR based on geological data the prograrh gk advice on
discovering new ore deposits;

HYDRO aids in the calibration of large watersheddels by calculating the

initial parameter values based on the catchmenactexistics.

Knowledge ; Interference User
Base R Engine grms Interface USER

SHELL

Figure 3-1: Typical Expert System Structure
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In practice, Expert Systems have been most commesdy as interfaces between a user
and a complex computer application model. Thisaigularly useful with inexperienced
model users, as it provides the user with accesth@éoaccumulated knowledge of a
collection of experts in a particular field of expige. The investigation into expert
systems has focused on the use of accumulated kdgw/lIrather than formal reasoning
processes. This has come about as it is envisdgednith the equivalent knowledge
available to the expert system, it will be abled¢ach the same conclusions as its human
counterpart. This empirical knowledge includes fsiar rules, expert opinions,
inferences and rules of thumb. The storage ofdkert knowledge in a database has an
added advantage as the knowledge possesses asimualue, which can be utilized if it

is readily available.

A large gap has arisen between the system devsl@mer the users of expert systems.
This is due to the concern of model developers \litl algorithmic areas of their
programs. The expert rules are often poorly docueteiand not fully developed, in
favour of a high level of refinement of the algbntic section of the model. The
knowledge in the expert system can be obtained framy sources, such as reports, case
studies, empirical data, factual data bases atldigperts. The most important source of
knowledge is the field expert, yet this knowledg¢hie most difficult to extract and code.
It is more efficient to observe the expert in acgical problem solving situation and note
the methodologies used, than to attempt to exthecknowledge by question and answer
methods.

An expert is defined as a person of experiencel, veesed in the field in question. For

stormwater quality management, the expert wouldabeengineer, a natural scientist
(hydrologist, environmentalist), social scientstponomist or an experienced planner, or
more appropriately a combination of the five. Adlavant expert knowledge, no matter
how multi-disciplinary, should be included. An adt@ge of an expert system is the fact
that the decision process can be made visible nfétbod by which the program reached
its decision can be analysed, with the displayhef decision path taken. It is therefore
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possible for the user or decision maker to evalttaepath chosen by the expert system
in reaching the suggested solution. The decisiokems able to ascertain whether this

was the most appropriate path for the case in munest

3.3.2 Applicability of expert systems to stormwater qualiy management

Many analytical tools have been developed for thanipulation and analysis of
guantitative data. Issues which are not easily tjieah, yet represent important aspects
of the problem, are generally left unaccounteddiee to the lack of appropriate tools for
the analysis of qualitative data. This data is he form of opinions, expert advice,
qualitative evaluations, and a ‘feel’ for the natwf the problem. Artificial intelligence
and related techniques (expert systems) allow gl@nto incorporate such qualitative

data into a conventionally analytical analysis s

To date the majority of stormwater quality managemglanning models have been
algorithmic which has led to restrictions in theeusf the model. The expert system
allows for empirical rules, based on the experiavfoexperts, to be incorporated into the
computerized planning or management process. Figt2eshows a typical planning
process for stormwater quality management and dékéipn of the expert therein.

It is obvious that the expert is an important fadtothe planning/management process. In
the developing countries the availability of expesh the required fields (e.g. stormwater
guality management) is limited. It is at this pdimat one of the following three outcomes
OCCUrs:

I. The project is put on hold or cancelled,

il An external expert (from a developed country) iéeckin to assist, and

ii. The decision-making is undertaken by less-informedessionals.

All of the above cases may lead to expensive g@nod a delay in the implementation of
management interventions. Correctly designed exgpgstems can fulfil the need for
experts in the developing areas and lead to tirpetyision of the correct stormwater

guality management interventions.
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Of concern about expert system is the fallibilifyttoe expert opinion and/or whether the
heuristics data will apply in all situations. Thepert may introduce bias or inaccuracy,
due to their own deficiencies and/or prejudicess Bhortcoming is however, inevitable

for even factual data are not free from uncertagti
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DATA BASE

. Physiographic data

. Climatic data

. Hydrologic data

. Water quality data

. Infrastructural data

. Socio-economic data

)
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ALGORITHMIC MODELS

1. Statistical models
’( B ] 2. Catchment rainfall-runoff
EXPERT models

3. Water quality models

A 4

MODEL OUTPUTS
Interventions load reductio

é
A 4

DECISIONS
1. Management intervention
site
'Q »| 2. Management intervention
D size
3. Management intervention
operation and
maintenance policy

EXPERT'S TASKS

A = Data analysis, input, preparation, and altéveagelection
B = Conceptual modelling, and analytical/numericaldeling
C = Output analysis

D = Decision-making and analysis

Figure 3-2: The expert in a typical planning proces of stormwater quality
management systems
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3.3.3 Bayesian Networks

Bayesian networks (BNs), have been used routinetynfany years in the fields of
medicine (Chakrabortyet al 2005; Gaevaert 2006), computer science (Kao 2005;
Robertsonet al 2007), and artificial intelligence (Kalacsk& al 2005; Prodanov and
Drygajlo 2005). More recently have they been apbte the environmental and water
resources fields (Ames 2002; Bromley 2004; Brom#&p6, Henriksen and Barlebo
2008; and Castelletti and Soncini-Sessa 2007).

BNs are used to evaluate the way in which the diffevariables that make up the system
interact. These variables can represent any tydaabdér deemed to be relevant to the
problem in hand; environmental, economic, socia aa on. So in this sense they are
ideally suited to represent complex water manageénssnes where a whole range of
multi-disciplinary variables often need to be taketo account. Furthermore BNs are
able to use data sets that are incomplete andet@expert opinion’' when little or no data
is available. Moreover, the uncertainty of the dated in the network is explicitly
represented by the way the results are expresstn iform of probability distributions.
These characteristics of BNs make them an ideaim&nt to help with decision-making
in the field of water management, where problenes @ften complex, involve many

different types of factor and where data is fredlyescarce and unreliable.

A BN, also called a Bayesian belief network, isypet of decision support system or
expert system based on probability theory whichlements Bayes’ rule of probability.
This rule shows mathematically how existing belied® be modified with the input of

new evidence.

BNs organise the body of knowledge in any giveradrg mapping out cause-and-effect
relationships among key variables and encoding thétim numbers that represent the
extent to which one variable is likely to affecto#tmer (Jensen, 2002). Factors,
associations and probabilities can be adjustedvatidated and BNs are powerful for

integrating data and knowledge from different searand domains, e.g. domain models
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and are also capable of handling uncertain infaonah a practical and understandable
way (Jensen, 2002; Henriksen et al., 2004, 20Q73dmley, 2005).

BNs have gained a reputation of being powerful neples for modelling complex
problems involving uncertain knowledge and impamtscauses. BNs are a technique
which is especially helpful when there is a scgreibd uncertainty in the data used in
making the decision and the factors are interlinkatl of which makes the problem
highly complex. The part of the net defined by &bkes and links is relatively easily
communicated to stakeholders (Henriksen et al.7BDOHowever the quantitative part,
with the conditional probability tables (CPTs), t@mbers, is the step where negotiation
between parties involved will emerge and become emdifficult. Encoding and
populating BNs with numbers and CPTs are the mostal part of the construction
process but at the same time the most importanpanetrful feature of BNs, compared
to more soft tools for participatory integrated esssnent e.g. ‘brainstorming’, ‘multi-
criteria techniques’, ‘consensus conferences’ @tisschemoller et al., 2001). The
weaknesses in BNs are:

. Probabilistic interdependencies: There have to tobgbilistic interdependencies
between all elements involved in the problem and @ar subjective estimate from
experts have to be available) to populate the ¢immdil probability tables.

. Computational complexity: Matthayu and Peng (2004ye expressed concerns
about the problem of computational complexity of Biference. They have noted
that it may take time exponential to the networkesiand thus computationally
intractable for multi-criteria decision making pfeims involving large number of
elements.

. Limited value as stand-alone DSSs: The value of BNsstand-alone Decision
Support Systems (DSSs) is limited, since it requitgat all components of the
problem domain be modelled with BNs, and since #puplication is definitively
unsuitable when the reasonable alternative hastdebermined via negotiations
(Castelleti and Soncini-Sessa, 2007).
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4 MODEL DEVELOPMENT

41 Summary

This Chapter presents the steps followed duringcthese of the research to develop a
decision support system for rapid evaluation ofrmt@ater quality management
interventions. The literature was reviewed contuslyp throughout the research period to
gather information to serve as the expert’'s knogdedbase in the decision support
system. In a study like this, the expert’s knowkethgse can best be deduced from a wide
range of studies rather than on a single case skmbry step was performed keeping in
mind the main objectives of the study given in #ecf.3 as:

. Review stormwater runoff quality and treatment pcas and the extent of runoff
and greywater management in rural and peri-urbeasaof South Africa. The
review was to also determine the extent of quadipntrol awareness and
experience among stormwater management professiandl collate information
upon which present and future needs can be assasdetidressed.

. To develop a methodology to identify factors cagswvater quality management
issues in low-cost, high-density settlements.

. To develop a methodology to characterize stormgaagl water quality as well as
setting ambient water quality and management albgsct

. To develop a methodology to identify and selecteptél non-structural and
structural control interventions to manage storm guey water quality.

. Based on the above, to develop a decision suppstera for evaluation of

potential interventions for storm and grey watenagement at planning level.

The second objective was undertaken through dgskgtudy, field work and

stakeholders’ consultation to probe into processiest characterise pollution in
settlements; into waste streams; and into otheromfactors that typically cause or
contribute to pollution. Studies from South Afriedating to this objective are referenced

to support the concepts proposed.
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Management of non-point water quality impacts rezgia more ambient-focused water
qguality management program. Literature survey (8ofen and MacKay (1995) and
Campbell (2001) revealed that loading estimates fiexisting monitoring studies in

South Africa contain high variability and inconsisties in reported values, thus
indicating the need to identify optimal monitoripgograms to characterise stormwater
and greywater and also to define water quality rgameent objectives. The need
constitute the third objective, and was undertakkrough literature review and

discussions with stakeholders.

Development of comprehensive tools for selectiod design of drainage management
interventions even at planning levels is still &t @arly stage in South Africa. Hence
planners and engineers are not equipped with tbessary knowledge and tools to deal
with stormwater quality problems in informal settlents, as mentioned in the problem
statement (Section 1.2). For this reason, the fanith fifth objectives of the study were
defined: to develop a methodology to select intetio®s to manage runoff and grey
water quality; and to develop a tool to evaluate $kelected interventions respectively.
The selection process involved identification (gkort listing potential interventions that
can meet the stated objective given the pollutasitsconcern). The short-listed

interventions were subjected to screening processelect the most efficient and
effective intervention(s) based on factors suchkitsconstraints, environmental impacts,
and public acceptance. After identification and liptmary selection of suitable

interventions, alternative stormwater quality masragnt strategies were formulated by
combining various mixes and magnitudes of internosist and a tentative timeframe for
their implementation. These strategies were thealuated to determine: 1) the loads
reduced and 2) whether the management objectivesactieved. The computational

description of the evaluation methods is preseiméd&thapter 5.

The summary of the model development process isepted in Figure 4-1 and is
described Sections 4.2 to 4.4.
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1. Identify Issues and
their causes

l
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Define Ambient
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v of Existing
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Yes 8. Future
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9. Loads reduced by Future Management
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Objectives
Met?

No

STOP

Figure 4-1: Model development process flow chart
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4.2  Methods to identify factors causing water quality nanagement issues

The aim of this section is to provide an understagdof the cause and effect
relationships of pollution issues from informaltighents, as well as the type and detalil
of the information required to support the managenaecision-making process. Hence
this section highlights on pollution continuum oatlpwvays (production, delivery,
transport and use), waste streams (greywater, ataten runoff, sewage and solid
waste), causes of pollution (physical, institutiosad socio-economic), and other factors
that exacerbates pollution from settlements. Thaicance of this section is to ensure
that the right intervention is identified; selectaad implemented that takes account of

the identified problems and their root causes.

The problems and causes were identified throughsthectured facilitated approach
proposed by the National Strategy (DWAF, 2001b).isTbasically involved the
following:

a. A desk-top study to review existing information tained in reports, studies and
monitoring programs to serve as expert’'s knowldaigge in the decision support
system. This was particularly useful for identifyimater quality problems (e.g.
nutrients, bacteria, and sediment).

b. Field work involving sampling and inspection oftlnhent. This was also useful
for identifying water quality problems as well asiree institutional and social
problems and their causes.

C. Consultation involving community, Local Authoritya$f, and other stakeholders

to obtain information on the range of water qugtitgblems and causes.

4.2.1 The pollution continuum

Four important processes characterise impacts lodnuipollution on receiving water
namely: production, delivery, transport and useesEhprocesses represent a conceptual
continuum, which describes the pathway pollutanéy fellow from the point at which

they are generated to the point at which they impadhe use of the water.
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4.2.1.1Production continuum

Production refers to the generation, deposition hadid-up of pollutants within the

settlement. This includes waste generated: as hwerareta, as solid waste (litter), as
greywater, as livestock wastes, from cultivated agrefrom vehicles and from

atmospheric deposition. Management (mainly wasexention) requires the isolation,
reduction, reuse, recycling or removal of pollusabefore they are mobilized into a

source or non-point source discharge (delivery).

4.2.1.2Delivery continuum

Delivery refers to the movement of these wastes ite surface or groundwater
environment, through surface wash-off, interflond agroundwater flow, with physical,
chemical or biological attenuation and assimilatidhis includes the breakdown of the
sewerage system, stormwater runoff, direct disptsahe rivers, or seepage into the
groundwater. Management (mainly waste and impachimization) requires the
interception, detention, treatment or assimilatanpollutants before they reach the

surface water environment.

4.2.1.3Transport continuum

Transport refers to the movement of waste oncastreached the water environment (i.e.
rivers, wetlands, aquifers, impoundments, etc.),wadl as physical, chemical and
biological transformations that may occur in thisogess. Management requires

enhancement of the natural assimilative functiomhtihe aquatic environment.

4.2.1.4Use continuum
Use refers to the action of using the water for pmpose, either directly (e.g. recreation)
or after abstraction (e.g. irrigation). Managemesguires reuse and recycle (treatment

before use), or by restricting direct use of théeweaesource.

4.2.2 Waste streams

Wastes from settlements are associated with fosterstreams:
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4.2.2.1Sewage waste
Sewage waste result from leaking or overflowindetsi or pit latrines, or broken or
blocked sewerage pipes. Pollutants from this wasteeam include mainly

microbiological contamination, nutrients and orgamiatter.

4.2.2.2Greywater or sullage

Greywater consist of water from laundry, bathrodat¢hen, or any combinations of
these. Pollution result when dirty washing wateown into streets is washed into nearby
rivers when it rains, or when greywater is throvirectly into rivers. Pollutants from this
waste stream include microbiological contaminatiouatrients, solid waste or litter, and

organic pollutants.

4.2.2.3Stormwater
Pollution result when runoff washes soil, littedaother waste into the river. Pollutants
from this waste stream include microbiological @nination, nutrients, solid waste or

litter, sediment, metals and destruction of habitat

4.2.2.4Solid waste
Litter dropped in the streets, or household refilnse is thrown into the street or river.
Pollutants from this waste stream include micraimadal contamination, nutrients, solid

waste or litter, sediment, and aesthetic destmaifchabitat.

4.2.3 Major factors causing or contributing to pollution in settlements

The identification of the causes of water qualitplgjems associated with the waste
streams and the subsequent analysis of the prohisimg ‘structured facilitated
approach’ is one the main theme of National Stgategnanage the water quality effects
of settlements. This approach is detailed in “Adguio problem analysis”, which is one
of the Water Quality Management Series of the MuatioStrategy (DWAF, 2001b).
Guidelines for determining causes and their linkagye also detailed in DWAF (2001b).

Generally, pollution from urban runoff is relatedrhany variables among which are:
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Physical causes include 1) population density amavip rates, 2) living standards, 3)
rates of urbanization and extent of impervious sirda types and density of housing or
developments relative to the level of service, Bhen or inadequate or breakdown of
sanitation services 6) encroachment onto, and w#gin of riparian zones, 7) climatic
and hydrologic factors, 8) topography, 9) geologyl &oils, 10) geomorphology and
others. Management requires local council’'s plagramd management activities and
these have been reviewed earlier in Section 2.3.2.

Institutional causes include 1) operation and nesiance of service infrastructure for the
various waste streams, 2) lack of capacity of Laaahority or Government to maintain

services and 3) lack of or inadequate funding tdress the problems. Management
requires local council's planning and managemerttviies and these have been

reviewed earlier in Section 2.3.2.

Social causes include: 1) culture of non-paymentsefvices, 2) illicit discharge
connections 3) vandalism 4) poor hygiene and 5k lat environmental awareness.
Management requires community education and regyigiolicies and these have been

reviewed earlier in Sections 2.3.1 and 2.3.3 raspy.

Review and synthesis of literature reports on mewvistudies in South Africa support the
relationships of pollution from urban areas withoad variables. Generally, low-cost,
high-density, informal housing types, poor livirtgredards, and low levels of service and
maintenance results in high pollution potential fivderley, 1992; Wright et al., 1992;
MacKay, 1993; Archibald, 1994a, Grobicki, 2001; asttiers). Stephenson and Green
(1998) and Wimberley and Coleman (1993) have diswva that, in general, the average
pollutant load of runoff, expressed in terms ofnfall, varies with urban land-use,
population density and the living standard of tleydation. In all cases, the higher the
population density, or the lower the living stardlaf the community, the greater the
resulting pollution load. Domestic animals (andittexcreta) and informal trading also
add considerably to pollution (Wright et al., 199@&j)imberley (1992); Van Ginkel et al.,
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(1993); and Grobicki (2001) have also shown higlugion from urban areas associated
with: low levels of sanitation and solid waste segg, vandalism of these services by the

communities, and low maintenance levels of thepaces.

Urbanization has been shown to increase the ruasfiiting in higher flows and volumes
(Dallas and Day, 1992; Archibald, 1994c; and othenggher erosion rates and larger
pollutant loads being transported out of the cammmHigher runoff volumes increase
pollutant loads. Pressures for land particularly imMiormal low-cost, high-density
settlements lead to encroachment onto, and destnuof riparian zone (which offers

assimilation and attenuation of pollutants).

Natural factors such as climate and hydrology, ¢waphy, geology and sails,
geomorphology and others normally define the bamkgd pollution levels. Rainfall,
surface runoff, interflow and groundwater dischaage the driving hydrological forces
causing water quality impacts from a non-point seuRainfall depth and erosivity affect
the mobilization of particulate contaminants, whitevariability determines seasonal and
“first flush” effects. Regional variations in umbaunoff quality as observed in South

African studies is summarised in Table 4.1 (Askdod Bhagwan, 2001).

Table 4-1: Regional variations in urban runoff qualty as observed in South African
studies

Characteristics Rainfall pattern
Summer rain Winter rain All year rain
High rainfall Low rainfall Low rainfall
intensity intensity intensity
Region Highveld and South west Cape South east Cape
KwaZulu Natal
Occurrence of Yes Yes Yes
first flush effect
Pollutant High for first major | Low for storm flow; | Low for storm flow;
concentrations | wet season runoff, | high for low flow; high for low flow;
decreasing with time maximum in summer maximum in winter
Loads High for summer; | High for storm flow; | High for storm flow;
pollutant build-up on| low for low flow; low for low flow;
catchment in winter| maximum in winter maximum in
summer
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The erosivity of rainfall can be described using Bk, value. This is the product of the
kinetic energy of a rainfall event and its maxim@®@minute intensity (Smithen and
Schulze, 1982). Smithen and Schulze (1982) mappedage Ejy for South Africa,

identifying nine Edo zones in South Africa as shown in Table 4.2.

Table 4-2: Ratings of land cover erosion potential

LAND COVER CLASS RATING

Cultivated: permanent — commercial dryland
Cultivated: permanent — commercial irrigated
Cultivated: temporary — commercial dryland
Cultivated: temporary — commercial irrigated
Cultivated: temporary — commercial semi-commersidisistence dryland
Degraded: forest and woodland

Degraded: thicket & bushland (etc)

Degraded: unimproved grassland

Dongas & sheet erosion scars

Forest

Forest and woodland

Forest plantations

Herbland

Improved grassland

Mines and quarries

Thicket & bushland (etc)

Unimproved grassland

Urban / built-up land: commercial

Urban / built-up land: industrial / transport

Urban / built-up land: residential

Urban / built-up land: residential (small holdingsassland

WWWWAaAEANNWWNEPONNNONWDNDW

The Department of Water Affairs and Forestry (198@)ntified the following three
rainfall classes in South Africa:

MAP Class

<400 mm 1 (low)

400 — 800 mm 2 (medium)
>800 mm 3 (high)

Surface runoff washes off and delivers particukate dissolved contaminants, but can

also dilute their concentrations as runoff increadeegional differences in rainfall
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intensity, soils and geomorphological charactexsstin South Africa give rise to
differences in dominant hydrological processesiffegent urban areas, and exert a great
influence on the type of pollutants transporte@, plathways by which these pollutants
are transported and the magnitude of the loadsatiearansported. Studies in Cape Town
(Wright et al., 1992 and Grobicki, 2001) where saife sandy with high infiltration rate
have shown that the major hydrological processtsrilow and groundwater flow and
pollution from storm runoff are fairly uniform thughout the year with low phosphate
concentrations, due to adsorption during the passhgugh the sand. Interflow and
groundwater discharge deliver dissolved contamsjamthich have infiltrated and
leached from the land, into the surface water emwvirent. Hence, storm runoff flow,
interflow and groundwater flow can all contributethe pollution load exerted on South
African rivers. The weathering of rocks and sodtease various mineral salts and trace
elements into surface streams and groundwater idgfia characteristic chemical
signature (MacKay, 1994a; Ashton et al., 1993; @ndbler and Silberbauer, 1985) of
the water in the catchment.

Informal agricultural activities and excess fes@i application in residential areas (as
well as parks and gardens) can contribute excests lof sediments and nutrients such as

nitrogen and phosphorus.

In this section, the waste streams associated watier quality problems are identified
together with the causes. In many instances, aecaus particular problem is itself a
problem due to another cause. For example, thelgmmolbf elevated nutrient may be
caused by continuous sewer overflows, which in tovay be caused by low level of
maintenance, which in turn may be caused by lackapiacity. There is therefore the
need to probe deeper and deeper to uncover theaase of the problem to ensure that
the right intervention is identified; selected angplemented that takes account of the
identified problems and their root causes. TabBptesents possible (but not exhaustive)

stormwater management problems and their causes.
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Table 4-3: Possible stormwater management problenand their causes (adapted
from NSWEPA, 1996)

Type Issue Possible Cause
Water Elevated nutrient | « Overflows from bucket toilets
Quality concentrations  Domestic animals droppings
» Possible atmospheric deposition
» Greywater from washings in households
» Sewer overflows
» Excess fertilizer application in residential area
lawns and gardens
» Washing of cars in streets
Elevated suspendef. Litter from residential and commercial areas
solids _ « Erosion from road surfaces and alleys
concentrations « Erosion from construction sites
» Channel erosion
Elevated bacteria | « Overflows from bucket toilets
concentration « Domestic animals droppings
* Bush toileting in the reeds
» Sewer overflows
Litter in the « Insufficient number of rubbish bins and skips
environment * Infrequent emptying of bins and skips
* Littering in residential, retail and commercial
areas
Stream flow | Flooding and « Increased runoff flows due to impervious area
inappropriate « Increased runoff flows from upstream
stream flow regime| « | ack of stormwater reuse
* Litter in watercourse
Riparian Degraded riparian | « Physical removal of vegetation
vegetation | vegetation « Introduction of exotic species
* Encroachment of settlements in the flood plain
and physical removal of vegetation
Weed growth in « Nutrients from stormwater and greywater
riparian vegetation | « Weed propagates from residential gardens
» Removal of canopy vegetation
Social Lack of integration | « No walking paths adjacent to watercourses

of stormwater
systems and
recreational

* No fishing and swimming areas in watercoursg
due to pollution

D

facilities
Lack of visual * Litter, bush toileting and direct discharge of
amenity and greywater in watercourses.

landscape value of
the stormwater

* Concrete lined channels

» Degraded ‘natural’ channels
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Type Issue Possible Cause
system
Lack of public » Lack of coordination and initiation abilities
involvement in among community members with regards to
stormwater stormwater and greywater management.
management * No catchment management committee
* Community’s development committee is not
effective in drainage and water quality issues.
Managerial | Lack of drainage |« Lack of funds from central government

infrastructure

Under spending of budget at municipality leve
Lack of skills/capacity to initiate and implemern
projects

—

Lack of funding for

No payment for services and hence cost reco

ery

stormwater is a problem

management * No or insufficient allocation of funds for
stormwater management

Lack of * Poor communication between stakeholders

coordination among « Poor integration of responsibilities across

community, stakeholders

council, DWAF and
other stakeholders

Lack of effective
control over
operation and
maintenance of
basic services in

place.

No checks or monitoring of status of services
responsibilities

No repairs and maintenances

No regulatory policy to the use of stormwater
systems and pollution production

and
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4.3  Methods to develop water quality and management obftives

It was noted in Section 2.7 that loading estimditem existing monitoring studies in
South Africa contain high variability and inconsisties in reported values, thus
indicating the need to identify optimal monitoripgograms to characterise stormwater
and greywater and also to define water quality rgameent objectives. It goes without
saying that the current water quality situationinformal settlements and the dynamics
that affect water quality needs to be known. I8 thesis, water quality objectives reflect
the water quality criteria/standard/guideline set ambient targets for a particular
catchment, whereas water quality management obgectieflect load reduction targets
set for management interventions to achieve. Theeldpment of water quality
objectives is therefore a crucial step in the dgwelent of management objectives. The
methods were developed as part of a co-operatidecansultative process in order to
ensure that they are realistic and what the comtiesrand other stakeholders as a whole

desire. The process followed in developing the wdshs described in Figure 4-2.

Natural water bodies are able to serve many uselsiding the transport and assimilation
of waterborne wastes. But as natural water bodissrélate these wastes, their quality
changes. If the quality drops to the extent thdteotbeneficial uses are adversely
affected, the assimilative capacities of those waisdies have been exceeded with
respect to those affected uses. Water quality meaneagt interventions are actions taken
to ensure that the total pollutant loads dischargead receiving water bodies do not
exceed the ability of those water bodies to asataithose loads while maintaining the

levels of quality specified by water quality objges set for those waters.

Pollutant discharges originate from point and nompsources. A common approach to
controlling point source discharges, such as tHoma stormwater outfalls, municipal

wastewater treatment plants or industries, is tpose standards specifying maximum
allowable pollutant loads or concentrations in tlegfluents. This is often done in ways
that are not economically efficient or even envinemtally effective. Effluent standards
typically do not take into account the particulasianilative capacities of the receiving
water body (Loucks and Van Beek, 2005).
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Non-point sources such as agricultural runoff enadpheric deposition are less easily
controlled, and hence it is difficult to apply e#nt standards to non-point source
pollutants, and their loadings can be much moraifsegnt than point source loadings.
Management of non-point water quality impacts rezgia more ambient-focused water

guality management program.

The goal of an ambient water quality managemengjqara is to establish appropriate
standards for water quality in water bodies recgjypollutant loads, and then to ensure
that these standards are met. Realistic stand#ides¢akes into account the basin’s
hydrological, ecological and land use conditiohg, potential uses of the receiving water
body, and the institutional capacity to set andorms® water quality standards. For the
purpose of this study, the standards for ambiertermvguality management will hence

forth be referred to asater quality objectives
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Develop water quality
monitoring program

: : Domestic, Recreation,
|dent|fy water users in the Agricu":ure, |ndustria|,

catchment Aquatic life, etc.

A

y

Determine water quality levels
required for each water use

- Y - Area, runoff volume,
Determine the physical ~ pollutants event mean
characteristics of the catchment conc, etc.

y
Identify water quality variables TN, TP, COD, TSS, Pb,
of concern - FC, etc.

Yy

Develop water quality
guidelines

y

Determine current water quality
situation

Yy

Develop water quality
objectives

y

Develop water quality
management objectives

Yy

Apply adaptive management
plan

Figure 4-2: Flow chart for developing the water quéity management objectives
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4.3.1 Developing a water quality monitoring program.

Monitoring is the process of observing what is heaappg. Managers of water resources
systems need to know what is taking place in thgstems in terms of water quality, both
over time and over space. This usually requireema@iality sampling according to pre-
arranged schedules and designs. Monitoring the atapat pollution on receiving water
bodies provides a way of assessing how well theemwgtiality meets expectations.
Monitoring also provides information on the stafenater quality so that management
action can be taken in response to that informatigh the aim of improving the water

quality.

4.3.2 ldentifying water users in the catchment

Identifying the intended uses of a water body (Whet lake, a section of a stream or an
estuary) is a first step in setting water qualityjeatives for that body. The most
restrictive of the specific desired uses of a wdledy is termed alesignated use
Barriers to achieving the designated use are thsepice of pollutants, or hydrological
and geomorphic changes that affect the water gualit

For inland water use, five main users (designats) are commonly recognised by the
Department of Water Affairs and Forestry (DWAF, 3891). These users are:

» Domestic

* Recreational

* Industrial

» Agricultural

* Natural environment

The designated use dictates the appropriate typeatsr quality objective. For example,
a designated use of human recreation should prbtenains from exposure to microbial
pathogens while swimming, wading or boating. Otbses include those designed to

protect humans and wildlife from consuming harngubstances in water, in fish and in
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shellfish. Aquatic-life uses include the protectiammd propagation of fish, shellfish and

wildlife resources.

Water quality objectives set upstream may affeet tises of water downstream. For
example, small headwater streams may have aestetie but may not be able to
support extensive recreational uses. However, ttwidition may affect the ability of a
downstream area to achieve a particular designateel such as ‘fishable’ or
‘swimmable’. In this case, the designated useHerdmaller upstream water body may be

defined in terms of achieving the designated usbeefarger downstream water body.

In many areas, human activities have altered the@slzape and aquatic ecosystems to the
point where they cannot be restored to their pstudbance condition. For example,
someone’s desire to establish a trout fish-farndamntown Johannesburg or Pretoria
may not be attainable because of the developmetariziof these areas or the altered
hydrological regimes of the rivers flowing throutitem. Similarly, someone might wish
to designate an area near the outfall of a sewagénent plant for shellfish harvesting,
but health considerations would preclude any sws&h Ambient water quality objectives
must be realistic. Designating the appropriate fosea water body is a policy decision
that can be informed by the use of water qualigdpmtion models. However, the final
objective selection should reflect a social conaenmade while bearing in mind the
current condition of the catchment, its pre-distumte condition, the advantages derived

from a certain designated use, and the costs aé\dnl that use.

4.3.3 Determining water quality levels required for eachwater user or designated

use

Most users of water depend on adequate levels tdrvggality. When these levels are
not met, these water users must either pay aniadalitcost for water treatment or incur
at least increased risks of damage or loss. lhésefore important to determine the
various water quality levels (acceptable and unated¥e) required for each user against
which water quality guidelines can be developed.tiddally and internationally

recognised list of water quality guidelines canenftbe used as the starting point for
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determining water quality levels required for eadsignated use. Risk assessment can
also be used to set water quality levels on thasbak their physico-chemical and
biological properties and toxicity. Although stitb be developed, good water quality
level determinations will include hazard identitioa, dose-effect relationships and risk

characterization (both qualitative and quantitgtive

4.3.4 Determining and describing physical characteristicof the catchment
The collection of existing data describing the eletaristics of a catchment and its
drainage courses is useful for a number of purpaselsiding:
» describing the existing conditions within the camemt
* enabling the values (e.g. aquatic and terrestaah& and flora, public health and
safety, recreational use of water bodies, visuakraty of stormwater systems,
water use, etc.) of the catchment to be determifiean which management
objectives can be derived
 assisting with catchment audits, by prioritizingas for investigation
* identifying constraints and opportunities for imped stormwater management

practices, both structural and non-structural.

The data collected should be related to one ofethm#rposes, to avoid collecting
unnecessary data. For many catchments, a propasfidhe potential data need noted
below may not be readily available or cannot bentjtiad. It is difficult to provide a

‘priority list’ for identifying these characteriss, as their importance will vary between

catchments. Items that may have a lower importanedtalicised.

4.3.4.1Physical characteristics:
» Soils,including permeability, erodability and dispersivit
» Bedrock geology, including geochemical charactersst
» Topography, including slope characteristics
» Climate, including rainfall, evaporati@nd temperature distributions
» Point sources of pollution (e.g. sewage treatméaritp)

* Major sewer overflows
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Existing structural stormwater management practi¢egy. retarding basins,

constructed wetlands).

4.3.4.2Social characteristics:

Regulating tools (e.g. Water Acts, Environmentatsid.ocal Government Acts,
legislations)

Population characteristics, including demographécxl language characteristics
Recreational areas, including water related (evgrside parks) and water based
(e.g. swimming, boating, fishing) activities

land use zoning

Land use (e.g. commercial, residential, industriatreation)and land ownership
categories (e.g. private, local government, Stabeg€enment).

Revenue from stormwater levy

4.3.4.3Drainage course characteristics:

Physical characteristics of the stormwater ‘tramspmystem (e.g. piped, lined or
natural channels)

Physical characteristics of receiving water bodeg. lakes, reservoirs, wetlands
and estuaries)

Fluvial geomorphology processes for natural (or ified natural) stormwater
systems and receiving watenscluding erosion and sedimentation patterns
Surface hydrology, including floodirend base flow characteristics

Groundwater characteristics

Water quality in stormwater ‘transport’ systems aedeiving water bodies, under
wet and dry weather conditions (can be obtaineoh f8ection 4.3.1).

Costs, depreciation and upgrading costs (neededormulation of subsequent

stormwater management interventions strategies)

4.3.4.4Ecological characteristics:

Aquatic fauna and flora characteristics (this agaplito both the stormwater

‘transport’ system and receiving water bodies)
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* Riparian zone fauna and flora characteristics

e Areas of urban bush land.

Using the available data, a description of existic&gchment conditions can be
undertaken. These conditions can include:
» topography, land use, soils
* hydrology (e.g. flooding and low flow characterisi)
» water quality (e.g. wet and dry weather, receivivater quality, major pollution
sources). This will naturally come from Section.4.3
» watercourse and water body physical characterjséind fluvial geomorphology
(e.g. channel erosion, sediment transport)
* aquatic habitat characteristics
* riparian and foreshore vegetation.

 aquatic ecosystems

A comprehensive assessment of these charactenstitd be an extensive exercise. Lack
of detailed knowledge on these characteristics lshoat prevent the development of

water quality management objectives.

4.3.5 ldentifying water quality variables of concern

Efficient and effective drainage management in arbatchments from a water quality
perspective as well as development of water quabjgctives requires information about
the water quality concerns of stormwater runoff ametywater as well as their
characteristics. Providing this information is th@e of pollution source and water
quality impacts assessment through water qualitpitoong programs, but this, in turn,
implies an understanding of the cause and effdéatisaships between pollution source
and water quality concerns, as well as the typedatdil of the information required to

support the management decision-making process.

The aim of this section is to identify water qualtoncerns and their characteristics
based on previous studies in South Africa. Natyrallater quality concerns should be
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derived from the results of water quality monitgriprograms (as discussed in section
4.3.1), if it has been undertaken.

Water quality is the term used to describe how wedlphysical, chemical and biological
characteristics of water match the requirementsaéoeptable functioning of the aquatic
environment and human uses, i.e. its fitness fer Good water quality is acceptable for
all uses, while water of poor quality has an ad¥enspact on the health of the aquatic
environment or is not suitable for one or more sisArwater quality concern is related to
existing, threatened or perceived poor quality (Regand Gorgens, 2001). Assessment
of the fitness for use of a water resource is hetdubject of this study, and is dealt with
extensively in the DWAF Water Quality Guidelines{faF, 1997).

Increased runoff volumes and velocities resultiraf urbanization give rise to a wide
variety of water quality problems that are linkedftooding and wash-off. The typical

categories of problems that arise are: sedimemtagoosion (channel widening and
streambed alteration) and habitat changes, asasdtiss of aquatic or riparian habitats.
The specific impacts that occur are the result efiment transported from new
developments and construction areas, toxic chemitam automobiles and industry,

nutrients and pesticides from gardening, heavy Imétam industrial sites and bacteria
and viruses from failing or inadequate sewage systePollutant concentrations vary
considerably during the course of a storm eventfesrd one storm event to another at

different sites in urban areas.

A number of water quality concerns associated wéhse settlements include nutrients,
sediments, pathogens, litter, organic matter, heagtals, toxic organics, hydrocarbons,
physical properties (e.g. pH, EC, etc), and inastreand riparian habitat. Synthesis of
literature reports on previous water quality momtg work done in low-costs high-

density settlements in South Africa reveals thatrttost important water quality concerns
are microbiological pollutants, nutrients, suspehdsolids, and organic matter
(Wimberley, 1992; Wright et. al., 1992, Van Veel@nd DWAF, 1994a). Litter is the

most visible and widespread symptom of pollutiomif\der Merwe, 1993/4; Armitage et
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al., 1998; Marais and Armitage, 2003). Low-costghhdensity settlements usually
produce low trace metal pollutant loads in contnagh high-cost, low-density type
settlements (Kloppers, 1989; Wright et al., 19%2)ecting the lower income of residents
and resultant decrease in traffic volumes; and Hisofact that some the roads in these
settlements are not surfaced to allow easy mokibizaand delivery of the metals to the
receiving waters. An overview of these most impartavater quality concerns is

presented below:

4.3.5.1Nutrients

Phosphorus and nitrogen are the main nutrientsinegtjdor the normal growth and
reproduction of plants. The inorganic forms of ogen and phosphorus are usually of
concerned as they are responsible for eutrophitaticstreams and increased costs of
treating water to potable standards. The nutriemdstly come from human and animal
excreta and greywater as a result of failing odatpate sanitation. The largest source of
nutrients is the particulate and dissolved nutgerdntained in the runoff. Phosphorus
tends to be the limiting nutrient in South Africlresh water system, the presence of

which can contribute to excessive algal blooms.

4.3.5.2Sediments (Suspended solids and Turbidity)

The sediments or solids may be organic or inorgaatare that is eroded and washed off
the land surface from unpaved areas in the settlsmby storms. It is the most
widespread pollutant of surface water and has atnegeffect on most water users.
Increased turbidity and sedimentation affects tinectioning and productivity of the
aguatic environment, by decreasing light penetnatay aquatic plants, and smothering
aquatic habitat. Sedimentation of streams and imgents decreases storage capacity,
reduces recreational opportunities and can incribasding. Many pathogens, nutrients,
heavy metals and toxic substances are transpdrtedgh the environment adsorbed on
sediments. Sediment erosion occurs from all lares usicluding natural vegetation, and
is related to climate, soil and topographic cowdis. However, increased erosion occurs
where the vegetation cover is disturbed, such d@suigiral crop and grazing lands, and

construction sites in urban areas.
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4.3.5.3Microbiological pollutants - Pathogens

Microbiological contamination by pathogens has seueealth implications for water
users and the community. These mostly come fromamuexcreta resulting from failing
or inadequate sanitation services, animal excrath gaeywater. Several diseases like
cholera, dysentery, typhoid and gastro-enteritessteansmitted in the excreta of humans
and animals. Pathogens such as faecal coliform Bmoli, are usually indicator
organisms. The die-off rate for pathogens may Veosmn less than a day to a couple of
weeks. Higher temperatures, solar radiation, mitrigeficiency, pH and predation

increase bacteria die-off rates.

4.3.5.4Litter and solid waste

Litter and solid waste impair the functioning oéthquatic environment and degrade the
aesthetic quality of surface waters. It can pos®ge health problems for recreational
and domestic users of the water resource. It ndyn@mes from poorly serviced
commercial and residential areas and can also ibatdér to other water quality
contaminants such as pathogens, nutrients and snéfaért from its pollution impacts,
blockages due litter and solid waste can causeréaibf services such sanitation and

stormwater infrastructure.

4.3.5.50rganic pollutants

Organic pollutants are non-conservative in thay tledergo some form of chemical or
biological change. The major effect that organidytants have on the aquatic system is
the depletion of the store of dissolved oxygenhe twvater due to nhumerous oxidation
reactions taking place by means of various bacterithe water. Organic pollutants

include pesticides, oils, household use of orgamexiucts, debris from vegetation, etc.
Organic pollution is quantified by Biochemical OxygDemand (BOD) and Chemical

Oxygen Demand (COD).
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4.3.5.6Habitat destruction - Riparian and in-stream

Habitat destruction mostly by building in the rijgar zone affects the natural functioning
of river ecosystems and allows waste to get ineorthers. Degradation of riparian and
in-stream habitat exacerbates other water qualitplpms by reducing the attenuation

and assimilation of contaminants during delivergl nansport.

Monitoring water quality in the catchment througbpeopriate water quality indicators
(physical, chemical, biological or ecological) @viewing data where monitoring has
been conducted will identify water quality conceam&l characteristics. This provides an
objective indication of the level of severity of te@a quality problems, which may be

compared with receiving water desired resource statl/or fitness-for-use.

Water quality concerns, where water quality momiigrinformation are not available,
can also be inferred from screening for symptonife¢es) of water quality problems
associated with the receiving water environmentictwhs based on field surveys and
data. This may include impacts on human healtm{folinical data) associated with the
use surface or ground water resources, degradatitie ecological health or aesthetic
quality of the environment, eutrophication of dotvaam impoundments or slow flowing

river reaches or siltation of river reaches andrsedtation of impoundments.

4.3.6 Developing water quality guidelines

Water quality guidelines for different user grouge not the same. Differences imply
that water which would be ideally fit for use fanespecific group may not ideally suit
the other. In deciding whether or not water iddituse, it necessary to establish whether
the presence, or introduction of any material ithte resource, would interfere with the
water’s intended use. It is consequently importanhave a yardstick to measure the
effect of changes in water quality on a specifidevaise. Water quality guidelines or
criteria serve this purpose. They represent atterngptjuantify water quality in terms of
its physical, chemical, biological and aesthetiarelateristics. Since guidelines or criteria
are usually derived from data obtained from expental or in-situ observations, they
provide a scientific basis for the evaluation asgessment of water quality.
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Setting water quality objectives requires an assess of what constitutes “acceptable”
and “unacceptable” water quality. Water quality dglines, expressed as a range of
values, where each range is associated with aiggsorof the fitness for use, and where
the total range extends from the most ideal topbmt of unacceptableness, are best
suited to supply the required information. In addii guidelines also provide the
necessary information for water users and otharasted or affected parties to assess
water quality in general, as well as to evaluageabceptability of development on water

quality.

