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Foreword

South Africa is mostly a semi-arid country with scarce waer resources, In
order 1o help balance cur scarce water supply with increasing water demands
it is imperative that water is re-used as much as possible. The South African
Water Act therefore made it mandatory that effluents must be treated o
acceptable standards and returned to the water course from which the water
was originally obtained. The Deparument of Water Affairs and Forestry, as
the custodian of South Africa’s water resources, has been umplementing these
requirements stipulated in the Water Act since the early 1950s through a
uniform effluent standards approach. Continued deterioration of water qualiry
in some parts of South Africa has lead the Deparunent to adopt a more
comprehensive approach towards controlling the impacts of effluents on the
quality of the receiving water bodies. One of the key concepts embodied in
this approach is that the capacity of water bodies to assimilate waste is a
lumited national resource which must be managed in a sustainable way.

Since the Department published its comprehensive approach to eftfluent
control in 1991, it became obvious that the necessary management tools and
information to support its implementation had to be developed. Because the
receiving water quality objectives approach takes many factors into account
there was the danger that its application in practice could lack consistency.
The need to formalise the assessment of the impact of effluent discharge on
the receiving water bodies, prompted the Water Research Commission and
the Department to jointly initiate a project which culminated in the production
of this manuul of practice, which is relevan: 1o South African conditions.

In this document the procedures are described which must be followed to
assess the impacts of effluent discharges on the quality, and therefore the
finess for use. of te receving water bodies. These assessments will be used
10 decide whetier or not an application 10 discharge an erfluent will be
granted or not. and. it it is granted, what the requirements should be that the
discharger must comply to. 1t therefore turms one of the corner stones of te
Department’s current approach to the management of effluent discharges.

In some respects. the procedures described in this document represent tajor
deparwmires from past water guality masagement policies and practices. To
name only a few, from now on the following 18 required:

®  Ap application to discharge an eftleent must demonstrate that all
reasonable efforts have been made 1o, first of all prevent waste, and
secondly o mumimise it. Only thereafter will minimum quality standards
for effluents. or siandards based on raceiving water quality. whicheser are
the strictest, be considered. [t is only under excepuional circumstanes
that exemnptions to the above requiremests will be considered.

Foreword
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® The Department shall insist that the process of assessment and decision-
taking concerning applications to discharge an effluent is open and
transparent and promotes accountability. It is from now on required that
interested and affected parties are appropriately notfied of such
applications; that they are effectively involved in the assessment and
decision-taking processes; that they have adequate access to the relevant
information; and that a record of the assessment and the final decisions
are kept for public scrutiny,

This document is primarily aimed at all those who have to dispose of
effluents, and are therefore required to comply 10 the requirements of the
Water Act, and to the water quality practitioners in the Department and
provincial and local authorities, who as a team are jointly responsible for the
protection of South Africa’s water resources. However, because it also
documents, in some detail, current water quality management policies and
practices in South Africa it should also be 2 useful source of information for
academic and research instirutions, non-government organisations and
members of civil society who are concerned about water quality.

The Department recognises that the policies, procedures and practices
described in this document are still evolving. Some of them may change
quite substantially in the course of the compreheasive review of the Water
Act that | recently announced. 1 therefore wish to use this opportunity to
invite anyore who wants to contribute to further development of water quality
management policies and practice in South Africa to comment on the
procedurss described in this document, and the policies underlying them.
Please send your comments and/or proposals to The Director: Water Quality
Management, Department of Water Affairs and Forestry, Private Bag X313,
Pretoria 0001, Fax. No. (012) 323-0321.

Flades (AEmal
Professor Kader Asmal
Minister of Water Affairs and Forestry

June, 1993

Foreword
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Quick reference guide

A very brief overview of what the manual is
about; where the major parts are located and
what they cover
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Quick Reference Guide

The manual consists of the three main parts shown below. This
guide contains a short one page outline of each part; highlighting the
scope and intended audience of each, and including an abbreviated
table of contents. This guide also introduces the roadmap; a
graphical overview of the effluent discharge investigation.

Water quality management

A description of water quality management
policies and principles, emphasising effluent
discharge management

Effluent discharge investigation

A description of the tasks associated with an
effluent discharge investigation, highlighting key
issues

Supporting information

Appendices - with glossary, abbreviations, list of
models, report guidelinas, legislation, additional
literature - and index

Quick Reference Guide
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' Water quality management

A description of water quality management
policies and principles, emphasising effluent
discharge management

What is this part of the manual about?