Water quality guidelines are used to:
» Serve as the scientific basis for the developmédntvater quality management
objectives;
* Interpret data obtained from water quality monitgrprograms;
» Assess the effect of human activities on waterityal
» Assess the effect of accidental spills; and

» Assess and evaluate water quality management peafare

A water quality guideline can therefore be defiasd set of criteria put together in such
a way that they describe an increasing effect anubker the further the water quality
deviates from the level at which there is no natite effect A guideline consists of a

range of values, for each of which a qualitativgjoantitative effect on a user (domestic,

recreational, industrial, agricultural and natweaVvironmental) can be described.

The connections among water bodies and segments beisconsidered when

determining water quality criteria. For example,end a segment of a water body is
designated as a mixing zone for a pollutant digghathe criterion adopted should assure
that the mixing zone use will not adversely affédo¢ surrounding water body uses.
Similarly, the desired condition of a small headerattream may need to be specified in
relation to other water bodies downstream; thusarabient nutrient criterion may be set

in a small headwater stream to ensure a designad a downstream estuary, even if
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there are no local adverse impacts resulting froenrtutrients in the small headwater
stream. Conversely, a high fecal coliform criterioray be permitted upstream of a

recreational area if the fecal load dissipateseetioe flow reaches that area.

4.3.7 Determining current water quality situation

Determining current water quality situation invohappraising water quality in the
catchment by comparing current monitored water iuahformation with the water
quality guideline developed for the catchment witigards to fithess for use, meeting
standards and evaluating management performances appraisal will provide
information on the status of water quality, detgtdanges and trends, and provide a basis

to formulate or modify management objectives anatsgies

4.3.8 Developing ambient water quality objectives

Ambient water quality objective should not be sefasingle value, as this could lead to
an on/off situation in which it will be difficultat measure success or to make decisions.
The objectives should rather be a description efgbneral condition of the water body

that has to be achieved, keeping in mind natunaatians in water quality.

It is necessary to create a management model whlas into account various water
quality conditions, each of which would lead toeaywspecific management action. This
would not only serve to focus attention on prioatgas and issues, but can also be used
to gauge success. Figure 4-3 is a typical managemedel. The management ranges are

described more fully in the paragraphs that follow.
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Target Range Management Range  Action Range Intervention Range

Management
action required
to improve
quality

Ideal Acceptable Tolerable Unacceptable
Situatior Situatior Situatior Situatior
Reference Action Intervention
level level level

Decreasing Water Quality

>

Figure 4-3: Typical ambient water quality managemehmodel (BKS, 1996)

4.3.8.1Target Range

This is the desired state of water body that shbeldtrived for, irrespective of any other
consideration. This does not mean that this shbeléchieved at all costs, but merely
that this should be kept in mind when making mansaye decisions. However, should
the present state of the water body fall withirs tlinge, then any deterioration should be
allowed under extreme conditions and after caretulsideration of the consequences.
Other than this, no management action is requipagt drom monitoring the situation and
ensuring that it does not deteriorate.

The situation here can be termed: Idd&le upper bound of the target range is called the

reference level
4.3.8.2Management Range

When the state of the water body falls within tlaege, it means that in general none of

the user groups is affected to a large extentpaf@ih the quality may occasionally fall
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outside the target guideline range. Should conagatrs/values show an improvement in
water quality or remain stable, then no managenaetibn is required other than to
monitor the situation and to ensure that it dodsdeteriorate. Should there be a decline
in water quality, then action should be initiateddentify the cause of the change, and to
address the problem.

The situation here can be termed: Acceptable upper bound of the management range
is called the action level.

4.3.8.3Action Range

In this range some or all of the user groups wdl rimticeably affected, although the
effects are not life-threatening or cause permadantage. Should the water quality of
the water body be in this range, management actioust be taken to address the
situation as soon as possible. The objective wdoddto improve the water quality
situation to acceptable, with the possible longatgoal to achieve an ideal situation. The
time frame for this would depend on the naturehefproblem and the seriousness of the
situation. A leaking sewer can be fixed quicklyt buwill take longer to implement
costly changes at an industry to improve the qualitheir effluent.

The situation here can be termed: Toleraflee upper bound of the action range is

called the intervention level.

4.3.8.4Intervention Range

Should the state of the water body fall within trasge, immediate and drastic action is
required to address a situation that will haveageriimpacts on one or more of the user
groups. The objective would be to improve the wajarlity situation to tolerable
conditions in the shortest possible time, whererafhore permanent changes over a
longer period can be made to achieve an acceptabéion.

The situation here can be termed: Unacceptalite intervention range has no upper

bound.

The ambient water quality objectives form the basmwater quality management, as they

are used to determine what is acceptable and witatand to what extent the water
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quality situation deviates from the ideal conditidime ambient water quality objectives
therefore correspond to the reference value, theralevel and the intervention level as

depicted in Figure 4-3.

The ambient water quality objectives are derivenmnfithe water quality guidelines, and
where a variable only affects one user group, fieuvalues of the ranges described as
fit for use, acceptable and tolerable form the watgality objectives. The relationship
between water quality guidelines and ambient waitadity objectives is shown in Table
4-4.

Table 4-4: Comparison of water quality guidelines ad ambient water quality
objectives

Guideline category

Ambient Water Quality
Objective Range

Upper Value of Range

Fit for use Ideal Reference level
Acceptable Acceptable Action level
Tolerable Tolerable Intervention level

Not fit for use

Unacceptable

Where a variable impacts on more than one userpgtbie water quality guidelines for
those user groups must be combined into a singlef sanbient water quality objectives.
The principle that is applied is that the most geses user is used to determine the

various ranges. This is depicted graphically inuFeg4-4.

4.3.8.5Water Quality Classification

The condition of a water body cannot be describethe basis of a single measurement,
but should be based on a long term average oretiiteat tendency of the water quality. A

two-weekly sampling interval yields statisticallpdependent measurements (BKS,
1996), while a period of 12 months will include batet and dry periods. The statistical

distribution of two-weekly measurements obtainamrfrgrab samples over a period of
one year can therefore be used to determine inichwimanagement range the water
quality falls.
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Water quality measurements seldom follow a nornttibution and tend to be skewed.
For this reason non-parametric statistics are aftsa&d to describe the central tendency of
the measurements. The percentile values that cansee are the 50 75" and 9%'
percentile values, where these values define al lthet is not exceeded for that

percentage of measurements.

The classification of the water quality of a wabsrdy will be based on the statistical
distribution of the water quality measurements. &wjing on which range the median,
the 78" and the 98 percentile values for a variable measured overeayear time period

falls, the water quality situation will be claseifi as ideal, acceptable, tolerable or

unacceptable, as shown in Figure 4-5.
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Figure 4-4. Example of combination of water qualityguidelines into ambient water
guality objective (BKS, 1996).
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Statistical Distribution of Water Water Quality Management Range
Quality Measurements with Situation

Regard to Water Quality
Objectives
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Figure 4-5: Classification of water quality situaton into ambient water quality
objective (BKS, 1996).
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4.3.9 Developing stormwater quality management objectives load reduction

targets

Following the water quality monitoring program, mdiéication of designated users and
water quality variables of concern, developmenivafer quality guidelines and ambient
water quality objectives, stormwater managemen¢aibjes can be developed to protect
the designated users and also to comply with thesdient water quality objectives.
These objectives are directed towards the stornmwaterventions (non-structural and

structural) to alleviate pollution to the receiviagvironments.

Usually two sets of objectives are set. The firayrhe long-term objectives (effectively a
‘vision’ or ‘aim’ or ‘goal’ for the catchment) anthe second being more short term,
quantifiable objectives. The short term objectivas be the basis for evaluating the
performance of the interventions at the end ofrtageperiod (e.g. 5 years).

The objectives (particularly the short-term objees) will differ from catchment to
catchment but should be based on ecologically sadike development which is one of
the fundamental principles guiding this study (#ect.5).

Long-term objectives for stormwater quality managatrmay include the following:
» Water quality in the catchment is to meet ambieatiewquality objectives.
* The value of indigenous riparian, floodplain ande&hore vegetation is to be
optimized.
» The value of physical habitats for aquatic faunthiwithe stormwater system is to
be optimized.

» The impact of stormwater on public health and yafeto be optimized.
Short-term objectives for stormwater quality mamaget may include the following:

 The ambient concentrations of each pollutant witthe catchment are to be

reduced by a specified amount for each pollutant
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 Litter is to be trapped from high litter generatiareas in the settlement, including

residential, commercial or industrial areas, sgre@d@th strip shopping, major active

recreation areas

* The erosion problem in a specific watercourse isbé reduced, to create a

watercourse in a state of dynamic equilibrium

» The physical habitats for aquatic fauna in a spewifitercourse are to be restored.

An example of stormwater intervention objectiveattbould be adopted is presented in

Table 4-5. The short-term objective is based ontwtheaurrently considered to be a cost-

effective level of stormwater treatment.

Table 4-5: Example of potential stormwater treatmem objectives

Pollutants Long-term objectives Short-term Objectives
(Aim/Goal/Vision)
SS Suspended solids loads equal to &% retention of the average annt

of pre-development catchment

load

hal

al

hal

TP The load of phosphorus from the | 50% retention of the average ann
catchment that results in the load
attainment of the ambient water
guality concentration objective

TN The load of nitrogen from the 50% retention of the average annt
catchment that results in the load
attainment of the ambient water
quality concentration objective

Litter No anthropogenic litter in water Retention of litter greater than 50

bodies. Input of organic litter
equal to that which would have
occurred from the equivalent
forested catchment

mm for flows up to 6 months retur
period peak flow

The percentage retentioR) quantified in the short-term objectives is estiedlats in

equation (4-1).

R:Mxloo
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Where:

C = Average annual load from the catchment estichatging the current average
pollutant concentration.

A = Average annual load from the catchment estidhatsing the ambient water

quality objective pollutant concentration.

4.3.10 Applying adaptive management plan

Actions taken to manage the water quality in theloaent more effectively on the basis
of new information from monitoring program may let changes in the information
needs. As information needs change, the chaintofitaes in Figure 4-1 will repeat itself.

Each component of the flow chart is subject to geaand enhancement over time,
reflecting changes in knowledge or goals, improvasmé methods and instrumentation,

and budgets.

Management decisions will always be made on thes ledisincertain information. These

uncertainties in our ability to predict the impaofsour management decisions motivate
the use of adaptive approaches to management. ikdapanagement is the process by
which management policies change in response tokmewledge gained from research
and new information obtained from monitored datautlthe system being managed.
Adaptive management requires a monitoring prog@aaetect changes in the system, the
ability to evaluate trends in system performancel, afinally, the authority and

willingness to modify management decisions in resgoto those trends in an effort to

improve system performance.

The development of stormwater quality managemejectibes has to be based on the
information available, which in turn is obtainedrfr the monitoring program. As
monitoring programs are iterative in character,sbould development of stormwater
management objectives. The development of futuoensvater quality management
objectives should be based on information collettedhe existing monitoring program.
Monitoring programs and stormwater quality managenodjectives must be constantly
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‘designed’, specified, detailed, described, or soented and updated to be sure that the

system continually produces the information desired

4.4 Methods to select and evaluate stormwater quality Bamagement

interventions

Development of comprehensive tools for selectiod design of drainage management
interventions even at planning levels is still &t early stage in South Africa. Hence
planners and engineers are not equipped with thessary knowledge and tools to deal
with stormwater quality problems in informal settlents. For this reason, one of the
objectives of the study was defined to develop ¢houvlogy to select interventions to
manage runoff and grey water. The selection processves identification (i.e. short
listing potential interventions that can meet thetexd objective given the pollutants of
concern). Given the adverse effects of urban stat@w(from informal settlements)
impacts on receiving waters quality, the selectdnstormwater quality management
interventions must be efficient and effective. &#nt and effective selection requires
that various alternative interventions be identifend evaluated at planning stage based
on the following fundamental principles:

. Sustainability which recognizes the need to balance the econmoimal and
environmental needs and to protect resources fturdugenerations, when
planning, constructing and operating infrastructure

. Hierarchical Management Approach which requires stormwater quality
management to be carried out firstly at source,thrteafter proceeding down to
the end-of-pipe, and in each case employing firstip-structural and thereafter
proceeding to structural technologies if necessary;

. Public Consultation which enables all affected stakeholders to be detand
given the opportunity to provide input to decisipasd

. Adaptive Management which recognizes we are dealing with very complex
natural and man-made systems whose responses figliggtredictable with the
currently available science-based tools. Best m@ad¢herefore requires selecting

and designing technologies on the basis of besilabl@ data, ongoing
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monitoring and data collection, and revisiting dems to produce improved

technology selections and designs.

It is always desirable to control stormwater atsiairce, or as close as possible before
other drainage systems and downstream control mesaswe considered. This preferred
hierarchy of stormwater management measures haantadjes over the traditional
downstream end-of-pipe control techniques (e.gndpd because it can maintain the
spatial and temporal characteristics of the nathsalrologic cycle. Additionally, the
preferred hierarchy, which emphasizes low cost @ouwontrols, allows stormwater
management interventions to integrate with municgagpital and operating programs

gradually.

4.4.1 Methods to select and evaluate non-structural contl interventions

Generally, stormwater management programs employstractural control interventions

while treatment practices are dependent on straicwontrol measures. Management
programs that address source and/or on-site censiobuld be a component of any
stormwater quality management plan. Non-structemitrol interventions can have a
significant effect on the total pollutant load diacged to a receiving environment and are

characterized by the following advantages:

. Least cost.
. Potentially available for early action or implemesin.
. Medium to long-term financial rewards of non-stiuel control measures are

their effect on decreasing the size of structuoaltml measures, leading to lower

levels of investment.

. No maintenance requirements.
. Potential site constraints are not worrying.
. Offers good house-keeping practices and overaliremmental and health being

of settlement residents.

. Creates and sustains awareness of the need fowvgader management.
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Their payback is significant, depending on theiveleof success, in terms of the
sustainability of the urban environment. Figure dh®ws a flow chart of the selection
process of non-structural control measures. Figutés and 4-7 are basically an
elaboration of activities or components involvedstaps 8 and 9 in Figure 4-1. The first
step in the selection process (Figure 4-6) is émtifly issues and causes of pollution and
this has been dealt with in detail in Section Z12e second step is to define management
objectives (or load reduction targets) which hao deen described in detail in Section
4.3. The third step is the identification of nonastural interventions. A number of non-
structural control interventions involving commuyngducation, management activities,
planning controls and regulatory policies have bestiewed in Section 2.3. These non-
structural interventions are re-categorised in efmace with the hierarchical
management approach of stormwater quality as pieden Table 4-6. In step four, the
identified interventions are further subjected toesning process to select (preliminary
only at this stage) the most effective and effitieme(s). In order to select or consider a
non-structural control intervention, implementati@yuirements (or ‘critical screening
variables’) were developed. The implementation meqouents for the various
interventions are summarised in Table 4-7. Fornd@rvention to be considered, one or
more of the implementation requirements have tediesfied. The selection is based on
the pollution hierarchical management approach goeng from prevention — reduction —
reuse/recycle — treatment). Step five involves fdation of alternative stormwater

quality management strategy and is described ilat8ection 4.4.3.

The sixth step involves evaluation of the interi@mmt (strategy) to estimate load
reductions that can be achieved. A computationstrigtion of the evaluation methods
for each intervention is presented in Chapter Ghéf loads reduced by non-structural
interventions do not meet management objectives) gtructural control interventions
are considered in Section 4.4.2. If the loads reduneet management objectives, then
the last two steps involving selection of prefernetérventions (strategy) and soliciting
stakeholders input and acceptance complete theeggocStakeholders who may be
involved include stormwater managers, consultaotsnmunity, coordination groups

such as catchment management committees, localcipaliies, and state government
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departments. These stakeholders have a cruciataghay if the non-structural control
measures are to be successful. In particular, imigortant that the community be
encouraged to accept a degree of ‘ownership’ ofsélected interventions that will be
implemented, as the community is responsible fonynaf the water quality problems
within a catchment.
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Table 4-6: Non-structural control measures for varous stormwater quality
management approaches

Hierarchical Non-Structural Control Measures
Management
Approach

Prevention/Avoida
nce Technologies

1. Formalise land-use or development type

2. Planning controls (described in chapter 5)

3. Local authority’s management activities (describedhapter 5)
4. Regulatory and enforcement policy (described irptérab)

5. Separate waste streams and appropriate use ofeervi

6. Avoid littering and bush toileting

7. Avoid illicit discharge connection into storm drain

8. Avoid abuse or vandalism to service infrastructure

9. Avoid non-payment of services

10.Good house-keeping, planting and clean-up campaigns

Reduction/Minimi
zation
Technologies

1. Water saving or conservation schemes

2. Use of rainwater tanks*

3. Reduce impervious cover*

4. Disconnection of roof-tops from storm drains*

5. Car washing in pervious areas

6. Collection and proper disposal of domestic aninealseta*

7. Reduction of excessive fertilizer application indgns, parks
and lawns*

8. Street Sweeping*

9. Erosion and sediment control*

10.Repair/abatement of failing sanitary services idirig septic
system*

11.Control of sanitary sewer blockages and overflows*

Reuse and Recyclel. Urine can be reused as liquid fertiliser
Technologies 2. Composted toilet waste can be recycled as soilitondr
3. Greywater can be re used as sub-surface irrigafigarden
beds
4. Rainwater at household level can be reused forputable

domestic use

5. Stormwater at municipal level can be reused fagatron of
parks, lawns and fire-fighting

6. Stormwater can be reused for recharge of groundwate

* Measures included in the model. Others are nduied in the model because either they do notilsead
lend themselves to quantification of their loaduettbns or data are not available locally and
internationally for this process.
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Table 4-7: Implementation requirements for non-strictural measures

Non-structural
Control Measure

Implementation requirements

Lawn Care
Education

Occurrence of lawns and gardens in settlement

Over fertilization of lawns and gardens

Domestic Animal
Waste Education

Domestic animals roam in settlement

Owners don't cleanup their animal’s droppings

Septic System
Education and
Repair

Sanitation includes septic systems

Failing septic systems are not regularly maintained

Erosion and
Sediment Control

Occurrence of erosion of sediment from bare eaghsa

Erosion control has not been regulated at construsites

Low levels of compliance of regulated erosion colstr at
construction sites

Installation and maintenance of erosion control sness are poor.

Soil and sand stockpiles are unprotected

Grading and excavation projects in wet weatheroglsri

Street sweeping
(and waste
removal)

Infrequent or non-existence of street sweepingtmac

Minimum sweeping frequencies have not been estadir not
followed

Littering is a common problem in urban catchment

Solid waste collection is not regular

Sewer Overflow
Repair/Abatement

Occurrence of sewer overflows in the settlement

Sewer overflows are not timely reported or attentbed

lllicit Connection

Sewer line does not carry grey or sullage water

Removal Grey or sullage water enters storm drain
Impervious Cover | High impervious cover in the settlement
Reduction Formalization of settlement is feasible

Relocation of households or reducing imperviousecas feasible

Impervious Cover
(Downspouts)
Disconnection

Low-to-Medium-density settlement

Site depth to bedrock is not a constraint

Site depth to water table is not a constraint

Site Slope is not a constraint (flatter lot grading

Site concentrated flow erosion hazard is low

Site soil hydrologic group is either A or B (Scherel1987)

Community acceptance is high. Community is willihg use
rainwater tanks as alternative

Occurrence of lots with downspouts connected torstirains

Roof to lot area ratio < 0.5 (Li, et. al., 1997a. isufficient lawn
area
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d) Regulatory Measures
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Figure 4-6: Selection Process Flow Chart for Non-8ictural Control Technologiesl
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4.4.2 Methods to select and evaluate structural controlnterventions

Non-structural control interventions alone may hetable to reduce the total pollutant
loads to acceptable levels in many settlementssulch situations, it is important to
consider further stormwater quality treatment usstrgctural control interventions. The
outcomes in the case of structural control intetio@is are subject to conventional cost-
benefit appraisal. Since the benefits are mosthicdlt to quantify, least-cost analysis is
often preferred. The selection process for strattoontrol interventions is summarized
in a flow chart shown in Figure 4-6. The first stepto identify or short list the most
suitable interventions based on pollutants eacérvention typically removes and the
range of removal efficiencies through literaturevieevs. Planners can screen the
effectiveness of structural technology list usingable 2-5, obtained through
comprehensive literature review on the performasfcgtructural measures, to determine
the likelihood of a particular control interventiom meet the load reduction target. The
second step is to identify potential sites for iempéntation of each structural control

intervention.

The most important criterion governing selectionstiuctural control interventions for
water quality improvement is the effectivenesshd technology to remove pollutants.
Other important criteria include maintenance regmints; potential site constraints; site
soils; environmental and community impacts. A coemgnsive list of criteria to be

considered in selection of structural control textbgies comprises:

. Area served . Area needed
. level of service

. Regulatory requirement

. Effectiveness of technology

. Land use

. Slope

. Hydraulic head

. Depth to water table

. Depth to bedrock
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. Need for pretreatment . Soil contamination

. Solil type . Base flow support

. Environmental impacts . Peak discharge control

. Public acceptance . Stormwater volume control

. Water requirement . Bank erosion control

. Maintenance requirement . Water conservancy

. Capital cost . Active recreation

. Operation and maintenance cost . Passive recreation

. Aquatic habitat enhancement . Aesthetic appeal

. Thermal impact . Safety hazards

. Wildlife habitat enhancement . Sensitive environmental features

Some of these criteria are not critical to selectprocess as their impacts can be
accommodated in the design. The critical ones carfobomulated as implementation
requirements, as presented in Table 4-9. The usenplementation requirements to
further short list potential structural controlantentions is the third step in Figure 4-7.
For an intervention to be considered, all of itpliementation requirements have to be
satisfied, either with or without implementation ehgineering measures designed to
remedy the associated impacts. If there are additienvironmental and community
impacts associated with the engineering remediahsores, then the technology or

intervention is not suitable for the site of inre

Also in step three, the suitability of each site assessed and, environmental and

community impacts, as well as sensitive environaeftatures are identified. The

screening process is done using Table 4-9 to angwexstions like:

. Do any physical constraints at the project sitérictsor preclude the use of a
particular intervention?

. Do the remaining structural control interventiora/é@ any important community
or environmental benefits or drawbacks that mighfluence the selection

process?
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The first question will enable the planner to sorélee structural control interventions
listed in Table 4-9 to determine if the soils, watble, drainage area, slope, headwater
conditions, land use, and ownership present atrtecpiar development site might limit
the use of an intervention. In answering the secgueéstion, options are compared
against each other with regard to operation ancht@aance, riparian/aquatic habitat,
community acceptance, cost, health and safetysssunel other environmental and social

factors.

Structural control interventions have the potential create adverse environmental
impacts at the installation site, such as:
. Outflows from structural control interventions undew flow conditions having

poorer water quality than inflows.

. Reduced downstream dissolved oxygen concentrations.
. Loss of aquatic habitat and riparian vegetation.
. Retention of sediment to below pre-development I&veotentially causing

sediment starvation and downstream watercours@earos

Health and safety issues associated with mosttatalacontrol interventions should be
considered during the selection and design prcaamedshey include the potential for:
. Infiltrated water to contaminate potable groundwatells and cause structural

problems to building foundations.

. Mosquito-borne diseases.

. Odours.

. Drowning.

. Diseases and infections from pathogens and frorer gibllutants trapped in the

structural control interventions.

However, most of the safety issues could be adeldedsring the design stage. Capital
costs are difficult to compare among structuraltadrinterventions as the actual costs
will be dependent on the site characteristics dred design of the control measures.
Actual maintenance costs are also difficult to datee, as they depend on the nature of
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inflows, the type of maintenance equipment andcihrol technology design. Further,
information on these costs is hard to obtain intBd\frica if at all they exist, and very

limited monitoring of maintenance costs informateqsts even internationally.

Step four is to evaluate and select the site(s)s ™ achieved through site (detailed
geological and/or geotechnical) investigation tarelsterise the site and access its
suitability. Sites are then compared against edbbrdo select technically suitable and
economically feasible ones. Step five involves folation of alternative stormwater

quality management strategies, detailed in Secfign3. The last step is to evaluate

interventions (strategy) to quantify expected loadlctions.
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Table 4-8: Implementation Requirements for Structuial Technologies
Structural Implementation requirements
Technology
Riparian Riparian zones or adequate space exist in catchment
Buffers Site location is outside flood plain
Wet Ponds | A minimum contributing drainage area of 4 to 10 (&hueler et al., 2007)

Site without shallow water table or bedrock (Sckuet al., 2007)

Surface area of pond at least, 1 to 3% of coninigutlrainage area depending on
pond’s depth (Schueler et al., 2007)

the

Utility relocation is not a constraint. (Schuel¢iaé, 2007)

Facility located at least, 3m from property lin8s) from building foundations, 15m

from septic system fields, and 30m from privatelsvE€bchueler et al., 2007)

Road access for construction and maintenance

Community acceptance is assured

Site location is outside flood plain

No community and environmental concerns (or theylmaddressed)

Adequate head (minimum 1.8 to 2.5 m). (Schuelat.e2007)

Potential for low sediment trap

Water Quality

Permeable soils for dry and grass swales (grougsdAB) (Schueler et al., 2007)

er

of

et

Swales and | Site without shallow bedrock
Filter Strips | Depth to water table is not less 0.6m (Schuelat.e2007)
Relatively flat site slope, e.g. < 5% for grassroies and 2% for dry swales (Schug
et al., 2007)
Enough head exist. Dry swales require 1 to 1.5md, grass swales require 0.3m
head (Schueler et al., 2007)
Adequate space. Swales usually consume about 15%ntfibuting area (Schueler
al., 2007)
Maximum contributing drainage area of 2 ha (Schustal., 2007)
Community acceptance is assured
Sand Filters | Potential for low sediment input
Adequate hydraulic head and space exist
Maximum contributing drainage area of 2 ha (Schuetal., 2007)
No community and environmental concerns (or theylmmaddressed)
Community acceptance is assured
Infiltration Minimum infiltration rate of at least 13 mm/h (S&her et al., 2007)
Basins Depth to bedrock and water table at least 1m. (Sehet al., 2007)

Facility located at least, 3m from property lin8s) from building foundations, 30m

from septic system fields, 30m from private weB®m from surface waters, 122

from surface drinking water sources, and 365m frpublic water supply well$

(Schueler et al., 2007)

m

D

Contributing drainage area close to 100% impenness, else pervious areas

are

properly stabilized by dense vegetation to avo&hfient clogging (Schueler et g

L.

115



Structural

Implementation requirements

g

ol

er

Technology
2007)
Maximum contributing drainage area to infiltratitench of 0.4 ha to avoid cloggir
(Schueler et al., 2007).
Adequate space
Potential for low to medium sediment input
No community and environmental concerns (or theylmaaddressed)
Community acceptance is assured
For residential land use only
Constructed | Adequate contributing drainage area to sustaimrageent water level
Wetlands Adequate space for pond. (Typically between 3 atdd the contributing drainag
area, depending on the average depth of the weHaddthe extent of its deep pg
features. Schueler et al., 2007).
Without shallow bedrock
Adequate hydraulic head exist. (Typically a minimafh0.6 to 1.2m needed, Schue
et al., 2007).
Utility relocation is not a constraint (Schueleaét 2007)
Facility located at least, 3m from property lin8s) from building foundations, 15Mm
from septic system fields, and 30m from privatelsvE€bchueler et al., 2007)
Road access for construction and maintenance
No community and environmental concerns (or theylmaaddressed)
Community acceptance is assured
Site location is outside flood plain
Adequate public safety provisions
Low site slopes
Low evapotranspiration and presence of base fldavwetland
Potential for low sediment trap
Porous Not suitable for soils with infiltration rates legsgan 7 mm/h (D soils) or soils with clg
Pavements | content greater than 30%. Generally ideal withie ttange of 13 to 25 mm/

(Schueler, 1987)

Ly

Site without shallow bedrock and water table

Site slope less than 5%. (Schueler, 1987)

Generally for parking lots and lightly used acoessls. (Schueler, 1987)

Located more than 30m from drinking wells; at |e&st down-gradient and 30m u
gradient from building foundations. (Schueler, 1987

Contributing area restricted to 0.1 - 4 ha. (Schyel987)
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Continue from Figure 4-6, No. 7

Table 4-9 11. Identify Structural Control Interventions

A
12. Identify Sites for Implementation for
Each Structural Control Intervention

A
13. Check Implementation Requirements

Table 4-9 1 for Each Structural Control Interventions |
Is the Site Suitable and Without Any
Constraints?

No

9IS Jaylouy a1eblsaAul

Is that the Last Site ?

Is that the Last Structural Control

Interventions?

No

Yes

14. Evaluate and Select Preferred Site

15. Formulate alternative strategy

16. Evaluate Strategy

!

Return to Figure 4-6, No. 8

Figure 4-7: Selection Process Flow Chart for Structral Control Technologies

117

ABojouyda] |01U0D [eIN1ONIIS Jaylouy a1ebisaaul



4.4.3 Formulation of alternative management strategies

Upon identification and preliminary selection orresning of suitable control
technologies, alternative stormwater quality manag@ strategies can be formulated by
combining various mixes and magnitudes of non-timat and structural control
measures in accordance with the preferred stormmwatmagement hierarchy. This
hierarchy emphasizes the use of non-structuralceoand drainage system controls
before downstream structural treatment contidt®wvever, the cost and effectiveness of
many of the non-structural technologies dependgelgron the commitment of the
community as well as the institutional capacitytioé local government planning and
management activities. Each strategy should inclymeritization of specific
management actions to be implemented in the catchara a tentative timeframe for
their implementation. An optimum strategy would the one that meets water quality

objectives at minimum cost.

The broad prioritization of actions should be ainsdacilitating the incorporation of

proposed measures into local governments’ developroé Management Plans and

budget. Thus, both short- and long-term strategpestd be formulated as follows:

. Short-term strategies (e.g., 2 year implementatiorgy use non-structural
technologies.

. Medium to long-term strategies (e.g., 5 to 15 yeaplementation) may in
addition to non-structural control measures, inocafe structural control
measures which are not yet widely practiced andionitored in developing

countries.
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5

QUANTITATIVE DESCRIPTION OF MODEL COMPONENTS

The fifth objective of the study states:

To develop a decision support system for evaluadiopotential interventions for

storm and grey water management at planning level.

This objective was undertaken as presented in @haptSections 4.4.1 to 4.4.3. The

model acts as a starting point from which stormwat@nagement professionals can

evaluate various management interventions. In ¢h&pter the computations used to

evaluate storm loads, non-storm loads, and loadctemhs by the various management

interventions are described in detail. Literatueeiew and computational methods were

used in this part of the research. The chaptewvidet into the following five sections:

iv.

V.

Computation methods of storm loads

Computation methods of non-storm loads

Computation methods of structural control intervem
Computation methods of non-structural control ations

Computation of measure of assuredness (reliability)

A flow chart showing the sequence of the computatis presented in Figure 5-1. The

computations in the model consist of additions anadlifications to the model developed
by CWP (2001). The modifications consisted of:

a.
b.

d.

Modification in the estimate of runoff volume armhd (presented in Section 5.1)

Modification in the estimate of interventions loaluctions (presented in Section
5.4)

Modification in defaults used in the knowledge-badethe expert system or

decision support system, which was based on SofribafA studies (presented in
Section 6.2)

Coding in Visual Basic for Application (presentedSection 6.1)

The additions included:

a.

A module to estimate load reduction targets ofysahts of concern (presented in
Section 4.3.9)
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b. Addition of four management interventions (presdnie Sections 5.4.12 to
5.4.15)
Addition of two pollutants tracked by the modelgpented in Section 5.6)

d. A module to formulate implementation strategy (préed in Section 4.4.3 and
5.4)

e. Costing to select the optimum management stragg@génted in Section 5.7)

f. Estimation and inclusion of uncertainties (preseémieSection 5.3)

The main features of this Chapter is summarisékhlvie 5-6.

START

A 4

1. Estimate stormloads

l

2.Estimate non-storm loads

3. Estimate load reductions for each existi
non-structural (source) control interventions

«Q

4. For each existing structural control
intervention, identify all upstream
interventions connected tc

\ 4
5.Estimate load reductions for each existi
structural control interventions as: Loadg
reduced by the structural intervention les{s
loads reduced by all other upstream
interventions connected to it

«

6. Estimate load reduction targets for future
interventions

7.Repeat steps 3to 5 for future interventigns

, I ,

9. Estimate Measure of Assuredness 8. Estimate residual load reduction targets [for
(Uncertainties) future interventions

10. Estimate costs for future strategies

rY

v

STOP

Figure 5-1: Model computations flow chart
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5.1 Computation methods of storm loads

A different approach was used to estimate runofifime and pollutant loads compared to
the Simple Method used in CWP (2001). In the Simplethod (Schueler, 1987),
empirical regression equation (egn. 2-2) in Secdnl was used to estimate runoff
coefficient. The empirical equation was based odist in the US. The contrast between
climatic conditions and level of development in th® and South Africa suggest that the
empirical regression equation (egn. 2-2) is inadégfor use in South Africa’s informal
settlements. The implication in the Simple Methlogt trunoff loads is proportional to the
percent impervious areas has been found to be dlaw&outh African conditions. For
example, Coleman (1990a) found that stormwater ffultads from Alexandra, an
informal settlement north of Johannesburg far esedethose from Hillorow, a
residential and commercial district in Johannesbuhgre percent imperviousness far
exceed that of Alexandra. Again loads from urbatcloaents are assumed in CWP
(2001) to be equal to loads from impervious sudaoaly. Such an assumption will
rarely apply in typical South African rural settlems where considerable runoff and soil
erosion (loads) occurs in pervious areas due toavneombination of several of the

following factors, viz.:

Arid climatic conditions

. Intense thunderstorm activity with inherent highnfall erosivity
. Shallow erodible soils

. Limited vegetation cover and/or

. Poor conservation management techniques.

Studies by Mackey (1993, 1994a,b), Grobicki (200dgn Ginkel et al. (1993) and
Wright et al. (1993) have shown that pervious ane&outh Africa contribute substantial

loads to the receiving environments.
To overcome these flaws for South African condsiothe use of runoff coefficients

recommended by DWAF (Alexander, 1990) was usedstionate runoff volume. Runoff
coefficients are recommended for different catchimemd land uses in South Africa as
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shown in Table B-2 in Section B4.1.1, Appendix By Beplacing the mean runoff
coefficients (Rv’'s) in the Simple Method by the seunended coefficients for South
African conditions, the model could estimate loaamisd load reductions for both
impervious and pervious areas, and the methodnisdferth referred to a¥he Simple
Modelling Method’

Loads from primary sources,s (i.e. storm or wet weather loads) were estimdigd
categorizing the catchment into three land usemeha residential, commercial and
industrial. The Simple Modelling Method estimatedlytant loads as a product of annual
runoff volume and pollutant concentration and isalibed in detail in Appendix B,
Section B7.1. The load is estimated as aggregat@s|iérom pervious and impervious

surface areas.

5.2  Computation methods of non-storm loads

Loads from secondary sources (i.e. non-storm orwbgther loads) are estimated as a
product of flow and concentration, the same basthodology of the Simple Modelling
Method. Because flows from secondary sources aratitm-specific, the accuracy of
estimates improves with additional information abdle system being studied. For
example, the estimates of flow (or load) generditech septic systems within an urban
catchment will depend on the accuracy of septitesysnventories available. From these
inventories, unconventional base unit of measurésneanch as, length of sewer and
number of septic systems can be formulated to estifilows and loads. Local data may
substantially improve these estimates. Non-storaddoincluded in the model are loads
from septic systems, sanitary sewer overflows (§S&@d illicit connections to storm

drain. The computation methods for these are ptedéselow.

5.2.1 Septic systems

Load from septic systems is the sum of loads froonkimg septic systems and failing
septic systems. The model estimates loads fromcsgptems as a product of flow and

concentrations. The flow is the product of the nembf septic systems functioning,
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number of persons per household and per capiteewastr generation. Pollution from
failing septic systems can either be on the surfaceneans of overland flow or the
subsurface. Pollutant transport varies considerdbfyending on the soil characteristics,
catchment characteristics, and the site of theesyst Water pollution risk from overland
flow is determined from delivery ratio which dependn soil absorption ability and

surface runoff rates.

The equations for estimating septic system anraad bf each pollutant are defined by
equation 5-1, 5-2, and 5-3. The effluent conceiutnat of septic tank at the tank site are
attenuated as the pollutants are transportedearss. Hence a delivery ratio is applied to
account for this attenuation process. The conceomiof working septic systefC,) at
catchment outfall are estimated from equation B&fining a failing septic systems load
is a difficult task in view of the fact that thefotion of failure varies. Failing systems
will result in subsurface loads but a completeufal will surely result in untreated
surface loads. Hence the model uses a weightechg&vezoncentration based on the
fraction of complete failures that essentially tesu a direct wastewater discharge, and
the fraction that contributes to subsurface flowyohe effluent concentration from

failing septic systems is estimated from equati¢h 5

Ly, = 0.365D,D, PW,[S,Cy, + (L~ S, )C,] (5-1)
and

Cuws = effluent concentration of septic tank at thelkaite* D, (5-2)
Cis = F*Cuw + (1-F)*Cuw*D1 (5-3)

The notations in equations 5-1 to 5-3 are defireed a
Lsep= Annual pollutant load from septic system (kg/yr)
0.365= A conversion factor. (For bacteria, conversiantér = 3.65 x 18 and
Load is in million count/year)
Dy = Number of dwelling units
D¢ = Fraction of dwelling unit with septic system

Pu = Persons per dwelling units
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W, = Water use (ric/d)

S = Fraction of septic systems failing

Cis = Effluent concentration from failing septic sysenimg/l, for bacteria
count/100ml)

Cws = Effluent concentration from working septic syste (mg/l, for bacteria
count/100ml)

F¢ = fraction of complete failures of septic systems

Cww = Wastewater concentration (mg/l)

D, = delivery ratio (fraction)

5.2.2 Sanitary Sewer Overflows

Sanitary Sewer Overflows (SSOs) occur both during hetween storms, that is, it
contributes to both storm and non-storm loads. Blonm loads are caused by breakages
and blockages while the storm loads are causeddyydf capacity due to infiltration of
rainfall into the sewer pipes (Stephenson and Ba&@85). SSOs loads are estimated in
the model as a product of total flow from SSOs eodcentrations for raw sewage. The
flow is estimated as a product of number of SSQaup# kilometer of sewer lengttiN,)

by a typical SSO volumg).

The resulting equation for estimating SSOs anra&d is given by equation 5-4.
Lsso= L0 **N +V*Cypy (5-4)
Where:
sso= Annual pollutant load from sanitary sewer ovenfs (kg/yr)
10° = A conversion factor. (For bacteria, conversiaotér = 10 and Load is in
million count/year)
| = Length of sanitary sewer (km)
No = Number of annual overflows per km (#/km/yr)
V = Typical volume per sanitary sewer overflow’m
Cw = Concentration of wastewater characteristics mgffor bacteria,
count/100ml)
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Typical SSO volume per day may be estimated frouaggn 5-5 as:

V =Dy * Py * Per capita sewer generation * t/24 (5-5)
Where:
Dy = Number of dwelling units
P, = Persons per dwelling units

t = typical duration of an overflow in a day (hrs)

5.2.3 lllicit Connections (IC)

Contribution of loads from illicit connections téosm drains can be assumed to result
from residential and business connections and bathestimated from the product of

flow and concentration. For residential connectjahe flow is obtained as equation 5-6

and the number of illicit connections obtained frequation 5-7.

Flow = Person per dwelling unit * Water use * Numio¢ illicit connections (5-6)

And:

Number of lllicit connections = fraction illicitigonnected (1%) * Number of Sewered

dwelling units (5-7)

For businesses, illicit connections are composeadash water connections and complete
wastewater connections. Total flow concentratiolsaaflow weighted average of wash
water and raw sewage data which is evaluated figqumateon 5-8:
Ci = (CuwFw + CoFuw) / (Fuw + Fuw) (5-8)
Where:
C; = Total flow concentration (mg/l)
Cw = wash water concentration (mdiyr bacteria count/200ml)
Cww = wastewater oraw sewage concentration (mg/l, for bacteria cdiml)
F. = wash water flow (fficonnection/day)

Fuw = raw sewage flow (ficonnection/day)

The annual loads from residential, business wadkfwand business complete
wastewater are summed in equation 5-9 to obtaiacamtion for estimating total illicit

connections annual pollutant load.
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Liy = 0.365{P*W*I,*D *Cyw + By*l o(Bw*Fw*Cw + (1-By)F*Cy)} (5-9)
Where:
Lii = Annual pollutant load from lllicit connectionkg/yr)
0.365 = conversion factor, (For bacteria, conversgactor = 3.65x18 and Load
is in million count/year)
P, = persons per dwelling unit
W, = water use (rtic/d)
I, = fraction of households illicitly connected
Dy = Number of dwelling units
Cww = Wastewater concentration pollutant (mg/l, focteaia count/100ml)
By = number of businesses
B\ = fraction business connections that are washrvoatly
I, = fraction of businesses with illicit connections
F. = wash water flow from business illicit connectign®/d)
F; = total flow per business illicit connection i)
Cw = wash water pollutant concentration from businégst connection (mg/l,
for bacteria count/100ml)
C; = combined wash water and wastewater pollutant@aination from business

illicit connection (mg/l, for bacteria count/100ml)

5.2.4 Subsurface and base flow from lawns and gardens

Imperviousness due to urbanization results in redusubsurface or base flow. The
pollutant concentrations in subsurface flow aratre¢ly low due to filtration, adsorption,
and biodegradation processes which occur withinsthie However, concentrations of
nutrients (nitrogen and phosphorus) are of conesra result of leachate from backyard
gardens in informal and rural settlements. Nutgsearinual load is estimated as a product
of its concentration and annual infiltration volunféne model approximates the volume
of infiltrated water as a fraction of annual ralhfhased on soil type as classified by U.S.
Soil Conservation Service (National Engineering thaook, 1972) in terms of their
absorbing capacities. The lawn subsurface flow ahlmad of nutrient is estimated from

equation 5-10:
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Liawn = (Asa'Fia+ Asg'F s+ AscFic + AspFip) P*C*AL*K ¢ (5-10)
Where:
Liawn = Annual pollutant load from lawn or subsurfaaafl(kg/yr)
P = Mean annual precipitation (mm/yr)
Asa. Asp = Proportion of area covered by Hydrologic Soib@rs A..D
Fia..Fip = Fraction of infiltrated rainfall into HydrologiSoil Groups A..D
C = nutrient concentration in leachate or subsurfee (mg/l)
A_ = Lawn area (k)

K¢ = Factor to account for compaction of urban soils

5.3  “Subjective risk assessment” in estimating load regctions

Ambient water quality prediction and managemenbines considerable uncertainty. No
one can accurately predict what pollutant load$ @gtur in the future, especially from
area-wide non-point sources. In addition to unoaitss inherent in measuring the
attainment of water quality objectives, there ameautainties in models used to determine
pollution loads, and to predict the effectivene$adions taken to meet water quality
objectives. The models available to help manageesligt water quality impacts are
relatively simple compared with the complexitiesagfual water quality systems. These
limitations and uncertainties should be underst@odl addressed as water quality

management decisions are based on their outputs.

The mean or median pollutant removal efficiencisgally quoted in the literature (e.qg.
Schueler, 1987) as well as those derived from @ioalycalculations and simulation
model predictions can rarely be achieved on a oatclt-wide basis for a variety of
reasons. The reasons are based on the fact thatm&nt measures operate in an
environment of change and uncertainty describedvbelnd in Appendix A, Section
A6.1.

Outcomes or events that cannot be predicted wittaiogy are often called risky or
uncertain. Some individuals draw a special andresteng distinction between risk and

uncertainty In particular, the termnisk is often reserved to describe situations for which
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probabilities are available to describe the liketid of various events or outcomes. If
probabilities of various events or outcomes canbet quantified, or if the events
themselves are unpredictable, some would say tht#gim is then one afncertainty and

not of risk. In this section, what is not certarconsidered uncertain. When the ranges of
possible events are known and their probabilitresraeasurable, risk is calletjective
risk. If the probabilities are based solely on humatg@ment, the risk is calleibjective
risk.

Such distinctions between objective and subjectiisk, and between risk and
uncertainty, rarely serve any useful purpose tcsehdeveloping and using models.
Likewise, the distinctions are often unimportantrtose who should be aware of the risks
or uncertainties associated with system performardieator values.

Uncertainty in information is inherent in futurelemted planning efforts. It stems from
inadequate information and inappropriate assumsptias well as from the variability of
natural processes. Stormwater managers often reeédentify the uncertainty of, or
changes in system performance indicator values fndrat was predicted due to any
changes in input data and parameter values. Thay teereduce this level of uncertainty
to the extent practicable. Finally, they need tmmpgmnicate the uncertainties clearly so
that decisions can be made with this knowledgeuarurstanding.

There are knowledge uncertainty and natural vdiigbuncertainties. Knowledge
uncertainties include lack of sufficient data ttiraate probabilities of various events that
might happen; imprecision in input data measuremjemind imprecision in our
understanding of all the treatment processes doguim the treatment control measures.
Natural variability includes temporal and spatiarigbility in hydrological and
meteorological input series (e.g. amounts of rdlinfavaporation, land cover and
topography), to which model input values may bejexttb Other uncertainties may
include variability in water use; return flows frogettlements, atmospheric deposition of
pollutants, design, maintenance and operation afrstater control interventions, all

resulting in changes of flows, and their qualiti@sd consequently changes in the
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affected ecosystems. There is also uncertainty wadpect to human behaviour and
reactions related to non-structural interventioesy.( educational programs) to reduce
pollutant loads. Social uncertainty may often be thost significant component of the
total uncertainty associated with just how a treattncontrol measure will perform

(Loucks and Beek, 2005).

In this section, the goal of the ‘subjective rigs@ssment’ is to evaluate the likelihood of
a scenario/factor occurring for which the consegeemesults in some level of

ineffectiveness in management intervention perfoirea All scenarios that lead to this
common outcome (ineffectiveness) - for a specifterivention - can then be combined to
determine a single ‘subjective risk’ of arriving tat outcome. In stormwater control
interventions, six scenarios were identified tcaseociated with risk which can influence
the estimate of load reductions or the ineffectasmnof the interventions. These are:

A fraction of catchment area that can be treatedrbinterventior(,)

A fraction of annual rainfall that can be captubgdcontrol interventiorgsy,)

a.

b

C. A factor to reflect design adequacy of interversion)

d A factor to reflect maintenance level of intervent(74)

e A fraction of population that can be reached wili@tion programée)

f. A fraction of population that will change behaviaur participate in the program
or comply with the set standafgt)

CWP (2001) also used these six factor&litscount’ load reductions achieved by various

interventions.

Only rain that falls on area(s) contributing toeirntention(s) can be treated. Runoff from
outside the contributing areas will end up in reventreated. The factoy,, is generally
the area captured by the control measure dividetthdwrea of the catchment as given in

equation 5-11.

- A 5-11
M, A (5-11)
Where:

A = Areas captured by intervention (Rm
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Ac = Total area of catchment (Rn

The factor, n,, is the fraction of annual rainfall captured bye tkreatment control
intervention. This value is determined by analysiogal rainfall records to develop a
rainfall frequency spectrum. The rainfall frequgrspectrum represents the statistical

distribution of 24-hour rainfall events.

The removal efficiencies to be used in the modelthose quoted from literature as well
as those derived from analytical calculations antltion model predictions and it is
uncertain that these values would be achieved ényelocation. The factor;., accounts
for the design features incorporated into treatneentrol measures to enhance pollutant
load reductions. It also accounts for design slontogs and is estimated based on
adequacy of existing design practice or standakds Tactor is very subjective and

depends on engineering or professional judgement.

The performance of structural treatment control sness will deteriorate with time
unless adequate operation and maintenance prosedrgeout in place. The factoyy,
accounts for the temporal variability of treatmeamntrol measures load reductions
capabilities that stems from the effectivenessparation and maintenance practices. The
factor, g4, is estimated based on adequacy of maintenancertakdn and is very

subjective and depends on engineering or profeakjodgement.

Some management programs involve community educatial the success of those
programs depends on fraction of population that liareducated. The factofe, is the
fraction of population reached with education pergs and it depends on the type of
media (e.g. radio, television, and community megfjrused to distribute information and
the impact it creates which in turn, depends on fitaetion who remember the
educational information on a long term basis. ENeeducational programs reach some
population, not all those population will be wiiio change behaviour or participate or

comply with the programs. The factagt, accounts for the fraction of population willing
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to change behaviour or comply. For each interventsbme combinations of the six

factors §a, 1o, e, 11d, 1e» @ndys) apply as shown by a ticklYin Table 5-1.

Table 5-1: Risk factors applicable to interventions

Interventions Risk factors ()

Ha b e Hd e it
Lawn care education N N N
Septic systems education N N
Domestic animal waste education/* N N
Erosion and Sediment control | N \?
from active construction sites
Street Sweeping N \? N
Downspout Disconnection N N N
Riparian Buffers N N N
Impervious Cover Reduction | V
lllicit Connection Removal N
SSO Repair/Abatement N
Septic System Inspection/Repair \? N
Erosion and Sediment control | N \?
from catchment pervious surface
Rainwater Tanks N N N N N
Exfiltration systems N N N N
River assimilative capacity N N
Other Structural control N N N N
interventions

Note: 1 = fraction of animal waste that is trea¢al? = compliance factor; 3 = sweeping efficiency
factor; 4 = sweeping frequency factor; 5 = fractifrseptic systems that will inspected/repaired.

A ‘measure of assurednesg), which reflects the proportion of pollutant loatist can
‘reliably’ be reduced by an interventiander the prevailing conditionsan be estimated
to account for ‘subjective uncertainties/risk’ oatl reductions. The prevailing conditions

include, for example, fraction of annual rainfallnjch have been adopted) to be treated
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based on water quality protection required, thendded of design and maintenance

practices (low, high), and the fraction of commumiilling to participate in a program.

The six factors can be assumed as independentmamdnables, i.e., the value of any
one factor is not influenced by the value taken dtlger factors. The measure of
assuredness would then be the joint proportiorteefandom variables, i.e., the product

of the six factorsif,, 7, ..., andys) as given by equation 5-12.
E=na" np....... *ns (5-12)

The above deductions indicate that, to have mininaubjective risk’ in future control
interventions, the stormwater manager should maarthe six factors (vizza, 7o, ¢, 14,

ne, and zy), that is, increase the faction of contributingeaey to treatment control
measures, capture and treat more annual cumuleginéll, institute high standard of
design, institute high operation and maintenanbedules of treatment control measures,
ensure educational programs reach greater propodiopopulation, and also ensure
greater proportion of population participate in gregrams. Model outputs of ‘measure

of assurednesses is discussed in Appendix C, &eCti4.

5.4  Computation methods to estimate load reductions binterventions

This section describes the computation methodeg$tmating pollutant load reductions
by various interventions included in the model. Manthe interventions (e.g. Lawn care
education program, Active construction’s erosiond asediment control program,
downspout disconnection program and Impervious iceeguction program) may not be
applicable in certain townships or rural settlerse@iven the fact that some settlements,
(e.g. Alexandra and Soweto cluster in Gauteng; &aps in the Eastern Cape; and
Khayelitsha and Cape Flats in the Western Capeg hmaiked development types -
involving formal to informal, high to low densithigh to low income; and high to low
level of services- it was felt appropriate to idgnand include a comprehensive list of
interventions to provide a wider spectrum for sedec of measures suitable for a
particular settlement. The onus is therefore onuser to identify and select program(s)

that will best suit the catchment under his/hedgtiand the methodology to do this is
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described in Chapter 4. For each interventiontitheframe for completion as well as the
magnitude of implementation (or implementation dagtas described in Section 4.4.3,
must be formulated. The implementation fact¢t§ represent the proportion of the
intervention that can be implemented based on Igoakrnments’ Management Plans

and budget.

Computational methods to estimate the best posgiokutant removal for each

intervention is presented below.

5.4.1 Fertilizer Use Education (FUE) Intervention Load Reduction

Fertilizer use education (FUE) program is targeteceduce nutrient loads resulting from
over-fertilization of lawns and gardens. The pragedvas to estimate the load associated
with excess fertilizers applied to lawns and gasjdeand then apply equation 5-12 —
which reflect the proportion of pollutant loads ttrean teliably’ be reduced by an
intervention. By adding the implementation fact@w), the annual pollutant load

reduction from FUE program as given by CWP (208XIhodified to equation 5-13:

Lee = A Koy, UK, OK, 0 Oy (5-13)

And A, is given by equation 5-14

A =e[Ac = (A Dl (5-14)
Where:
Lwwe = Annual pollutant load reduction from Fertilizelse Education program
(kglyr)

A_ = Lawn area (k)

A.es = Residential area (Kin

lres = IMmpervious cover in residential area (%)

Kapp = Typical Fertilizer application rates (kg/ktyear)

K: = Fertilizer application reduction (fraction)

K, = Fraction of fertilizer lost to the environment

¢ = Proportion of residential pervious surfacesawns

&1 = na* ne* i (oObtained from equation 5-12 and Table 5-1)
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w1 = Implementation factor for fertilizer use educatgrogram

5.4.2 Septic System Education (SSE) Intervention Load Rexttion

Annual load from septic systen(lsse) Was estimated in Section 5.2.1 (equation 5-1) as
the sum of loads from working septic systems atilchfpseptic systems. Ideally, septic
system education (SSE) would eliminate all failisgptic systemsassociated with
behaviour Hence the loads reduced will correspond to theuahload from septic
systemqLsep less the annual load for which there are no fgiigstems. In other words,
after SSE interventiorg = 0 andCss = C,ys such that equation 5-1 will reduce to equation
5-15:

L's,= 0.365D,D; RW,C, (5-15)
Hence loads reduced prior to the application ok asd implementation factors are
simply equation 5-1 minus equation 5-15 as providegfjuation 5-16.

L'...= 0.365D,D,PW,|S,C,, + (L- S,)C,,] - 0.365D,D, PW,C,,

(5-16)

- _ Cys
) Lse;{l Ci LS, + \():II-_ Sy )ij

By applying equation 5-12 and the implementaticctda(w), the resulting annual load

reduction from septic system education prograrhes fgiven by equation 5-17:

C
L.=L. /1 i 0 5-17
sse sep|: Cfs DSf + (1_ Sf )CWS:IQ(Z C()z ( )

Where:

Lsse = annual pollutant load reduction from septic sgsteducation program
(kglyr; for bacteria million count/yr)

Lsep= annual pollutant load from septic system (kg/yr)

S = Fraction of septic systems failing

Cis = Effluent concentration from failing septic syswenimg/l, for bacteria
count/100ml)

Cws = Effluent concentration from working septic syste (mg/l, for bacteria
count/100ml)

& =ne*nr(obtained from equation 5-12 and Table 5-1)

134



> = Implementation factor for septic system educagimgram

5.4.3 Domestic Animal Waste Education (DAWE) InterventionLoad Reduction

A common problem in low-income high density seté#ts in developing countries in

terms of pollution to receiving water environmestdefecation from domestic animals
such as dogs, sheep, goats, cattle, pigs, chickielcks, turkeys, donkeys, horses, and
others. Many of these animals roam about in thigesetnts while some of them are kept
in smallholdings at backyards. The loads reducedeatimated based on the fraction of

owners who clean up their animal waste.

The factory, for domestic animal waste education (DAWE) progtianestimated from

equation 5-18.

Na = Prdaw” (1 — Pcdaw) 5-18
Where:
Prgaw = Fraction of population or owners whose domeationals roam in the
settlement

Pcdaw= Fraction of population or owners who clean tligeimestic animals waste

By applying equation 5-12 and the implementatiootda (w), the load reduction
resulting from DAWE program is given by equatiod %-

Ldawe= 1365: Du [varo [Cdaw[ Dda [ prJ [53 EC‘S (5'19)

Where:

Lgawe = Annual pollutant load reduction from domestidnaal waste education
program (kg/yr, for bacteria million count/yr)

Dy = Number of dwelling units or households

Wro = Domestic animal waste production (kg/animal/d@jonies or count/kg)
Cdaw = Concentration of a pollutant in domestic animabste (kgs/kg;
colonies/kg)

Dqa = Fraction of households with domestic animal
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Fow = Fraction of pollutant delivered to water course
& =na* ne*nr(Obtained from equation 5-12 and Table 5-1)

w3 = Implementation factor for domestic animal wastaaation program

5.4.4 Active Construction Erosion and Sediment Control (ACESC) Intervention

Load Reduction

Construction and urban development sites repreébergreatest source of sediment loads
in urban areas; often an order of magnitude higfinen other land uses. This also results
in an increase in adsorbed contaminants, suchtagms and heavy metals, particularly
where the construction is in an area with high apheric deposition rates. Loads from
active construction erosion and sediment contr@ ESC) program are storm loads and
are estimated using the Simple Modelling Methodcdked in Section 5.1 and adjusting
the runoff coefficient to reflect the bare compdogeound typically found at construction
sites. The equation for estimating sediment annigald reduction from active
construction site is given equation 5-20.
Lacss = PRC AC (5-20)

Where:

Lacss= Annual sediment (SS) load from active constarcsite (kg/yr)

P = Mean Annual Precipitation (mm/yr)

R: = Fraction of annual rainfall that produces runoff

C: = Runoff coefficient for cleared land (dimensicdg

Auc = Area of construction site (Kin

Css= Concentration of sediment (SS) (mg/l)

Nitrogen and phosphorus loads are obtained by phyittig the soil content () of these
constituents by annual sediment load, and by emectt factor (&p). The enrichment
factor is generally defined as the ratio of theratance of a particular constituent in an
enriched material to its abundance in the origimaterial. For bacteria, thpotency

factor defined as the number of bacteria count per topediment, is used in the model
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instead of enrichment factor. The equation forneating annual load of nutrients from
active construction site is given by equation 5-21:
Lacn= LacsspEnsp (5-21)
Where:
Lacn = Annual nutrients load from active constructidte $kg/yr)
Swp = Soil content of nitrogen or phosphorus (% byghé)
Enp = Enrichment factor of nitrogen or phosphorus. Bacteria, potency factor is
used.

LacssiS defined in equation 5-20

By applying equation 5-12 and the implementatiactda(w), the annual sediment load
reduction from ACESC program is estimated from équeb-22:
Lescs: LacssDPeff D§(4 IjC‘)4 (5'22)

And the nutrient load reduction from ACESC is giy®y equation 5-23:
L = LescsDSn/ p DEn/ p (5_23)

escn

Where

Lescs= Sediment annual pollutant load reduction fromEST program (kg/yr)
Lescn= Nutrient annual pollutant load reduction from B&C program (kg/yr)
Petf = Assumed ACESC program efficiency

&4 = na* ng*ni (obtained from equation 5-12 and Table 5-1)

w4 = Implementation factor for ACESC program

5.4.5 Street Sweeping (SS) Intervention Load Reduction

The load from each street type is estimated by iplyihg the total load from the

associated land use and the fraction of impervasaa swept in that land use, equation 5-
24. The total load from the associated land(lgg is the storm load estimated using the
Simple Modelling Method in Section 5.1. The loadduced from each street type are the
product of the street load and efficiency of steeeping. The efficiency depends on the
sweeping technique. The efficiency of sweepingeduced if the sweeper is unable to

sweep the entire road surface principally due ts parked on streets and also due to the
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fact that the operators may not be well trainede Total load reduction from street
sweeping is the sum of load reductions from strassociated with each particular land
use. By applying equation 5-12 and the implememtattactor(w), the resulting equation
for estimating annual pollutant load reduction fretreet sweeping is given by equation
5-25:

B n B oS Ast ]
=2k (A Dliﬂ o2
L =i_t"s( A jE} D (5-25)

SS =il i A DII 5

The notations in equations 5-24 and 5-25 are défase

i = thei™ land use

n = total number of land uses

Lst = Annual load from streets (kg/yr)

Lss= Annual pollutant load reduction from street spiag program (kg/yr)
LP$ = total annual storm load from land tisgkg/yr), obtained from equation B-2
in Appendix B.

A%} = Total street area swept in land uglem?)

A = Total area in land use€km?)

ES = Efficiency of sweeping in land us€%)

I = Fraction of total impervious cover in land ugéo)

& = na* ne*nr(oObtained from equation 5-12 and Table 5-1)

ws = Implementation factor for street sweeping program

5.4.6 Downspout Disconnection Intervention Load Reduction

Downspout or Impervious Cover Disconnection (ICDy @ logical stormwater

management practice but was not explicitly requueatl recently in the United States
and Europe. The method is not practiced in manytc@s. It involves disconnection of
downspout and redirection of roof runoff to lawnparvious areas. By returning the roof
runoff to soils through infiltration, this contrééchnology reduces runoff volume and

pollutant loadings. This control measure is sugalbhere the local site grading is gentle
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and sufficient lawn or pervious areas are availdblis also desirable to have sandy soils
and a low groundwater table on site so that thertid runoff will not be detained on the
lawn over extended periods of time. Residents mastigipate in a disconnection
program when a municipal bylaw is enacted. For nay downspout disconnection
programs, public participation may be improved Hy@tion and financial subsidy. The
downspout disconnection program in the model isedimat both residential and

commercial rooftops.

Impervious cover disconnection load reduction sidential areas is estimated based on
a proportion of rooftop are@®ic.q*Rp) to the total impervious cover in the residentialaa
(Aes'l reg). By applying equation 5-12 and the implementatiactor (w), the resulting
equation for estimating annual pollutant load reducfrom downspout disconnection is
given by equation 5-26:
L =1o‘3% LP® 0&, O, (5-26)

Where:

L' = Annual pollutant load reduction from ICD in résitial area (kg/yr, for

bacteria million count/yr)

10° = Conversion factor (Atkm?)

Dica = Total number of homes disconnected or to beodisected

Ro= Typical roof area

Ares = Total residential area (Kin

lres = Fraction of impervious cover of residential larse (%)

LPS, = Total primary source pollutant annual storm lofidm impervious

residential land use only (kg/yr)

&6 = na* neo*nr (Obtained from equation 5-12 and Table 5-1)

wes = Implementation factor for downspout disconnecpoogram

Similarly, impervious cover disconnection load retlon in commercial areas is

estimated as given in equation 5-27:
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icd U S
cd = t LP° &, O (5-27)
Rarleor) = 0

For existing and future management programs, thanpeterU; is estimated from

equations 5-28 and 5-29 respectively.

Ui = FeomF bus(Acom* Icom) (5-28)
Ut = Feor{Acom lcom)) (5-29)
Where:

L' = Annual pollutant load reduction from ICD in coraruial areas (kg/yr)

U, = Total disconnected impervious cover areaijkm

Fcom= Fraction of commercial imperviousness as rooftop

Fous = Fraction of businesses disconnected

Acom= Total commercial area (Kn

lcom= Fraction of impervious cover in commercial larst (%)

LPS. = Total primary source pollutant annual storm lofsdm impervious
commercial land use (kg/yr, for bacteria millioruot/yr)

&6 = na* ne* i (Obtained from equation 5-12 and Table 5-1)

we = Implementation factor for downspout disconnecpoogram

The total load reduction from impervious cover distection(Licg) is then calculated
from equation 5-30 as:
Lica= I—imlr + LiCdc (5-30)

5.4.7 Riparian Buffers (RB) Intervention Load Reduction

The total riparian buffers (RB) load reduction #ained by direct application of removal

efficiencies(Ey) to the total urban primary and secondary souroesia load(LPS™*.

By applying equation 5-12 and the implementatiactda(w), the resulting equation for

estimating annual pollutant load reduction fromarign buffer intervention is given by

equation 5-31.:

L, = E, OL™"**0&, Oew, (5-31)
Where:
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L» = Annual pollutant load reduction from riparianfieus program (kg/yr).
LPS*S€%= Total pollutant annual load from primary and@etary sources (kg/yr).

(LPS™SCS= PS4+ %% and 15°°°= LseptL ssotLin*L iawn)

E, = Removal efficiency of riparian buffer (%).
& =na* n*nr(obtained from equation 5-12 and Table 5-1)

7= Implementation factor for riparian buffers intention

5.4.8 Impervious Cover Reduction (ICR) Intervention Load Reduction

Impervious cover reduction (ICR) is also a logisdrmwater management program but
not explicitly required until recently in the UniteStates and Europe. The method is not
practiced in many countries but is included hene dompleteness. Better site design
techniques such as narrowing street widths andcneguhe number and size of parking
spaces can reduce the total impervious cover irarurbatchments. Reduction of
impervious cover reduces the amount of runoff whichurn, reduces the catchment
pollutant loads delivered to streams. ICR is asslimé¢he model as a future management

intervention only.

By applying equation 5-12 and the implementatiartida(w), the resulting equation for
estimating annual pollutant load reduction from I@@Eervention is given by equation 5-
32:
Lier = Lps 065 Oy (5-32)
Where:
Licr = Annual pollutant load reduction from imperviotgver reduction program
(kglyr, for bacteria million count/yr).
Lps = Total pollutant annual storm load from primamusces (residential +
commercial + industrial) (kg/yr).
&s = na(obtained from equation 5-12 and Table 5-1)

wg = Implementation factor for impervious cover redoictintervention
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5.4.9 Future lllicit Connection Removal (FICR) Interventi on Load Reduction

Future illicit connection removal (FICR) intervemi is targeted to remove all of illicit
connection load(Ly) estimated in Section 5.2.3. The resulting FICRdloaduction
equation is given by equation 5-33:
L, =L, 0& Ow, (5-33)
Where:
Liicr = Annual pollutant load reduction from FICR progrgkg/yr, for bacteria
million count/yr).
Lii = Annual pollutant load from all illicit connectis (kg/yr).
&9 = na(obtained from equation 5-12 and Table 5-1)

wg = Implementation factor for illicit connection renal intervention

5.4.10 Sanitary Sewer Overflow Repair/Abatement (SSOR) Irgrvention Load
Reduction

Load reduction from sanitary sewer overflow redigtement (SSOR) program may
include measures such as repairing blockages, asicrg the capacity of sewers, and
lining pipes to prevent inflow/infiltration. The tervention is targeted to remove all of
sanitary sewer overflows lodtssg estimated in Section 5.2.2. The SSOR load reductio

equation is given by equation 5-34:

Lssor = Lsso |:k(:I.O Da{o (5-34)
Where:
Lssor = Annual pollutant load reduction from SSOR pragrékg/yr, for bacteria
million count/yr).
Lsso = Annual pollutant load from sanitary sewer ovasfs (kg/yr, for bacteria
million count/yr).
¢10 = n7a (Obtained from equation 5-12 and Table 5-1)

w10= Implementation factor for sanitary sewer overfl@pair intervention

142



5.4.11 Septic System Inspection/Repair (SSR) Interventiohoad Reduction

This intervention is intended for local municipglib inspect septic systems and ensure
the ‘failing’ systems are repaired by the ownerd #rat effluent from all septic systems
to the receiving environment are that of a ‘workisgstem. The procedure for estimating
load reduction for SSR intervention is the sameal@scribed in Section 5.4.2 and the
resulting equation is given by equation 5-35. Thawation of equation 5-35 is the same

as provided in equation 5-17.

C
L.=L_J1- S Lég,, * 5-35
SSI sep|: Cfs DSf + (1_ Sf )CWS ';(11 ail ( )

Where:

Lsss = Annual pollutant load from SSR program (kg/yor fbacteria million

count/yr)

Lsep= Annual pollutant load from septic systems befeqeairs (kg/yr, for bacteria
million count/yr)

S = Fraction of septic systems failing

Cis = Effluent concentration from failing septic syswenimg/l, for bacteria
count/100ml)

Cws =Effluent concentration from working septic systeifmsg/l, for bacteria

count/100ml).

¢11 =14 *ns (Obtained from equation 5-12 and Table 5-1)

w11= Implementation factor for septic system repatietivention

5.4.12 Catchment Surface Erosion and Sediment Control (CahESC) Intervention

Load Reduction

The loss of top soil from catchment surface, thairsent yield carried by rivers and the
decrease in storage capacity or reservoirs, togettie the environmental degradation
associated with soil erosion and sediment tranapor, remain one of the major
problems facing the development of the water ressuiof Southern Africa (Schulze,
1995). The Universal Soil Loss Equation (USLE) giley Wischmeier and Smith (1978)

provides for an estimate of the long-term averageual soil loss resulting from sheet
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and rill erosion. It thus excludes the soil lossuteng from concentrated flow and gully
formation and if used for sediment yield estimasisaquires the inclusion of a separate
term to represent the delivery ratio, which acceunt the portion of eroded soil which
leaves the catchment. The USLE is described byteoua-36:
Lusie= 10°*D *AFR*K*LS*CP (5-36)

Where:

Lusie= Annual sediment yield (kg/yr)

= Delivery ratio

A. =Total catchment area (Kn

R = Annual rainfall erosivity (N/h/yr)

K = Soil erodibility (ton.h/N/ha)

LS =Slope length and gradient factor

CP = Land use related factors (cover and managemetairfac

The delivery ratio may be related to catchmentrdrge density (McElroy et al, 1976,
guoted in Quibell et al, 2003). Drainage densityynige estimated for each sub-

catchment, based on the total length of riversha sub-catchment divided by the total

area.

The factor R in equation 5-36 is referred to in thoAfrica as Edp and is defined in
Section 4.2.3 as the product of the kinetic enexfgy rainfall event and its maximum 30-
minute intensity (Smithen and Schulze, 1982) tacdles erosivity of rainfall. Smithen
and Schulze (1982) estimated long-term averageaifitisy values and plotted them on a
map of South Africa. Lines of equal rainfall eragivknown as iso-erodent lines,
expressed in B4 units were drawn. From this map (Figure 5-2},E&an be estimated for

any location in South Africa.

The soil erodibility factor, K, is defined as thete of soil loss per rainfall erosion index
unit as measured on a standard plot (Renard #98l,, quoted in Schulze, 1995). The K-
factor thus represents the processes of soil dechand transport by raindrop impact

and surface flow, localized deposition due to topphy and tillage induced roughness,
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as well as rain water infiltration into the soilofite. Approximate K-factor values can
thus be allocated by first determining the soildéndity potential/class of the soil series.
The erodibility potential/class of all 501 soil ssr identified in the Binomial Soil

Classification in South Africa is given in Chapépf the ACRU User Manual (Schulze,
1990). The K-factor is then estimated from Tabl2. 5-

Table 5-2: Erodibility factors for various soil erodibility classes

Soil Erodibility Class Soil K-factor
Very High > 0.7

High 0.50-0.70
Moderate 0.25-0.50
Low 0.13-0.25
Very Low <0.13

The length of a slope of land and its gradientcftbe rate of soil erosion by water
substantially. Slope length is defined as the disgadrom the point of origin of overland
flow to the point where either the slope gradieatrdases sufficiently for deposition to
take place, or the runoff enters a well defineduradtor artificially constructed channel.
The slope length is difficult to estimate and iniesd considerable judgement. Two
guidelines for this estimation are provided:

. In the case where detailed information on the catsit topography is not
available, Schulze (1995) estimates slope len§thds in equations 5-37 and 5-

38:
Si=-3.05, + 100 for 9, < 25% (5-37)
and
Si=25 for S, > 25% (5-38)

WhereS, = slope gradient in per cent.

145



o 2 & ' 5

=

73 -

30 9

a1 9

3Iat

Figure 5-2: Estimated average annual Eb for South Africa (Source: Smithen and Schulze, 129
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. Soil loss increases more rapidly with slope stesprtban it does with slope
length. The slope steepness fac®y) (s given by McCool et al, 1987, (quoted in
Schulze, 1995) as in equations 5-39 and 5-40:

St = 10.8 sin g+ 0.03 for S% < 9% (5-39)

and

St = 16.8 sin Geg- 0.05 for S% 9%. (5-40)
where:

Sieg = slope angle in degrees.
For slopes shorter than 5m the equation 5-41 shbeldised to evaluat&
(McCool et al, 1987, quoted in Schulze, 1995).
St = 3.0( sin $e9”? + 0.56. (5-41)

The factorLS in the equation 5-36 is the product of the slopegth &) and slope
steepnessy) factors described above. Table 5-3 presentsahéd Use related factors
(CP) for South African conditions

Table 5-3: Land use related factors with differeniand use categories (adapted from
Quibell et al, 2003)

Land use | Riparian Grass Dryland Rural Informal Urban

CP-factor | 0.028 0.028 0.15 0.1 0.2 0.15

By applying equation 5-12 and the implementatiactda(w), the resulting equation for
estimating annual pollutant load reduction from cb&SC intervention is given by
equation 5-42 and 5-43.

Leatchescs™ LeatchssTPerr 612 D (5-42)

Where: Lcatchss= Lusle (5-43)
Where enough data is not available to estimat® LcachssCan be approximated to
equation 5-44.

Lcatchss= Lps - Lpsi (5-44)
And the nutrient load reduction resulting from @@&SC intervention is given by

equation 5-45:
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Lcatchescn: Lcatchescsljsn/ p DEn/ p (5'45)

Where
Lcatchescs= Sediment annual pollutant load reduction fromtcBESC intervention
(kalyr)
Lcatchescn= Nutrient annual pollutant load reduction fromt€@#ESC intervention
(kalyr)

Lps= Total primary source pollutant annual load frdmth pervious and
impervious areas (kg/yr)

Losi= Total primary source pollutant annual load frisnpervious areas (kg/yr)

Pett = Assumed CatchESC intervention efficiency

Swp = Soil content of nitrogen or phosphorus (% byghé)

Enp = Enrichment factor of nitrogen or phosphorus

&12 = na* ng*nr (Obtained from equation 5-12 and Table 5-1)

w12= Implementation factor for CatchESC intervention

5.4.13 Rainwater Tanks (RT) Intervention Load Reduction

Use of rainwater tanks as structural control irgation, allow for the modelling of
stormwater harvesting and re-use strategies, wimali have benefits both for potable
water conservation, and also for reduction of ran@iume. The reduction in runoff
volume, in turn reduces pollutant loads washedfi@fin the catchment surface. The
rainwater tanks control intervention is suitablgezsally in high-density residential
settlements where downspout disconnection is ndalda. It can also be used in
conjunction with downspout disconnection in mediand low-density settlements.
Rainwater tank intervention may receive greatetig@pation by residents if municipal
bylaw is enacted. For voluntary use of rainwatarkéa public participation may be

improved by education and financial subsidy (enghe purchase of the tanks).
Rainwater tanks intervention load reduction in deastial areas is estimated based on a

proportion of rooftop area captured to the totgbémvious cover in the residential area.

Thus, applying equation 5-12 and the implementatamtor (), the resulting equation
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for estimating annual pollutant load reduction fremmwater tanks intervention is given
by equation 5-46:
L, = 1@% LP® 0&,, Ocy, (5-46)
Where:
L: = Annual pollutant load reduction from RT intertien in residential area
(kglyr, for bacteria million count/yr)
10° = Conversion factor (Atkm?)
Dy = Number of dwelling units
Ry= Typical roof area (f)
A.es = Total residential area (Kn
Ires = Fraction of impervious cover of residential larsg
LPS, = Total primary source pollutant annual load frampervious residential
land use only (kg/yr)
13 =1a* Mo* na * ne *ns (Obtained from equation 5-12 and Table 5-1)

w13= Implementation factor for rainwater tanks intertien

5.4.14 Exfiltration System (ExS) Intervention Load Reduction

Stormwater exfiltration systems were developedriprove the stormwater quality from
fully urbanized areas (Li and Koo, 1994; Tran, 199he system consists of two 200
mm perforated pipes, plugged at the downstreamvemdh are laid below the storm
sewer at the upstream section of the sewer sy3teensewer and the perforated pipes are
encased in a granular stone trench wrapped witr fibric. Figure 5-3 shows a typical
cross-section of an exfiltration system. The fitash of runoff will be directed to the
perforated pipes with plugged ends. Together Wwithsdurrounding granular bedding, this
pipe-trench system can store the runoff of a 15 raimfall event and allow exfiltration
within a certain period of time depending on thenpeability of the host soil. Excess
runoff will bypass the perforated pipe system amvel through the storm sewer. The
perforated pipes can be cleaned by a hydrauliclaoPzetreatment of storm runoff using
screening at the perforated pipe inlet can alsagedhe maintenance requirements.
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The stormwater exfiltration system can be consgdicivithin the right-of-way and
integrated with storm sewer replacement or roacbiitation projects. Although the
construction of stormwater exfiltration system engrally only cost-effective when road
and/or sewer is rehabilitated or replaced, theee @rcumstances where stormwater

exfiltration system may be appropriate for goodditbaned residential road and sewer
systems.
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Geotextile filier cloth (12mm perforation)
Terrafix 400R or 0.55 wrapped with external
equivalent 0.30 —ad ke 0.25 2TOR or equivalent

Figure 5-3: Cross-section of exfiltration systemsafdapted from Candaras et al.;
1995)

Load reductions are estimated by applying the wetetions efficiency(Pex) to the
fraction of storm load from the contributing ar@a/Ac)L,s By applying equation 5-12
and the implementation fact@), the resulting equation for estimating annual gata

load reduction from exfiltration systems interventis given by equation 5-47:

Lexs = (%J(LPS - Lups) DI:)eff D9(14 Da&A (5'47)
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The notations in equation 5-47 are defined below
Lexs= Annual pollutant load reduction from exfiltrati@ystem program (kg/yr)
LP*= Total pollutant annual load from primary sowr¢eg/yr)
Luys= Total pollutant annual storm load reduction niroall upstream
interventions (kg/yr)
Asi = Area surveyed or inventoried for exfiltration ®mss retrofit (k)
A = Total area of catchment (Kjn
Pett = Assumed exfiltration systems intervention eéimy
14 =na* mp* ne * nq (Obtained from equation 5-12 and Table 5-1)

w14= Implementation factor for exfiltration systemseirvention

In many cases the same runoff will receive the fiersd non-structural control

interventions before being treated by structurahtie® intervention. In this regard,
structural control interventions do not act on urtoalled load, but on this load minus the
load removed by upstream non-structural contr@rirégntions. Since exfiltration systems
are structural control interventions, there is tieed to account for load reductions
resulting from all upstream non-structural contioterventions (e.g. Lawn Care
Education, Domestic Animal Waste Education, Str&steeping, and Downspout

Disconnection) that reduce storm loads.

5.4.15 River Assimilative Capacity (RAC) Program Load Redction

Natural water bodies are able to serve many uselsiding the transport and assimilation
of waterborne wastes. But as natural water bodisgralate these wastes, their quality
changes. If the quality drops to the extent thdteotbeneficial uses are adversely
affected, the assimilative capacities of those waiedies have been exceeded with
respect to those affected uses. Water quality neanagt measures are actions taken to
ensure that the total pollutant loads dischargéal i@ceiving water bodies do not exceed
the ability of those water bodies to assimilatesthtbads while maintaining the levels of

guality specified by quality objectives set for skavaters.
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Natural in-stream processes such as sedimentadsgrption, aeration and biological
degradation are typical removal mechanisms. Progidipportunities for turbulent flow
can enhance aeration. Cascades and small weilseg@ato increase physical entrainment
of oxygen into the water column, and the inclusidiriverine habitats with significant
roughness will also promote turbulence and aerafibe efficiency of the pollutant load
reduction will depend on factors such as: type dagdth of river bed material; river
longitudinal slope; river bed roughness and cressisnal area; flow and initial
concentrations. Synthesis of data from a study asnbell (2001) on the fate of urban
runoff from Alexandra in the Jukskei river provideficiencies of river assimilative
capacity of selected pollutants indicated in Tallel for monitoring point at

Frankenwald, 2km downstream from the Alexandra weir

Table 5-4: Jukskei river assimilative capacity efttiency for storm and low flows

Pollutants TN PO, TP COD SS FC
Storm flow 64% 40% 47% 20% 29% 45%
Low flow 80% 67% 74% 67% 67% 17%

The resulting equation for estimating annual palhit load reduction from river
assimilative capacity is given by equation 5-48:
e = |Lps Do + [ Lo DR s (5-48)
Where:
Lrac = Annual pollutant load reduction from river assative capacity (kg/yr)
Lps= Total pollutant annual load from primary sowsr¢kg/yr)
Lsecs= Total pollutant annual load from secondary searnkg/yr)
Pet1 = Assumed river assimilative capacity efficienoy $torm flow (%)
Petrz = Assumed river assimilative capacity efficienoy iow flow (%)

&15 = nc* nq (Obtained from equation 5-12 and Table 5-1)

5.4.16 Other structural control interventions load reduction

Other structural control interventions other thgwamnan buffers, rainwater tanks, and

exfiltration systems fall into this group. They aw#tegorised together because the method
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of estimating their load reductions are the same difierent from the other three
structural interventions mentioned above. Also @atérvention in this group can not be
implemented in phases, for example, 30% of a pemwdetland cannot be implemented to
commence operation. Hence the implementation glyatenceptualized in this research
(Section 4.4.3) cannot be applied to this groupstafictural control interventions. The
interventions in this group include dry water qtyapond, dry extended detention pond,
wet pond, wetlands, sand filters, and infiltratlmasins. Load reductions are estimated by
applying interventions efficiencyTex) to the storm load (after accounting for load
reductions by all upstream interventions) from ¢oatributing area and then apply also
equation 5-12. For an existing structural contnbéivention or a retrofit, load reductions

are given by equation 5-549:
Lstm = (LpS - I‘ups eff Dg(:I.6 (5'49)

Where

Lsim = structural treatment control measure annualaniit load reduction (kg/yr)
Luys= Total pollutant annual storm load reduction niroall upstream
interventions (kg/yr)

LP® = total pollutant annual storm load from primaoysces (kg/yr)

Test = pollutant removal efficiency of structural intertion in the group (%)

16 =Ma* Mu* ne * nq (Obtained from equation 5-12 and Table 5-1)

55 Interventions in series

Section 5.4 described the various computation nusthio estimate load reductions from
non-structural and structural control interventio@dten, the same runoff will receive
treatment from two interventions that are in serles example, non-structural control
interventions may reduce runoff loads, and thes #ame runoff may be directed to
structural control interventions. Thus, the treaitmieom structural control interventions
will be the treatment from uncontrolled runoff mithe load removed by all upstream
non-structural control interventions that treatistdoads, as described in Sections 5.4.14
and 5.4.16. The only exception of structural cdntrterventions is rainwater tank as it is

normally situated at the beginning of the series.
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Non-structural control interventions were assummde distributed evenly throughout
settlement or catchment so that the loads redugeithdm can be subtracted from the
total catchment load to obtain influent loads tocural control interventions. The model
in its current form is not programmed to simulateucural control interventions in
series, and it's an area in the model recommendeduture improvement. Given the
nature of housing developments in informal settlei®me(high density), it could be
expected that structural control retrofits may Inéydeasible at settlements outlets and

thus the need for these interventions to act ilesevould be minimal.

5.6  Target pollutants in the model

The most important water quality concerns can beegoaised into the following
groupings: microbiological pollutants, nutrientgdsnents, metals, and organic matter
(Section 4.3.5). Typical pollutants under each grate shown in Table 5-5.

Table 5-5: Typical pollutants in stormwater runoff

Stormwater quality group Typical pollutants

Nutrients Nitrogen and Phosphorus

Sediments Suspended solids, turbidity, total spfillerable solids
Pathogens Fecal coliform, E-coli, fecal streptogoaaterococci
Organic pollutants BOD, COD, dissolved oxygen (DO)

Metals Lead, Iron, Copper, Boron

In order to cover all the groupings in the modelleast a pollutant was selected from
each group namely:

I Nitrogen,

ii. Phosphorus,

ii. Suspended solids,
Iv. Fecal coliform,

V. COD, and

Vi. Lead.
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The pollutants were selected to coincide with tgpmollutants that have been monitored
(e.g. Wimberley, 1992; Wright et. al., 1992, Kloppel989, Van Veelen and DWAF,
1994a) in informal settlements in South Africa.féict, existing data on stormwater and

greywater quality are by and large, on these decsad pollutants.