This part of the manual discusses the approaches adopted by the
Department of Water Affairs and Forestry to the management of
water quality. It describes the context of water quality management
within which the effluent discharge investigation and the procedures
involved in applying for permission to discharge an effluent take
place.

Who should read this part of the manual?

This part is particularly useful for water quality managers and
those who need to have a broad understanding of the policies and
strategies adopted by the DWAF. It is also useful for potential
dischargers who need an overview of the procedures involved in
applying for a discharge permit.

Summary of main sections

® Principles and policies of water quality management ..... .. S
s Management of effluent discharges . ............... 19

Cuick Refaerence Guice
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Effluent discharge investigation

A description of the tasks associated with an
effluent discharge investigation, highlighting
key issues

What is this part of the manual about?

This part of the manual provides:

® A description of the tasks to be undertaken to complete an
effluent discharge investigation

® Criteria for decision-making and guidance on the types of
procedures or methods that can be used in the investigation.

Who should read this part of the manual?

This part is useful for those managing an effluent discharge
investigation, to help ensure that all the aspects are carried out. It
provides the consultant with guidance on specialist topics and
procedures, and the potential effluent discharger with an
understanding of the scope and depth of the information required by
the Department of Water Affairs and Forestry.

Summary of main sections

B St MO oo o ¢ o:v-v 00w 60751070 0)w) SUa01 0 9 001

B SCODIBE MOUBNE. - .o« ovi55 50 vwd ve sy ees sy 0 ¢ 8

8 QuEntRYMEDMOBEIE . . - o i b aereisie e visere blaale 117
B Detilont MOAUIL 5 5 s sie 533 00010, 0570 b-aialisratia)ere 4 A A

B5°  The roadmap to the effluent discharge investigation is
described at the end of this Quick Reference Guide (a fold-
out copy is also printed at the back of the manual).

BS"  4n overview of the effluent discharge investigation
appears on pages 29 ro 36.

Quick Reference Guide
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Supporting infermation

| . 2

Q Appendices - with glossary, abbreviations, list of
models, report guicdelines, legislation, additional
literature -andindex . . .......... Page 1S5

What is this part of the manual about?

This part of the manual contains supporting documentation in the

form of appendices that provide:

s A glossary of important terms

® An index to important terms in the manual

» Guidelines for writing effluent discharge investigation reports
which will accompany the effluent discharge applications

» Additiona! literature references, acknowledgements
abbreviations

» References to applicable legislation

» Further details on certain topics mentioned in the text.

Who should read this part of the manual?

This part of the manual should be read by those who:

e Need to understand a term (see the glossary)

s  Want to find references to a particular term (see the index)
=  Want more information on items referred to in the main text.

Summary of appendices

A THROSREOR, 1 da o) aiabial a G s alva e raln b7 acian e AL A R b4 )/a 197
B ADDIEVARMIONE &5 5 aiais ik e rovaia arnia st  sloties ¢ 41a 6 e Towiaiie 205
C Guidelines for effluent discharge investigation reports . ... 209
D Design of permit-related monitoring systems . . ........ 217
E Additional Iierature . ... <cevovososoeconecoenes 251
F Iormation ot OB . c.c o oo v o oneiess o e g arwie s 5w e 270
G Generaland Special standards . . . .......cc00cuain 321
H Selected extracts from the Water Act . .. ........... 333
R R oy e S AN U P i KPR S TSy Sl Sy S 341