Comprehensive literature review was then carrigd@uaetermine the pollutants that are
typically removed by each intervention considereadar Section 5.4. The target
pollutants (from the six selected pollutants) facke intervention are shown in Table 5-6.
Table 5.6 summarises the main features of theviet¢ions used in the model including
type of load (storm or non-storm) reduced by eantbrvention and the factors used in

determining pollution reductions.

5.7 Costs of strategies

The model compares the cost of different strategieselect the least cost. The cost of an
intervention {2) is given by equation 5-50 as a product of italtainnualized cosiC,)
and implementation factd). Annual costs (expressed as unit treatment costk)de
capital, operation and maintenance costs. Schuetlaal (2007) and USEPA (1998)
describes methods of estimating capital, operatiand maintenance costs of
interventions for point and non-point source padiatcontrol interventions.

Q=Ciw (5-50)
The cost of a strateg¥] consisting of a number of interventions is gilwnequation 5-
51 as the sum of the costs of the interventions.

€=+ + Qz+...+ Q (5-51)

The least cost strategy out of a number of strageigi the one with minimum cost.

5.8  Summary

The principal statement of the problem of this aesk (Section 1.2) states that:
development of comprehensive tools for selectioth design of drainage management
interventions even at planning levels is still &t early stage in South Africa. Hence

planners and engineers are not equipped with thessary knowledge and tools to deal
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with stormwater quality problems in informal settlents. For this reason, the forth and

fifth objectives of the study were defined: to depe a methodology to select

interventions to manage runoff and grey water qyadind to develop a tool to evaluate

the selected interventions respectively.

The previous Chapter presented the steps followethgl the course of the research to

develop a DSS for rapid evaluation of stormwateaalitygmanagement interventions and

the various computations involved were presentddi;mChapter.

The main distinguishing features of the DSS comgbdre a similar model by CWP
(2001) are:

Storm loads estimated in the DSS are loads deriv@n both pervious and
impervious areas whereas CWP (2001) model deals starm loads only from
impervious areas. Studies such as Mackey (1993}a1B® Grobicki (2001), van
Ginkel et al. (1993) and Wright et al. (1993) hal®wn that pervious areas in
developing areas contribute substantial loadseaebeiving environments.

The defaults in the DSS were based on studies ¢erwaality management in
South African situations. The literature was rewewextensively to gather
information to serve as the expert’s knowledge haskee DSS.

A module to formulate implementation strategieschlaccommodate assessment
of different management intervention scenarios.sThill allow a stormwater
manager to assess different scenarios by combidiffigrent mixes of control
interventions at different levels of implementatiao meet management
objectives.

Costing to select the optimum management strategy.

A module to quantify water quality management otoyes (load reduction
targets) of pollutants of concern.

Addition of four new interventions (rainwater tanksatchment erosion and
sediment control, exfiltration systems, and rivesimilation) that is more suitable

for informal settlements in South Africa.

156



Estimation and inclusion of ‘subjective risk assesst’. Stormwater managers
often need to identify the risk of, or changes ystem performance indicator
values from what was predicted due to any changesput data and parameter
values. They need to reduce this level of riskhe éxtent practicable and to
communicate the risks clearly so that decisionsbh®made with this knowledge

and understanding
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Table 5-6: Main features of interventions used intte model

Interventions

Type of load
(storm or non-storm)

Target pollutants

Main factors determining pollution reduction

Risk factors

Lawn care education

Storm and non-sto

mN, TP

Typical fertilizer application rate, fraction ofrféizers

7’laa ’78! ’7f
reduced
Septic systems education Storm and non-stgrfiN, TP, COD, Pb, SS, FC| Fraction of septic systems failing Nes s
Domestic animal waste Storm and non-storm TN, TP, FC Proportion of households with domestic animals Nay Ner Nt
education
Erosion and Sediment control| Storm TN, TP, SS, FC Program efficiency, delivery ratio Na, Nd, Nf
from active construction sites
Street Sweeping Storm TN, TP, COD, Pb, SS Program efficiency, proportion of street area swept Na
Downspout Disconnection Storm TN, TP, COD, Pb, SS, FC| Proportion of impervious area as rooftop Nay Nes M
Riparian Buffers Storm TN, TP, COD, Pb, SS Program efficiency Na, e, Nd
Impervious Cover Reduction Storm TN, TP, COD, Pb, SS, FC| Proportion of impervious area to be reduced Na
llicit Connection Removal Non-storm TN, TP, COD, Pb, SS, FC| Number and flow of all illicit connections Na
SSO Repair/Abatement Storm and non-stofriN. TP, COD, Pb, SS, FC| Average number of annual overflows, volume per | 5,
overflow

Septic System Non-storm TN, TP, COD, Pb, SS, FC| Fraction of septic systems failing 1nd, 1t
Inspection/Repair
Erosion and Sediment control| Storm TN, TP, SS, FC Program efficiency, delivery ratio Nay Ny Nt
from catchment pervious areas
Rainwater Tanks Storm TN, TP, COD, Pb, SS, FC| Proportion of impervious area as rooftop Nay Nby Ndy Nes i
Exfiltration systems Storm TN, TP, COD, Pb, SS, FC| Program efficiency, contributing area

7’la, ;/lbi ;7(31 ;/ld

Storm and non-stor

mN, TP, COD, Pb, SS, FC

River assimilative capacity River assimilation efficiency based on monitoretada| 7., 74

Other Structural control Storm TN, TP, COD, Pb, SS, FC| Treatment measure efficiency Na Moy Ner Nd
interventions

Note: 512 = fraction of catchment area that can be treayeghhinterventiony, = fraction of annual rainfall that can be capturgdontrol interventiony. = factor to reflect design adequacy of

interventionsyq = factor to reflect maintenance level of intervensip;. = fraction of population that can be reached withaation programsy; = fraction of population that will change
behaviour or participate in the program or compihwstandard.
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6 MODEL IMPLEMENTATION

A background on the structure of decision models waesented in Chapter 3 and the
model development process was presented in Chdptdthe quantification of the
pollution reduction levels by the interventionsluded in the model were presented in
Chapter 5. It is now necessary to clarify how thedei was implemented as a decision
support system. This Chapter is therefore a logaédw up to Chapters 3, 4 and 5 to
achieve the forth objective of the research thatest
. To develop a decision support system for evaluatigmotential interventions for
storm and grey water management at planning level.
This chapter is divided into four sections, desaxlilas below:
Section 6.1 deals with the coding of the model whigflects thenference enginand the
user interfaceof the expert or decision support system. Sedbi@presents the model
defaults which describe thenowledge basef the expert or decision support system.
Additional information obtained from literature rew of South African studies is added
to provide background knowledge and informationhtdp users formulate their own
heuristics and alter the defaults. Section 6.3 rilese the data requirements and the
general application of the model. Section 6.4 pressthe summary of the Chapter.

6.1 Model coding

In Section 3.3.1, the structure of the expert arigien support system was presented as
consisting of basically the knowledge base, infeee@angine, and the user interface. The
shell of the system was described to consist ofrtfegence engine and the user interface
(Figure 3-1). This section of the thesis presemsshell of the expert or decision support
system and it is preceded with reasons to suppertatopted shell and its trend of

developments.

There is a tendency towards computer modeling wil engineering as an end to a
means. Large and sophisticated computer packages Hae ability to produce
comprehensive reports with supporting data, grapiusfiles. Compatibility of data files

between programs is useful and common. For exanfipld, data can be logged with
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GPS, fed to a GIS program, analysed for design, tee@AD for engineering drawing
and reports published. A professional looking eagiimg end product is achieved. But

do engineers and clients always want to go thaaridrpay for the sophistication?

Software for most engineering calculations is aldé and used in most design offices.
The language of the software is of no concern t uker as sophisticated interfaces
facilitate use. But the assumptions and defaulthénsoftware and indeed the method of
calculation are often not known by the user. Ilings longer possible to step into the
calculations and check or follow the calculatiohise code is generally inaccessible. The
language of programming in most cases is unfamibathe engineer. Most engineers
now confine their computation ability to spreadshigge calculations or use a user-
friendly package.

When computers became available to engineers arthmdl960s, the programming
language of the engineer was FORTRAN (Formula Iséios). The Language had a
resemblance to the way engineers were accustomedtting down their calculations.
Other languages appealed to financers, e.g. COBlen BASIC, very similar to
FORTRAN, received a boost with HP computers witlitha BASIC compilers. PCs
also made BASIC available via DOS. Then GWABasic,ckBasic, and Widows
Orientated Basic became successively more availabtee engineer. Older languages
became obsolete with changes in machines and opesfstems. It required an effort to
stay abreast of computer programming. Software ldpugent was left to researchers and
professional programmers. The more sophisticatpdtioutput coding lost many more
practitioners with the introduction of Visual Basic

With a desire not to lose perspective and not s Isight of what the end product of
software should be, many researchers e.g. StephgB603) have skirted the fringe of
computational developments and fortunately softweeelopments have again merged

with engineering know-how through Visual Basic Application in Excel.

160



Microsoft has introduced the possibility of writinhacros in Visual Basic for
Application (VBA). VBA provides an opportunity tase the most common Windows
programming language, Visual Basic, and apply iExael problems. This means that a
program can be written in the same easy Basic Egguhat was available with earlier
computers, and the program can interface inputcangut with an Excel spreadsheet to
get full value. Not only is data input and outputmgle and attractive, data is
transportable and in recognizable format. For timpke user all he will see is the
spreadsheet with input forms, and output in gragdhoc tabular form. He/she can take the
sheets into reports or transmit to clients. Forriw@e sophisticated user he can inspect
and modify and add programs with the VBA editorisTtype of software occupies very
little computer space and can be sent via emadumxthe VBA/Excel software does not

need to be transferred.

In keeping with the above trend of developments, miodel code was written using
macros (procedures) in Visual Basic Application dahd model is interfaced with an
Excel spreadsheet for its input data and outputltsesThe programming approach was
based on the Visual Basic programming language extansions that enable it to control
the different types of objects in Excel. In prifleipthe programming can be viewed as
having two components — the Visual Basic languagégn and the Excel object model.
The Visual basic portion contains statements thatpart of the Visual Basic language.
Statement@re commands that produce some action such asoltioigt the flow of the
program. One such statement#fis Then...ElseThis tests whether a condition is trife.
that condition is trueThendo some actionf it is not true (Else), do a different action.
The Excel object models contain objects and praserthat describe Excel and its
contents. Excel objects are items in Excel that lsanchanged, such as a workbook,
worksheet, and range on a worksheet. Each objectithaown set of properties that
describe it. These properties are its attributesharacteristics. For example, if you want
to set a value of cell D3 to 8, you use a line like

Range (“D3").value = 8

In this exampleyalueis a property oRange
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The code organizes and controls the steps takereveluate the management
interventions. The code involves forward chainirfglfeThen rules (Section 3.3.1) to
form a line of reasoning. The code was built intodumles with the VBA editor that
manipulates and uses data in the knowledge bas&éd®é.2) in the EXCEL spreadsheet
to evaluate management interventions. The advardhtfee EXCEL interface is that, it
presents all the model defaults to the user, aadi#iaults can be changed at the user’s

discretion.

6.2  Description of model defaults

This Section describes the model defaults, thathis,knowledge base of the decision
support system. Often, data from developing areasun or implement water quality
management models are either not available orcdlffito obtain. Therefore it becomes
necessary to apply heuristic data (Section 3.&ather than attempting to implement a
complex model requiring data that do not exist og axpensive to obtain. The
description of the defaults presented below aregmatsed according to each intervention
considered in the decision support system, @hdhe defaults can be changed in the

model at the user’s discretion

6.2.1 Defaults in the estimate non-storm loads from secalary sources

Model default values for individual per househodgwer use (per capita wastewater

generation), and wastewater concentrations arempies in Table 6-1.
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Table 6-1: Wastewater Use and Concentration Data {fpical South African data)

Parameter Model Default Source
Individuals per| 6 RED BOOK, 1995
household
Sewer use (Per125 l/c/d (0.125nric/d) RED BOOK, 1995
capita
wastewater
generation)
TN 105 mg/l (as total of TKN = 65IWPC (1984)

mg/l and NH = 40 mg/I)
TP 13 mg/l IWPC (1984)
COD 600 mg/l IWPC (1984)
Pb 0.1 mg/l IWPC (1984)
SS 350 mg/l IWPC (1984)
FC 10 IWPC (1984)

6.2.1.1Septic systems

The defaults and other information for septic systeelate to equations 5-1 to 5-3 in
Section 5.2.1. A Water Research Commission studMoight (1995) investigated the
situation of septic systems in South Africa andalelsthed the following baseline
information:

* The septic tank system is the most commonly useithadeof domestic wastewater
treatment in the coastal zone of South Africa. @ksign and management of these
systems vary greatly within the region and diffeesheven occur within single local
authority areas.

Wastewater disposal by means of septic tank sysiemsvell-established technology
and a wealth of technical information is availalde design criteria. There is,
however, a general lack of technical knowledge het tuser” level and lack of
legislation pertaining specifically to septic tagystems.

Lack of a sufficiently thick, unsaturated zone hg greatest problem encountered in
the coastal zone leading to horizontal flow at lelaldepths, water-logged conditions
and return flow.

The pollutants of greatest concern in the coasiatext are nutrients (nitrogen and
phosphorus) and biological contaminants (bacteparasites and viruses). Field
studies indicated that a correctly designed andtcocted drainage field effectively
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retains these pollutants within a radius of 20 @n5of the discharge point. Nitrogen

does, however, have the potential to contaminaiargiwater and should be regarded
as a conservative constituent. Ideally the draintigjed should be 5m above any

impermeable layer and/or water table and 30m away fany surface water body.

The distance from a groundwater supply point shdaddat least 50m and ideally

100m.

» There is an urgent need for greater control inue of septic tank systems within the
coastal zone. Greater attention must be givendaatainage field component of septic
tank systems, as this currently receives minimenéibn and is the cause of most
pollution problems.

» The septic tank system remains the most cost effianeans of domestic wastewater
disposal for the coastal zone. The systems mustevwer, be correctly designed,

constructed and maintained.

Results from Wright (1999) clearly indicate how eefive the coastal sands are in
purifying the effluent. The working septic systenfflleent concentrations at the
catchment outfall@,s can be estimated as typical septic tank efflwemicentrations at
tank site multiplied by delivery ratios, as givery fequation 5-2. The effluent
concentrations shown in Table 6-2 are concentratainthe site of the septic systems

while the delivery ratios in Table 6-3 are for siing pollutant transport to streams.

The derivation of the model defaults (i.e. worksegptic system effluent concentrations)
assumed a value for the delivery ratio as presemtedable 6.3. It's unlikely the
assumptions will apply in all situations, thus steecific data (where available) may be
substituted for the defaults in Table 6-3.
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Table 6-2: Septic tank effluent quality (adapted fom Wright, 1999)

Determinant Normal domestic septic tank effluent, mnitored at tank site
(mg/l)

K 23.9

Na 101.0

Ca 18.5

Mg 7.9

NH4-N 8.2

SO, 2.8

Cl 141.0

Alk (CaCGQ) 363.0

NOy-N <0.1

PO,-P 14.2

DOC 26.0

EC 126.0

pH 6.8

Faecal Coliform 3.6 x 10

Table 6-3: Attenuated effluent concentrations fromworking septic systems

Parameter Model default Assumptions

Failure rate 50%

TN 20 mg/l Assume a 50% delivery ratio and a tank
effluent conc. of 40 mg/I

TP 0 mg/l Assume 0% delivery ratio

COD 0 mgl/l Assume 0% delivery ratio

Pb 0 mg/l Assume 0% delivery ratio

SS 0 mg/l Assume 0% delivery ratio

FC 0 count/100ml Assume 0% delivery ratio

site

Hence the model uses a weighted average concentfati each constituent based on the

assumption that of all septic system failures, 188é complete failures, essentially

resulting in a direct wastewater discharge, andrémeainder contribute to subsurface

flow only. Table 6-4 presents the default concedins used in the model which were

derived by application of equation 5-3 in Sectio2. 5.
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Table 6-4: Effluent concentrations from failing sepic systems

Parameter Model default Assumptions
TN 30 mg/l Assume a 50% delivery ratio for subsurféoe
TP 2 mg/l Assume 0% delivery ratio for subsurface flow
COD 60 mg/l Assume 0% delivery ratio for subsurfacevflo
Pb 0.1 mg/l Assume 0% delivery ratio for subsurfacsvil
SS 40 mg/l Assume 0% delivery ratio for subsurfacevflo
FC 1.0 x 10 Assume 0% delivery ratio for subsurface flow
count/100mi

6.2.1.2Sanitary Sewer Overflows (SSOs)

The defaults and other information in this subsectielate to equations 5-4 and 5-5 in
Section 5.2.2. Based on information from AMSA (19%lighty-seven SSOs occur per
1000km of sewer per year. Johannesburg Water soarecdicates that 80% of sewer
burst are restored within 24 hours (JohannesbuRy ED03). If an average time of 18
hours (default) is accepted as the duration of ftoxgrthen using the information on

sewer use, and individual per household from T#&ble typical SSO volume may be
estimated from the equation 5-5. Site-specific kieolge about the number and
frequency of overflows on an annual basis, couplgith detailed system inventory

information greatly improves the flow estimate. Tinedel defaults 50% of the SSOs

load for each storm and non-storm loads.

6.2.1.3lllicit Connections (IC)

The defaults and other information in this subsectielate to equations 5-6 to 5-9 in
Section 5.2.3. For residential connections, the etisddefault is that 1% of sewered
dwelling units are illicitly connected to storm dra. For businesses, default wash water
and total flow characteristics are shown in Table Ghe defaults for businesses having

illicit connections are 10% and 90% respectively.
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Table 6-5: Defaults for Business lllicit Connection

Connection Type
Wash water® Total flow
concentratior’

Flow (m°/connection/day) 0.76 1.14

TN (mg/l) 15 69

TP (mg/l) 10 12
Pollutant COD (mg/l)
concentrations Pb (mg/l)

SS (mg/l) 150 270

FC (count/200ml) | O 6,000,000
a: Concentrations derived from U.S. EPA, 1980
b: Total flow concentration is a combined wastewatel wash water concentrations

6.2.1.4Lawns - subsurface or base flow

The defaults and other information in this subsectelate to equations 5-10 in Section
5.2.4. The default fraction of rainfall infiltratédr each soil group is indicated in Table
6-6. Concentration data of nutrients in urban stfese flow are highly variable, and
depend on the type and amount of fertilizer usmling of fertilization, and soil types
(Petrovic, 1990; Schueler, 1995a). Table 6-7 prsstypical ranges of values for nutrient
concentrations of leachate associated with diffel@md uses in South Africa based on a
synthesis of values from NSI (1996), Novotny an@m®I(1994), Pegram and Gorgens
(2001), and Mills et al. (1985). The model usesadifvalue of 3 mg/l for nitrogen and

0.1 mg/l for phosphorus for informal settlement.

Table 6-6: Fraction of rainfall infiltrated in diff erent hydrologic soil group (Horsley,
1996)

Hydrologic Soil Group Default fraction of rainfall infiltrated
A 0.45
B 0.3
C 0.15
D 0.075
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Table 6-7: Nutrient concentrations of leachate fodifferent rural land uses in South

Africa.

Land use type Nitrogen (mg/l) Phosphorus (mg/l)
Undisturbed (grassland and.01 — 0.03 0.005 - 0.02
woodland)

Livestock 0.05-0.1 0.01 - 0.03

Crop land 0.05-0.5 0.01 -0.02
Forestry 0.01-0.02 0.005-0.01
Settlement (informal) 1-5 0.05-0.5

6.2.2 Defaults in the estimate risk factors

The defaults and other information in this subsectielate to equation 5-12 in Section
5.3 as well as to equations 5-13 to 5-49 in Sedidn

6.2.2.1Defaults in the estimate ofy,
The factory, reflects a fraction of annual rainfall that can dagptured by the control
intervention and the default is 90%.

6.2.2.2Defaults in the estimate ofy,

The factor. reflects design adequacy of management intervesitido data is available
in South Africa to propose or quantify these valudswever, the values suggested by
CWP (2001) in Table 6-8 are used as defaults imtbdel.

Table 6-8: Defaults forg. (source: CWP, 2001)

Description of existing design practice Hc

Specific design standards, including location, padormance enhancingl.2
features. Legally binding and enforced.

Same as 1, but not legally binding. 1.0

Legally binding design standards exist, but dospetcify site restrictions 1.0
for treatment control measures, or do not expjidtfine design features
to enhance performance.

No design standards. 0.8
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6.2.2.3Defaults in the estimate ofy,

The factoryq reflects maintenance adequacy of management erteons. No data is
available in South Africa to propose or quantifgsl values, however, the values shown
in Table 6-9 are used as defaluts in the model.

Table 6-9: Defaults for g, (source: CWP, 2001)

Description of design practice Hd

Regular maintenance is specified in design guidaenue is regularly 0.9
conducted by the community. Alternatively, a prezvatvner conducts
regular maintenance, and the community reguladpects practices and
has an enforcement mechanism.

Regular maintenance is specified in design guiddmaethe community | 0.6
has a poor tracking system or limited staff to eeashat maintenance
OCCUrs.

There is no guidance specifying when and how maartee will occur. | 0.5

6.2.2.4Defaults in the estimate ofy. and 7y

The factorsye and 5 represent the fraction of population that can éached with
educational programs and the fraction of populatibat will change behaviour
respectively. The screening of “Soul City” (serleso 3) in South Africa between 1994
and 1997 as an educational vehicle was part of tirmédia health promotion strategy”
campaign to make appropriate use of radio, telewisand print media for health
promotion. This took the form of a 13-part teleorsidrama; a 15 minute radio drama in
8 languages; and serialised booklets as inserifinewspapers. The central message
conveyed was that clean water and good sanitat®oentral to good health and hygiene
practices. A pilot study of “the use of multi-mesglian educational tool” in Mamelodi
(Skosana, 2001) was done to establish whether #ssages of “Soul City” had a long-
term impact. The results revealed that respondantly viewed the television series as
fictional entertainment (may be due to lack of edion as well as inadequate access to
appropriate services). The respondents were askedt¢ the method that may have
greater impact in the lives of people in respedhefdaily health issues that affect them.
Table 6-10 presents results for each media typehwhiere used as defaults in the model.
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Table 6-10: Defaults forz. (adapted from Skosana, 2001)

Media Type e
Spiritual healers/sangomas/traditional leaders 12%
Churches 2%
Community meetings 1%
Women societies and groups 17%
Health campaigns at local clinics 5%
Advertisements (e.g. billboards) 22%
Education of child-care minders 25%
Television 16%

The deduction by Skosana (2001) was that 84% ofrédspondents took messages
seriously and changed behaviour. The model thexedefaultsy; to be equal to 0.84.
Taylor and Wong (2002) provide a critical evaluataf translation of awareness through
to attitude change through to behaviour changeirBbedy has found major differences
or incongruities between people’s attitude andrtaetual behaviour. They also note that
there is uncertainty over the transferability of ttesults obtained from some evaluation
exercises, as the value of some interventions dipen thecontextwithin which they
are applied. For example, an education and enf@uemrogram in a high density
residential area may produce a reduction in thegmtage of the population that wash
their car on the street (rather than in a sewer@shvibay) from 80% to 40%. An identical
campaign may be run in another part of the cityhwgitmilar land use, but if affordable
wash bays were not as readily available, it isketyi this magnitude of behavioural
change would result. The user is therefore enceurag substitute these defaults with

site specific information.

6.2.3 Defaults in Fertilizer Use Education Intervention Load Reduction

The defaults and other information in this subsectelate to equation 5-13 and 5-14 in
Section 5.4.1. There is very little information onotrient cycle and fate in settlement
gardens or lawns and citizen behaviour is quitéatéa as well. Defaults presented below
were made in the model based on broad generalizafibeuristics) derived from a
review of scientific literature (Starr and DeR0o881; Petrovik, 1990; Schueler, 1995a):
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 Residents apply approximately 168.14 kgfkyear of nitrogen, and 16.81 kg/km
year of phosphorus.

»  Community will reduce this application rate by 50%.

* 25% of the reduction in application of nitrogen Wwbinave been lost in runoff or
infiltration. Little data are available on the faiEphosphorus applied to lawn, thus it
was assumed that only 5% of applied phosphorustgd the environment.

» 60% of residential pervious surface are managdavass and/or gardens. However, in
townships and rural areas, this value may be lodvam be changed in the model at
the user’s discretion.

* The load reduction is partitioned between surfacel s&ubsurface reductions,
depending on the soil type. Data from Nizeyimanalet(1997), suggests that the
surface load component of fertilizer lost to the@immnment is 3%, 10%, 30% and 90%
for soil type A, B, C, and D respectively. For ppberus, the same factors are 10%,
35%, 80%, and 95%.

Motaung (2001) conducted a household survey foirenmental baseline assessment in
four villages in Eastern Cape of South Africa andnd that 86% of households use a
portion of the land on which they built as a gardengrowing crops or vegetables or
both. It is defaulted that this fraction (86%) regents individuals that fertilize their
gardens and/or lawns, and that 65% of these peopér-fertilize’. Hence, they, for
lawn care education program, which is given bygraxluct of the fraction of individuals
that fertilize and fraction that ‘over-fertilize$10.56 (i.e. 0.86 x 0.65). All defaults can be

changed in the model at the user’s discretion.

6.2.4 Defaults in Septic System Education Intervention Lad Reduction

The defaults and other information in this subsectielate to equation 5-17 in Section
5.4.2. Ideally, septic system education would elmte all failing septic systems. It is
assumed that the owners of all failing septic systéo not conduct proper maintenance

and hence they are all target audience in SSE.ueftor n, and 7 in the model are
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therefore both equal to 1. All defaults can be dea@hin the model at the user’s

discretion.

6.2.5 Defaults in Domestic Animal Waste Education Intervation Load Reduction

The defaults and other information in this subsectelate to equations 5-18 and 5-19 in
Section 5.4.3. Domestic animal waste product{dq,,) refers to the mass of faeces
produced (daily or annually) by a particular dorreeanimal. Concentration or mass of
pollutant in domestic animal wasf€qay) refers to the mass of a pollutant in a unit mass

of feacesFew South African data are given in Tables 6-11&1@:

Table 6-11: Domestic animal waste mass

Animal "Mass of faecesWpyo *Mean daily wet mass of faece&Vpro
(ton animal™ year?) (kg animal™ day?)

Cattle 0.63-0.73 23.6

Chickens 0.038 0.182

Ducks 0.038 0.336

Geese 0.040

Turkeys 0.040 0.448

Horses 0.35-0.39

Pigs 0.100 2.7

Sheep 0.035 1.13

Note: 1 Tshiteya (1985), quoted in Kolbe (1990)islnot stated whether the data refer to wet or dry

mass.

2 Reddy et al. (1981)

Table 6-12: Domestic animal waste characteristic$gtersen et al., 1956)

Animal Concentration of pollutant in domestic animal wastgCgay)
Nitrogen Phosphorus Fecal Coliform
(kgs/kg) (kgs/kg) (10° colonies/kg)

Cattle 0.0057 0.0013 230

Sheep - - 16000

Pigs - - 3300

Chickens - - 1300

Turkeys - - 290

Ducks - - 33000
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6.2.6 Defaults in Active Construction Erosion and SedimenControl Intervention

Load Reduction

The defaults and other information in this subsectelate to equations 5-20 to 5-23 in
Section 5.4.4. The default runoff coefficient farpous surface at construction sites is
0.5. Schueler and Lugbill (1990) estimated averegecentration of sediment from
construction sites to be 680 mg/l and this valugsisd as a default in the model. Nitrogen
and phosphorus concentrations may be estimated lomssampling of the in-situ soil or
existing local soil surveys. If sediment samples @sed, this already reflects the nutrient
enrichment and the enrichment ratio is equal té& Hefault enrichment factor of 2 is
used as per the suggestion for nutrient modelipgrted in Haithet al. (1992). The
default for the potency factor is #OMPN/ton. Typical nitrogen content in soils is
500mg/kg to 2000mg/kg, while typical phosphorus teah is between 250mg/kg to
1000mg/kg (Pegram and Gorgens, 2001). The defHidieacy for ACESC intervention

is 50%. The default for the factor to reflect mamdance level of interventiongy),
fraction that will comply with standar@;s) are based on a study by Patterson (1994) and

are shown in Table 6-13.

Table 6-13: Risk factors for active construction evsion and sediment control
(adapted from CWP, 2001)

Risk factors | Description Value

Few inspectors; no preconstruction meeting, poactpres | 0.4
allowed by codes and regulations.
s Inspectors can visit sites monthly; pre-constructiequired | 0.7
for larger sites.
Inspectors visit sites weekly or on-site or cegtifinspectors;j 0.9
education programs for inspectors and contractors.

Few inspectors; no preconstruction meeting, poactmes | 0.3
allowed by codes and regulations.
Inspectors can visit sites monthly; pre-constructiequired | 0.6
Hd for larger sites; regulations prohibit least effeetpractices.
Inspectors visit sites weekly or on-site or cegtifinspectors| 0.9
are used; education programs for inspectors antiamtars;
practices that perform poorly are not permitted
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6.2.7 Defaults in Street Sweeping Intervention Load Redumn

The defaults and other information in this subsectelate to equations 5-24 and 5-25 in
Section 5.4.5. Efficiencies depend on pollutantetyfype of sweeping technique and
frequency of sweeping.

Broom (Wanielista (1978)

Broom type mechanical sweepers remove litter, dastdirt from city streets. They are

relatively inefficient for the removal of the fingolids fraction of street materials.

Efficiencies are: Solids — 87%, B@B 20%, N — 10-25%, and P — 2-30%.

Advanced sweeping (Wanielista (1978)

These are brush and vacuum mechanical sweepinge#eg portion of the finer solids

fraction of the street surface contaminants is nedo Efficiencies are approximately:

solids (dry weight) — 90%, BOD- 60%, PQP — 2-30% and Heavy Metals — 85%.

The frequency of sweeping affects the effectiveneSghe intervention to reduce
pollutant load. The factogs is applied to account for the uncertainty assodiatéh
frequency of sweeping. Street sweeping efficienegethds on the sweeping technique.
The efficiency of sweeping is reduced if the sweepainable to sweep the entire road
surface principally due to cars parked on streetsadso due to the fact that the operators
may not be well trained. Hence, a facigris applied to the efficiencies to account for

these deficiencies. Default values igandy; are shown in Table 6-14.

Table 6-14: Suggested values for frequency and efiency for street sweeping

program (adapted from Wanielista, 1978)

Risk factors Description Value

s Weekly 1.0
Monthly 0.6

e No parking restrictions; no operator training 0.5
Parking restrictions; no operator training 0.75
Parking restrictions; Operator training 1.0
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6.2.8 Defaults in Downspout Disconnection Intervention Lad Reduction

The defaults and other information in this subsectelate to equations 5-26 to 5-30 in
Section 5.4.6. The following defaults were usethemmodel:

. Typical roof area = 186Mm

. Fraction of commercial land use imperviousnes®afap = 0.3

. Fraction of commercial land applicable for downdpdisconnection = 0.25

6.2.9 Defaults in River Assimilative Capacity Intervention Load Reduction

The defaults and other information in this subsectielate to equation 5-48 in Section
5.4.15. The defaults for river assimilation effioty are presented in Table 6-15 and were
adapted from the study by Campbell (2001). In tluelys a 6km stretch of the Jukskei
River just downstream of Alexandra settlement waeduto determine the different
biological, physical and chemical processes thdtufamts undergo during natural
assimilation, their rates and efficiencies of adlsition in rivers and their impact on the
environment downstream of the area. “Grab” samplese taken (2km intervals) over

the study period which included both low-flow artdren events

Table 6-15: River assimilation efficiency (adaptedrom Campbell, 2001)

Type of River assimilation efficiency (%)

flow TN TP COD Pb SS FC

Storm 64 47 20 10 29 45
Non-storm| 80 74 67 10 67 17

6.2.10 Defaults in Catchment Erosion and Sediment Controlntervention Load

Reduction

The defaults in this subsection relate to equate#¥6 and 45 in Section 5.4.12. The

default efficiency for catchment erosion and sedino®ntrol intervention is 50%.

6.2.11 Defaults in Riparian Buffer Intervention Load Reduction

The defaults in this subsection relate to equabedil in Section 5.4.7. The default

efficiencies for riparian buffer intervention areepented in Table 6-15.
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Table 6-16: Riparian buffers efficiency (from Schuter et al. 2007*)

Pollutants TN TP COD Pb SS

Efficiency (%) 30 10 40 70 70

* The efficiencies are for water quality swales

6.2.12 Defaults in Other Structural Control Interventions Load Reduction

The defaults in this subsection relate to equabefd in Section 5.4.16. The default
efficiencies for the interventions are presentedable 6-17.

Table 6-17: Other Structural Control Interventions efficiency (from Schueler et al.
2007)

Type of intervention Efficiency (%)

TN TP COD | Pb SS
Dry water quantity pond 5 19 1 3 10
Dry extended detention pond 25 19 2 47 60
Wet pond 33 51 60 80 70
Wetland 30 49 70 76 78
Water quality swales 38 34 60 81 10
Filters 38 59 67 86 37
Infiltration basin 51 70 60 90 90

6.3  Evaluation approach

The ultimate objective of this research was to tgve decision support system which is
able to assist the decision making body in evatgatiarious catchment storm and grey
water quality management interventions in the nedtient and effective manner. The
process of the evaluation must be appropriate ¢oattplication in question and to the

level of answers required.
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6.3.1 Decision making process

A decision making process is complex and in or@eintplement a decision support
system it is necessary to define the decision ngakeforehand in a context. Decision
making is defined as the assessment of ill-strectunstructured) problems (Simon and
Newll, 1958). Unstructured decisions involve heticgs trial-and-error, intuition, and

common sense in addition to logic; the relevantdiacand outcomes are somewhat
vague and tend to be more qualitative than quangtaThe uncertainty involved in

unstructured problems makes the decision makinggs® unique and requires an

evaluation of the decision maker’s preference.

The decision support system assists the decisidema evaluating all the options via
five steps (shown in Figure 6-1). A user selectsrirentions and formulates independent
strategies. Information on each strategy is inptat the model at a time/run. A strategy is
a combination of different mixes of interventioi$ie model then evaluates the strategy
and if the water quality objectives are met optignahe strategy is recorded else, the
implementation factors of the strategy are suceebsi adjusted/improved until
objectives are met optimally. The process is reggb&dr different independent strategies
and the best (having least cost) of all recordetesgies is selected.

In using a model to formalize the decision makirrgcess, two benefits are gained
regardless of whether the final outcome meetséhelgective or not. The first benefit is

a ‘structurization’ of the problem. i.e., the watprality problems and the causes of the
problems must be clearly defined following whicle thanagement interventions must be
identified and screened to satisfy all implemeptatrequirements before they can be
incorporated into the model. This clarifies thelpeon in the planners’ minds, eliminates
inconsistencies, allows for hierarchical pollutimanagement application, and allows the
decision makers to more clearly assess the solptssibilities. The second benefit lies
in the elicitation of the preference strategy af ttecision makers, permitting an insight
into the implementation of the various strategkarticular biases and specific interests
become more apparent and can be dealt with. The€eps must be carried out

successively in order to reach an acceptable gnederstrategy.

177



START

A
1. Identify and select interventions, and
formulate independent strategies

3. Adjust implementation
factors in strategy

P

v

A
2. Evaluate strategy

|

Are water quality objectives
met optimally?

4. Record strategy

Has an adequate number of

independent strategies been
evaluated

No

Yes

5. Select best of all recorded strateg‘es

STOP

Figure 6-1: lllustration of the decision making pracess
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6.3.2 Data requirements and model operation

6.3.2.1Data requirements

One of the intentions of the model implementati@s lbeen to provide an appropriate
level of analysis without demanding a lot of injgatta. This was achieved by capturing
factual and heuristics data in the knowledge bdgbeoexpert systems that are used as
defaults. As the number of identified or preferrmdnagement interventions increase the
demand for data increases. Each management intenvaequires data specific to its
evaluation. The data is entered under the fivegoates namely: catchment data, storm

load data, non-storm load data, existing intengentlata, and future intervention data.

Under the catchment data category, catchment MAR, @lanning horizon, and ambient
water quality objectives are entered. All the datéhis category need to be filled out to
prevent errors as they are used frequently in rdiffemodules to estimate loads and load
reductions. The planning horizon in the model i® tmaximum period the set
management objectives are expected to be achiéxéen the model is run, the
implementation timeframe of the future managematgrventions are compared to the
planning horizon. A management intervention is eded in the analysis if its
implementation timeframe is more than the plannimgizon. The storm load data
category requires data on land use types and #ssiociated: fraction of impervious
areas, runoff coefficients (for both pervious amdpérvious areas), and event mean
concentrations. Data required for non-storm loadgary depend on the sources of non-
storm loads present. Data required for each sanee

. Sewage use data: — dwelling units or number of éloalsls

. Septic systems data: — fraction of dwelling ungig septic systems

. lllicit connections data: — number of businesses

. Sanitary sewer overflows data: — total length oifitsay sewer

. Nutrients and bacteria in urban soil data: — sahtent of nitrogen and

phosphorus (% by weight)
. Active construction erosion and sediment controtada- area of active

construction
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Catchment erosion and sediment control data: - @nrainfall erosivity, soil
erodibility, slope length and gradient factor, coad management factor, and
delivery factor. These data are discussed in Seéti.12.

Lawns data: - fraction of the soil in the catchmtat are Hydrologic soil group
A, B, C, and D.

Similarly data required for existing and futureeirventions categories depend on the

number interventions existing or planned for impéentation. Data required for each

intervention are:

Active construction erosion and sediment contrdemvention: - fraction of
building or construction sites that are regulated anit treatment cost
Catchment erosion and sediment control interventidraction of pervious areas
controlled or planned for implementatiand unit treatment cost

Street sweeping: - area swept, frequency of swgeid unit treatment cost
Downspout disconnection intervention: - fractionresidential land where the
intervention is applicable, fraction of homes osimesses disconnectedd unit
treatment cost

Rainwater tanks intervention: - fraction of resiti@nland where the intervention
is applicable, fraction of homes with rainwaterkdsand unit treatment cost
Impervious cover reduction: - area of imperviousdldo be redeveloped, fraction
of impervious cover reducexhd unit treatment cost

lllicit connection removal intervention: - fractiasf drainage system surveyed or
inventoried and unit treatment cost

Sanitary sewer overflows repair intervention: cfran aimed to be reduced, and
fraction completeénd unit treatment cost

Septic system repair: - fraction of the system éaspd, and fraction of population
with septic system willing to repair and unit tr@aint cost

Riparian buffers intervention: - buffer length, farfwidthand unit treatment cost
Exfiltration systems: - area of land surveyed fbe timplementation of the
intervention, fraction of that area that is apdieafor the interventiorand unit

treatment cost
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. Other structural control interventions: - for theisting ones, the data required
include contributing areas to the interventions. fetrofits, data required include
area surveyed for the retrofits, fraction of thedaatreatable, fraction of the area
as impervious cover, number of retrofits built pearand unit treatment cost.

For future interventions, data on implementatiomeirame and magnitude must be

provided for each intervention. The onus is onuber to estimate the unit treatment cost

of each interventions.

The cost data category is the only place in thputigheet where the user inputs data. For
a strategy that achieves management objectivestothe cost of the strategy and the
implementation factors (i.e. magnitude of implenagion) of the interventions should be

recorded in the corresponding fields in the cosh dategory.

6.3.2.2Model application

The model is a decision support system for rapggssment of various catchment water
quality management interventions. Although a simpladel, it requires significant data
input depending on the number of management intéoms existing or planned for
implementation. The model is primarily targetedhatse who are involved or are likely
to be involved in stormwater quality managementuiding catchment managers, local
governments or municipalities, catchment manageragencies, private consultants and
researchers. The model is not a design tool; doesantain the algorithms necessary for
design of structural stormwater quality facilitiead it should therefore be viewed as

conceptual evaluation and selection tool at plaglenel.

The model application flowchart is presented inuFég6-2 and the sequential steps
involved are described below. A detailed descriptibthe operation of the model (DSS)

is given in the user manual in Appendix C.
The first step in the model application is catchtnéata input. Data required in each

input category is described in Section 6.3.2.1. 3&eond step is input of water quality

objectives for pollutants of concern. At this poiiitis assumed that the water quality
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objectives for the catchment would have been estaal and pollutants of concern have
been defined. The methods to establish water gualjectives and identify pollutants of

concern are described in Chapter 4, Sections 4t8d&ugh to 4.3.9. The third step
involves input of data on existing management wgstions also described in Section
6.3.2.1. To estimate the load reduction target, bae to compare the load from
monitored data (less the load reduced from existitgyventions) with the load from set
water quality objectives. Hence the third step o$ required if the monitoring point is

downstream the existing interventions as the lostdnated from the monitoring data
would have already accounted for the load redugedhb existing interventions. The

forth step is to run the model to evaluate the tagsinterventions and determine the
catchment load reduction targets or managementitgs. Computational methods to
estimate load reductions are described in Sectidnl'mad reduction targets for storm

and non-storm loads are estimated as given by ieqsad-1 and 6-2 respectively.

Ty Ty T
d - sl sl slext ><100 (6'1)
T —
sl slext
o T T T,
Tred - nsl nsl nslext ><100 (6'2)
Tnsl - nslext
Where:
Tea = Pollutant storm load reduction target
Tq = Pollutant storm load from monitored concentnasi

T’sl

Pollutant storm load from ambient water qualibjectives’
concentrations

Tsexx = Pollutant storm load reduced by existing intefi@ns. If monitoring
was undertaken downstream of interventions ther= 0

T'eq = Pollutant non-storm load reduction target

Thsl = Pollutant non-storm load from monitored concatinins
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T'he = Pollutant non-storm load from ambient water guabbjectives’
concentrations
Thsexx = Pollutant non-storm load reduced by existingeméntions. If

monitoring was undertaken downstream of interverstihenT ,gex= O

Step 5 consists of input of data on future managenmeerventions. This is preceded by
identification of interventions and formulation afternative management strategies,
described in Sections 4.4.1 to 4.4.3. Step sboisuh the model to: a) evaluate future
interventions strategy, and b) estimate residuadl leeduction targets. If the objective is
met, that is, the residual load reduction targets zero, the strategy (implementation
factors and cost) is recorded in the seventh sBégps five to seven is repeated for
different strategies formulated. In the last stéyg strategy with the minimum cost is

selected.
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1. Input data on catchment characterigtics

|

2. Input catchment water quality
objectives for pollutants of concern

|

Was monitoring point
downstream of existing
interventions

3. Input data on existing interventiong

|

4. Run the model to:
a) estimate storm & non-storm loads
b) evaluate existing interventions
c) estimate load reduction targets

— Is Objective Met?
Yes

No

Identify future interventions

I

Formulate alfternative management|
strategy

4

5. Input data on future interventions
strategy

l

6. Run the model to:

a) evaluate future interventions strategy
b) estimate residual load reduction targets
c) estimate strategy cost

|

Have all

possible
strategies bee
tried?

7. Record strategy and cost
Yes

Is it the Last Strategy?
No

l Yes

8. Select Least-Cost/Best-Performing
Strategy

o STOP

Figure 6-2: Model application flow chart
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6.3.3 Model limitations

There are a number of challenges in quantifyinghsteater treatment likely to occur in a

catchment. These include:

Uncertainty that exists in estimating both polldtdmads and interventions’ load
reductions. Regardless the efforts given to es@naialitative uncertainties/risks’ in
the model, uncertainties still remain (resultingnfr the many input data) and can be
reduced by additional research and data colleimh analysis. Hence output values
are subject to imprecision.

Pollutant loads and treatment effectiveness varth bo time and space. Some
pollutant sources are episodic in nature, whilertlare more continuous; some occur
in storm flows, while others occur in base flowsl ainy weather flows.

Proper estimation of catchment treatment must delsocio-economic factors (e.g.
human behaviour) and management activities whielddficult to quantify.

For a wide range of treatment options availablilelior no monitoring data exist
especially in developing countries, to assist inleating their effectiveness. Without
this information, it becomes difficult to estimatee benefit of many programs and
treatment measures.

Estimating the level of implementation and maintexgais also another challenge. The
performance of a treatment option will often dep@mdoperation and maintenance

procedures, availability of funds, human resouaagsacity and technical know-how.

The main limitations of the model are:

The model is analytical based on lumped parametbish are subject to many
assumptions and limitation as against continuoudettiiag. The limitations and
advantages of analytical and continuous modellmgdescribed in Table 2-5 in
Section 2-5.

Schueler (1987) recommends the application of tinep® Method (for which
this model was based on) to catchment size up taB0No reason was provided
for this upper limit. Hence the best application tbé model is on a small
catchment (e.g. up to 50 Kjrunless the larger catchment is broken into smalle
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sub-catchments. This will reduce uncertainties @ased with variability of data
input measurements.

. The model provides estimates of many source loadsaad reductions for which
reliable monitoring or performance data is not yefailable especially in
developing areas. It must be recognized, howeveat, the model defaults are
nothing more than informed judgments or heurisbiased on literature review.
They have been included in the framework to hetpnsivater managers who
would otherwise not have access to these datadae as many sources and
treatment/management options as possible.

. The model makes simplified assumptions and empoygdytical methods for the
calculation of loads and load reductions for whictuch more complicated
analyses may be conducted.

. The simplifications in the model lead to ‘uncertginin the results. While
measures of assuredness have been included isttheon of load reductions,
it may also be necessary to assign an explicit marfysafety in cases where a
specific target needs to be met, such as in meetatgr quality objectives for a
catchment that requires high protection of wateoueces.

. Although most of the data input into the model isigtitative, some parameters
require user discretion. In particular, the stornewananager is required to make
judgments regarding the long-term performance dtipyarticipation associated
with various measures or programs.

. The model tracks only six pollutants: nitrogen, gblworous, chemical oxygen

demand, lead, suspended solids and fecal coliform.

6.4 Summary

The following summarises the approach adopted @ ithplementation of the DSS

outlined in this Chapter. The guiding philosophyswa follow a pragmatic approach to
the problem of water quality issues in informaltlsetents. The model was interfaced
with Microsoft Excel. The user interface has beeptksimple, in order to ensure easy

and practical application of the DSS. The biggest of modelling is often in learning
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the details and complexities of a model, and iisgiples and limitations. Time away
from sophisticated models also causes users tetfagpects, and it is the ease of initial
access or re-access which can inspire confidentieeimser and enable the model to be
used to its fullest. With the Excel interface, &usan inspect, modify and add programs
with the VBA editor thus giving the model the flbdity to allow updates and
improvements as appropriate based on new reseamahagement objectives, and

monitoring data.

One of the intentions of the model implementati@s lbeen to provide an appropriate
level of analysis without demanding a lot of inpglata. Often, data from developing areas
to run or implement models are either not availadwiaifficult to obtain. Therefore it
becomes necessary to apply heuristic data ratherattempting to implement a complex
model requiring data that do not exist or are expento obtain. Hence, this Chapter also
described the model defaults (consisting of bothuia and heuristic data), which form

the knowledge base of the decision support system.

The methods set out in Section 6.3.2.2 serve addlses for the use of the DSS. A

summary of the process is outlined below.

I. The first step in the model application is catchhuaata input.

il. The second step input for ambient water qualityedibyes for pollutants of
concern.

iii. The third step involves input of data on existingnagement interventions.

Iv. The forth step is to run the model to evaluate ¢lesting interventions and
determine the catchment load reduction targetsasragement objectives.

V. Step 5 consists of input of data on future managéenrgerventions. This is
preceded by identification of interventions and nfatation of alternative
management strategies.

Vi. Step six is to run the model to: a) evaluate fuinterventions strategy, and b)

estimate residual load reduction targets.
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Vii. If the objective is met, the strategy is recordethie seventh step. The strategy is
recorded by entering the implementation factoreaufh intervention and the cost
of the strategy in theost data categorin the output sheet. Steps five to seven is
repeated for different strategies formulated.

viii.  In the last step, the strategy with the minimunt c®selected.
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7 ALEXANDRA TOWNSHIP CASE STUDY
The decision support system was developed in Cieapse and 4, the various
computations in the model development describe@hapter 5 and the implementation

of the DSS was presented in Chapter 6.

In this chapter, the DSS is applied using Alexarisanship in Johannesburg as a case
study. The sequential steps of model applicatistideed in Section 6.3.2.2 was used as
a modus operandi. Section 7.1 presents physicaactegistics of Alexandra catchment
which is a basic input to all the modules (categgriin the DSS. The ambient water
quality objectives and pollutants of concern ardingel in Section 7.2. Section 7.3
describes causes of water quality issues in Aleveama@tchment. Estimates of storm
loads, non-storm loads, and load reduction targetpresented in Section 7.5. Potential
management interventions are identified in Secfidnand it is followed by formulation
of alternative management strategies in Section Se@tion 7.7 presents evaluation of
future management interventions (estimates of leadctions). Recommendation of the
preferred strategy is provided in Section 7.8 ainds ifollowed by conclusions and

recommendations in Section 7.9.

The Water Research Commission of South Africa, Gftyohannesburg, and the Water
System Research Group of the University of the \&iessrand conducted a lot of
research in Alexandra on water quality and quamsgyes, and as a result a great wealth
of data exists in the literature (e.g. Wimberle@92), Campbell (2001), Owusu and
Stephenson (2006), Stephenson and Associates (2a0@)Stephenson et al. (2003)).

This data formed the main core of data input inearnodel.
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7.1 Details of the Study Area

7.1.1 Locality

The Alexandra township is located 12 km north-edstentral Johannesburg and 4 km
east of Sandton central business district, betwheneastern bypass (N3) and the old
Pretoria road. The township is flanked by the shhaorareas of Lombardy to the south,
Wynberg to the west, and Marlboro to the north. Tdvenship is split into west and east
bank by the Jukskei River. The west bank measupesita350 ha and is completely
developed as high density residential area withllsceenmercial and industrial areas.
The east bank measures approximately 140 ha grddeminantly undeveloped. Details
of this geographical layout are shown in Figure. 7Fhe west bank is principally the

focus of this study.

7.1.2 Population and density

The official population of Alexandra was estimatesl 166 971 according to the 2001
population census of South Africa. This translatesa population density of 477
persons/ha and 80 dwelling units/ha (assuming 6gpsfdwelling unit). This suggests
that every person in Alexandra has, on averageytab® nf of living space, assuming
that 20% of the area is taken up by roads, busiseb®ols, and other open spaces. If the
relatively small number of storey buildings in Asdra is further taken into

consideration, this figure becomes even more alami

7.1.3 Topography and Morphology

The area slopes steeply in a west-east directimartts the Jukskei River, with slopes
varying from 12.5% in the western sections to 3iB%he sections closer to the Jukskei

River.
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The Jukskei River is the largest of the three Rivéraining the northern and north-
eastern suburbs of the Witwatersrand. The sourciukdkei River is in Bezuidenhout
valley, east of Johannesburg. The highest poirthé Jukskei River itself is at 1695
mamsl. The River loses 475m in height over its fleraf 66 km. This yields an average
slope of 7.3 m/km, which, although by no means ptioeal for South African Rivers,
makes it a fast flowing River. The tributaries axen steeper and therefore faster flowing
than the Jukskei River itself. Flow is initially morth-easterly direction for about seven
kilometres, until the Gillooly’s Farm interchangghere the River swings northwards.
Eight kilometres downstream of this point, the Rivegins to flow past Alexandra
Township. The catchment area of Jukskei River sugi92.4 km upstream and 102.0
km? downstream of Alexandra. Downstream of Alexandre Jukskei River flows
through the residential areas of northern Johammgsband is joined by the
Braamfontein, Sand and Modderfontein spruits befoeeconfluence with the Crocodile

River.

The Jukskei River and its tributaries are not deépdised and because they run fast and
shallow, they are for the most part well aerated amll mixed. As a result a higher
organic load can be tolerated before anaerobicitond occur. Due to relatively high
velocities, the streams can carry a relatively rsghpended load. However, any drop in
velocity will cause the coarser material to setti¢é. The various weirs in the Jukskei

River therefore tend to silt up rapidly.
Three small tributaries of the Jukskei River rigetloe west bank of Alexandra forming

the main stormwater drainage systems (channeltedr@ctangular culverts). The middle

and northern drainage systems merge just befoningithe Jukskei River. These three
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stormwater drainage systems divide the area imaethubcatchments as shown in Figure
7-2. For the purpose of this study, the drainagesliand their associated catchments are

called northern, middle and southern.
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7.1.4 Geology and soils

Alexandra Township is underlain by highly weathesstd decomposed rocks of the
Achaean granite, forming the Johannesburg/Prettmme. Outcrops of granite occur in
places, especially in the Riverbed of the JukskeeR The granite is, in its fresh state, a
medium to coarse textured pink or grey rock. Thekrbas decomposed to form a
residual soil layer of loamy sand which varies epth between 0.5 to 6.0 metres.
Overlying this residual soil are various transparsmils, as well as unconsolidated fill
material in some areas. Alluvial wash material esdn the gully and flood plain of the

Jukskei River.

7.1.5 Land use and Services

Land-use characteristics are being dominated bigladensity residential development.
Alexandra consists of a combination of formal antbimal settlements. The formal
settlement has full engineering services, includingvater reticulation system, water-
borne sewage, electrical reticulation, and nonestahlution facilities. The informal
settlement comprising shacks and “make-shift” heusee spaced close to each other
with a maze of narrow alleys between them, anddeasloped on previously vacant land
and in low lying areas, some demarcated as floo@zoTlhere are also many areas where
the two settlement types overlap, with one house ary number of back-yard shacks
being situated on a stand. The informal settlenvest not planned for, and is thus
operating on very rudimentary services such asipuénd-pipes and portable toilets.
These toilets are serviced by the Alexandra TowanCi on a daily basis. The portable
toilet system is regarded by the Council as a teargaand emergency measure to meet
the sanitary crisis, in operation only until thevee system is upgraded to accommodate
the residents of the informal developments. Theagewsystem in Alexandra is in a poor
state, and overflowing sewers are a common sighis i partly due to overloading of
the system and incorrect use, but also due to p@antenance. Until 1987 sewage from
Alexandra was treated at the Alexandra Sewage Wobkger these works were

decommissioned, sewage is treated at the Johamgdsbrthern Works.
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Refuse removal in the informal areas presentsiauseproblem as refuse are dumped in
the River and the main streets. Some success kasaobieved by placing waste removal
skips provided by the City of Johannesburg at egiat points, but more education is
required to gain the cooperation of the residantsrder that they place their refuse in the
skips, which may require them to walk a short aiséa A crucial factor in this is the

removal of refuse by contractors, which is not alsvaarried out in accordance with the

contract.

The township is serviced by stormwater drains. Mxghe drainage network consists of
culverts and underground pipe network. The maimegge facilities are three tributaries
(rectangular culverts) draining the west bank. hleerts were constructed underground
to carry stormwater to the Jukskei River. The cufjeup to 1.7m high by 3.9m wide
were designed to take a 10 year storm, it appaatssurplus water for larger storms was
intended to flow over ground. There are no roadsrdthe gullies or culverts, but the
area above the culverts was intended to be parkldodever, with the migration of
thousands of people to the Alexandra area, landbfolding was at premium and
informal houses sprung up along the previously ol to the extent that the land
around and on top of the culverts is very denselgutated with shacks. Apart from
stormwater, the culverts also receive greywatericivtare general wash water from
kitchen, bathroom, car-wash, and garages. Watdraissferred into the stormwater
system via a series of surface inlets. These ialetsn the form of kerb inlets that divert
runoff from the road surface into the stormwatestasns, and surface inlets that divert

overland flow, between the streets, into the system

The commercial areas comprise of schools, an okl lagme, a veterinary clinic, a

community centre, hostels, police station, taxkemnd shopping areas.

7.1.6 Climate and Hydrology

Alexandra and the catchment of Jukskei River s#labn the Transvaal Highveld
experience warm summers and cool winters. The tdinsarelatively dry, with very low

humidity in winter. The weather station in KemptBark at OR Tambo International
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Airport is sufficiently close to Alexandra for alimatic data analysis. Alexandra and the
Jukskei River catchment falls in the summer ralrdega, and receives almost 50% of its
rainfall from November to January, the highest fidlroccurring in January. As can be
expected, thunderstorm activity is highest in Nolkemo January, with some activity in
October, February and March. The average annuafathin the area is about 750 mm.

Hail occurs on average 2 or 3 times per year, whiardly ever snows.

Evaporation in the catchment is much higher than rdinfall, as is the case in most
places in South Africa. The Symons Pan evaporaticmbout 1700 mm/a. As with the

rainfall, most of evaporation occurs in summer.

As Alexandra is highly urbanised, runoff is mainljppan runoff. The impervious surfaces
created by roads, pavements and roofs means ggtdafall infiltrates the ground and
that more runoff is generated. There is no flowggathat measures flow from Alexandra

Township into the Jukskei River.

7.2  Water quality objectives and pollutants of concernn Alexandra

The water quality guidelines and objectives for Sluéskei River for the different user
groups have been developed by BKS (1996). Tableprekents a summary of the
various guideline ranges and their associated calodes. Narrative description for the
colour codes are: Blue — fit for use; Green — ataddp; Yellow — tolerable; Red — not fit

for use; Purple — totally unfit for use.

The water quality objectives were derived from weder quality guidelines, and where a
variable only affects one user group, the uppeueslof the ranges described as fit for
use, acceptable and tolerable (see Table 7-2) floemvater quality objectives. The detail
of the water quality objectives derivation is prasel in BKS (1996) and the result is

summarised in Table 7-2.
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Table 7-1: Water quality guideline ranges and coloucoding (BKS, 1996)

User Variable Range
category Fit for Acceptable Tolerable| Unacceptable Totally unfit
use for use
Domestic EC (mS/m) 150-370
pH (pH units at 2%C) 9.5-10:4-
Turbidity (NTU) 5
Odour (category) 5-10
Colour (category)
Sulphate (mg/l) 400-600
Nitrate (mg/l) 10-20
Fluoride (mg/l) 1.5-3.5
Recreation pH (pH units at 45)
Turbidity (NTU)
Odour (category)
Colour (category)
Litter (category)
F. Coli (CFU/100ml) 600-2000
E. Coli (CFU/100mI) 200-400
Agriculture | EC (mS/m) 155-295
(Irrigation) | SAR 5.0-10.0

Fluoride (mg/l)
Sulphate (mg/l)

Environment

pH (pH units at 26)
Tot Ammonia (mg/l)
Nitrite (mg/l)
Turbidity (NTU)
Chlorine (ug/l)

Other

Phosphate (mg/l)
COD (mg/l)

2.0-15.0
300-500

The water quality objective formed the basis of shkwmwater management strategy, as

they were used to determine what is acceptablermg of pollution levels and what is

not, and to what extent the runoff quality situatia Alexandra deviates from the ideal

condition as well as the extent of pollution loaduction target required. Assessment of

the fitness for use of a water resource is curydmting extended for implementation of

the National Water Act, particularly in terms ofetfiWater Resource Classification

System and Resource Quality Objectives. Thesecteftee sensitivity of the receiving

water environment and users in a catchment, andatedthe resource quality required

for the level of protection associated with an atakle degree of risk (Pegram and

Gorgens, 2001). In this case study, the risk taketo treat 90% of cumulative annual

rainfall to meet the water quality objectives okgkei River catchment. This risk factor

was defined in Section 5.3 as a fraction of anmaaifall that can be captured by a

control interventior(sy).
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Table 7-2: Water quality objectives for the JukskeiRiver catchment (BKS, 1996)

Variable Units Range
Reference Action Level Intervention Level
Level

EC mS/m 70" 150 295
pH (at 25C) 6.5-8.5 5.0-6.5; 8.5-9.0 4.9-5.0; 9.0-10
Turbidity* NTU 16" 25 35
Litter Category 1 2 3
SAR - 3.0 5.0 10
Nitrate mg/I 6 10 20
Nitrite mg/I 0.03 0.15 5.0
Tot Ammonia** mg/I 0.16 0.40 2.6
Fluoride mg/I 1.0 1.5 3.5
Sulphate mg/I 200 300 500
Chlorine ug/l 0.2 0.35 5.0
E.Coli CFU/100ml 126 200 400
Faecal coliform | CFU/100ml 150 600 2 000
Phosphate (mg/l) 0.05 0.1 0.5
COD (mg/l) 15 80 80

Notes: * The value for turbidity are determinedtbg guideline for the aquatic ecology

** At 20°C and pH 8
1 A value approaching 0 is not desirable.

The Water Research Commission of South Africa, thedthen Water System Research
Group of the University of the Witwatersrand hawenducted a lot of research in

Alexandra on water quality issues (e.g. WimberEg9), Campbell (2001), Owusu and
Stephenson (2006),). These studies revealed sikutaols of concern and their

concentrations are presented in Table 7-3.

Table 7-3: Characteristics of pollutants of concernn Alexandra catchment

TN TP* COD Pb SS FC
(mg/l) (mg/l) (mg/l) (mg/l) (mg/l) (count/200ml)
43 25 378 0.8 2219 f0

Notes: * Total phosphates only
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7.3  Causes of water quality issues

This aspect of the work involved identifying fadothat currently prevent, or may

prevent, water quality objectives from being s&usf that is, factors resulting in water

pollution. These issues have been identified byrakination of:

. Desk-top study, involving a review of existing inwation contained in reports,
studies and monitoring programs.

. Field-work involving an inspection of the settlerhen

. Discussions, involving interviewing community repeatatives to obtain
information on issues.

These problems or issues are mainly environmentdutpn, flooding, social and

managerial. These issues are described below.

Most of the community does washing at the standpipesulting in constant flow of
greywater on the roads and culverts to the Rivére Tommunity often leaves taps
running to rinse the clothes, which further exaateb the problem. People doing the

washing at their houses put their dirty washingawvanto the street.

Of considerable concern also is the bucket sanitadlystem. Each of the toilet stands
serves about 5 families and emptying is not fregjaeid as a result, they are often full.
Often, there is spillage from overfull buckets andny buckets and toilets are broken.

Sewer blockages and overflows are also common.
The high density of the houses also results inablpm of excess solid waste, and the

solid waste containers often overflow. Litteringaiso a significant problem. Table 7-4

presents a summary of the causes of managemeasissu
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Table 7-4: Summary of the causes of management i€suin Alexandra

Category of issues

Issue

Possible Cause

Environmental
(Water Quality)

Elevated nutrient concentration

Overflows from sewers and bucket toilets due tacnesvding
Domestic animals droppings

Fertilizers and herbicides applied to lawns (mirf)ma
Greywater from washings in residential and comnagétand uses

Elevated suspended  soli
concentrations

Litter from residential and commercial areas
Erosion from road surfaces and construction sites

Elevated bacteria concentratior

Overflows from sewers and bucket toilets due tacnesvding
Domestic animals droppings
Bush toileting in the reeds

Litter in the environment

Insufficient number of rubbish bins and skips
Infrequent emptying of bins and skips
Littering in residential, retail and commercial ase

Stream flow

Flooding

Increased runoff flows due to increased imperviessnresulting
from high density housing.

Lack of stormwater reuse (e.g. rainwater tanks)

Blockages of inlets

Litter in watercourse

Encroachment into the flood zones

Riparian vegetation

Degraded riparian vegetation

Direct greywater discharge
Encroachment of settlements in the flood plain
Physical removal of riparian vegetation

Weed growth in ripariaf
vegetation

Nutrients from stormwater and greywater

Social

Lack of integration 0

feo

stormwater systems ar

IIe}

Overcrowding
No walking paths adjacent to watercourses
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Category of issues

Issue

Possible Cause

recreational facilities

No fishing and swimming areas in Jukskei River ttupollution

Lack of visual amenity an
landscape  value of th
stormwater system

Litter, veld-toileting and discharge of greywatarthe streets an
into Jukskei River.
Overcrowding

Lack of public involvement ir
stormwater management

Lack of coordination and initiation abilities amormm@mmunity
members with regards to stormwater and greywat@agement.
Community’s development committee is not effectivedrainage
and water quality issues.

Lack of education and public awareness on stormvisgaes.

Managerial

Lack of funding for stormwate
management

Non payment for services and hence cost recovexypieblem
Willingness and ability to pay is marginal as mpsople live unde
the poverty line due to unemployment.

Lack of coordination amon
community, catchmen
management council, DWA
and other stakeholders

Poor communication between stakeholders
Poor integration of responsibilities across stakddrs

Lack of effective control ove
operation and maintenance

basic services in place.

No checks or monitoring of status of services asponsibilities
No scheduled repairs and maintenance
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7.4

Estimate of loads and load reduction targets

The data requirement to estimate storm and nomastoads are described in Section

6.3.2.1. These data were obtained for Alexandaresented in Table 7-5 and were input
into the DSS. The defaults described in Sectior’s16to 6.2.2.4 were also used

unchanged. There are no management interventiosingxin Alexandra besides the

river systems (i.e. river assimilation capacity).

Table 7-5: Alexandra catchment storm and non-stornioads data input

Parameters Values Source

Catchment MAP (mm) 750 Estimated

Total urban catchment area (Rm 3.5 Estimated

Planning horizon (yrs) 20 Assumed

Impervious residential areas (%) 70 Estimated

Impervious commercial areas (%) 70 Estimated

Runoff coefficient of pervious areas 0.25 Estimated

Runoff coefficient of impervious areas 0.85 Estimated

Dwelling Units 10 000 Estimated

Number of businesses 200 Estimated

Total length of sanitary sewer (km) 20 Estimated

Soil (%) 0.2 Quibell et al. (2003)

Soil (%) 0.3 Quibell et al. (2003)

Annual rainfall erosivity (N/h/yr) 320 Smithen and Schulze

(1982)

Soil erodibility (ton.h/N/ha) 0.5 Schulze (1995)

Slope length and gradient factor 0.2 Schulze (1995)

Cover and management factor 0.1 Quibell et al. (2003)

Delivery factor 0.2 Estimated

Ambient water quality objective TN TP | COD | Pb | SS FC

characteristics

(mg/l; count/100ml) 10.55] 0.1} 80 0. 80* 6(QBKS (1992)

Storm flow characteristics N TP | COD | Pb | SS FC| Owusu and St_ephenso

(mg/l; count/100mI) (2006) and Wimberley
43 25| 378 | 0.8/ 2219 90 (1992)

=

Note:

* Obtained from DEAT (1982)

The results after running the model are presemtedables 7-6 and 7-7. Table 7-6

presents loads from primary sources (i.e. urbad)lamd secondary sources (i.e. sewer

overflows and illicit connections). The loads frahese two sources are disaggregated

into storm and non-storm loads. Table 7-6 alsoceaigis that on annual basis, a greater

proportion of loads exiting Alexandra catchment moa-storm loads (mostly from illicit
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connections). The objectives’ target loads indidate Table 7-7 are loads obtained

should existing storm and non-storm flow concerdrat be equal to that of the water

quality objectives concentrations. The load redurctiargets represent the proportion of

storm and non-storm loads that need to be reducedrder to meet management

objectives. Section 7.5 identifies potential mamaget interventions to meet these load

reduction targets.

Table 7-6: Summary of existing loads in Alexandra
TN TP COD Pb TSS FC
(kglyr) (kglyr) (kglyr) (kglyr) (kglyr) (million/yr)
Urban Land 24,475 2,079 473,763 1,128 462,281 8.62E+09
Active Construction - - 4 0.00E+00
SSOs 6 0 12 0 40 1.00E+06
lllicit Connections 1,747,512 517,573 T3 16,634 17,446,000 1.96E403
TOTAL LOAD* 373,979 136,648 4,080,598 16,099  8,225,474| 8.62E+09
Storm Load 24,254 2,076 473,769 1,128 2,468,301 2EBt69
Non-Storm Load 349,724 134,572 3,606,830 14,971 5/173| 3.32E+04
Note: * Total load reflect the sum of loads from pimary and secondary sources less loads reduced
by exiting interventions. Loads reduced by existingnterventions are not shown in the table.
Table 7-7: Alexandra management objectives — exisiy load reduction targets
TN TP COD Pb TSS FC
Objectives' target loads for storm flow (kg/yr) 519 83 100,271 141 88,991 5.17E+P6
Objectives' target loads for non-storm flow (kg/yr)231,412| 2,852 2,892,610 9,861 2,892,610 2.03H+02
Objectives' total target loads (kg/yr) 237,363 5,93,992,881] 10,002 2,981,601 5.17E4H06
Load ReductionTarget for storm flow (%) 75 D6 79 88 96 99.94
Load ReductionTarget for non-storm flow (%) 34 98 012 34 50 99.94
Load ReductionTarget for total flow (%) 37 98 D7 38 64 99.94
7.5 Potential future management intervention
Potential management options identified for Alexandsettlement include: de-

densification of settlement, domestic animal wastkication, erosion and sediment

control, frequent street sweeping, impervious caoeeduction, downspout disconnection,

use of riparian buffers, illicit connection remoyvahnitary sewer overflows abatement,

use of rainwater tanks and exfiltration systemsesEhinterventions are reviewed in
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Sections 2.3 and 2.4 and the methods followed emtifiing them are outlined in
Sections 4.4.1 and 4.4.2. The interventions welectsl to deal with the causes of the
water quality issues in the catchment as definedable 7-4 in Section 7-3, bearing in
mind that the identified interventions also have iaeet their implementation

requirements as defined in Table 4-7 and 4-9 ini@ex4.4.1 and 4.4.2 respectively.

Formalization of Alexandra settlement would requite-densification and upgrading.
These would involve: provision of a public spats&ttucture to provide relief from
overcrowding; creation of public gathering placesid improvement of engineering
services such as potable water and electricity theo settlement; and sewage, refuse,
stormwater and wastewater removal from the setiénienese can be achieved through
negotiated relocation of residents and informalnecaic activities (such as back-yard
mechanics and poultry farms) to create spatial cgiras consistent with formal

settlements.

Stephenson and Associates (2002) investigated wtaten culverts in Alexandra
township and reported that some 4 500 informal timgd are constructed in the public
areas along the waterways intended as green sétifmsut 2 000 of these homes are on
the flood path, the others on the fringes. Soméese are block construction, but the
majority is dwelling units made of corrugated irglmeets. They estimated that, at a guess
estimate of R20 000 per house, it would cost R4lliamito rebuild the houses on the

flood path only.

7.6  Formulation of alternative management strategies

The identified interventions were used to formulaliernative strategies. The strategies

were formulated by a combination of different mix@sinterventions. For instance, a

strategy was formulated as:

* 50% clean-up and education interventions (to emnipbasnore importantly on
domestic animal waste education) to be completédemext 2 years;

e 70% of catchment erosion and sediment controhvetgions to be completed in the

next 2 years;
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* 60% of regular street sweeping and refuse remavaketaccomplished in the next 2
years;

* 100 % maintenance and repair of all broken, blocked overflow sewers and other
sewage systems to be achieved in the next 2 years.

* 90% de-densification by relocation of some resig¢atbe completed in the next 10
years. The programme of de-densification has ajreathmenced five years ago;

e 90% of impervious cover reduction to be completethe next 10 years. Impervious
cover reduction by demolishing shacks and conwgittile resulting area into pervious
surface. These areas should in turn provide spadhdé formal houses downspouts to
be disconnected and discharged onto.

* Downspout disconnection — 90% of feasible areabeaccompleted in the next 10
years;

» Use of rainwater tanks — 90% of feasible areaetodmpleted in the next 5 years;

« lllicit connection removal — 50% of feasible ardasbe completed in the next 10
years;

* Riparian buffers along Jukskei river and tributare40% to be completed in the next
7 years;

» Exfiltration systems retrofit — 60% of feasible aseto be completed in the next 15
years.

Different strategies were formulated by altering implementation magnitude (factor)

and timeframe of some or all of the interventionsven in the above strategy.

7.7  Evaluation of future management interventions

The data requirement to evaluate future managenmé@tventions are described in
Section 6.3.2.1. Table 7-8 presents the paramesad to determine the pollutant load
reduction of each intervention. The parametersifgpervious cover reduction and

downspout disconnection are described below.

206



Impervious cover reduction

Mtshelwane (2002) estimated that, there are 349b@@ks and 4 060 formal houses in
Alexandra. Based on this information and assuntiag the average shack roof print area
is 60 nf then the total area occupied by shacks to be edoleed is 2.04 kA that is 83%

of total Alexandra impervious areas. It was furtaesumed that, by demolishing 69%
shacks and converting the resulting area into pas/surface, these areas would in turn
provide space for the formal houses downspoutg tidconnected and discharged onto.
Impervious cover disconnection

Provision of rain water tanks can also be usedutpreent the downspout disconnection
intervention. In the estimation of load reduction impervious cover disconnection, it
was assumed that formalization of Alexandra sett@will result in about 10 000
formal houses with average roof print area of 186 Inwas also assumed that 70% of
residential land will be applicable for this intention and 70% of the people in this area
will be willing to participate in disconnecting helownspouts or use rain water tanks. In
the commercial areas, it was assumed that; a) 3a¥eompervious area is roof tops; b)
a further 25% of this area applicable for this imgmtion and, c) 60% of commercial

units will be willing to disconnect downspouts.

The interventions defaults described in Sectios260 6.2.9 were also used unchanged.
The procedure applied in evaluating future managerrgerventions (strategies) is in
accordance with the sequential steps (steps 5 fmredented in the model application
flow chart, Figure 6-8 in Section 6.3.2.2. Afteetimterventions data and strategy were
input into the model, the model was run to estima#a reductions and residual load
reductions. If the objective is met, that is, theidual load reduction targets are zero, the
strategy is recorded. The process is repeated foifferent number of strategies. A
number of strategies were evaluated and those whidhieved the management
objectives are shown in Table 7-9 indicating thegnitade of implementation of each

intervention.
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Table 7-8: Data for interventionsused for the Alexandra Township case study in the
model

Parameters | Values | Source

lllicit Connection Removal Intervention

Fraction of drainage system surveyed (%) 100 Estimated

Unit treatment cost (R/M 0.02 Assumed

SSO Repair Intervention

Fraction of repairs completed (%) 100 Estimated

Unit treatment cost (R/M 05 Assumed

Catchment Erosion & Sediment Control Intervention

Fraction of pervious surface treatable 0.7 Estimated

Unit treatment cost (R 0.3 Assumed

Street Sweeping Intervention

Street sweeping area: Brush-type mechanicaf)km 0.035 Estimated

Street sweeping area: Broom Bm 0.021 Estimated

Street sweeping area: Vacuum assiste(kam 0.5 Estimated

Unit treatment cost (R/A 0.05 Assumed

Riparian Buffers Intervention

Buffer Length (km) 3 Estimated

Buffer Width (km) 0.02 Assumed

Unit treatment cost (R/i 0.25 Schueler et al. (2007

Impervious Cover Reduction Intervention

Land to be redeveloped (Rm 2.04 Assumed

Average impervious cover reduction (%) 20 Assumed
Deduced from

Unit treatment cost (R 679* Mtshelwane (2002)

Downspout (Impervious Cover) Disconnection Intervetion

Typical house roof area (square meter) 186 Assumed

Fraction of residential land applicable 70 Assumed

Unit treatment cost (R/H 0.1 Assumed

Rainwater Tanks Intervention

Fraction of Residential Land where Applicable 0.7 Assumed

Unit treatment cost (R 05 Schueler et al. (2007

Exfiltration System Intervention

Area surveyed for application (n 3 Estimated

Fraction of area “treatable” (%) 80 Assumed

Unit treatment cost (R/ 630 Li et al (1998)

Domestic Animal Waste Education

Unit treatment cost (Lump Sum) 20 000 | Assumed

Note:  *Includes relocation of households and pimri of houses
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The unit treatment cost cited from Schueler ef20107) and Li et al. (1998) in Table 7-8
were converted from US dollars and Canadian dolespectively (at rates of 1US$ =
1C$ = R7 South African).

Table 7-9: Alternative stormwater quality managemenm strategies evaluated

Interventions
DAWE | CESC| SS | SSOR ICR| ICD] ILL| RB| RT| EX$
Timeframe of implementation (yrs)

2 |5 |2 [2 J10] 10] 10] 7] 5] 15
Strategy Magnitudes of implementation (%)
S-1 20 60 100| 100| 100] 100 35 20 90 90
S-2 50 70 60 | 100| 90 90| 50/ 40 90 6(
S-3 30 90 100| 100| 100] 100 40 50 100 10
S-4 0 45 50 | 100 | 70 90 | 40| 30 100 40
S-5 0 100 | 50 | 100 | 40 35| 40 O 100 100

Note:

DAWE = Domestic animal waste education
CESC = Catchment erosion and sediment control
SS = Street sweeping

SSOR = Sanitary sewer overflow repairs

ICR = Impervious cover reduction

ICD = Impervious cover (Downspout) disconnection
ILL = lllicit connection removal

RB = Riparian buffers

RT = Rainwater Tanks

EXS = EXfiltration system

The results from the modelling and evaluation cdtsigies are presented in Appendix D,
Tables D-1 to D-5. Jukskei River system is verediive in assimilating the pollutants
from Alexandra catchment. The river assimilativpaaty is more efficient than any of
the interventions simulated, as shown in Table ©@-D-5 underLoad reductions from
future intervention’categories. For storm loads, interventions founte most effective
are: use of rainwater tanks, impervious cover rgdngc downspouts disconnection,
exfiltration systems, and catchment erosion andhssat control. Non-storm loads from
Alexandra results mostly from illicit connections the drainage system and hence are

reduced effectively by illicit connection removatervention.

7.8  Selecting the preferred strategy

Any of the five strategies shown in Table 7-9 acbgthe desired objectives and can be

selected. The local authority can select from thstsategies the one that fit into their
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developments or management plans in terms of budigegsh flow constraints. The
preferred strategy was obtained through cost opétidn analysis as presented in Table
7-10. For the five strategies that achieved managérabjectives, the implementation
factors and the total cost of the strategies wep®rded in cost category data in the
output sheet of the model. The fifth strategy (Ss&ne out with the minimum cost and
hence, represents the optimum strategy. Most ofitiitetreatment costs were assumed in

the analysis hence the cost figures could be takendicative only.

210



Table 7-10: Strategies cost optimization

COSTS CATEGORY

COST OF INTERVENTIONS
STRATEGY STRATEGY | _PAWE | CESC SS ICD RT RB | ICR EXS ILL SSOR
IMPLEMENTATION FACTORS (%)
S-1 R 45,519,668 20% 60% 100% 100% 90% 20% 100% 90% 35% 100%
S-2 R 41,359,892 50% 70% 60% 90% 90% 40% 90% 60% 50% 100%
S-3 R 45,422,272 30% 90% 100% 100% 100% 50% 100% 10% 40% 100%
S-4 R 32,303,010 0% 45% 50% 90% 100% 30% 70% 40% 40% 100%
S-5 R 19,292,802 0% 100% 50% 35% 100% 0% 40% 100% 40% 100%
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7.9  Summary and recommendations

There have been a number of studies on stormwatdityjfrom Alexandra catchment

and its pollution threat to the receiving envirommerhese studies mostly identify the

pollutants of concern; source and causes of pohutand threats of the pollution to

aguatic environment and health of the residentdlekandra as well as other users of

water from the Jukskei River. The case study pteseim this chapter uses mostly the

information from the previous studies to apply B®S developed in this research. In this

chapter, the DSS was used to:

a. Estimate storm and non-storm loads for Alexandtehraent

b. Quantify water quality management objectives (loggtiuction targets) for
Alexandra catchment

c. Identify potential future management interventiemsontrol the pollution

d. Formulate alternative management strategies innglvidifferent mixes of
interventions

e. Evaluate the strategies by quantifying their loaductions

f. Select the optimum strategy based on cost analysis.

This chapter brings together all the theoreticalettgpment that has come before it, into
suitably challenging case study to assess whetigehypotheses and research questions
put forward in Section 1.3 were proven to be cdracfalse, and to what extent the
research questions had been answered. The hypsthasely:

. pollution problems from informal settlements reflémcal conditions with respect
to the economic development, the level of enviromtale protection practice
(including the associated infrastructures), inibtual arrangements, social factors,
and public awareness;

. Given these adverse effects on receiving wateesséfection of stormwater quality
management interventions must be efficient andce¥fe. Efficient and effective
selection requires that various alternative intetiams be identified and evaluated
at planning stage based on the principles of suabdity, hierarchical management
approach, public consultation, and adaptive managém

had been proven to be correct.
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All the research questions namely:

Which area or land use within an urban catchmesttha greatest potential or
need for stormwater quality improvement?

How critical are pollutants from secondary soursesh as sanitary sewer
overflows, illicit connections, and active constian in an urban catchment,
which are often overlooked in simple or complex ele@

How to meet specified target load reduction asired@

What interventions should be considered to treatAga current and future
contaminant sources to a receiving river body?

Which combination of interventions (or strategi@g)uld produce a minimum
cost in meeting a community’s stormwater qualitynaigement objectives?

What pollutant reduction has been achieved by otioeexisting programs?
What level of assuredness/risk does the estimasatireduced by an intervention
represent?

How effective are investments in educational anteoton-structural control

programs to manage stormwater quality?

had also been answered.

A sequence of actions that the municipality may lengent to improve and manage

stormwater quality as part of capital and operaiqmojects include:

a.

Non-structural and operational controls such asatilbnal programs (lawn care

education, domestic animal waste education, segttem education); erosion and
sediment control; frequent street sweeping andseefemoval; and maintenance
operations should be an on-going procedure sineg #ne preventive measures,
cost-effective and good house-keeping.

As part of de-densification and relocation of dwejs projects, feasible residential
and commercial areas should have impervious caeasaeduced and downspouts
disconnected gradually. Ways to achieve higher gmgrcoverage of impervious

cover reduction, downspouts disconnection, andwai@r tanks should also be

investigated, including combinations of subsidigegulatory measures and
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application of additional technologies such as samafy pits. Better site design
techniques such as porous pavements, narrowingt siielths and reducing the
number and size of parking spaces can be usedsdoratluce imperviousness. It
will take time to de-densify and formalize Alexaadrettlement and also to confirm
the cost and effectiveness of exfiltration systemnsgpervious cover reduction,

downspout disconnection, illicit connection removand riparian buffers

interventions. Thus, they should be implementediggfly over a long period of

time.

c. If Jukskei River water quality objectives are to siictly met by Alexandra
catchment, then the only feasible solution is tovalthe tributaries to drain only
storm flows and add non-storm flows to the sewagesl Sewerage construction
and upgrade after formalization of Alexandra ist pérAlexandra Renewal Project.
The possibility of adding all greywater and othiécit connections to the sewage
lines should be investigated.

d. A methodology for measuring the benefits of theimntions on Jukskei River,
health and well being of the people in Alexandrauti be developed. This would
also require continuous performance monitoringciceas the actual performance of
the interventions relative to their expected perfance.

e. Most of the data and defaults used in the modekvessumed and sourced from
other international studies. It is recommended fhaire data capture should be
encouraged and substituted in the model to enhame@sure of assuredness in the
parameter estimations.

f. The recommended management strategy should bewexvieand updated

periodically as part of the capital and operatidnalget process.

The usefulness of the DSS was demonstrated byltheaAdra catchment case study. Not
all the necessary information was available attiime of this study. Thus, the study’'s
recommendations are only preliminary and should elkamined rigorously before

adoption.
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8 CONCLUSIONS AND RECOMMENDATIONS

8.1 Conclusions

High-density low-income settlements in developingiries have backlog in sanitation
and drainage. This includes sewage, greywater amdraly contaminated stormwater
runoff. In low-income areas the paths are oftengeéy sewage, greywater, solid waste
and contaminated runoff enter surface drains, wkigtntually discharges into streams,
rivers and impoundments that are used for drinkiager supply and recreation. Hence
discharges from these settlements cause numergassadvater quality effects on urban
areas and on receiving waters, including erosi@dinsentation, dissolved oxygen
depletion, nutrient enrichment and eutrophicatitoxicity, reduced biodiversity, high
drinking water purification costs, and the assetlatmpacts on beneficial water uses.
These problems reflect local conditions with respée the climate, economic
development, the level of environmental protectmactice (including the associated
infrastructures), institutional arrangements antllipuawareness. Also the development
of comprehensive tools for selection of drainagenaggment interventions even at
planning levels is still at its early stage in SoAfrica. Hence planners and engineers are
not equipped with the necessary knowledge and tmoldeal with stormwater quality

problems especially in informal settlements.