Quick Reference Guide
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of Efent Dischargs Investigation
Conaider
Took 1 < Appty for offluent BISCRAmDe. ... ...ovviuieans P (L
A |
Review of R, 4 3
r——-”—_f)l Task2 - Determine need for futher ivestgation ... ... . pAT L_
A Minim Minimum
conditicrs concigens
& not met s ma
Y
Task 3 - Datormine T hrea of Fvestigason .. ........ PS5
Task 4 - Detormine sources of Mmpeet . ... ....vvuis po1
Task S ~Dotanmmino walsr USO8 .......coueraranasosan pas7
=P Tesk8 - Dutenmine water quality requiremants ........ p7s
Task 7 - identfly e consituants of COnoRm. . ......... 287
Task 8 - Planning an effuent discherge ivestigation . .. p 57
A |
N\ A
Tesk & - Determine hycroiogical charsctardssies . . .., A0S
: Task 10 - Analyse wator quelitydata . .......... verr e I19
- Task 11 - Estimate offecss of Non-point 3002088 . . . o\ v .. PI29
g Tesk 12 - Estimate eflecss of natund feasams .. ... ... 149
(@) Task 13 - Precict the effects of discharge ... seeavyan 218
v .
( Submit final application )(-
M
v
__rtuau.mamam“..;m >
«  Evalueton of applicaton
*  Dedsion on whather o not 10 allow dscharge
i e Sating of permit requirements (f soplicatie)
*  Pecord of decison
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Figure 1 Roadmap for the Effluent Discharge Invastigation
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Use of the "roeadmap”™

The "roadmap” shown opposite provides a "quick and easy" method
for navigatng the second part of the manual, the description of the
effluent discharge investigation. It combines a summary table of
contents with a graphic view of the basic sequence and refationship
berween tasks tn the investigation.

The left-hand side of the roadmap shows the various modules into
which the investigation is divided. The modules in the procedure are
further subdivided into one, or more, tasks (shown in square boxcs
on the roadmap). The start of each new module and task in the
manual is preceded by a coloured title page.

The roadmap appears at the start of each task in the effluent
discharge section of the manual, with that particular task being
highlighted on the diagram (see the example in the shaded box just
belcw the top of the rcadmap).

Quick Reference Guide
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Water quality management

A description of water quality man:
policies and principles, emphasising
discharge management
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Water Queality Management in South Africa

B=  This part of the manual discusses the approaches adopted by

the Department of Water Affairs and Forestry to the management
of water quality. It provides a context against which to
understand the effluent discharge investigation, and its
relationship 10 other environmental management tools.

B="  This part is particularly useful for water quality managers

and those who need to have a broad understanding of the polices

and strategies adopted by the Department.

A. Principles and Policies of Water Quality Management . . . . ..

A.1 Roles and role players in water management . ......
A.2 Water quality management policies, approaches and
PIOCHBBB. s o 1v-5:5 450185 0 a e 25/ 00 810 18,805 005109791 85: 979
A.3 Point SOUrce management . . ... ...csvevessevse
A.4 Receiving water quality objectives ..............
A.5 Water quality management and the Water Act .. ...
B. Management of Effluent Discharges . . ... ....ccuvcuvsen
8.1 The role of effivent discharge investigations .......
B.2 Initiating the investigation ........cvsevssvnsss
8.3 Waste disposal 10 public water: A privilege . .......
8.4 Compatibility of effluent discharge investigations with

the Integrated Environmental Management approach

WATER QUALITY MANAGEMENT
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WATER QUALITY MANAGEMENT:
A. Principles and Policies of Water Quality
Meanagement
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A. Frinciples and Folicies of Water Quality Management

other participants

role of the DWAF

A.1 Roles and role players in water management

In South Africa, the state is the custodian of water rescurces. The
Deparmment of Water Affairs and Forestry (DWAF) is the primary agency
responsible for water resources management. With respect to water quality
its mission is to ensure the finess of South Africa’s surface water,
groundwater and coastal marine resources, for water uses and for the
protection of the natural aquatic environment, on a sustainable basis
(DWAF, 1986),

The DWAF has adopted a participatory management approach to water
quality management. In practice this means that the responsibility for water
resources management is shared among central, provincial and lecal
government departments, private sector organisations, community based
organisations and non-governmental organisations concerning themselves with
water resources management. Water users and effluent dischargers are also
involved in the process of developing and implementing management plans,
As a result of their increasing environmental awareness, the general public is
taking an active role in matters concerning the environment. As a result of
the dynamic political situation in South Africa at the time this version of the
manual was produced, the exact roles and responsibilities of the various role
players have not been defined. Despite that, the DWAF accepts that in future
broad consultation must play a crucial role in water quality management and
endeavours to involve the appropriate role players in the process.

In executing its mandate with respect to water resources managemen: the
DWAF finds itself at the intersection of many different, and often conflicting.
interests. One of its key roles is to reconcile, integrate and co-ordinate these
diverse interests within the framework of sustainable and equitable utilisation
of South Africa’s water resources. Its role requires the DWAF w0 formulate
clear water quality goals, to develop flexible strategies to achieve these
goals, and to ensure the implementation of the resulting actions plans. The
DWAF, in its role as custodian of South Africa’s water resources, also has to
audit the effectiveness of water quality management efforts undertaken by
other role players.