The above constituted the problem statement ofdkearch whose primary aim was to
develop a general guideline for effective managenoérurban runoff and greywater
quality in South Africa with particular reference tow-income, high-density urban
developments. To achieve this, the following spedabjectives were set:

. Review stormwater runoff quality and treatment pcas and the extent of runoff
and greywater management in rural and peri-urbaasarof South Africa.
Determine the extent of quality control awarenessl @xperience among
stormwater management professionals and collaternvdtion upon which
present and future needs can be assessed andsaddres

. To develop a methodology to identify factors cagsivater quality management

issues in low-cost, high-density settlements.
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. To develop a methodology to characterize stormgaagl water quality as well as
setting ambient water quality and management aligs:t

. To develop a methodology to identify and selectepbél non-structural and
structural control interventions to manage storm grey water quality.

. Based on the above, to develop a decision suppstera for evaluation of

potential interventions for storm and grey watenagement at planning level.

The methodologies used to achieve the above obgsctionsisted of: literature review;
consultations with stakeholders; data analysiscamaputations; model development; and

model application.

The literature review of South African case stugiessented in Chapter 2 revealed that,
contaminations of urban runoff water quality arkatedd principally to: predominant type
of land use activity (residential, industrial, coential and agricultural); development
type (formal versus informal); development dengéypressed as number of people or
dwelling units per unit area); standard or costde¥elopment (low-cost high-density
versus high-cost low-density); level of servicesoyided and degree of service
maintenance. The review also highlighted key mamag issues that require attention
in catchment stormwater quality management inclydihe reduction of pollutant
concentrations of nutrients; suspended solids; ebiact toxic chemicals including
pesticides and metals; and oxygen demanding paeasndéb meet water quality
objectives. Although many loading estimates havenbeported for various land uses,
high variability and inconsistencies exist amongorted values. These differences may
represent real variations or differences in sangpéind analytical methods. This problem
of little consistency or comparability among monitg programs is further compounded
by the absence of testing programs to evaluatenurbaoff sampling strategies for
effectiveness and efficiency; therefore, an optimmnitoring program has not been
identified.

The solution appeared to lie with the developmémjuideline and a user friendly model

to manage water quality effects in informal seties. It was determined that this model
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should be able to account for social (non-strut¢yurderventions and be applicable to

developing areas with their history of limited datdlection.

The model development was presented in Chaptemd, the various computations
involved were presented in Chapter 5. The modellempntation was presented in
Chapter 6. The model is a decision support systemapid assessment of various water
guality management interventions. The model wadempnted using macros in Visual
Basic for Application (VBA) in Excel. Although ample model, it requires significant
data input depending on the number of managemeatvantions existing or to be

implemented.

The model estimates storm loads, non-storm loadd, management objectives, and

evaluates management interventions by estimatirgr ttoad reductions. The load

reductions are estimated by applying the intereersi efficiency to the total load from

the catchment, and then apply a measure of asssedn account for uncertainties. The

model is primarily targeted at those who are inedhor are likely to be involved in

stormwater quality management including catchmeanagers, local governments or

municipalities, catchment management agenciesaferisonsultants and researchers. The

model helps to answer the following questions:

. How to meet specified target load reduction asireq@

. What interventions should be considered to treatAga current and future
contaminant sources to a receiving river body?

. Which combination of interventions (or strategi@uld produce a minimum

cost in meeting a community’s stormwater qualitynaigement objectives?

. What pollutant reduction has been achieved by atioeexisting programs?

. What level of assuredness/risk does the estimasatireduced by an intervention
represent?

. How effective are investments in educational anttemch programs to manage

stormwater quality?
. Which area or land use within an urban catchmesttha greatest potential or

need for stormwater quality improvement?
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. How do nutrient loads in a community that reliesseptic systems compare to a
sewered one, given the expected rates of mainteffanc

. How serious does active construction impact thenst@ter quality, and what
measures to take to control impacts in the fagg@iving urbanization?

. How critical are pollutants from secondary sourcesh as sanitary sewer
overflows, illicit connections, and active constian in an urban catchment,

which are often overlooked in simple or complex eie@

This research has explored decision support systemstormwater and greywater

quality management in developing areas. The ingastin involved developing

methodologies to: 1) identify factors causing wajerlity management issues, 2) set
ambient water quality and management objectived, 3nselect potential management
interventions. These methods were assimilated enntbdel development in Chapter 4.
The decision support system and the related melbgés have been shown through a
case study of Alexandra Township located northatfahnesburg to be versatile and to
provide a good rapid assessment of various watealitgumanagement strategies. The
decision support system and the related methodedagatisfy all the objectives set out in

the introduction (Section 1.4).

The main distinguishing features of the DSS comgbdee a similar model by CWP

(2001) are:

. Storm loads estimated in the DSS are loads derii@n both pervious and
impervious areas whereas CWP (2001) model deals starm loads only from
impervious areas. Studies such as Mackey (1993dBy Grobicki (2001), van
Ginkel et al. (1993) and Wright et al. (1993) hal®wn that pervious areas in
developing areas contribute substantial loadsdodheiving environments.

. The defaults in the DSS were mostly based on sudie water quality
management in South African situations. The lite@tvas reviewed extensively
to gather information to serve as the expert’s Kedge base in the DSS.

. A module to formulate implementation strategieschlaccommodate assessment

of different management intervention scenarios.sThill allow a stormwater
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8.2

manager to assess different scenarios by combidiffigrent mixes of control
interventions at different levels of implementatiao meet management
objectives.

Costing to select the optimum management strategy.

A module to quantify water quality management otoyes (load reduction
targets) of pollutants of concern.

Addition of four new interventions (rainwater tanksatchment erosion and
sediment control, exfiltration systems, and rivesimilation) that is more suitable
for informal settlements in South Africa.

Six pollutants (nitrogen, phosphorus, COD, leadspsnded solids, and faecal
coliform) are tracked in the model as comparedto fn the CWP (2001) model.
Estimation and inclusion of uncertainties. Stormevatanagers often need to
identify the uncertainty of, or changes in systeerfgrmance indicator values
from what was predicted due to any changes in idjptt and parameter values.
They need to reduce this level of uncertainty te #xtent practicable and to
communicate the uncertainties clearly so that dmtsscan be made with this

knowledge and understanding.

Recommendations

The following recommendations are made towards mcdgraent of the DSS developed

under this research:

The general scarcity of appropriate quantitativeorimation on urban water
quality characteristics and management intervesatiofincluding design
parameters, costs, and removal effectiveness) hantpe selection of suitable
management interventions that can be deployed tageor control the impacts
of urban water quality pollution. Consequently,ist essential that carefully
targeted research should be conducted to fill thefemation gaps. The input
parameters into the decision support system canskee to guide the type of

information needs.
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Development of a database to capture all monitanéakmation is crucial to
water quality management in settlements. This shontlude a database on
structural treatment measures performance to rsfbksh their important design
parameters and elucidate the parameter effectseosttuctural treatment measure
performance. A database on non-structural programtishelp to establish the
factors that are critical to their effectivenessl austainability. Any developed
database should be readily available to the puibliat least all stakeholders and
should be a driving force of knowledge sharing.

The original research proposal included an undevtpdf field treatability tests of
some interventions as a case study. This action imiiated in Kliptown, a
township in Johannesburg but, could not be comgleteie to financial
constraints. Hence all the interventions identifeadl included in the model are
not tested to ascertain their applicability and taility. It is therefore
recommended to test the model using actual mowitol&a from a selected
settlement. This will require a long-term data eclion programme.

The extent to which geographic information systef@4S) can be used as
appropriate management and communications techieslag quantify urban
runoff, identify and select appropriate managemeénerventions and to
communicate choices to decision-makers needs furtisearch.

The structural control interventions in the DSSc(aeging rainwater tanks and
exfiltration systems) are not programmed to act series to themselves.
Modifications to allow the structural controls tct @ series will enhance the DSS
and it is recommended.

The DSS would be greatly enhanced if it could bdesigned to run continuous
simulation to accommodate temporal and spatiabtian of input parameters.
Selection of least cost strategy with the DSS &sently achieved by trial and
error process. The selection process can be imgribtbe DSS can be linked to
an optimizer and a research into this is recommende

The DSS has enormous input data requirements, et their own

uncertainties. Classical uncertainty analysis malylbe feasible for this type of
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model but further elucidation of how uncertaintyrdee accounted for remains an

important research gap and should remain on thedagas an important issue.

Extensive literature review revealed certain aspadt water quality management in

settlements which require research but were beyloadimits of the undertaking in this

research. A research into these aspects will imloubt complement this study and are

summarised below.

Research on the sustainability of management iatgions is in its infancy even
in the developed world. So far, broadly acceptestasnability criteria, which
would allow measurement of the sustainability ofliwdual interventions or
projects, have not been established. More reseanmdeded on the interaction of
technical and social issues, including social mamgeof stormwater management
and public education and participation in this psx

The sustainable operation of stormwater managersgstems requires sound
financing for both the initial implementation anat fcontinuous maintenance. In
new areas, stormwater management financing isivelateasy — through lot
levies and similar development fees. In the exjstareas, the financing of
retrofitted stormwater management systems is muate rdifficult and this may
be a major reason why progress in stormwater managgein older areas with
sound but possibly outdated infrastructures is eratslow. The old way of
financing drainage services from the general mpaiciax revenue is a common
norm in South Africa, but other models are beingetigped as well. Financing of
drainage and stormwater management systems by prmgnthe user pay
principle and collecting drainage fees are poténtizovative concepts. Drainage
fees may be link to the user’s generation of runeffich may be considered to be
proportional to the impervious area directly oceapby the user. A research into
this for possible application in South Africa isoenmended.

Literature review has indicated that there is agoimg change in the ownership
and operation of stormwater management systems.leWthaditionally the
drainage systems were publicly owned and oper#itede is trend towards other

modes of ownership and operation, involving thevaig sector — that is
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privatization. Towards this end, stormwater utildgmpanies (both public and
private) are being set up and these then provitenstater management services.
Typically, these stormwater utilities operate witlharger water companies, which
can provide integrated services to urban populatio@peration of new
stormwater management systems requires dedicatezhciag, preferably
operating within the integrated water managemeriaaities. In this system,
various mixes of public and private sector parthgrsare promoted, to find the
best combination fitting the local conditions. Fietmore, these agencies should
be locally based and responsible to their loc&ntéle, whose interests they have
to serve. Whether these concepts of privatizatiwh @artnership are conducive
for application in informal settlements requiresaarch.

Urban drainage infrastructures are significantlpraying from the older systems
with pipes only, to new, more cost effective angiemmentally friendly systems
(green infrastructures) encompassing attractivelpd$écaped ponds, natural
channels, wetlands, infiltration sites and swalBEse application, effectiveness
and sustainability of these green infrastructuresnformal settlements require
further research. The ability of these green inftacsures to with stand vandalism
and abuse would also have to be looked at.

Finally, settlement drainage touches the lives odicpcally all settlement
dwellers. It is therefore important to keep pubdiwareness, education and
participation in the forefront of all stormwater n@a@gement activities, recognizing
that the success of stormwater management depemdsublic support and

participation.
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APPENDIX A OVERVIEW OF TRAPPING SYSTEMS

A.1 Introduction to Trap systems

This Appendix was adapted from Armitage et. al..989 Of all the structural
technologies, the trapping systems are the onlgnigogy that has recently received
considerable local research (Armitage et. al., 1998he context of stormwater runoff
treatment. As a result of this study, seven devicemposed of self-cleaning screens and
in-line screens) were identified as showing thetgst promise in South Africa:

. Side-entry catchpit traps (SECTS)
. The North Sydney Litter Control Device (LCD)

. The In-line Litter Separator (ILLS)
. The Continuous Deflective Separator (CDS) device
. The Stormwater Cleaning Systems (SCS) structure

. The Baramy® Gross Pollutant Trap (BGPT) and
. The Urban Water Environmental Management (UWEM ceqnh.

Many of these structures are Australian and theimnfeatures are summarised in Table
A-1. The study also revealed that fences, nets,msom@r baffles might also be
successfully used to intercept litter in streanwvjgled the peak flow velocity is not too
high.

Screens, racks, booms and baffles are most apatepand cost-effective methods of
removing litter from drainage systems. Screens facks) consist of a series of vertical
and horizontal bars or wires that trap litter whilkowing water to pass through the
openings between the bars or wires. Screens (arid)radan be used effectively to
capture significant amount of aesthetically unddde litter contained in storm runoff.

Finer screens have higher removal efficiencies,doeitmore susceptible to clogging and
tearing and may require maintenance after eachfloweevent. The effectiveness of

screening units is reduced significantly by thespreee of oil and grease in the flow.
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Booms are containment systems that use specidilycéded floatation structures with
suspended curtains designed to capture buoyantiaiat@ooms can also be designed to

absorb oils and grease.

The trapping systems are sized based upon the texipealume of litter released during a
design-storm event. After a storm event, mateaatared in the systems can be removed
manually. Trapping systems can easily be retrdfitt® existing or developing
settlements. Removal efficiencies are tied closelyhe design size, whereas the main

selection criteria of these systems at any pagrdolcation depend on

. Maximum flow rate

. Allowable head loss

. Relative size of the structure

. Litter removal efficiency

. Reliability (structural and hydrological)
. Ease of cleaning and maintenance

. Cost-effectiveness.

Often, traps arranged in series yields better rmeat performance than a single trap
serving the whole the catchment. For this reas@nyntraps are designed to handle peak
flow rates in the region 1-month to 2 years requreeinterval (Armitage et al., 1998), as

all treatment measures are seldom designed to dnimellmaximum expected flood peak.

A summary page is provided below for each of theesalevices identified by Armitage
et al., 1998 as showing the greatest potentialderin South African condition.
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Table A- 1: Summary of litter trapping devices — a@pted from Allison, 1997
(quoted in Armitage et al., 1998)

D

1d

Devices Typical Typical Head Maximum Comments on performance
catchment | cleaning requirement efficiency
area (ha) frequency (%)

SECT 01-1 Monthly or | Low 59 — 76 (50 | Need to be able to target the
after every | (effectively) —100% catchpits with the highest
major storm coverage loads. The efficiency of the

respectively)| unit is strongly affected by
the number of untrapped
catchpits and the cleaning
frequency

LCD 20 - 150 Monthly or | High 25 Inefficient in high flows but
after every collects most material at low
major storm to medium flows. Likely to

be a relatively expensive
option. Relatively easy to
clean.

ILLS 5-25 Monthly or | Low 25 Little data available. Likely 4
after every relatively expensive option.
major storm Moving parts may cause

problems.

CDSs 10 - 200 4timesa | Low 99 Very efficient trapping
year device, but very expensive t¢

install and tedious to clean.

Baramy® | 10— 500 4 timesa | High 95 Little prototype data
year available, but shows

considerable promise.
Compact. Easy to clean.

SCS >1 Monthly or | High 95 Works well provided the heg
after every is available. Easy to clean.
major storm

UWEM >400 After every | Low 90 The concept of generating
major storm | (effectively the head in-situ via a

head is hydraulically actuated sluice

generated by & shows considerable promise

sluice gate) for use with other structures
e.g. Baramy®, SCS.

Fences, | >400 Depends on| Low Varies. Efficiency unpredictable —

nets, structure and Could depends on structure and

weirs, location. approach location. Generally the
booms or Could vary 100% with | cheapest solution.

baffles from weekly very low
to annually peak

velocities.
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A.2  Side-Entry Catchpit Traps - SECTs

Description: In it most basic form, a wire mesh or plastic peated tray is mounted on
metal supports embedded in the catchpit sidewabs to, and immediately underneath,
the catchpit opening. Stormwater either flows tigtouthe perforations (which are
typically between 5 and 20 mm in diameter) leavihg litter behind, or, if the
perforations are blocked and/or the tray full, sh@ermwater flows over the back wall of
the tray. A schematic cross section of a typiad¢-sntry catchpit trap is shown in Figure
A-1.

o—— removable cover

[
[
overflow  —— £ kerb
INELOW
N\ . rffﬁ
F L
=
catchpit —7 — basket
T
— stormwater
condut

Figure A- 1: Cross-section through a typical sides@ry catchpit trap

Application: side-entry catchpits. SECTs can be custom madeitwirtually any side-

entry catchpit.

Patent holder: Various Ausralian designers and/or patent holdexduding the

following:
. Banyule City Council
275 Upper Heidelberg Road
Ivanhoe, Victoria Australia
Phone: [++61] (3) 9490 4222
. Pitclear Industries
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38 McGlynn Avenue
South Morang, Victoria, 3752
Australia

. Dencal Industries
24 halcyon Way
Narre warren South, Victoria, 3805

Australia

Installation costs: A$60 — 150 per catchpit (Allison, 1997).

Cleaning costs:A$5 — 10 per catchpit per clean (Allison, 1997ypitally a catchpit
would be cleaned at monthly intervals or after gweajor storm.

Head requirement: A minimum of 500 mm (includes the depth of the Kedsand
diameter of the stormwater conduit) — but this énerally already available within the

side-entry catchpit.

Size:fit within almost all existing side-entry catchgit

Trap efficiency: the basket mesh size varies between 5 and 20 aricl® samller than

this are often trapped as a result of the “filtévat starts to form on the basket following
deposition. If the baskets are not cleaned ofteueh, litter will pass over the overflow.
According to Allison, 1997 (quoted in Armitage ek, al998) the maximum trap
efficiency is about 76%. If not all the catchpiteafitted with baskets, the overall
efficiency will obviously drop. Allison, 1997 shodehat for Coburg, if the engineer
correctly selected the catchpits carrying the higbeads, the net efficiency could be

predicted from:

E=118x10*T3-2.58x1G * T>+2.184 * T (R =0.91)

where E = net trap efficiency (%)
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T = trap coverage (%)

Method of cleaning: By hand or with a vacuum eductor (truck fittedwet suction hose.

The basket then washed with water under high pressu

Advantages (after Melbourne Water Waterways and Drainage Grd@®5 (quoted in
Armitage et al., 1998)):

. Quick and easy to install.

. Collection of litter is easily integrated into clapit maintenance program.
. Prevents transfer of kerb-side litter into draind avaterways.

. Litter trap basket can be easily removed for maiatee purposes.

. Litter trap basket has been designed to capturasdetile still allowing

water to pass into the drainage system.
. Can be used to identify the main sources of ligerpart of catchment

management progromme.

Disadvantageqafter Melbourne Water Waterways and Drainage Gr@@p5 (quoted in
Armitage et al., 1998)):

. High cost of acquiring a special vacuum track itberl collection

. The catchpit covers are heavy and need to be reimoseg safe lifting
techniques.

. A large number of units are required in litter pecareas.

Comments: Only cost-effective in high litter producing aressch as Central Business
Districts (CBD). Additional traps might be requirddwnstream to catch bypass material.

Most effective when used in conjunction with a batent management program.

A.3  The North Sydney Litter Control Device - LCD

Description: The device consist of a pre-cast or in-situ colecpét located downstream
of a stormwater drainage pipe or culvert. A dropnsvided in the pit between the invert
of the inlet and the floor of the outlet structuféis drop is in the order of a metre, which
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caters for the 635 — 850 mm deep removable basketa 150 — 300 mm gap below the
outlet structure. Above the removable litter baskedn inclined trash rack with vertical
bars spaced every 50 mm. The trash rack is inclioedrds the litter baskets to prevent
the inflow from scouring out previously depositetef. It is hinged so that it can be
pushed back to enable easy removal of the littekdta (Brownlee, 1994). A schematic

cross section of a typical LCD is shown in Figur@ A

~— removable cover

ground level ' ' ground level
inchned
THLET trash rack o chamber
[ CULVEET {hinged)
- OUTLET
CULVEERT l'l-q
remowable =
litter baslcet _—

Figure A- 2: Section through a typical North Sydney Litter Control Device (LCD)
(after Brownlee, 1995 and Hocking, 1996 (both quotein Armitage et al., 1998))

Application: On conduits up to about 1 500 mm diameter.

Patent holder: Attention: Mr Ray Brownlee
North Sydney Council
200 Miller Street
Australia
Phone [++61] (2) 9936 8231
Fax [++6] (2) 9936 8203
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Installation costs: The existing data is given in Table A-2.

Table A- 2: Capital Costs of Litter Control Devices(Brownlee, 1995)

Location Cost (A3) Catchment Area (Ha)
Willoughby Street 100 000 8.92
Walker Street 120 000 16.76
Smoothey Park 120 000 16.48
Waverton Park 120 000 30.01
Crows Nest Road 120 000 25.27
Ellamang Street 50 000 1.71
Honda Road 100 000 40.20
Grafton Road 130 000 144.74
Hayes Street 80 000 38.40
TOTAL 940 000 322.50

The average installation cost is A$2 900 per hectar

Cleaning costs:The average cleaning costs are estimated to te iarder of A$2.67 per
hectare per clean (Allison, 1997)

Head requirement: 650 — 1 000 mm.

Size: A LCD typically has external dimensions in theardf 3.5 x 3 x 3 m deep.

Trap efficiency: The baskets are generally constructed from 5 maok punched sheet
metal with staggered 30 mm diameter holes (Hocki®§6 (quoted in Armitage et al.,
1998)). Sometimes 20 mm holes are used (Brownl@@5 Iquoted in Armitage et al.,
1998)). Studies have shown that finer material tha@nis often bound up in the matrix of
coarse material that is soon trapped by the basketp efficiency is however strongly
related to cleaning frequency. Increasing the dlepfrequency from monthly to after
every storm (approximately weekly), increased thmntty of litter trapped at the
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Smoothey Park LCD by 192% (Hocking, 1996 (quotedimitage et al., 1998)). The
device is considered to be generally less than &f6ient with monthly cleaning
(Allison, 1997 (quoted in Armitage et al., 1998)).

Method of cleaning: The litter is retrieved by lifting the baskets aftthe LCD and
depositing the litter into the rear of a 6 tonneailage unit. This takes a two person
maintenance crew approximately 35 minutes (Hockirf®96 (quoted in Armitage et al.,
1998)).

Advantages:
. Simple operation
. May be installed under road surfaces
. Relatively easy to clean.

Disadvantages:

. Extensive
. Inefficient
. Requires a relatively high head for operation.

Comments: Only likely to find application in high density conercial areas where there
is insufficient room to install more efficient deei Although the LCD is probably the
least efficient of the seven devices described,hene considerably better than many
other similar devices which are currently on therket This illustrates the difficulties

facing the designers of litter control devices.

A.4  The In-Line Litter Separator - ILLS

Description: A carefully shaped boom situated in the separaitodeflects the flow into
the holding pit. Once in the holding pit, the flis\forced down under a suspended baffle
wall and up over a weir before being returned t® $leparator pit downstream of the
boom. The relatively large plan area of the holdnitgensures that the average vertical
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flow velocities are low enough to prevent carrystigh of those objects, such as plastic

bags, that have a negligible settling velocity {fpes or negative) (Figure A-3).

In the event of particularly high flows through te®rmwater conduit, the increased
water levels on both sides of the boom causes filoed out of the way, ensuring that
upstream flood levels are not affected by the stine¢ and the litter already trapped in
the holding pit is not washed out. The boom isre&séd by rods, which are attached to
its upper surface and the walls of the chamber ablo® pipe inlet, in such a way that the
boom is free to rotate about a hinge at the wakliiBurne University of Technology,
1996 (quoted in Armitage et al., 1998)). The pléramd cross-sections through the In-
line Litter Separator (ILLS) is shown in Figure A-3
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Figure A- 3: Plan of and cross-sections through thin-line Litter Separator (ILLS)
Application: On conduits up to about 900 mm in diameter.
Supplier: marketed under the name “Litterguard” and supphgd

CSR Humes

122a Doherty’s Road
Laverton North, Victoria
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Australia
Phone [++6] (3) 9360 3888
Fax: [++6] (3) 9360 3887

Installation costs: A$4 000 — A$8 000 depending on the pit size, debthipe and type

of pit cover required.

Cleaning costs:No information available. Will probably be in tieeder of R50 per unit

per clean. The unit will probably have to be cleahmenthly or after every major storm.

Head requirement: Less than 200 mm.

Size: While considerably smaller than the CDS unit, HhieS nevertheless extends from

one and a half to two metres from one wall of theep

Trap efficiency: Little information is available. Likely to be a meinefficient with
polyethylene sheeting - for example in the fornslbpping bags. This is problematic as
shopping bags make up a large percentage of wataeeblitter. By-passing also
commences at a fairly low flow rate to keep thedhesquirement to a minimum. As
considerable quantities of litter are carried ighhflows, the overall efficiency of the

device is likely to be low.

Method of cleaning: Hand-held scoop or vacuum eduction.

Advantages:
. Fairly easily retro-fitted to existing stormwatgstems.
. Very low head requirement means that it has gtexzibility.
. Can also trap oils and grease.
. Retains previously trapped litter during periodbgbass
. Relatively easy to clean
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Disadvantages:

. Unreliable trapping performance.
. Boom might be damaged by fast moving heavy objects.
. Boom hinging mechanism might be damaged causingdiit during

periods of high flow, or loss of liter once flowave dropped.
. Lack of field data

Comments: The ILLS is probably only viable as a retro-fitsggm in situations where

flat gradients and lack of space preclude othepnpt

A.5 The Continuous Deflective Separation - CDS - De&e

Description:

The flow in a stormwater conduit is deflected imccircular pollutant separation and
containment chamber. Gross pollutants are sepavathoh the upper separation portion
of the inner chamber with the aid of a perforatéatepscreen which allows the filtered
water to pass through to a volute return systembac#t to the outlet pipe. The water and
associated pollutant contained within the innemaber are kept in continuous motion by
the vortex action generated by the incoming flowisThas the effect of keeping the gross
pollutant in the containment chamber from blockihg perforated plate screen. The
heavier pollutants ultimately settle into the lowsalids collection sump, whilst the
flotsam floats on the surface of the containmerdnaber (Wong and Wooton, 1995
(quoted in Armitage et al., 1998)) Horizontal anertical sections through the CDS
device are shown in Figure A-4.
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Figure A- 4: Horizontal and vertical sections throwgh the CDS device

Application: Typically on conduits greater than one meter di@meThey can be
installed in open channels carrying flows up towt& ni/s provided a high bypass ratio

(during floods) is acceptable.

Patent holder. CDS Technologies Pty Ltd
1140 Nepean Highway
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Mornington, Victoria, 3931
Australia

Phone: [++6] (3) 5977 0305
Fax: [++6] (3) 5977 0302

Email: info@cdstech.com.au

Internet; http://www.cdstech.com.au

Installation costs: Little data currently exists. The three meter ddéen unit constructed
in Coburg, Australia, which is capable of treats&p liters per second, costs A$230 000,
but this including many extra costs associated wathstruction including realignment of
power, water, telephone and gas lines, and strengiy of the covers to allow the
passage of large trucks. The cost of the unit eketusite works was about A$100 000
(Allison, 1997 (quoted in Armitage et al., 19985DS Technologies have recently
installed units treating from 0.8 — 1.75 m3/s fosts in the range of A$140 000 — A$160
000. These prices might be reduced by 15 — 20% preeast units become available
(CDS Technologies, 1997 (quoted in Armitage et &P98)). Further information
regarding costs should be obtained from CDS Tedyies$ Pty Ltd.

Cleaning costs:Little data currently exists. The Coburg unit soabout A$1 000 per
clean. In Australia, these units are cleaned afmuttimes a year (Allison, 1997 (quoted
in Armitage et al., 1998)). In South Africa, withugh higher litter loads, cleaning might

be required more frequently.

Head requirement: Approximately 400 mm at commencement of bypass flallison,
1997 (quoted in Armitage et al., 1998)).

Size: A large off-channel structure. The Coburg unituiegd a 6 x 6 x 4 m excavation.

The unit may however be installed underneath raathses (Allison, 1997 (quoted in
Armitage et al., 1998)).
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Trap efficiency: A typical screen has a 5 mm opening. Studies bygVet al., 1995
(quoted in Armitage et al., 1998) indicate that rappnately 95% of material down to
50% of the separation screen aperture size isti@pped. Litter loss is predominantly as
a result of bypass during high flows. The littereably trapped in the unit is unaffected by

bypass.

Method of cleaning: CDS Technologies Pty Ltd has designed a ‘basket fits within
the sump of the unit. This basket can be raisedhbgns of an external crane, and the
contents deposited into waiting trucks (Blanche @noimpton, 1996 (quoted in Armitage
et al.,, 1998)). In Melbourne, the CDS Technolodiese invested in a truck mounted
telescoping grab to achieve fast and cost effectieehanical without dewatering (CDS
Technologies, 1997 (quoted in Armitage et al., 3R98lternatively the unit can be
pumped dry using a specially designed eductor tthak strips the litter off and returns
the liquid to the conduit downstream of the bypass. If the unit is cleaned manually,
special training and equipment is required — bus thnethod of cleaning is not
recommended (Allison, 1997 (quoted in Armitagelgtl®98)).

Advantages (after Melbourne Water Waterways and Drainage @rdi995 (quoted in
Armitage et al., 1998)):

. High percentage removal of litter.

. Will not block (except if the unit is complete fuf litter).

. Minimal maintenance

. Can be located anywhere in the drainage system.

. Effective even in high flows — a bypass operatélsafsystem is overloaded.

Disadvantageqafter Melbourne Water Waterways and Drainage @ra995 (quoted in
Armitage et al., 1998)):

. Very high capital cost.

. High cost of acquiring a special truck designeditter collection from the unit.

. May require annual eduction of sediments from thras
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. Trapped material might ferment to produce toxicssabces.

Comments: Although an extremely efficient device from a hadlic point of view, the
high installation and cleaning costs make this goitable only for high value land and

where there is limited space for alternatives.

A.6  The Baramy® Gross Pollutant Trap - BGPT

Description: Application: on pipes or channels from 300 mm disneipwards. The
direct flow version has no particular upper flomit as long as there is sufficient space
and drop available (as much as 4.5 m is requiregbme instances). It is unlikely that a

BGPT would ever be installed on a channel with aimam flow in excess of 50 ifs.

Patent holder: Baramy Engineering Pty Ltd
P. O. Box 357
Katoomba, New South Wales, 2780
Australia
Phone: [++6] (47) 82 5741
Fax: [++6] (47) 82 3430

Email: Baramy@Lisp.com.au

Installation costs depends on size and layout. The estimated cdstiseobasic units
(they are usually prefabricated and deliveredtefer installation) are given Table A-3.

Table A- 3: The basic installation cost of Baramy®5ross Pollutant Traps

Pipe diameter (mm) Installation  Cost
(A$)

300 - 450 6 000 — 8 000

525 -900 12 000 - 16 000

1 000 - 1500 20 000 — 24 000

Multiple pipes From 34 000
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Flow in excess of 30 cumecs From 40 000

To the above must be added site costs which woellsite specific and could double the
cost of the installation (Baramy, 1997 (quoted nmiiage et al., 1998)).

Cleaning costs:little data currently exists. Seeing that the devs cleaned in much the
same way as the SCS structure, the cleaning costprabably of the same order of
magnitude i.e. R35/Mitter.

Head requirement: typically between 700 mm and 1.5 m (Baramy, 19§udoted in
Armitage et al., 1998)). However, some units regais little as 350 mm, whilst others
require as much as 4.5 m (Baramy, 1997 (quotedinitage et al., 1998)).

Size:the relative size of the structure varies frontahation to installation. The smallest
units for installation on pipes are about 3 m winguding the access ramp. The larger
units are typically three times the width of theachel. Installations on very wide

channels may only be 50% wider than the channels.

Trap efficiency: The screen opening is typically 15 mm and, siteettap is usually
designed to intercept the entire flow range, tla twould thus be expected to catch
virtually all material with a minimum dimension ¢gar than this. If a bypass is provided,

litter carried over the bypass would naturally bst |

Advantages:

. Generally designed to remove litter over the ertoe range.
. Can handle relatively high flows (up to say 30 m@/gh ease.
. Negligible maintenance.

. Easy to clean.

. Little risk of toxic fermentation.

. Relatively safe for public and workers.
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Disadvantages:
. High head requirement.
. Requires a large amount of ground that must gdgedral fenced off to prevent

the public from coming into contact with trappettili.

Comments: If it were not for its high head requirement, tdisvice would be the first
choice in most situations. Head may however betedehy means of an hydraulically
actuated sluice gate as with the UWEM conceptomesinstances, the drop in trapping
efficiency occasioned by the use of a sluice gadg be more than compensated for by

the hydraulic efficiency of the structure.
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APPENDIX B WATER QUALITY MODELS AND MODELLING

B1. Use of models in water quality management

Monitoring data are the preferred form of infornoatifor identifying impaired waters.
Model predictions might be used in addition tomstead of monitoring data for several
reasons:

* Modelling might be feasible in some situations veheronitoring is not.

* Integrated monitoring and modelling systems coutt/jple better information than
one or the other alone for the same total costekample, regression analyses that
correlate pollutant concentration with some morglganeasurable factor (such as
stream flow) could be used to extend monitoringadat preliminary listing (of
impaired status) purposes. Models can also be imsedBayesian framework to
determine preliminary probability distributions ifipairment that can help direct
monitoring efforts and reduce the quantity of monitg data needed for making
listing decisions at a given level of reliabilityqucks and Beek, 2005).

* Modelling can be used to assess (predict) futureemguality situations resulting
from different management strategies. For exanmgssessing the improvement in
water quality after a new stormwater treatment mesass built, or the effect of

increased informal settlement growth and efflugstitarges.

Combined runoff and water quality prediction modalk stressors (sources of pollutants
and pollution) to responses. Stressors include huraativities likely to cause

impairment, such as the presence of imperviousasesfin a watershed, cultivation of
fields close to the stream, over-irrigation of gapth resulting polluted return flows, the
discharge of domestic and industrial effluents imtater bodies. Indirect effects of
humans include land cover changes that alter ties @i delivery of water, pollutants and

sediment to water bodies.
A review of direct and indirect effects of humartiaties suggests five major types of

environmental stressors:

* alterations in physical habitat
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» modifications in the seasonal flow of water

» changes in the food base of the system

» changes in interactions within the stream biota

» release of contaminants (conventional pollutants)
(Karr, 1990; NRC, 1992, 2001).

Ideally, models designed to manage water qualityukh consider all five types of

alternative management measures. A broad-basedambpithat considers these five
features provides a more integrative approach tuae the cause or causes of
degradation (NRC, 1992).

Models that relate stressors to responses can beamying levels of complexity.
Sometimes, they are simple qualitative conceptaplasentations of the relationships
among important variables and indicators of thoseiables, such as the statement
‘informal dense settlements in a catchment highfeca water quality, including the
condition of the river biota’. More quantitative oeds can be used to make predictions
about the assimilative capacity of a water bodg,tftovement of a pollutant from various
point and non-point sources through a catchmertheeffectiveness of certain structural
stormwater treatment measures (best managementcpsic

Predicting the water quality impacts of a proposedan development can only be
undertaken by some form of modelling. Modelling @amprise both source-modelling,
to estimate the likely pollutant loads from exigtiand/or proposed land uses, and
control-modelling, to estimate the ability of stawater treatment measures such as

constructed wetlands to reduce pollutant levels.

Ideally, water quality models should be calibratisthg appropriate monitored data. The
accuracy of models can be enhanced by calibratsed on local or on-site monitoring
of water quality and flow events. An alternativepegach in the absence of on-site
monitoring can be to use the results from studiesitas with similar characteristics.
However, measured in-stream water quality is atfanof both pollutants exported and
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in-stream processes, and it is difficult to separdtese influences. Such monitoring

alone, however, cannot be used to predict the ¢éggémpacts of a new development.

Current techniques for water quality modelling du provide reliable estimates of the
relationship between land use activities and antbieoeiving water quality. This is
partially due to the complexity of the physicaleafical and biological processes in a
water body, and our lack of understanding of thiati@nship between intermittent
stormwater discharge quality and ambient water igual’herefore, in general it is
currently not possible to accurately relate changespollutant loads or runoff
concentrations to the achievement of ambient watelity objectives for rivers and

streams.

Stormwater quality modelling involves significamaertainty and variability associated
with:

+ rainfall temporal and spatial distribution acrossatchment;

« rainfall/runoff relationships for catchments;

* pollutant export relationships;

* pollutant behaviour in waterways;

» estimation of pollutant retention in stormwatelatraent measures; and

* monitoring errors.

This variability and uncertainty needs to be ackieolged when model results are being

assessed.

B2. Modelling techniques
Three levels of detail can be employed in urbamsiater quality modelling to estimate

stormwater pollutant loads:
Level 1: Average Annual Storm Load

This prediction level estimates the average anmadlution loads from stormwater,

commonly expressed in kilograms of pollutant exgdrper year. These are relatively
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simple modelling techniques, which may relate lars®, annual rainfall, catchment
runoff characteristics and average pollutant cotraéons to estimate the annual

pollutant load.

Level 2: Actual Event Load

This level assesses the pollutant loads from ars®@vent or on a daily basis. These
models use daily or event rainfall data and catctimenoff characteristics to generate
daily or event runoff, which is then used to cadtelpollutant loads.

Level 3: Actual Distribution of Concentrations andLoad within Events

This level estimates actual pollutant concentratiamd loads, as a function of time,
within each storm event. This form of modelling sigelatively short duration rainfall

data (e.g. 5 - 60 minutes) and complex modellinguabff characteristics from pervious
and impervious areas to generate runoff hydrographe runoff characteristics are then
used to generate pollutographs, which indicateatians in pollutant concentration over

time.

Further details on modelling techniques can be domnHuber (1992) and O-Loughlin
and Goyen (1995).

Huber (1992) identifies total storm load (Level&®) usually being sufficient to estimate
the likely change in pollutant loads following anthuse change. Further, Huber (1992)
notes that detailed simulation of short term inaeatal changes in concentrations/loads
(Level 3 detail) is generally only necessary foalgisis of some control options, whose
effectiveness may be a function of the transietiab®ur of pollutants. The assessment
of any first flush effects, for example, would betefmined by Level 3 modelling,

although such detailed assessment is not normedlyired.
The modelling approach adopted can be related ¢osike or significance of the

development. Simple modelling analyses are likelybe reasonable for small scale

developments, while more sophisticated modellinguth be undertaken for major
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development proposals. A suggested modelling appréa provided in Table B.1, for

ranges of development areas.

Table B- 1: Suggested Modelling Approaches (adaptddom NSWEPA, 1996)

Total Development Area Potential Modelling Approat

Small (< 10 ha) Level 1

Medium (10 -50 ha) Level 2

Large (>50 ha) Level 2 (or 3) (with on-site cadibon)

Water quality modelling should generally addresspsnded solids (SS), total

phosphorus (TP) and total nitrogen (TN), in additio runoff volume, as a minimum.

An example of Level 1 modelling technique is desed in Section B.7.1. The event
mean concentration (EMC) parameters for pollutantgained in this Appendix can also
be used for Level 2 modelling. The use of EMCslfevel 2 modelling is preferred over
non-linear pollutant export coefficients (regressequations), on the basis that EMCs
have been found to be generally independent oftewsroff volumes (US EPA 1983,
Duncan 1995).

B3.  Model selection criteria

Water quality predictive models described abovéushe both mathematical expressions
and expert scientific judgement. They include psseeased (deterministic) models and
data-based (statistical) models. The models shdulki management options to
meaningful response variables (such as pollutantces and water quality standard
parameters). They should incorporate the entiraifthfrom stressors to responses.
Process-based models should be consistent witmtd@etheory, Model prediction
uncertainty should be reported. This provides decimakers with estimates of the risks

of options. To do this requires prediction errdireates.
Water quality management models should be appteptia the complexity of the

situation and to the available data. Simple watality problems can be addressed with

simple models, while complex ones may or may nquire the use of more complex
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models. Models requiring large amounts of monitrikata should not be used in
situations where such data are unavailable. Mosletsild be flexible enough to allow

updates and improvements as appropriate basedwresearch and monitoring data.

Stakeholders need to accept the models proposeduder in any water quality

management study. Given the increasing role ofestaklers in water management
decision processes, they need to understand aegtabe models being used, at least to
the extent they wish to do so. Finally, the costm&intaining and updating the model

over time must be acceptable.

Although predictions are typically made with thel af mathematical models, there are
certainly situations where expert judgement cajubtas good. Reliance on professional

judgement and simpler models is often acceptabjge@ally when data are limited.

Highly detailed models require more time and areerexpensive to develop and apply.
Effective and efficient modelling for water qualilganagement may dictate the use of
simpler models. Complex modelling studies shouldubdertaken only if warranted by
the complexity of the management problem. More dempmodelling will not
necessarily ensure that uncertainty is reduced, iandact added complexity can
compound problems of uncertainty analyses.

Placing a priority on process description usuadigds to the development and use of
complex deterministic models rather than simpldewhinistic or empirical models. In
some cases this may result in unnecessarily castblyses. In addition, physical,
chemical and biological processes in terrestrial aquatic environments are far too
complex to be fully represented in even the mostglecated models. For water quality
management, the primary purpose of modelling shbeldo support decision-making.
The inability to describe all relevant processesgletely contributes to the uncertainty

in the model predictions.

B4. Model data and methods
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Data availability and accuracy are sources of conge the development and use of
models for water quality management. The complesitynodels used for water quality
management should be compatible with the quantity guality of available data. The
use of complex deterministic models for water gygdrediction in situations with little

useful water quality data does not compensatehfar lack of data. Model complexity

can give the impression of credibility, but thisisually misleading.

It is often preferable to begin with simple modatsd then, over time, adds additional
complexity as justified by the collection and arsédyof additional data. This strategy
makes efficient use of resources. It targets tharteioward information and models that
will reduce the uncertainty as the analysis prosedtbdels should be selected (simple
versus complex) in part on the basis of the dasélable to support their use.

Water quality models of water bodies receiving w@lht discharges require those
pollutant loadings as input data. These pollutastithrges can be from point and non-
point sources. Point source discharges are mudkrégasmeasure, monitor and estimate
than non-point source inputs. Non-point discharge ebften come from rainfall-runoff

models that attempt to predict the quantity of firmmd its constituent concentrations.
The reliability of the predictions from these maded not very good, especially if short
time periods (e.g. each day or week) are being lsted. Their average values over
longer time periods (e.g. a month or year) tendoéomore reliable. This is mainly

because the short-term inputs to those models, asidonstituent loadings on the land
and the rainfall within an area, can vary over spand time within the area and time

period being simulated, and are typically not knawti any precision.

B4.1 Parameters for modelling pollutants and runoff

There are a range of options for estimating pafiutaoncentrations and runoff
parameters (or coefficients) for use in water duaiodelling. These options include
obtaining pollutant concentration and flow datariro

» studies of other catchments (e.g. as reporteceititdrature);
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* monitoring of the development site (to characteggesting conditions — Section
4.3.1); or

» additional monitoring from a catchment in the regwith similar land use to that
proposed for the development. This data can be tss@dedict post-development

conditions.

Reasonably conservative parameters should be useckuhere is uncertainty associated
with model parameters obtained from other catchmestwhere the level of modelling
is lower than that contained in Table A.1. This Vdoimvolve the use of relatively low
predevelopment EMCs, runoff parameters or othen$oof export rates, and relatively
high post-development parameters.

The accuracy of the modelling will increase witle gaimount of monitoring data used to
calibrate the model parameters. The decision oméeel for, and level of water quality
and flow monitoring can be based on an economicpeoison of the monitoring costs
against the potential benefit of improved modeluaacy. These benefits may include a

more intense land use change or the reduced ssterofiwater treatment measures.

The estimated retention of pollutants by any prepostormwater treatment measure will

also need to be modelled to estimate the effeatis®f the mitigation measures.

B4.1.1 Runoff volume (rainfall-runoff relationships)

Runoff coefficients from non-urban catchments \dlve a high degree of variability,
depending on factors such as soils, vegetationpgigphy and rainfall patterns.
Department of Water Affairs and Forestry (DWAF) etetine the runoff coefficient by
sub-dividing the runoff coefficient into componenEyapo-transpiration losses are low
during storm, but a portion of the total rainfale$ not reach the river channel due to
infiltration into the soil or damming up behind &gtion, in natural ponds or artificial

dams.
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Steep slopes also cause more rainfall to run bfis tsteep slopes behave more like
impervious areas than flat areas. Natural pondsddsrease with increase in slope. Thus
the slope of catchment has a significant contrdyuto the runoff. The smaller the annual
exceedence probability the larger the runoff ceedfit will be, this is to accommodate
the variation of known effects which also increagéh rainfall intensity but are not
accounted for in the calculations. These inclutiertened time of concentration, higher
percentage runoff, and greater possibility of sstd catchment prior to the storm.
Generalized values of runoff coefficients recomneshdy DWAF for hydrological

studies are given in Table B-2 as guidance.

Table B- 2: Recommended values of Runoff coefficien(Alexandra, 1990)

Rural catchments: C,=Cy + Co+ Cy Urban Catchments G for T <=20

Component Category MAP Land use G

<600 | 600-| >900
900

Cy Y<3 0.01 | 0.03 | 0.05 | Lawns:

3-10 0.06 | 0.08 | 0.11 | Sandy, flat <2%| 0.005-0.10
Steepness in 10-30 0.12 | 0.16 | 0.20 | Sandy, steep >7% 0.15-0.20
% 30-50 0.22 | 0.26 | 0.30 | Heavy sail, flat <2%| 0.13-0.17

Y>50 0.26 | 0.30 | 0.34 | Heavy soil, steep >7%| 0.25-0.35

Cr Soil A: very permeable.| 0.03 | 0.04 | 0.05 | Residential:

Permeability | Soil B: permeable. 0.06 | 0.08 | 0.10 | Single family area. 0.30-0.50
of soil (%) Soil C: semi-permeable| 0.12 | 0.16 | 0.20 | Apartment unit. 0.50-0.70
Soil D: impermeable. 0.21 | 0.26 | 0.30 | Industrial:

Cv | Vegetation Dense bush, forest. 0.03 | 0.04 | 0.05 | Light areas. 0.50-0.80
Thin  bush, cultivatg 0.07 | 0.11 | 0.15 | Heavy areas. 0.60-0.90
land. 0.17 | 0.21 | 0.25 | Business:

Grass land. 0.26 | 0.28 | 0.30 | Downtown. 0.70-0.95
Bare surface. Neighbourhood. 0.50-0.70
Streets. 0.70-0.95
Probability of | 50 20 10 5 2 1 0.5 | Urban Catchments G for 20<T
exceedence <=50
0.50 | 0.55| 0.60| 0.67| 0.83 1.0( 1.20 Lawns 0.35-0.50
Other 0.70-1.00
Rural condition: €= Gy + Comaxt Cumax Urban Catchments G | 1
for T >50

Note: T = Return Period

The runoff coefficientC is determined by computing coefficient values fibve
impervious and pervious catchment surfaces. Theep&ige impervious area is then

used to compute a weighted runoff coefficient foe ttatchment. If a value of 1 is
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assumed for the runoff coefficient for the impensareas then a weighted value of C is

then given by:

C =Pimp- 1 + (1 — Rnp) Cper (B-1)
Where:
Pimp= Percentage impervious area

Cper= Computed runoff coefficient for the pervious area

B4.1.2 Pollutant Concentration Parameters

Site-specific pollutant concentrations obtainedotigh a well-planned monitoring
program is recommended for use. Where time andsfdiednot warrant such monitoring
exercise, Table B-3 can be used as a guide fomplgmurposes. Table B-3 indicates
expected concentration ranges of various watertguainstituents based on a review of
South African studies. Although the categorisatioin land-use should be seen as
gualitative only, it is nevertheless a useful irdicn of when and where to expect
pollution problems, and the likely nature of thgseblems (Ashton and Bhagwan, 2001).
Catchments having sparse vegetation cover, poodatd of services and low levels of
service maintenance are categorised as high pwilyibtential, whereas those having
good vegetation cover, high standard of serviced,agh level of service maintenance
are categorised as low pollution potential. Develept type, density and costs as used in
Table B-3 are also described in Ashton and Bhag2@].

The concentrations shown in Table B-3 are for “arbanoff” monitored at the outfalls,
and are assumed to represent composite concengdhat include other sources such as

illicit connections (greywater, etc), sanitary di@wvs, and so on.

EMCs for different pollutants should not generdiy sourced from different catchments
or studies, as there is often a relationship batvtbe pollutant generation processes in
the catchment and the type of land use. The aala#gh on runoff and pollutant

concentration will be catchment specific but a guidn be obtained from this data.
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Table B- 3: Expected pollutant concentration range$or categories of residential
catchments in South Africa (Coleman, 2001).

Developm | Develop | Develo | Pollution | NH, TKN EC SS PO, COD DO Feacal
ent type ment pment | potential | (mg/l (mgl/l (mS/m) | (mgl/l) (mgl/l (mall) (mgll) Coliform
density costs asN) [ asN) as P) (/200 mi)
Formal High High High 3-7 4-14 13-100 20-100( 0.2-6.0 60-50 3-4 amo
Density Cost 100000
Low 1-3 2-8 12-50 40-150 0.2-3. 40-300 3-6 1000+
10000
Low High 1-30 10-40( 70-250¢0 40-185 0.4-| 150-400 1-6 10000-
Cost 14.0 1000000
Low 1-5 2-8 15-200 21-400 0.2-3.0 15-70 3-6 10000+
1000000
Low High High 1-21 1-16 30-200 1-2500 0.1-6.0 5-80 3-6 1000
Density Cost 10000
Low 0-3 1-5 10-50 21-350 0.0-3. 20-8( 1-6 0-100
Low High - - - - - - - -
Cost Low N N N N N N N N
Informal High Low High 5-24 7-103 25-700 800- [ 1.0-8.0 | 70-3000 1-3 10000-
Density Cost 8000 10000000
Low 1-5 4-18 8-180 180- | 0.2-5.0 40-400 3-6 10000-
3500 1000000
Low Low High - - - - - - - -
Density Cost Low N N N N N N N N
B5.  Water quality model processes

Water quality models can be applied to many difietgpes of water system, including

streams, rivers, lakes, reservoirs, estuaries,ta@loagters and oceans. The models

describe the main water quality processes, anctdilpi require the hydrological and

constituent inputs (the water flows or volumes #mal pollutant loadings). These models

include terms for dispersive and/or advective fpanisdepending on the hydrological and

hydrodynamic characteristics of the water body, terchs for the biological, chemical

and physical reactions among constituents. Advectransport dominates in flowing

rivers. Dispersion is the predominant transportnoineenon in estuaries subject to tidal

action. Lake-water quality prediction is complightey the influence of random wind

directions and velocities that often affect surfat&ing, currents and stratification. For

this and other reasons, obtaining reliable quagtitgdictions for lakes is often more

difficult than for streams, rivers and estuarigscobastal waters and oceans, large-scale

flow patterns and tide are the most important fparismechanisms.
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The development and application of water qualitydeis is both a science and an art.
Each model reflects the creativity of its developénre particular water quality
management problems and issues being addresseaiteble data for model parameter
calibration and verification, the time available faodelling and associated uncertainty,
and other considerations. The fact that most, if alg water quality models cannot
accurately predict what actually happens does raitadt from their value. Even
relatively simple models can help managers undmistae real world prototype and
estimate at least the relative, if not actual, ¢gfeaim water quality associated with given

changes in the inputs resulting from managementipslor practices.

Detailed principles and equations describing advecand dispersive transport are

available in the literature.

B6.  Simulation methods

Most of those who will be using water quality madelill be using simulation models

that are commonly available from the market, gonental agencies (e.g. USEPA),
universities, or private consulting and researdhitutions such as the Danish Hydraulics
Institute, Wallingford software or WL | Delft Hydrkcs (Ambrose et al., 1996; Brown

and Barnwell, 1987; Cerco and Cole, 1995; DeMaeathal., 1999; Ivanov et al., 1996;

Reichert, 1994; USEPA, 2001; WL | Delft Hydraulizf03; Wong et al., 2005).

These simulation models are typically based on migaemethods that incorporate a
combination of plug flow and continuously stirredactor approaches to pollutant
transport. Users must divide streams, rivers, akdd and reservoirs into a series of well-
mixed segments or volume elements. A hydrologicatyairodynamic model calculates
the flow of water between all of these. In eachuation time step, plug flow enters
these segments or volume elements from upstreameseg or elements. Flow also exits
from them to downstream segments or elements. Buhis time the constituents can
decay or grow, as appropriate, depending on thditons in those segments or volume

elements. At the end of each time-step, the voluamektheir constituents within each
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segment or element are fully mixed. The length athesegment or the volume in each

element reflects the extent of dispersion in thetesy.

B6.1 Model Uncertainty

There are two significant sources of uncertaintyveter quality management models.
One stems from incomplete knowledge or lack of icwfit data to estimate the
probabilities of various events that might happ8ometimes it is difficult to even

identify possible future events. This type of umaerty stems from our incomplete
conceptual understanding of the systems under stoglynodels that are necessarily
simplified representations of the complexity of thegural and socio-economic systems,

as well as by limited data for testing hypothese@ simulating the systems.

Limited conceptual understanding leads to parameteertainty. For example, there is
an ongoing debate about the parameters that cdrrdesent the fate and transfer of
pollutants through watersheds and water bodiesu@bty, more complete data and more
work on model development can reduce this unceytairhus, a goal of water quality
management should be to increase the availabilidata, improve their reliabilities and

advance our modelling capabilities.

However, even if it were possible to eliminate khexlge uncertainty, complete certainty
in support of water quality management decisions probably never be achieved until

we can predict the variability of natural processEsis type of uncertainty arises in

systems characterized by randomness. Assumingppastvations are indicative of what
might happen in the future and with the same fraque- in other words, assuming

stationary stochastic processes — we can estimmate fhese past observations the
possible future events or outcomes that could oaadr their probabilities. Even if we

think we can estimate how likely any possible tyfeevent may be in the future, we
cannot predict precisely when or to what extent évant will occur.

For ecosystems, we cannot be certain even whatewsy occur in the future, let alone

their probabilities. Ecosystems are open systemshiich it is not possible to know in
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advance what all the possible biological outcomek Be. Surprises are not only
possible, but likely; hence, neither type of unaiaty — knowledge uncertainty nor

unpredictable variability or randomness — can bairated.

Thus, uncertainty is a reality of water quantitydagquality management. This must be
recognized when considering the results of wataliyumanagement models that relate
to actions taken to meet the desired water qualitgria and designated uses of water
bodies.

B7. Examples of models to estimate runoff volume anpollutant loads

B7.1 The Simple Modelling Method

The Simple Modelling Method is a modified versiohnTine Simple Method (Schueler,

1987). This model estimates the average annualtpmil load of stormwater, commonly
expressed in kilograms of pollutant exported peryé is a relatively simple modeling

technique, which relates land use, annual rainatchment runoff characteristics and
average pollutant concentrations to estimate theuanpollutant load. This modeling

technique can also be used to estimate the reduatidoad achieved by treatment
measures. In the Simple Modelling Method, the rtiroafefficient is estimated as a
weighted value of runoff coefficient of perviousdaimmpervious areas (see section
B4.1.1). Runoff coefficients of pervious and impens areas are estimated from
recommendations given by Alexandra (1990) for SewrthAfrican conditions (Table B-

2).

The Simple Modelling Method for estimating stormnoéf loads requires little
information, including the sub-catchment area ambff coefficient (a weighted average
of pervious and impervious areas), stormwater dumpailutant concentrations, and
annual precipitation. The Simple Modelling Methodtimates pollutant loads as a
product of annual runoff volume and pollutant carication, as:

LP* = RG,A (B-2)
Where:
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LP*= Annual load (kg/yr)

R = Annual runoff (mm/yr)

C, = Pollutant concentration (mg/l).
A= Area (knf)

For bacteria, the conversion factor is modified, sthat the loading equation is:
L= 10RGA (B-3)
Where:

L = Annual load (million count/yr)

R = Annual runoff (mm/yr)

Cp = Bacteria concentration (million count/100ml).

A = Area (knf)

10 = A conversion factor

Annual Runoff
Annual runoff is estimated as a product of annuabff volume, and runoff coefficient;

where runoff volume is estimated as:
R=PPRC (B-4)
Where:
R = Annual runoff (mm/yr)
P = Annual precipitation (mm/yr)
P: = Fraction of annual precipitation events thatdoice runoff (assume 0.9)
C = Runoff coefficient (weighted average of perviaml impervious areas, see
section B4.1.1)

The Simple Modelling Method can also be used tomedgé the reduction in load
achieved by a constructed wetland, or other stractveatment measures. The average
runoff depth, be estimated as the product of threiahrainfall and the volumetric runoff
coefficient, can be combined with the known wetlanda to estimate likely pollutant

retention.
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B7.2 Cumulative Rainfall Method

In many instances it may be necessary to estimaltat@nt exported from urban areas
based on daily rainfall records rather than datadfscrete storm events. The cumulative
rainfall method is suitable for estimating pollutdoads captured by a design rainfall
depth (say 20mm/day). The design rainfall depth rhaydefined from the rainfall
frequency spectrum prepared from rainfall recomsa given catchment (described in
Section 2.6). The rainfall frequency spectrum repnés a statistical distribution of 24-
hour rainfall events (rainfall depth vs. frequem®ytent value is less than) and provides
decision makers a means to choose a risk. For \gatdity treatment, the risk represents
a rainfall depth or a design storm corresponding thosen frequency (or percentage of
time the rainfall depth value is not exceeded). @iasign rainfall depth normally targets
frequent storms which constitute greater percentaigeumulative rainfall in many
catchments. The frequent storms often wash dowohoeant surfaces, generating a
relatively high ‘first flush’ concentration of paoifants. Thus for rainfall in excess of
design rainfall depth, only that rainfall up to thesign rainfall depth is considered in the
calculation of pollutant loads, while the totalnfaill is considered for the calculation of
runoff volumes. Based upon these observations asdnaptions the methodology of
using cumulative rainfall method for estimation pbllutants exported from urban

catchments is described below:

a. Examine historical rainfall data for the area anelest a rainfall year
approximating median rainfall conditions.

b. Determine the number of days, and cumulative rdiofathose days, when less
than say, 20 mm (or any design rainfall depth)aaifall occurred.

C. Estimate the cumulative runoff volume from the batent for those days of less
than 20 mm rainfall by multiplying the cumulativainfall by the catchment
runoff coefficient. The runoff coefficient is deteined as described in Section
B4.1.1.

d. Estimate the cumulative pollutant load for thosgsdaf less than 20 mm rainfall
by multiplying the runoff volume estimated in (cy khe pollutant event mean

concentration provided in Table B-3 in Section B4.For example, if less than
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20 mm rainfall occurred on 60 days over the year thie cumulative rainfall on
those days was 350 mm, and the catchment runofficdeat (weighted value of
pervious and impervious areas) is 55%, and suspeswl&s concentration is 100
mg/l, then;

Runoff volume = 0.55 x 350 = 192.5 mm = 192.5 MLfkm

Suspended solids load = 192.5 MLAR®100 mg/l = 19250 kg/kfn

e. Determine the number of days, and cumulative rHirda those days, when
rainfall was 20 mm or greater.

f. Estimate the pollutant load for those days of 20 mmgreater rainfall. For
example, if more than 20 mm of rainfall occurrediéhdays, and the cumulative
rainfall on those days was 450 mm, then;

Runoff volume applicable = 0.55 x 12 x 20 = 132 mrh32 ML/knf
Suspended solids load = 132 ML/km2 x 100 mg/l 28 kg/knt

g. Sum the pollutant (suspended solids) loads cakedlat steps (d) and (f) to
determine the total estimated load exported froend&itchment or (to be treated
by the treatment measure).

B7.3 Estimation of Runoff Volume Based On SCS Methb

The SCS method is an easy approach for determihi@gvater quality volumes. The
concept and general procedure used in estimatihgneo and rate of runoff in small

catchments in South Africa, based on the SCS tqaknis presented in Schmidt and
Schulze (1987).

Water quality treatment measures are sized bas&dater Quality Volume (WQV). The
WQYV is an empirical measure based on the stormveptality design rainfall depth,qP
and the areas of development (be they imperviodfaipervious), draining to the water
quality treatment device and the associated Cuvaldérs relating to those contributing
areas. The areas of development contributing tovdier quality treatment measure are
those areas, be they impervious or pervious thatriboite runoff whether or not it needs

to be treated. The Curve Numbers represent rumofh fvarious surfaces or land-uses

283



overlying various soil types and are obtained froable B-4 for typical South African

conditions.

The stormwater quality design rainfall depth,i®the rainfall depth that corresponds to
design rainfall depth regarding the cumulative falnvolume for water quality
treatment. This rainfall depth can be estimatednfrainfall frequency spectrum as
described above in section B7-2. For example, tiafall frequency spectrum for
Johannesburg, Pretoria and Roodepoort are prepagkdre shown in Figures B-1, B-2
and B-3 respectively. These rainfall frequency spemdicate that 90% of all rainfall
recorded in the two rain gauge stations are leasa 80 mm. This analysis yields a
stormwater quality design rainfall depthy & 20 mm in and around Johannesburg and
Pretoria (if 90% of all rainfalls are to be tregted

Alternatively, Smithers and Schulze (2003) alsocdbs a method to estimate design
rainfall depth for South Africa. The procedure fming the SCS method to estimate

runoff volume is as follows:

a. Design rainfall depth, P
Use rainfall frequency spectrum or Smithers andu&eh(2003) to obtain the 24
hour design rainfall depth

b. Runoff Curve Numbers
Identify the soil types for the site and its asatail land cover to select the
associated curve number. Use Table B-4 for curvebaus.

C. Calculate storage (S) individually for both pensand impervious area
S = (25400/CN)-254 = mm (B-5)

Estimate separately for pervious and imperviouasare

d. Initial Abstraction
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Initial abstraction, 4 consists mainly of interception, infiltration arslirface
storage, all of which occur before runoff beginsd at can be estimated by the
empirical relation:

la (mm) =S, (B-6)
where c is the coefficient of initial abstraction.

Arnold and Schulze (1979) conducted research incalgural catchments in
South Africa and indicated that the coefficient aifstraction is dependent on
season and antecedent moisture condition, andua whlc = 0.10 was estimated
for general application irrespective of season. Tha&ie of ¢ will however
approach a value of zero as imperviousness ingetismray be assumed that for

98% imperviousness, ¢ = 0.

Runoff depth
Runoff depth, R(mm) = (R — 1)/ (Ps—1) + S) (B-7)
Estimate runoff depth separately for pervious angdrvious areas

Runoff volume
Runoff volume, R (m°) = 1000R A (B-8)
A (km?) is the pervious or impervious area. Estimate fivmlume separately for

pervious and impervious areas.
Water quality volume is summation of botliR

The load is estimated from the product of runoffumee and event mean

concentration of the catchment.

Designers are also referred to Schmidt and Schil287) for application of the SCS

method in South African conditions.

B7.4 Rational Method
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For the water quality treatment practices, stoamd issues such as timing or response
time (peak flow) are not important as for otherides for flood control. However, if
flood control is to be considered then the SCS airomal method can be used to
determine the peak flow rate from a small catchm&hé application of SCS method in
South African conditions is detailed in Schmidt &whulze (1987). The rational formula
for use in South Africa is generally expressed as:

100CCIA
3.6

Where:
Q (I/s) is the peak flow rate

Q:

I (mm/h) is the average rainfall intensity
A (km?) is the catchment area

C is the dimensionless runoff coefficient

The rainfall intensity is determined using one o following equations (Op ten Noort
and Stephenson, 1982):

Inland region:

_ (75+0.034MAP)R"®
(024+1,)°%

Coastal region:

_ (34+0.023VIAP)R*
(02+t,)°"

Where: MAP (mm) is the mean annual precipitation(yR) is the recurrence interval,
andty (hours) is the storm duration. By applying the Brs@rm concept, the recurrence

interval should not exceed 1-year.

The storm durationy is determined using the formula for the time ohaentrationt,

(hours) given as
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Where: L (km) is the length of catchment and H {the elevation difference
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Table B- 4: Runoff Curve Numbers for selected subdran and urban land uses for typical South African onditions. (adapted

from Schmidt and Schulze, 1987)

HYDROLOGIC SOIL GROUP

A B C D
LAND USE DESCRIPTION CURVE NUMBERS
Open spaces, parks, cemetries  Good (>75% grasg cove 39 61 74 80
Fair (50-75% grass cover) 49 69 79 84
Commercial / business areas 85% impervious 89 92 94 95
industrial districts 72% impervious 81 88 91 93
Residential: lot size 500°m 65% impervious 77 85 90 92
1000°m 38% impervious 61 75 83 87
Urban / Suburban 1350°m 30% impervious 57 72 81 86
Land Uses 2000°m 25% impervious 54 70 80 85
4000°m 20% impervious 51 68 78 84
Paved parking lots, roofs, etc. 98 98 98 9§
Streets/Roads: tarred 98 98 98 98
gravel 76 85 89 91
dirt 72 82 87 89
dirt-hard surface 74 84 90 92
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Figure B- 1: Rainfall Frequency Spectrum for Johanmresburg (DWAF Station:
A2E009)
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Figure B- 2: Rainfall Frequency Spectrum for Pretoia (DWAF Station: A2E003)
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APPENDIX C PROGRAM USER MANUAL

C.1  Introduction

The program is designed to simulate stormwater gmeywater quality management

interventions and to operate at a range of spst@les. It is a deterministic model and it
allows rigorous analysis of the merit of the exigtand future management interventions

on annual basis.

Whether to justify existing interventions, develogure ones, or evaluate their progress,

catchment managers are frequently confronted vghquestion about the effectiveness

of their programs to improve water quality. Thiic#or the need to define the benefit or

guantify load reduction of the interventions putplace. Load reductions need to be

defined amongst the following:

. How to meet specified target load reduction as ledgd?

. What interventions should be considered to treatAga current and future
contaminant sources to a receiving river body?

. Which combination of interventions (or strategi@g)uld produce a minimum

cost in meeting a community’s stormwater qualitynangement objectives?

. What pollutant reduction has been achieved by otioeexisting programs?

. What level of assuredness/risk does the estimatatiteduced by an intervention
represent?

. How effective are investments in educational antteach programs to manage

stormwater quality?
. Which area or land use within an urban catchmenttha greatest potential or

need for stormwater quality improvement?
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. How do nutrient loads in a community that reliesseptic systems compare to a
sewered one, given the expected rates of mainteffanc

. How serious does active construction impact thenst@ter quality, and what
measures need to be taken to control impacts ifatteeof growing urbanization?

. How critical are pollutants from secondary sourcesh as sanitary sewer
overflows, illicit connections, and active constian in an urban catchment,

which are often overlooked in simple or complex eie@

Answers to these questions require accurate estimaif pollutant loadings and

determination of how conditions will improve in pemse to various treatment options.
The model, an aid to decision making, enables usemvaluate the effectiveness of
existing and future interventions in order to imyg@r maintain stormwater quality. The
model therefore helps to answer all of the abovestions. In contrast to most models,
simple or complex (e.g. SWMM and MUSIC (2005)), thedel takes into account the
efforts and staffing (e.g. in educational intervems$), design, maintenance, and the
inherent treatability of the different sources asmth of these factors have profound
influence in evaluating interventions load reduesioThe model is primarily targeted at
those who are involved or are likely to be involiadstormwater quality management
including catchment managers, local governments nmunicipalities, catchment

management agencies, private consultants and cbeesr

The program is written in Visual Basic as a maavoanh Excel spreadsheet. The
programming code is not apparent and the user redgsvork with the spreadsheets for
Input and Results. Thus two sheets hamed InputCarigut are available on opening of
the program. To run the program, fill in all thejugred data on the Input sheet and press

292



Run. When the simulation ends, the program autaaiéti presents the results on the

output sheets.

In order to make data entry easier, cells are shadeght gray and dark gray colours in
the input sheet. Light gray cells must be filled,anless a pollutant source or treatment
option is not being considered. For example, teasof industrial land only need to be
filled out only if industrial land is in the catclemt. Dark gray cells represent model
defaults that a user may want to modify. Black @bntain formulas, and typically

should not be overwritten.

C.2  Model input sheet
Data entry into the input sheet is categorized: indchment data input, storm load data
input, non-storm load data input, existing intemams data input, and future intervention

data input. These categories are explained as below

C.2.1 Catchment data input category

Under the catchment data category (Table C-1)hoa¢nit annual precipitation, total
area, planning horizon, and ambient water qualtjectives are entered. All the data in
this category need to be filled out to preventrsrias they are used frequently in different

modules to estimate loads and load reductions.
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Table C- 1: Catchment data input

CATCHMENT DATA

MAP (mm)
Catchment Area (ki)
Planning Horizons (yrs)

Ambient water quality objectives

Storm
non-storm

C.2.2 Storm load data input category

FC
(count
/100ml)

The storm load data category (Table C-2) requiras @n land use types and their

associated: fraction of impervious areas, runoféfitcients (for both pervious and

impervious areas), and event mean concentrations.

Table C- 2: Storm loads data input

STORM LOADS DATA

Event Mean Concentrations

Area . Runoff Runoff
Ffac“O” coeff. for | coeff. for TN
Land Use of imperv. ; .
) Area pervious imperv.
km areas areas | Mo/l
Residential
Commercial
Industrial
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Each land use is divided into three: low densitgdiam density, and high density. All
the cells in this category, with the exceptionafd uses that are not the in the catchment,
need to be filled out. For example, if a catchnmtsists of only low density residential

land use, then only the first row needs to bedibbeit.

C.2.3 Non-storm data input category

The non-storm data category requires data fromngkny sources including general

sewage use data, septic systems, illicit connestiorstormwater drains, sanitary sewer
overflows, nutrients and bacteria in urban soitjv&cconstruction erosion and sediment
control, and catchment erosion and sediment cotralalculate loads from secondary
sources (i.e. non-storm loads). All the cells im&al sewage use must be filled out as
they are used frequently in different modules tineste loads and load reductions. Data
required for non-storm load category depend onstheces of non-storm loads present.

Data required for each source are:

C.2.3.1General Sewage use
A user should enter data for dwelling units or nembf households as shown in Table
C-3.

Table C- 3: General sewage use data input

General Sewage Use Data

Dwelling Units
Individuals per Dwelling Unit
Water Use (rfic/d)

0.264978

FC
(count/100ml)

TN
(mgll)

60

Wastewater Characteristics:

1,000,000
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The defaults (dark gray cells) are: individuals peusehold, water use (i.e. per capita
wastewater generation), and wastewater charaatsrigthe defaults may be substituted

with local data if available.

C.2.3.2Septic systems

If septic systems exist in the catchment, a useulshenter data on fraction of dwelling
units using septic systems as shown in Table Ch& defaults (dark gray cells) are:
fraction of septics failing, characteristics ofleént from working septics, characteristics
of effluent from failing septics. The defaults mag substituted with local data if

available.

Table C- 4: Septic systems data input

Septic Systems
Septic Dwelling Units(% of 0
total)
Fraction of Septics Failing
Characteristics of Effluent TN TP COD Pb SS FC
from Working Septics (mg/l) (mg/l) (mg/l) (mall) (mg/l) | (count/200ml)
20 0] 60 0.2 0] 1,000
- TN TP COD Pb SS FC
Characteristics of Effluent
from Failing Septics (mg/l) (mg/l) (mg/l) (mgll) (mg/l) | (count/100ml)

40 1,000,000

C.2.3.3lllicit connections

User should enter data on soil content of nitroged phosphorus (% by weight) as
shown in Table C-5. The defaults (dark gray cedisy: phosphorus enrichment factor,
nitrogen enrichment factor, and bacteria potencyofa The defaults may be substituted

with local data if available.
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Table C- 5: lllicit connections data input

lllicit Connections

Fraction of Residential
Population lllicitly Connected

Number of Businesses

Fraction of Businesses with
Illicit Connections

Fraction of Businness
Connections that are Wash
Water Only

Wash Water Flow (rid)

Total Flow/business (ftd)

FC

Wash Water Concentrations 0]

Total Flow Concentrations 1,000,000

C.2.3.4 Sanitary sewer overflows

If sanitary sewer overflows occur in the catchmentyser should enter data on total

length of sanitary sewer in the settlement as shiowirable C-6. The defaults (dark gray
cells) are: fraction of load as storm flow, annosakrflows per kilometer of sewer of
length, typical volume of overflow. The defaults ynae substituted with local data if

available.

Table C- 6: Sanitary sewer overflows data input

Sanitary Sewer Overflows

Length of Sanitary Sewer (km

Fraction of Load as Storm Flo

Overflows/1km of Sewer/yr

Volume per Overflow ()
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C.2.3.5Nutrients and bacteria in urban soil
A user should enter data on soil content of nitnogad phosphorus (% by weight) as
shown in Table C-7. The defaults (dark gray cedisy: phosphorus enrichment factor,

nitrogen enrichment factor, and bacteria potenctofa

Table C- 7: Nutrients and bacteria in urban soil dda input

Nutrients and Bacteria in Urban Saqil
Soil P (%) 0.2

Soil TN (%) 0.3

P Enrichment Factor

N Enrichment Factor

Bacteria potency factor (10
MPN/ton)

C.2.3.6Active construction erosion and sediment

If active construction occurs in the catchment,sarushould enter data on total area of
active construction sites as shown in Table C-& dé&faults (dark gray cells) are: runoff

coefficient at construction sites, and typical ssght concentration from construction

site. The defaults may be substituted with locth deavailable.

Table C- 8: Active construction erosion and sedimdrdata input

Active Construction

Area (knf) of Active
Construction

0.0025

Runoff Coefficient for Cleared
Land

TSS from Construction Sites
(mgl)
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C.2.3.7Catchment erosion and sediment

A user should enter data on: annual rainfall eitysisoil erodibility, slope length and
gradient factor, cover and management factor, afidedy factor as shown in Table C-9.
These data are discussed in Section 5.4.12.

Table C- 9: Catchment erosion and sediment data ing

Catchment Sediment Yield

Annual rainfall erosivity
(N/hlyr)

Soil erodibility (ton.h/N/ha)

Slope length and gradient fact

Cover and management facto

Delivery factor

C.2.3.8Lawns or subsurface flow data

If fertilization of lawns, garden, and parks occurghe catchment, a user should enter
data on fraction of the soil in the catchment #rat Hydrologic soil group A, B, C, and D
as shown in Table C-10.

Table C- 10: Lawns or subsurface flow data input

Lawns (Subsurface Flow)

Infiltration
Rate
(fraction
of rainfall)

A-Soils

B-Soils

C-Soils

D-Soils

N in Leachate (mg/l)

P in Leachate (mg/L)

Compaction Factor
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The defaults (dark gray cells) are: nutrients cotre¢ion, compaction factor, and fraction

of rainfall that infiltrate. The defaults may bebstituted with local data if available.

C.2.4 Existing intervention data input category

The existing management intervention category ctflenterventions currently in place
to control loads from urban land. The data requidkpend on the number of
interventions existing. In all cases, the prograsksavhethera particular intervention
exist (ntervention?) If the answer is yes the user simply enter thaber 1, if not the
number O is entered in the light gray cell. Whea pinogram runs, only the interventions
with the Intervention?cell value equal to 1 will be included in the simulatidnshould
be noted that, even if all the data is filled ahéIhtervention?cell value is not equal to
1, that particular intervention will not be evaledt Data input for each intervention are

described below:

C.2.4.1Existing lawn care education intervention
The user needs only to indicate if the intervengarsts or not by entering the number 1
or 0 in the light gray cell (Table C-11). The re$tthe data shown in Table C-11 are

defaults and can be changed at the user’s disaretio
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Table C- 11: Existing lawn care education intervenon data input

Existing Lawn Care Education

Nutrient Characteristic

Intervention? (Y=1/N=0) 0

Typical Application Rates (kg/kiryear) [EKIHY!

Intervention risk factors Fertilizer Reduction (Fraction) 0.5

Fertilizers (fraction) Fraction "Lost" to the Environment

"Overfertilizers" (fraction of fertilizers) MoKk Fraction of Above Lost as Surface Rung

Awareness of Message (Fraction of

Population) A Soils

Fraction willing to change behavior B Soils
C Soils

D Soils

C.2.4.2Existing domestic animal waste educationtervention

Nitrogen | Phosphorous

16.81

The user needs only to indicate if the intervengarsts or not by entering the number 1
or 0 in the light gray cell (Table C-12). The re$tthe data shown in Table C-12 are

defaults and can be changed at the user’s disoretio

Table C- 12: Existing domestic animal waste educatn intervention data input

Existing Domestic Animal Waste Education

Intervention? (Y=1/N=0) 0
Intervention risk factors Waste Characteristics
Fraction of Households with a domestic Waste Production (kg/animal

animal

Owners who roam their animal (fraction)loX:]
Owners who Clean Up (fraction)

Fraction willing to change behaviour

Awareness of Message (Fraction of
Population)

day)
N Concentration (kg/kg)
N Delivery Factor
P Concentration (kg/kg)

P Delivery Factor
Bacteria
Concentration(million/kg)

Bacteria Delivery Factor
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C.2.4.3Existing active construction erosion and dénent control intervention

The user needs to indicate whether the interverosts or not by entering the number 1
or 0 in thelntervention?light gray cell (Table C-13). Thiaction of building permits
that are regulatedhould also be entered in the corresponding tighy cell. The rest of

the data shown in Table C-13 are defaults and eathnged at the user’s discretion.

Table C- 13: Existing active construction erosion ad sediment control intervention
data input

Existing Active Construction Erosion
and Sediment Control

Intervention? (Y=1/N=0) 0
Intervention Efficiency

Fraction of Building Permits Regulatel 0.7
Compliance risk factor
Installation/ Maintenance risk factor

C.2.4.4Existing catchment erosion and sediment ctyol intervention
The user needs to indicate whether the intervermtists or not by entering the number 1

or 0 in thelntervention?ight gray cell (Table C-14).

Table C- 14: Existing catchment erosion and sedimerontrol intervention data
input

Existing Catchment Erosion and Sediment Control
Intervention? (Y=1/N=0)
Intervention Efficiency
Fraction of catchment controlled (%
Design risk factor
Maintenance risk factor
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The fraction of catchment (i.e. pervious areas) con&tlishould also be entered in the

corresponding light gray cell. The rest of the dgtawn in Table C-14 are defaults and

can be changed at the user’s discretion.

C.2.4.5Existing street sweeping intervention

The user needs to indicate whether the interveriasts or not by entering the number 1

or 0 in thelntervention?light gray cell in Table C-15. Tharea swept in residential,

parking lots and other streeter each sweeping technigséould also be entered in the

corresponding light gray cells. The rest of theaddtown in Table C-15 are defaults and

can be changed at the user’s discretion.

Table C- 15: Existing street sweeping interventiomlata input

Existing Street Sweeping

Intervention?
(Y=1/N=0)

Parking
Lots
Swept

Streets Swept (kin Efficiencies - Residential

Efficiencies - &thoads

Sweeper
Type
Brush-type

Residentia| Streets (k) | Nutrients| COD

Mechanical 24% 20% 40%
Broom 51% 26% 45%
Vacuum

Assisted 62% 30% 50%
Sweeping
Frequency

risk factor

Technique
risk factor

Cap

UJ

Nutrients

4% 20%
18% 26%

40% 5%
45% 22%

63% 30% 50% 79%

303



C.2.4.6Existingdownspout disconnection intervention

The input data is divided into two: residential amminmercial and both needs to be filled
out. The user needs to indicate whether the inttive exists or not by entering the
number 1 or O in théntervention?light gray cell in Tables C-16a and C-16b. The
fraction of residential land where the interventisnapplicableandfraction of homes or
businesses disconnectsidould also be entered in the corresponding lighy gells. The
rest of the data are defaults and can be changheé aser’s discretion. The data required
in Tables C-16a and 16b are for both existing ardré downspout disconnection.

Table C- 16a: Existing residential downspout discamection intervention data input

Existing Downspout (Impervious Cover) Disconnection
Residential
Intervention? (Y=1/N=0)

Typical Roof Footprint (square meter)

Fraction of Homes Disconnected (%)

Fraction of Residential Land where Applicabl
Fraction of Population Reached
Fraction Willing to Participate

Table C-16b: Existing commercial downspout disconraion intervention data input

Existing Downspout (Impervious Cover) Disconnection
Commercial
Intervention? (Y=1/N=0)
Fraction of Businesses Disconnected (%)

Fraction of Commercial Imperviousness as Roofto
Fraction of Land where Applicable

Fraction of Population Reached
Fraction Willing to Participate
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Existing intervention require: typical roof areafalult), fraction of homes disconnected,
fraction of businesses disconnected, and fractiocommmercial imperviousness as roof
top (default). The rest of the data shown in Taliles6a and C-16b (including typical
roof area) are for future downspout disconnectidarvention described in Section 2.5.5.

C.2.4.7Existing river assimilation intervention
The user needs to indicate whether the interverosts or not by entering the number 1
or 0 in thelntervention?light gray cell (Table C-17). The rest of the dsit@wn in Table

C-17 are defaults and can be changed at the wdiscietion.

Table C- 17: Existing river assimilation intervention data input

Existing River Assimilative Capacity
Intervention? (Y=1/N=0) | 1
Efficiency

Storm flow assimilation (%) 64% 47% 20% 10% 29%  45%

Non-Storm flow assimilation (%) EERE{0L%) 74% 67% 10% 67% 17%
Design risk factor 0.7
Maintenance risk factor 0.6

C.2.4.8Existing rainwater tanks intervention

The user needs to indicate whether the intervermtists or not by entering the number 1
or 0 in thelntervention?light gray cell in Table C-18. The fraction of hemwith
rainwater tanks should also be entered in the sparding light gray cell. The rest of the

data shown in Table C-18 are defaults and can &eggd at the user’s discretion.
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Table C- 18: Existing rainwater tanks interventiondata input

Existing Rainwater Tanks
Intervention? (Y=1/N=0)

Typical Roof Footprint (square meter) 186
Fraction of Homes with rainwater tanks (%) 20%
Fraction of annual rainfall captured 0.9

C.2.4.9Existing riparian buffers intervention

The user needs to indicate whether the interverosts or not by entering the number 1
or 0 in thelntervention?ight gray cell in Table C-19. The buffer lengthdawidth should
also be entered in the corresponding light gral Géle rest of the data shown in Table

C-19 are defaults and can be changed at the wdiscietion.

Table C- 19: Existing riparian buffers intervention data input

Existing Riparian Buffers

Intervention? (Y=1/N=0) 0
Buffer Length (km) 3
Buffer Width (km) 0.02

Efficiency

TN TP

40% 70% 70%

Design risk factor
Maintenance risk factor

C.24.10 Other existing structural control intervertions

The user needs to indicate whether other structaratrol intervention(s) exists or not by
entering the number 1 or O in thetervention?light gray cell in Table C-20. For the

existing ones, contributing areas to the intenardi should also be entered in the

corresponding light gray cells. The red cells contbormulas and should not be
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overwritten or changed. The rest of the data shiowiable C-20 are defaults and can be

changed at the user’s discretion.

Table C- 20: Other existing structural control interventions data input

Other Existing Structural Control Interventions

Intervention?
(Y=1/N=0)

Area
Captured

(kn) Efficiency

BMP Type Pb
Dry Water Quantity

Pond 5% 1% 17% 3%
Dry Facilities 25% 2% 17% 47%
Wet Pond 33% 60% 60% 80%
Wetland 30% 70% 81% 76%
WQ Swale 38% 60% 75% 81%
Filters 38% 67% 89% 86%
Infiltration 51% 60% 88% 90%
Total 0 0% 0% 0% 0%

Capture Design | Maintenance
risk factor | risk factor | risk factor

0.9 0.8 0.5

C.2.5 Future intervention data input category

The last category is the future management intéivernand it reflects the planned
interventions to be implemented to control loadsrfrsettiement. The future management
intervention category is a continuation of existmgnagement intervention category, that
is, the data reflect both current interventions ainterventions planned to be
implemented, unless a current intervention willdisontinued or modified in the future.
For future interventions, data damplementation timeframand magnitude must be
provided for each intervention. In all cases, thegpam asksl(tervention?)whether a

particular intervention exist. If the answer is yhe user simply enters the number 1, if
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not the number O is entered in the light gray aslidescribed in Section C.2.5. The data
requirements for this category depend on the nundfemterventions planned for

implementation. Data input for each interventioa described below:

C.2.5.1Future lawn care education intervention

The user needs to indicate whether the intervensigatanned for implementation or not
by entering the number 1 or O in theervention?light gray cell in Table C-21. Make

sure to fill in all the details of exiting lawn @education intervention in Table C-11,
Section C.2.4.1. Those data are used in the fuintervention as well. The

implementation factor, implementation timeframe ams$t of the educational program

should also be entered in the corresponding liggny gell.