A.2 Water quality management policies, approaches and
practices

A.2.1 Prerequisites

The following prerequisites form the basis of water quality management
policies and practices in South Africa.

WATER QUALITY MANAGEMENT Principles and Policies of Wazter Cuality Management
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* Because water is such 2 scarce resource, effluent has to be returned and
re-used in order to help balance water supply with the demand for water.
Water qualicy at pristine, unaffected levels therefore cannot be maintained
and some changes in water quality is accepted as being inevitable.

»  Waste disposal to air or soil (for example, effiuent irrigation, dumping
mining wastes, or gaseous emissions) impacts on the quality of surface
and groundwater. Therefore, waste disposal has to be evaluated
holistically and the best practical environmental option has to be selected

s Economic development should not take place at the expense of the
environment, nor place excessive demands on the natural resource base.
Sustuinable economic development which is in balance with environmenial
protection and sustainable resource use is encouraged. The weight being
given to the economic and social benefits associated with an operation
discharging an effluent will, however, depend on other factors such as the
available assimilative capacity of the receiving water body and the
hazardous nature of the effluent. In the justification for an effluent to be
discharged, the weigh of economic and social benefits will be less if
either the assimilative capacity of the receiving water body has been, or is
close to being, exceeded and/or if the effluent contains constituents which
are considered to be hazardous for water uses or the aquatic environment.

s Participation of the public, including those impacting on water quality
and water users, is vital in the process of formulating water quality
management goals and management strategies.

® The basic geographic unit of water quality management is the
catchment. Catchment management must integrate land use effects with
physical characteristics of the cawchment and with external factors. such as
economics, to plan and control water quality. Many of these factors have
boundaries that are different from catchment boundaries. Therefore,
successful water quality management relies on integration of these diverse
factors into a holistic management system.

A.2.2 Precautionary spproach

definition and  The DWAF has adopted a precautionary approach to water quality
application  management in which active measures are taken (o avert or minmise
potential risk of undesirable impacts on the environment. Therefore, when
developments are proposed, it is required that probable impacts on the health
of people and the resource must be predicted, as well as the eavironmental
and economic benefits, This precautionary approach is applied in all the
water resource decisions made by the DWAF.

implications  This approach has some important implications:
= Avoiding potential risks to the environment and human health by
preventing, where possible, the introduction of harmful, or potentially

harmful, constituents, into the environment. This is done even u the
absence of scientific proof that such introductions will cause harm

Folicies and Principles of Water Quality Management WATER QUALITY MANAGEMENT
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definiticn

assimilative
capacity
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= Minmusing risk 1o the environment by “erring on ke safe sice” in al! the
decision-making steps involved in water poilution control

® The conservation of resources is encouraged 1o reduce the nead to
develop new resources such as energy, water and minesals.

The precautionary approach adopted by the DWAF will, and is meant to,
result in activities, limits, or standards which are more stringent than what is
required just o meet minimum requirements for mainuining the fitness of
water for the protection of the natural aquatic eavironmert and for water
uses.

A.2.3 Receiving Water Quality Objectives approach (RWQO)

The Receiving Water Quality Objectives approach focuses on the quality of
the receiving water, instead of the quality of the emissions from a source, in
decisions concerning pollution control (DWAF, 1991). It requires that
scurces, both point and diffuse, are controlled to achieve the desired quality
in the receiving water. The desired quality of the receiving water is stated i
the form of a receiving water quality objective.

Assimilative capacity refers to the concept that water budies can tolerate the
input of some wastes without the quality of the water deteriorating 10 the
point that the water uses are adversely affected. Water 18 an effective solvent
and nmawral water bodies serve as excellent means of transport of dissolved
and suspended material, A water body, therefore, provides many mechanisms
w modify, move, or otherwise transform material discharged into it An
additional consideration is that the quality of water, uraffected by discharges
from human activity, is sometimes far beuer than what is required for most
water uses. Wastes can often be discharged into such water bodies with liule
or no effect on the water uses.