Table C- 21: Future lawn care education interventia data input

Future Lawn Care Education

Intervention? (Y=1/N=0) 0
Implementation Factor (%) 100%
Implementation Timeframe 5

Cost (Lump Sum per community)

C.2.5.2Future domestic animal waste education inteention

The user needs to indicate whether the intervensigatanned for implementation or not
by entering the number 1 or O in theervention?light gray cell in Table C-22. Make
sure to fill in all the details of exiting domestnimal wasteeducation intervention in

Table C-12, Section C.2.4.2. Those data are usddeirfiuture intervention as well. The
implementation factor, implementation timeframe amst of the educational program

should also be entered in the corresponding liggny gell.
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Table C- 22: Future domestic animal waste educatiomtervention data input

Future Domestic Animal Waste Education

Intervention? (Y=1/N=0) 1
Implementation Factor (%) 0%
Implementation Timeframe (yrs) 5
Cost (Lump Sum per community)

C.2.5.3Future active construction erosion and seatient control intervention

The user needs to indicate whether the intervensigatanned for implementation or not
by entering the number 1 or O in theervention?light gray cell in Table C-23. Make
sure to fill in all the details of exiting activ@mstruction erosion and sediment control
intervention in Table C-13, Section C.2.4.3. Thdat are used in the future intervention
as well. The implementation factor, implementatiomeframe and unit treatment cost of

the intervention should also be entered in theesponding light gray cell.

Table C- 23: Future active construction erosion andgediment control intervention
data input

Future Active Construction Erosion and Sediment
Control
Intervention? (Y=1/N=0) 0
Implementation Factor (%) 100%
Implementation Timeframe (yrs) 5
Unit Treatment Cost (R/f

C.2.5.4Future street sweeping intervention

The user needs to indicate whether the intervensigatanned for implementation or not
by entering the number 1 or 0 in theervention?light gray cell in Table C-24. Make
sure to fill in all the details of exiting streetveepingintervention in Table C-15 in

Section C.2.45. Those data are used in the fuiatervention as well. The
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implementation factor, implementation timeframe auodit treatment cost of the

intervention should also be entered in the cornedpg light gray cell.

Table C- 24: Future street sweeping intervention da input

Street Sweeping

Intervention? (Y=1/N=0) 1
Implementation Factor (%) 50%
Implementation Timeframe (yrs) 5
Unit Treatment Cost (R/f

C.2.5.5Future downspout disconnection intervention

The user needs to indicate whether the intervensigatanned for implementation or not
by entering the number 1 or 0 in thervention?light gray cell in Table C-25. Make
sure to fill in all the details of exiting downsgailisconnectionntervention in Tables C-
16a and 16b in Section C.2.4.6. Those data are iast#te future intervention as well.
Future intervention require fraction of residentahd applicable as input data, and the
defaults namely: typical roof area, fraction of plgtion reached, fraction willing to
participate, fraction commercial land as roof t@gmd fraction of commercial land
applicable. The implementation factor, implemewotatimeframe and unit treatment cost

of the intervention should also be entered in threesponding light gray cell.

Table C- 25: Future downspout disconnection intervetion data input

Future Downspout (Impervious Cover) Disconnectign

Intervention? (Y=1/N=0) 1
Implementation Factor (%) 35%
Implementation Timeframe (yrs) 5
Unit Treatment Cost (R/fn
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C.2.5.6Rainwater tanks intervention

The user needs to indicate whether the intervensigatanned for implementation or not
by entering the number 1 or O in tmervention?light gray cell in Table C-26. The data
on: fraction of residential land where the intemvam is applicable, implementation

factor, implementation timeframe and unit treatmerdt of the intervention should also
be entered in the corresponding light gray celle Tést of the data shown in Table C-26
are defaults and can be changed at the user'stmtr

Table C- 26: Future rainwater tanks intervention daa input

Future Rainwater Tanks
Intervention? (Y=1/N=0)

Typical Roof Footprint (square meter)

186
Fraction of Residential Land where Applicabl
Fraction of Population Reached 1

Fraction Willing to Participate 0.9
Fraction of annual rainfall captured 0.9
Implementation Factor (%) 100%

Implementation Timeframe (yrs) 5

Unit Treatment Cost (R/fn

C.2.5.7Future catchment erosion and sediment cordt intervention

The user needs to indicate whether the intervensigatanned for implementation or not
by entering the number 1 or O in tmervention?light gray cell in Table C-27. The data
on: fraction of pervious surface that can be tmebatémplementation factor,
implementation timeframe and unit treatment costh# intervention should also be
entered in the corresponding light gray cell. Tést of the data shown in Table C-27 are
defaults and can be changed at the user’s disaretio
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Table C- 27: Future catchment erosion and sedimemontrol intervention data input

Future Catchment Erosion and Sediment Control
Intervention? (Y=1/N=0)
Intervention Efficiency (%)
Fraction of pervious surface treatable
Installation/Design Risk factor
Maintenance Risk factor
Implementation Factor (%)
Implementation Timeframe (yrs)
Unit Treatment Cost (R/H

C.2.5.8Future exfiltration systems intervention

The user needs to indicate whether the intervensigatanned for implementation or not
by entering the number 1 or O in th&ervention?light gray cell in Table C-28. The

following data should also be entered in the cqwesing light gray cell: area surveyed
for the implementation of the intervention, fractimf that area that is treatable,
implementation factor, implementation timeframe amdt treatment cost. The rest of the

data shown in Table C-28 are defaults and can aeggd at the user’s discretion.

Table C- 28: Future exfiltration systems interventon data input

Future Exfiltration Systems
Intervention? (Y=1/N=0)
Intervention Efficiency (%)
Area Surveyed (kf)
Fraction of area "treatable"
Capture risk factor
Design risk factor
Maintenance risk factor
Implementation Factor (%)
Implementation Timeframe (yrs)
Unit Treatment Cost (R/H
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C.2.5.9Future riparian buffers intervention

The user needs to indicate whether the intervensigatanned for implementation or not
by entering the number 1 or O in thd&ervention?light gray cell in Table C-29. The
following data should also be entered in the cqwoesing light gray cell:
implementation factor, implementation timeframe amit treatment cost. Make sure to
fill in all the details of exiting riparian buffermtervention in Table C-19 in Section

C.2.4.9. Those data are used in the future intéimeas well.

Table C- 29: Future riparian buffers intervention data input

Future Riparian Buffers

Intervention? (Y=1/N=0) 1
Implementation Factor (%) 0%
Implementation Timeframe (yrs) 5
Unit Treatment Cost (R/H

C.2.5.10 Future river assimilation intervention

The user needs to indicate whether the intervermtists or not by entering the number 1
or 0 in thelntervention?ight gray cell in Table C-30. The rest of thealahown in Table
C-30 are defaults and can be changed at the wdiscistion.

Table C- 30: Future river assimilation intervention data input

Future River Assimilative Capacity
Intervention? (Y=1/N=0) | 1

Efficiency

Storm flow assimilation (%) 64% 47% 20% 10% 29% 45%
Non-Storm flow assimilation (%) 80% 74% 67% 10% 67% 17%

Design risk factor 0.7

Maintenance risk factor 0.6
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C.25.11 Septic system education intervention

The user needs to indicate whether the intervensigatanned for implementation or not
by entering the number 1 or O in th&ervention?light gray cell in Table C-31. The
following data should also be entered in the c@wading light gray cell:
implementation factor, implementation timeframe amdt treatment cost. The rest of the

data shown in Table C-31 are defaults and can aeged at the user’s discretion.

Table C- 31: Septic system education interventionada input

Septic System Education
Intervention? (Y/N)
Awareness of Message (Fraction of Populatio

Fraction willing to change behavior

Implementation Factor (%)
Implementation Timeframe (yrs) 5
Unit Treatment Cost (R/fn

C.25.12 Impervious cover reduction intervention
The user needs to indicate whether the intervensigatanned for implementation or not

by entering the number 1 or 0 in tikervention?ight gray cell in Table C-32.

Table C- 32: Impervious cover reduction intervention data input

Impervious Cover Reduction
Intervention? (Y=1/N=0) 1
Impervious Land to Be Redeveloped fxm 2.04
Average Impervious Cover Reduction (%) 20%
Implementation Factor (%) 35%
Implementation Timeframe (yrs) 5
Unit Treatment Cost (R/fn
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The following data should also be entered in theesponding light gray cell: area of
impervious land to be redeveloped, fraction of impmris cover reduced, implementation

factor, implementation timeframe, and unit treattrezost.

C.2.4.13 Other future structural control interventions

The user needs to indicate whether other structaratrol intervention(s) exists or not by
entering the number 1 or O in thetervention?light gray cell in Table C-33. The
following data should also be entered in the cqoasing light gray cell: area surveyed
for the retrofits, fraction of that area treatabilaction of the area as impervious cover,
number of retrofits built per year, implementatitactor, implementation timeframe,
fraction of retrofits, and unit treatment cost. Tection of retrofits is used to calculate
the number of BMP type (e.g. the number of wet pondhe catchment. The black cells
contain formulas and should not be overwrittentmnged. The rest of the data shown in

Table C-33 are defaults and can be changed as#résudiscretion.
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Table C- 33: Other future structural control interv entions data input

Other Structural Control Retrofits

Intervention? (Y=1/N=0)

Area Surveyed (kR)

Impervious Cover in
Surveyed Area

Fraction of area "treatable'
Number of Retrofits Built
Per Year
Typical Retrofit Drainage
(k)
Implementation Factor (%)
Implementation Timeframe

(yrs)
Efficiency
Unit
Fraction of Treatment
Retrofits Cost
BMP Type (RIM)
Dry Water Quantity Pond 19% 1% 17% 3% 10%
Dry Extended Detention
Pond 19% PA) 17% 47% 60%
Wet Pond 51% 60% 60% 80% 70%
Wetland 49% 70% 81% T76% 78%
WQ Swale 34% 60% 75% 81% 0%
Filters 59% 67% 89% 86% 37%
Infiltration 70% 60% 88% 90% 90%
Total 33% 33% 33% 33% 33%
Capture risk factor | factor factor
1 » 0.5 0
C.25.14 llicit connection removal intervention

The user needs to indicate whether the intervensiglanned for implementation or not
by entering the number 1 or O in th&ervention?light gray cell in Table C-34. The

following data should also be entered in the cquwesing light gray cell: fraction of
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drainage system surveyed for the implementatiorthef intervention, implementation

factor, implementation timeframe, and unit treatheast.

Table C- 34: lllicit connection removal intervention data input

Illicit Connection Removal

Intervention? (Y=1/N=0) 1
Fraction of System Surveyed 100%
Implementation Factor (%) 40%
Implementation Timeframe (yrs) 5
Unit Treatment Cost (R/H

C.2.5.15 Sanitary sewer overflows repair interventin

The user needs to indicate whether the intervensigatanned for implementation or not
by entering the number 1 or O in th&ervention?light gray cell in Table C-35. The
following data should also be entered in the cq@wesding light gray cell:
implementation factor, implementation timeframeq amit treatment cost, and fraction of

the goal completed.

Table C- 35: Sanitary sewer overflows repair interention data input

Sanitary Sewer Overflow Repair/ Abatement

Intervention? (Y=1/N=0) 1
Fraction Complete 100%
Implementation Factor (%) 100%
Implementation Timeframe (yrs) 5
Unit Treatment Cost (R/H

C.2.5.16 Septic systemepair intervention
The user needs to indicate whether the intervensigatanned for implementation or not

by entering the number 1 or O in thd&ervention?light gray cell in Table C-36. The
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following data should also be entered in the cgweasing light gray cell: fraction of the
system inspected, fraction of population with sepsystem willing to repair,

implementation factor, implementation timeframed amit treatment cost.

Table C- 36: Septic system repair intervention datanput

Septic System Repair
Intervention? (Y=1/N=0) 0
Fraction Inspected 60%
Fraction Willing to Repair 90%
Implementation Factor (%) 100%
Implementation Timeframe (yrs) 5
Unit Treatment Cost (R/f

C.3 Model Output Sheet

Each time the program runs, the program printsréselts onto the output sheet. The
categories in the output sheet are described below:

C.3.1 Storm loads output category

The results for storm load module in the input shee printed onto the storm load
category in the output sheet. The storm loads augiegory is shown in Table C-37.
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Table C- 37: Storm loads output category

STORM LOADS
Annual (Impervious and Pervious) Loads
Land Use TN TP COD Pb SS (kalyn) FC (Million
(kglyr) (kglyr) (kglyr) (kglyr) count/yr)
LDR 38,894 2,261 341,901 724 2,007,086 9.05E+09
Residential | MDR 19,447 1,131 170,951 362 1,003,543 4 52E309
HDR 0 0 0 0 0 0.00E+0¢
5,834 339 51,28% 109 301,063 1.36E4|09
Commercial 0 0 0 0 0 0.00E+0(
0 0 0 0 o  0.00E+0(
3,193 186 28,067 59 164,761 7.43EH08
Industrial 0 0 0 0 0 0.00E+0¢
0 0 0 0 of  0.00E+00
Total (Urban Land) 67,367 3,917 592,203 1,253 3,476,452 1.57E410

C.3.2 Non-storm loads output category

The results for non-storm load module in the inghtet are printed onto the non-storm
load category in the output sheet. The non-stoaddmutput category is shown in Table
C-38.

Table C- 38: Non-storm loads output category

NON-STORM LOADS

Total Annual Loads
Secondary sources TN TP COD Pb FC
(kglyr) (kglyr) (kglyr) (kglyr) | SS (kglyr) | (million/yr)
Septic Systems 0 0 0 0 0 0.00E+00,

Active Construction 344 230 573,750

SSOs 6 0 12 0 40 1.00E+06

lllicit Connections 1,747,512| 517,573| 10,929,793 16,634 | 17,446,000 1.96E+08B

Lawns (Subsurface Flow) 223 3
Total Secondary Load 1,748,085 517,806| 10,929,805/ 16,634 | 17,446,614 1.00E+06¢
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C.3.3 Existing interventions output category

The results for existing intervention module in timput sheet are printed onto the

existing intervention load reduction category ine tloutput sheet. The existing

intervention output category is shown in Table C-39

Table C- 39: Existing interventions output category

LOAD REDUCTION FROM EXISTING INTERVENTIONS

TN TP COD Pb FC

(kglyn) (kglyn) (kglyn) (kg/yr) | TSS (kglyr) | (million/yr)
Lawn Care Education 0 0
Domestic Animal Waste
Education 0 0 0.00E+00
AC Erosion and Sediment
Control 0 0 0 0.00E+00
Catchment Erosion and
Sediment Control 0 0 0 0.00E+00
Street Sweeping 0 0 0 0 0
Impervious Cover
Disconnection 0 0 0 0 0 0.00E+00
Rainwater Tanks 0 0 0 0 0 0.00E+00
Other Existing Structural
Controls 0 0 0 0 0 0.00E+00
Riparian Buffers 0 0 0 0 0
River Assimilative Capacity | 1,441,129| 384,845 | 7,441,410 1,789 12,697,018 | 7.05E+09
Total Reduction 1,441,129| 384,845 | 7,441,410| 1,789 12,697,018 | 7.05E+09

C.3.4 Future interventions output category

The results for future intervention module in th@ut sheet are printed onto the future

intervention load reduction category in the outplieet. The future intervention output

category is presented in Table C-40 showing thddaaduced by each intervention, the

measure of assuredness and the cost of each intierveThe estimated load reductions

represent a proportion of actual load that careldeiced if all conditions (risk factors) are

perfect, and that proportion is the value of theasuee of assuredness. Hence a smaller
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value of the measure of assuredness indicatesseative value (or a bigger margin of

safety) of the load reduction estimated.
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Table C- 40: Future interventions output category

LOAD REDUCTION FROM FUTURE INTERVENTIONS

Measure of
TN TP COD Pb FC Assuredness Costs

(kglyr) (kglyr) (kglyr) (kglyr) | TSS (kaglyr) | (million/yr) (%) (Rlyn)
Lawn Care Education 0 0 17 -
Domestic Animal Waste
Education 0 0 0.00E+00 15 4,000
AC Erosion and Sediment
Control 0 0 0 0.00E+00 44 -
Catchment Erosion and
Sediment Control 41,999 28,000 69,999 7.00E+07 24 14,884
Street Sweeping 128 98 257 177 2,157 50 3,850
Impervious Cover
(Downspout) Disconnection 3,648 212 32,069 68 188,254 8.48E+08 31 40,399
Rainwater Tanks 26,019 1,513 228,723 484 1,342,691 6.05E+09 57 320,341
Other Existing Structural
Controls 0 0 0 0 0 0.00E+00 13 -
Riparian Buffers 0 0 0 0 0 1 66,938
Septic System Education 0 0 0 0 0 0.00E+00 24 -
Impervious Cover
Reduction 2,485 144 21,846 46 128,242 5.78E+08 17 44,000,000
Exfiltration Systems 12,473 725 109,642 232 643,640 2.90E+09 36 283,500
Other Structural Control
Retrofits 0 0 0 0 0 0.00E+00 - -
lllicit Connection Removal | 699,005 | 207,029 | 4,371,918 | 6,654 6,978,400 7.85E+02 100 766,980
SSO Repair/Abatement 6 0 12 0 40 1.00E+06 100 50,000
Septic System
Inspection/Repair 0 0 0 0 0 0.00E+00 54 -
River Assimilative Capacity| 1,441,129| 384,845 | 7,441,410| 1,789 | 12,697,018 | 7.05E+09 100 -
Totals 2,226,891| 622,567 | 12,205,876 9,450 | 22,050,442 | 1.75E+10 - 45,519,668
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C.3.5 Existing interventions load reduction summarycategory

Load reductions for existing interventions are dgagated into storm and non-storm

loads during simulation run. The results are outpoto existing interventions load

reduction summary category in the output sheetstiryg interventions load reduction

summary category is shown in Table C-41.

Table C- 41: Existing interventions load reductionsummary category

LOADS WITH EXISTING INTERVENTIONS SUMMARY

TP COD Pb FC
TN (kalyr) (kg/yn) (kg/yn) (kg/yr) | TSS (kglyr) | (million/yr)
Urban Land 24,475 2,079 473,763 1,128 2,468,281 8.62E+09
Active
Construction 344 230 574 5.74E+0H
SSOs 6 0 12 0 40 1.00E+04§
lllicit Connections | 1,747,512 | 517,573 | 10,929,793 | 16,634 17,446,000 1.96E+0B
TOTAL LOAD 374,323 136,878 | 4,080,598 | 16,099 8,226,048 8.62E+09
Storm Load 24,599 2,305 473,769 1,128 2,468,875 8.62E}-09
Non-Storm Load 349,724 134,572 3,606,830 14,971 5,757,173 3.328+05

C.3.6 Future interventions load reduction summary ategory

Load reductions for future intervention are disaggtted into storm and non-storm loads

during simulation run. The results are output ofutture interventions load reduction

summary category in the output sheet. Future ietd@rens load reduction summary

category is shown in Table C-42.
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Table C- 42: Future interventions load reduction smmmary category

LOADS WITH FUTURE INTERVENTIONS SUMMARY
TP COD Pb TSS FC
TN (kglyr) (kglyr) (kglyr) (kglyr) (kglyr) (million/yr)
Urban Land -62,499 -28,616 81,226 120 93,298 -1.83E109
Active
Construction 344 230 0 574 5.74E+0b
SSOs 0 0 0 0 0 0.00E+0¢
lllicit Connections 1,048,507 310,544 6,557,876 9,980 10,467,600 1.08K+
TOTAL LOAD -411,662 | -100,847 -683,864 8,437 -1,1376 -1.83E+09
Storm Load -62,378 -28,390 81,226 120 93,811 -1.83E409
Non-Storm Load -349,284 -72,457 -765,094 8,317 -1,221,247 -1.695H0

C.3.7 Existing load reduction targets category
The existing load reduction targets define the rganeent objectives. This category
(Table C-43) consists of objectives’ target loads $torm, non-storm and total flows

(total flow = storm + non-storm flows).

Table C- 43: Existing load reduction targets categy

MANAGEMENT OBJECTIVES - EXISITING LOAD REDUCTION TA RGETS
TN TP COoD Pb TSS FC

Objectives' target loads for storm
flow (kg/yr) 6,244 313 94,004 141 89,565 1.69E406
Objectives' target loads for non-
storm flow (kg/yr) 229,440 2,852 2,711,821 9,861892,610| 4.41E+0]
Objectives' total target loads
(kglyr) 235,685 3,165 2,805,826 10,002 2,982,175%9H+06
Load ReductionTarget for storm
flow (%) 75 96 79 88 96 109
Load ReductionTarget for non-
storm flow (%) 34 98| 20 34 50 140
Load ReductionTarget for total
flow (%) 37 98 27 38 64 10D
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The objectives’ target loads define the loads wilitexit the catchment if concentrations
of storm and non-storm flows are the same as thambient water quality objectives.
When the program runs, the objectives’ target laadscompared with the existing storm
and non-storm loads (in Table C-41) to estimatddhd reduction targets.

C.3.8 Residual load reduction targets category

The residual load reduction targets define wheth@nagement objectives are met or not.
The objective is met if the residual load reductiarget is zero (i.e. 0%) or less. When
the program runs, the loads reduced by future vatdgrons are compared with the load

reduction targets to estimate the residual loadatoh targets.

Table C- 44: Residual load reduction targets categp

RESIDUAL LOAD REDUCTION TARGETS AFTER APPLICATION O F FUTURE

INTERVENTIONS
TN | TP |COD| Pb | TSS| FC
Residual Load Reduction Target for storm flow (%) 00 0 0 0 0
Residual Load Reduction Target for non-storm fléa) ( 0 0 0 0 0 0
Residual Load Reduction Target for total flow (%) 00 0 0 0 0

C.3.9 Cost category

The cost category (Table C-45) is the only placth@output sheet where the user inputs
data. For the strategies that achieve the manadeaigectives, the implementation
factors and the costs of strategies i@eordedin the corresponding light gray cells in
Table C-45. The optimum strategy is the one wighrthinimum cost.
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Table C- 45: Cost data category

COSTS CATEGORY

STRATEGIES

INTERVENTIONS Strategy-1 | Strategy-2 | Strategy-3 | Strategy-4| Styafeg | Strategy-6 Strategy-7 Strategy-zi Strategylg atégy-10
IMPLEMENTATION FACTORS

Lawn Care Education

Domestic Animal Waste
Education

AC Erosion and Sedimen
Control

Catchment Erosion and
Sediment Control

Street Sweeping

Impervious Cover
Disconnection

Rainwater Tanks

Other Existing Structural
Controls

Riparian Buffers

Septic System Education

Impervious Cover
Reduction

Exfiltration Systems

Other Structural Control
Retrofits

lllicit Connection Removal

SSO Repair/ Abatement

Septic System
Inspection/Repair

River Assimilative
Capacity

COST OF STRATEGIES
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APPENDIX D:

STUDY

RESULTS

FROM

Table D- 1: Results from evaluation of first stratgy

EVALUATION
MANAGEMENT INTERVENTIONS FOR ALEXANDRA TOWNSHIP CAS E

FUTURE

STORM LOADS

™ TP cob ss (Mﬁ"% )
(kgly) | (kaly) | (kglyn) kaly) | countiyn

HDR 38,894 2,261 341,90 4 2,007,086 9,045,000

Residential MDR 19,447 1,131 170,95 1,003,543 4,522,500

LDR 0 0 0 0 0

5,834 339 51,284 301,063 1,356,750,

Commercial 0 0 0 0 0 0

0 0 0 0 0 0

3,193 186 28,067 5 164,761 742,500,

Industrial 0 0 0 0 0 0

0 0 0 0 0 0

Total (Urban Land) 67,367 3,917 592,20 283 3,476,452 15,666,750

NON-STORM LOADS
Secondary sources N TP COD SS (Mli:IIi%n
(kgly) | (kgly) | (kglyn) kay) | countiyn
Septic Systems 0 0 0 0 0
Active Construction 0 0 0

SSOs 6 0 12 40 1,000,000

lllicit Connections 1,747,512 517,573 | 10,929,793 17,446,000 1,96
Lawns (Subsurface Flow) 223 3

Total Secondary Load 1,747,741| 517,577 | 10,929,805 17,446,040 1,001,96
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Table D-1: Results from evaluation of first stratégont.)

LOAD REDUCTION FROM EXISTING INTERVENTIONS

TN TP COoD Pb SS FC
Interventions (kglyear) | (kglyear) | (kglyear) | (kglyear) | (kg/year) | (million/year)
Lawn Care Education 0 0
Domestic Animal Waste
Education 0 0 0
AC Erosion and Sediment
Control 0 0 0 0
Catchment Erosion and
Sediment Control 0 0 0 0
Street Sweeping 0 0 0 0 0
Impervious Cover
Disconnection 0 0 0 0 0 0
Rainwater Tanks 0 0 0 0 0 0
Structural Stormwater
Management Practices 0 0 0 0 0 0
Riparian Buffers 0 0 0 0 0
River Assimilative Capacity | 1,441,129| 384,845 | 7,441,410 1,789 12,697,018 7,050,208,256
Total Reduction 1,441,129| 384,845 | 7,441,410 1,789 12,697,018 7,050,208,256
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Table D-1: Results from evaluation of first stratégont.)

LOAD REDUCTION FROM FUTURE INTERVENTIONS
Measure of
COD Assuredness|
TN (kg/yr) TP (kglyr) (kglyr) Pb (kg/yr) SS (kglyr) | FC(million/yr) | (%) Costs (R/yr)
Lawn Care Education 0 0 17% 0
Domestic Animal Waste
Education 96 66 773,683 15% 4,000
AC Erosion and Sediment
Control 0 0 0 0 44% 0
Catchment Erosion and
Sediment Control 25,200 16,800 41,999 41,999,380 249 14,884
Street Sweeping 255 196 514 355 4,314 50% 3,850
Impervious Cover
Disconnection 10,423 606 91,624 194 537,869 2,423,925,248 31% 40,399
Rainwater Tanks 23,417 1,361 205,851 436 1,208,422 | 5,445,793,792 57% 320,341
Other Existing Structural
Controls 0 0 0 0 0 0 13% 0
Riparian Buffers 28 1 328 1 3,046 1% 66,938
Septic System Education 0 0 0 0 0 0 24% 0
Impervious Cover Reduction 7,105 413 62,461 132 366,668 1,652,400,256 17% 43,968,716
Exfiltration Systems 11,225 653 98,678 209 579,276 2,610,528,256 36% 283,570
Other Structural Control
Retrofits 0 0 0 0 0 0 0% 0
lllicit Connection Removal 611,629 181,151 3,825,428 5,822 6,106,100 687 100% 766,980
SSO Repair/ Abatement 6 0 12 0 40 1,000,000 1009 50,00p
Septic System
Inspection/Repair 0 0 0 0 0 0 54% 0
River Assimilative Capacity | 1,441,129 384,845 7,441,410 1,789 12,697,018 | 7,050,208,256 100% D
TOTALS 2,130,513 586,091 11,726,305 8,937 21,544,752 | 19,226,630,144 - 45,519,668
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Table D-1: Results from evaluation of first stratégont.)

LOADS WITH EXISTING INTERVENTIONS SUMMARY

TN TP COD Pb FC
(kglyear) | (kglyear) | (kglyear) | (kglyear) | SS (kglyear) (million/year)
Urban Land 24,475 2,079 473,763 1,128 2,468,281 8,616,712,192
Active Construction - - - -
SSOs 6 0 12 0 40 1,000,000
lllicit Connections 1,747,512 517,573 10,929,798 16,634 | 17,446,000 1,963
TOTAL LOAD 373,979 136,648 4,080,598 16,099 8,225,474 8,617,543,680
Storm Load 24,254 2,07p 473,769 1,128 2,468,301 17824.1,904
Non-Storm Load 349,724 134,572 3,606,830 14,971 5K173 331,624
LOADS WITH FUTURE INTERVENTIONS SUMMARY
TN TP COD Pb SS
(kglyear) | (kglyear) | (kglyear) | (kglyear) (kg/year) FC (million/year)
Urban Land -53,497 -18,019 14,307 -198 -273,813 558,707,968
Active Construction Q @ D D
SSOs 0 0 ( @ ) D
lllicit Connections 1,135,883 336,442 7,104,366 81Q,| 11,339,900 1,27p
TOTAL LOAD -315,629 -64,601 -204,297 8,950 -622,260 -3,558,876,924
Storm Load -53,72( -18,023 14,307 -198 -273,813 558,707,968
Non-Storm Load -261,909 -46,578 -218,604 9,149 D48 -169,058
MANAGEMENT OBJECTIVES - EXISITING LOAD REDUCTION TA RGETS
TN TP COoD Pb SS FC
Objectives' target loads
for storm flow (kg/yr) 5,951 83 100,271 141 88,991 5,170,328
Objectives' target loads
for non-storm flow (kg/yr) 231,412 2,852 2,892,610 9,861 2,892,610 20B
Objectives' total target
loads (kg/yr) 237,363 2,935 2,992,881 10,002 2,981,601 5,170}531
Load ReductionTarget for
storm flow (%) 75 96| 79 88 96 140
Load ReductionTarget for
non-storm flow (%) 34 94 20 34 50 190
Load ReductionTarget for
total flow (%) 37 98 27 34 64 10p

MANAGEMENT OBJECTIVES - RESIDUAL LOAD REDUCTION TAR GETS AFTER APPLICATION OF
FUTURE INTERVENTIONS

TN TP COoD Pb SS FC

Residual Load Reduction
Target for storm flow(%) 0 0 0 0 0 0
Residual Load Reduction
Target for non-storm

flow(%) 0 0 0 0 0 0
Residual Load Reduction
Target for total flow(%) 0 0 ( ( D D
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Table D- 2: Results from evaluation of second stragyy

LOAD REDUCTION FROM FUTURE INTERVENTIONS
Measure of
COD Assuredness|
TN (kg/yr) TP (kglyr) (kglyr) Pb (kg/yr) SS (kgl/yr) | FC(millionlyr) | (%) Costs (R/yr)
Lawn Care Education 0 0 17% 0
Domestic Animal Waste
Education 240 164 1,934,208 15% 10,00p
AC Erosion and Sediment
Control 0 0 0 0 44% 0
Catchment Erosion and
Sediment Control 29,400 19,600 48,999 48,999,272 249 17,364
Street Sweeping 153 118 308 213 2,588 50% 2,310
Impervious Cover Disconnectio 9,381 545 82,462 175 484,082 2,181,532,672 31% 36,399
Rainwater Tanks 23,417 1,361 205,851 436 1,208,422 | 5,445,793,792 57% 320,341
Other Existing Structural
Controls 0 0 0 0 0 0 13% 0
Riparian Buffers 56 1 658 2 6,184 1% 66,938
Septic System Education 0 0 0 0 0 0 24% 0
Impervious Cover Reduction 6,395 372 56,215 119 330,001 1,487,160,192 17% 39,571,896
Exfiltration Systems 7,484 435 65,785 139 386,184 1,740,352,256 36% 189,0q0
Other Structural Control
Retrofits 0 0 0 0 0 0 0% 0
lllicit Connection Removal 873,756 258,786 5,464,897 8,317 8,723,000 982 100% 1,095,686
SSO Repair/ Abatement 6 0 12 0 40 1,000,000 1009 50,00p
Septic System Inspection/Rep3 0 0 0 0 0 0 54% 0
River Assimilative Capacity 1,441,129 384,845 7,441,410 1,789 12,697,018 | 7,050,208,256 100% D
TOTALS 2,391,415 666,228 13,317,598 11,189 23,886,518 | 17,956,980,736 - 41,359,892
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Table D-2: Results from evaluation of second sgrateont.)

LOADS WITH FUTURE INTERVENTIONS SUMMARY

TN TP COD Pb SS

(kglyear) | (kglyear) | (kglyear) | (kglyear) (kglyear) FC (million/year)

Urban Land -52,272 -20,520 62,483 A4 1,820 -2,Z89384
Active Construction q d ) D
SSOs 0 0 0 @ 0 D

lllicit Connections 873,756 258,786 5,464,897 8,317 8,723,000 98
TOTAL LOAD -576,530| -144,738 -1,795,590 6,698 -249R7 -2,289,229,05p

Storm Load -52,495 -20,524 62,483 A4 1,820 -2, 289584
Non-Storm Load -524,035  -124,214 -1,858,073 6,654 2,965,847 -169,35%

MANAGEMENT OBJECTIVES - RESIDUAL LOA

FUTURE |

D REDUCTION TAR GETS AFTER APPLICATION OF

NTERVENTIONS

TN

TP

CoD Pb

SS

FC

Residual Load Reduction
Target for storm flow(%)

Residual Load Reduction
Target for non-storm
flow(%)

Residual Load Reduction

Target for total flow(%)
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Table D- 3: Results from evaluation of third stratey

LOAD REDUCTION FROM FUTURE INTERVENTIONS
Measure of
COD Assuredness| Costs
TN (kg/yr) TP (kglyr) (kglyr) Pb (kg/yr) SS (kgl/yr) | FC(millionlyr) | (%) (Rlyr)
Lawn Care Education 0 0 17% 0
Domestic Animal Waste
Education 144 98 1,160,525 15% 6,00
AC Erosion and Sediment
Control 0 0 0 0 44% 0
Catchment Erosion and
Sediment Control 37,799 25,200 62,999 62,999,068 249 22,326
Street Sweeping 255 196 514 355 4,314 50% 3,850
Impervious Cover Disconnectio 10,423 606 91,624 194 537,869 2,423,925,248 31% 40,399
Rainwater Tanks 26,019 1,513 228,723 484 1,342,691 | 6,050,882,560 57% 355,934
Other Existing Structural
Controls 0 0 0 0 0 0 13% 0
Riparian Buffers 69 1 824 3 7,765 1% 66,938
Septic System Education 0 0 0 0 0 0 24% 0
Impervious Cover Reduction 7,105 413 62,461 132 366,668 1,652,400,256 17% 43,968,716
Exfiltration Systems 1,247 73 10,964 23 64,364 290,058,720 369 31,500
Other Structural Control
Retrofits 0 0 0 0 0 0 0% 0
lllicit Connection Removal 699,005 207,029 4,371,918 6,654 6,978,400 785 100% 876,549
SSO Repair/ Abatement 6 0 12 0 40 1,000,000 1009 50,00p
Septic System Inspection/Rep3 0 0 0 0 0 0 54% 0
River Assimilative Capacity 1,441,129 384,845 7,441,410 1,789 12,697,018 | 7,050,208,256 100% D
TOTALS 2,223,202 619,974 12,208,450 9,633 22,062,126 | 17,532,635,136 - 45,422,27p

333



Table D-3: Results from evaluation of third stratégont.)

LOADS WITH FUTURE INTERVENTIONS SUMMARY

RN v = v

TN TP COD Pb SS
(kglyear) | (kglyear) | (kglyear) | (kglyear) (kg/year) FC (million/year)
Urban Land -58,81( -26,024 78,652 -63 81,612 -1,BB31728
Active Construction 0 @ )
SSOs 0 0 ( @ )
lllicit Connections 1,048,507 310,544 6,557,876 80,9 10,467,600 1,17
TOTAL LOAD -408,317 -98,484 -686,44p 8,254 -1,1356 -1,864,882,944
Storm Load -59,033 -26,02[7 78,652 -63 -1,139,635  ,864,713,728
Non-Storm Load -349,284 -72,487 -765,094 8,317 39435 -169,156

MANAGEMENT OBJECTIVES - RESIDUAL LOAD REDUCTION TAR GETS AFTER APPLICATION OF
FUTURE INTERVENTIONS

TN TP COD Pb SS FC

Residual Load Reduction
Target for storm flow(%) d l ) D D 0
Residual Load Reduction
Target for non-storm

flow(%) 0 0 0 0 0 0
Residual Load Reduction
Target for total flow(%) 0 q Q 0 D
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Table D- 4: Results from evaluation of forth stratgy

LOAD REDUCTION FROM FUTURE INTERVENTIONS

Measure of
COD Assuredness|
TN (kg/yr) TP (kglyr) (kglyr) Pb (kg/yr) SS (kgl/yr) | FC(millionlyr) | (%) Costs (R/yr)
Lawn Care Education 0 0 17% 0
Domestic Animal Waste
Education 0 0 0 15% 0
AC Erosion and Sediment
Control 0 0 0 0 44% 0
Catchment Erosion and
Sediment Control 18,900 12,600 31,500 31,499,534 249 11,168
Street Sweeping 128 98 257 177 2,157 50% 1,925
Impervious Cover Disconnectio 9,381 545 82,462 175 484,082 2,181,532,672 31% 36,399
Rainwater Tanks 26,019 1,513 228,723 484 1,342,691 | 6,050,882,560 57% 355,934
Other Existing Structural
Controls 0 0 0 0 0 0 13% 0
Riparian Buffers 42 1 494 2 4,660 1% 66,938
Septic System Education 0 0 0 0 0 0 24% 0
Impervious Cover Reduction 4,974 289 43,723 93 256,667 1,156,680,192 17% 30,778,142
Exfiltration Systems 4,989 290 43,857 93 257,456 1,160,234,880 36% 126,0(0
Other Structural Control
Retrofits 0 0 0 0 0 0 0% 0
lllicit Connection Removal 699,005 207,029 4,371,918 6,654 6,978,400 785 100% 876,549
SSO Repair/ Abatement 6 0 12 0 40 1,000,000 1009 50,00p
Septic System Inspection/Rep3 0 0 0 0 0 0 54% 0
River Assimilative Capacity 1,441,129 384,845 7,441,410 1,789 12,697,018 | 7,050,208,256 100% D
TOTALS 2,204,571 607,211 12,212,855 9,465 22,054,670| 17,632,038,912 - 32,303,010
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Table D-4: Results from evaluation of forth stratégont.)

LOADS WITH FUTURE INTERVENTIONS SUMMARY

TN TP COD Pb SS
(kglyear) | (kglyear) | (kglyear) | (kglyear) (kg/year) FC (million/year)
Urban Land -40,179 -13,260 74,247 105 89,068 1,964,120
Active Construction 0 @ )
SSOs 0 0 ( @ )
lllicit Connections 1,048,507 310,544 6,557,876 80,9 10,467,600 1,17
TOTAL LOAD -389,687 -85,721 -690,84(7 8,422 -1,13731 -1,964,286,33(
Storm Load -40,403 -13,26¢4 74,247 105 89,068 11964120
Non-Storm Load -349,284 -72,487 -765,094 8,317 21,247 -169,156

MANAGEMENT OBJECTIVES - RESIDUAL LOA

FUTURE |

D REDUCTION TAR GETS AFTER APPLICATION OF

NTERVENTIONS

TN

TP

COD Pb

SS

FC

Residual Load Reduction
Target for storm flow(%)

Residual Load Reduction
Target for non-storm
flow(%)

Residual Load Reduction
Target for total flow(%)
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Table D- 5: Results from evaluation of fifth stratgy

LOAD REDUCTION FROM FUTURE INTERVENTIONS
Measure of
COD Assuredness| Costs
TN (kg/yr) TP (kglyr) (kglyr) Pb (kg/yr) SS (kgl/yr) | FC(millionlyr) | (%) (Rlyr)
Lawn Care Education 0 0 17% 0
Domestic Animal Waste
Education 0 0 0 15% 0
AC Erosion and Sediment
Control 0 0 0 0 44% 0
Catchment Erosion and
Sediment Control 41,999 28,000 69,999 69,998,960 249 24,80p
Street Sweeping 128 98 257 177 2,157 50% 1,925
Impervious Cover Disconnectio 3,648 212 32,069 68 188,254 848,373,824 319 14,140
Rainwater Tanks 26,019 1,513 228,723 484 1,342,691 | 6,050,882,560 57% 355,934
Other Existing Structural
Controls 0 0 0 0 0 0 13% 0
Riparian Buffers 0 0 0 0 0 1% 66,938
Septic System Education 0 0 0 0 0 0 24% 0
Impervious Cover Reduction 2,842 165 24,984 53 146,667 660,960,128 179 17,587,510
Exfiltration Systems 12,473 725 109,642 232 643,640 2,900,587,008 36% 315,0Q0
Other Structural Control
Retrofits 0 0 0 0 0 0 0% 0
lllicit Connection Removal 699,005 207,029 4,371,918 6,654 6,978,400 785 100% 876,549
SSO Repair/ Abatement 6 0 12 0 40 1,000,000 1009 50,00p
Septic System Inspection/Rep3 0 0 0 0 0 0 54% 0
River Assimilative Capacity 1,441,129 384,845 7,441,410 1,789 12,697,018 | 7,050,208,256 100% D
TOTALS 2,227,248 622,587 12,209,015 9,457 22,068,866 | 17,582,012,416 - 19,292,80p
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Table D-5: Results from evaluation of fifth stragggont.)

LOADS WITH FUTURE INTERVENTIONS SUMMARY

TN TP COD Pb SS

(kglyear) | (kglyear) | (kglyear) | (kglyear) (kg/year) FC (million/year)

Urban Land -62,854 -28,63[7 78,087 114 74,873 -1(8881728
Active Construction 0 @ ) D
SSOs 0 0 ( @ ) D
lllicit Connections 1,048,507 310,544 6,557,876 80,9 10,467,600 1,178
TOTAL LOAD -412,364| -101,097 -687,0017 8,431 -1, 13161 -1,914,258,944
Storm Load -63,079 -28,640 78,087 114 74,873 -1(8831728
Non-Storm Load -349,284 -72,487 -765,094 8,317 21,247 -169,156

MANAGEMENT OBJECTIVES - RESIDUAL LOA

FUTURE INTERVENTIONS

D REDUCTION TAR GETS AFTER APPLICATION OF

TN

TP

COD

Pb

SS

FC

Residual Load Reduction
Target for storm flow(%)

Residual Load Reduction
Target for non-storm
flow(%)

Residual Load Reduction
Target for total flow(%)
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