Assimilative capacity for a constiruent differs in fundamenial ways, depending
on whether the constituent can be consicered conservalive or non-
conservarive:

® Conservative constituents are not [ost due o chem:ical reactions or
biochemical degradatons. Such consiituents may include, for example,
o] dissolved solids and chlorides. Conservative constituents accumalate
along the length of a water body in the direction of motion, so that
amounts added at the most upstream point are sill present at the most
downsiream point. Concentrations of conservative Constifuents can be
reducsd only by dilution with water with a lower concentration,

* Non-conservative constituents, on the other hand, decay with time due 10
such mechanisms as chemical reactions, bacterial degradation. radioactive
decay, or senling of particulates out of the water column. Many
constituents exhibit non-conservative behaviour. including ox.diyable
organic mater, nutrients, volatiie chemicals and bacreria. The amousnt of
a non-conservative constiruent decreases with time and/'or disiance from
the point of input.

YATER QUALITY MANAGEMENT Pringiples and Policies o! Warer Cualiry Management
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A.2.4 Decision-making hierarchy for setting effluent requirements

In line with its precautionary approach, the DWAF has adopted a decision-
making hierarchy for considering any application for the discharge of an
effluent to a receiving water body. This hierarchy is depicted in Figure 2
below and described in the subsequent text.

Investgate and
implement cgdons for
preventing or minimising

(Mm&:muh
_thestrictestol:

Minimum effluent ENluent stancards sat o
treatment stancards ensure AWGCC's are
met

\
. '
. .

R T

Figure 2 Decision-making hierarchy for considering applications to
discharge effluent

s  First of all, options for preventing and minimising waste through source
reduction, recycling. detoxification and neutralisation of wastes must be
thoroughly investigated. Caution should be taken that, in this process,
one is truly avoiding or minimising waste and not simply shifung it from
one environmental medium to another, for example, from water to land,
or from water to air.

s [f, after all the practical options to prevent and or minimise waste have
been exhausted, there is stll waste or an effluent, it will be required to
meet whichever is the strictest of minimum effluent standards or
receiving water quality based effluent standards.

Appropriate minimum effluent standards are currently being
investigated. The current General or Special Effluent Standards will in
the interim be used as minimum standards. (See Appendix G for a list of
the existing standards).

Policies and FPrincipies of Water Quality Management WATZR QUALITY MANAGEMENT
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effluent discharge
permits

exemption permits

discharge to
sewage works

other sources of
impact

The effect of the treated effluent on the receiving water’s fitness for the
protection of the natural aquatic environment and for water uses will be
assessed against the desired receiving water quality. Effiuent standards
required to meet the desired receiving water quality are derived on the
basis of an effluent discharge investigation. Such receiving water
quality based standards may sometimes be stricter than minimum
effluent standards.

* Exemptions from minimum effluent or receiving water quality based
standards will be considered under special circumstances, and as a last
resort, but will require sufficient justification on technological, economic
and socio-political grounds. Such exemptions may not always be granted,
may in most cases be temporary, and almost certainly will be withheld if
the effluent discharge investigation shows that the receiving water's fitness
for the protection of the natural aquatic eavironment and for water uses
will be significantly reduced.

A.3 Point source management

The DWAF has developed a number of tools, or standardised procedures, to
support its range of water quality management activities. The most important
of these tools with respect to the control of point source impacts are:

s  The senting of water quality objectives

» Conducting investigations to assess the impacts of effluent discharges

s Granting permits to discharge effluent.

An important instrument used in the control of point source impacts is the
effluent discharge permit. These permits are issued by tie DWAF and are
subject to review and possible amendment, whether explicitly stated in an
individual permit or not.

An exemption permit is a particular type of effluent discharge permit. At
present, in terms of Section 21 of the Water Act (Act 54 of 1956), effluent is
required both to be purified to prescribed standards and to be remurned to the
source of origin (the point of abstraction of the intake water, (Refer o
Appendix H for the text of this portion of the Act). Exemption permits, subject
to requirements specified by the Minister of DWAF, may be granted to
operations that cannot fulfil both the requirements of Section 21.

Operations that return their discharge o a municipal sewage treamment works
are generally excluded from the requirement o obtain an exemption permit.
However, under Section 21.2 of the Water Act exceptions may be made,
particularly in cases where the discharge from a particular operation creates
recognised probiems for the treatment works. In these cases, the DWAF
requires the same process to be followed in applying for an exemption permit
as is the case for effluent discharged direcily to public water,

The effluent discharge investigation process described in this manual is
primarily aimed at point source management and does not deal specifically

WATER QUALITY MANAGEMENT Principles and Policies of Water Quality Management
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with the DWAF's approach to managing cther sources of impact on water
quality (for example, diffuse discharges from urban stormwater runoff).
However, there are simularities among all these approaches and they are
dependent on cach other. For example, sites giving rise to both peint and
diffuse sources of impact on water quality will be considered as a “single
source” and analysed accordingly under the DWAF's tatal waste
management approach. Thercfore many of the procedures described in ths
manual can also be used for investigating the umpacts of other scurces of

impact on water quality.

A.4 Receiving water quality objectives

An umportant step in any management process, which consist of developing
plans, organising, controlling and evaluating success, is the process of stating
specific receiving water quality objectives for each system or sub-system.

A receiwving water quality objectve 18 a quannatve siaement of the quality n
a water body that must be maintained.

A.4.1 Setting of water quality objectives

selection process  [n setting water quality objectives for a water bedy, such as a stream reach or
part of a reservoir, the DWAF invokes a complex process. Figure 3 shows a
graphic interpretation of some of the elements of that process. Setting
appropriate objectives is an iterative process which secks a balance between
the requirements of the different water uses, the general public, and other
mterested and affected parries. The process takes account of the various
environmental, technological. economic, political and social factors which
affect the use of the water and the quality of the water in the water body,

Policies ang Frinciples of Warer Cuality Management WATER QUALITY MANAGENIENT
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Figure 3 The satting of water quality objectives

development  The initial steps determine which are the water users and whart their desires

objectives  for water quality, both now and in the future, are. Since most users are not
familiar with the technical aspects of water quality, their desires are ofien
expressed in terms of goals or plans for development. These development
objectives must then be interpreted in terms of water quality through the
involvement of representatives of the DWAF. For example, a development
objective may be to anract eco-tourists. The water quality requirements
derived from this development objective may be that the aesthetic features of
the water body is maintained at high standards and that adequate supplies of
water that can be treated to potable standards are available. Each of these in
turn has 10 be made more specific before they could be considered 1o be

objectives.

constituents of  Water quality constituents of concern are selected by considering the
concern  development objectives and the water quality constituents for which the

impacted water uses are likely to be sensitive as well as information on land
use and other catchment characteristics. Constituents of concern are
measurable quantities, such as the concentration of sodium in a river, or an
index of biological diversity, which in a particular case would best
characterise the fitness of water for the protection of the natural aquatic
environment and for water uses.

target water  For each water quality constituent of concern a range of water quality cin be

quality range  defined over which there would be no impairment of a particular water use or
of the natural aquatic environment. This range is defined as the Target
Water Quality Range. The South African Warer Quality Guidelines
(DWAF, 1993, 1995) specifies the Target Water Quality Ranges for mos:
recognised water uses for a large number of water quality constiuents. The

WATER QUALITY MANAGEMENT Principles and Peilicies cf Water Quality Management
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Target Water Quality Range is described more fully in Task 6. Deternine
waler quality requirements.

Water quality objectives can de set so they fall either within or outside the
Target Water Quality Range, This means the water quality objective can be
within, or worse than the Targer Water Quality Range. The initia] point of
departure for seming the cbjective is to either set it equal to the existing water
quality, or set it equal to the linit of the Target Water Quality Range,
whichever is better water quality. The water quality objective may, after
consideration of all the factors mentioned above, evenmally be set at 2 value
worse than the Target Water Quality Range. It is then the duty of the
DWAF, and all concerned, to contimue looking for ways to improve water
quality and to review the objectives from time to time so that the water
quality objective can eventually be set within the Target Water Quality
Range.

factors affecting  The receiving water quality objective (RWQO) is the statement of the
actual values of  quality in a water body that must be mainuined. The process of determining
water quality  an appropriate numerical value to set as an objective uses the Target Water
objectives  uality Range, and other values, as ore of its important inputs. It is a
complex and evolving process that includes consideration of issues such as
the following:

o The DWAF's water quality tranagement policies and principles

® Natural phenomena such as geochem:cal characteristics of drainage
basins, droughts, and floods

®  Current quality of the receiving water compared to the Target Water
Quality Range

= Sensitivity of downstream users to changes in water quality for the
constituents of concern

*  Available technology for dischargers w0 improve the effiuent quality and
for downistream users to mitigate the effects of deteriorating water qualicy

=  Economic unplications for dischargers (o treat the effluent 0 more
stringent levels and for downstream users as a consequence of
deterioranng Or improving water quality

® Options for, and feasibility of, providing alternative water supply or
compensation for affecied users,

=
\/

Because the factors that affect water quality and the users
change with time. water quality objectives set at any partculiar
tune have to be reviewed from time to tume,

Policies and Frmeiples of Water Quaiity Maragement WATER QUALITY MANAGEMENT
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A.4.2 Elements of water quality objectives

Water quality chjectives have the same chariciesistics as general managamert

objectives, 1.c. they must be specific and documented with respect to the

following:

= What has 10 be achieved (the water guality objestive must be suated in
such a way that whether or not it is achieved can be measured)

s  Where they apply

When they begin and for how long they will apply

®  Who 15 accountable for seming the objective, ensuring that it is achieved
and monitoring whether it is complied with {usually the DWAF)

» Key assumptions underlying the setting of water quality objectives, for
example, under what conditions would objectives not be met

®  What the contingency plans are for periods or circumsiances under which
objectives would not be met.

A water quality objective is ofien stated as a mazpnum value not to be
exceeded, but other ways of stating objectives may also be used. It can be
stated 10 apply at all umes or different values can be set to apply at differemt
times (seasons) or conditions (low flow, high flow).

Because water quality objectives are often stated as maximum values not to
be excecded. the actual water quality would e approaching the objective only
during exwreme events such as droughts, indusinial accidents, ewc. For day o
day management purposes management targets, which are designed w
measure management performance under normal conditions, ars used.

For example, if an objective is set to maintain a concantzation that never
exceeds 30 mg/¢, a management targer ccould state that the median of
measured values must be less than 10 mg/f.

Additional objectives can also be identified. For example, a crisis objective
can be developed for drought conditions. Seasona! water quality objectives
can also be set, for example, for those cases whese user requirements vary
between seasons. -

A.4.2 Functional management objectives

Water quality objectives and functional management objectives must be
clearly distinguished. Water quality cbjectives are speCific numeric lumits se:
for water quality constiruents of concern. Ia conrrast, functional management
objectives describe, and set standards for, the management activities that need
1o be executed to achieve the water qualiry cbjectives. Functional
management objectives could be set for activities such as granting permuits for
point source control or for launching education programynes 10 promote non-
point source control.

In the point source control process, water quality objestives are used to set
appropriate Iimiis for an effluent discharg=. The results of the effluent
discharge invest:gation will be used to help selest appropriate concentration

WA TER QUALITY MANAGEMENT Principles and Foicies of Warer Cually Management
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and quantity lumits thar will mainmin the water quality objectives under
appropriate ¢esign assumptions.

if no water quality The DWAF's appreach to developing water qualicy objectives is to set these
objectives arein  for all catchments. This i3 done by means of catchment investigations, the
place?  end results of which are water resource management plans, including water
quality objecives, for each carchment. These carchment management plans
are being developed systematically for each catchment in South Africa but it
will of pecessity take a long time to have one for cach catchment. Therefore,
those who wish to discharge effluent into water bodies in catchments that
have not yet had water quality cbjectives set, will be responsible for
developing the information pecessary for the DWAF to set objectives. This
may require that two separate, parallel studies have to be conducted - one to
investigate the effect of the proposed discharge on the receiving water, and
another to collect the information and conduct the public meetings necessary
to set water quality objectives.

A.5 Water quality management and the Water Act

revision of the  Major new developments in water quality management policy and

Water Act  implementation took place since the previous major revision of the Warter Act
in 1984, There may seem to be some uncertainty and ambiguity about the
interpretation of the Water Act with respect to the DWAF's mandate to
implement its present water quality management policies and practices.
However, expericnce has been that the DWAF's mandate to control impacts
on water quality and manage water in terms of the Water Act as it currently
stands s sufficiently wide to provide the required legal backing for its
actions. Because the DWAF's current policies and practices have not
specifically been incorporated in the Water Act it is ofien a cumbersome
process o apply the legisiation where that is required. It is for this and for
other reasons that the Minister of Water Affairs and Forestry has recently
announced that the Water Act will be comprehensively reviewed and updated.
During the review process those sections of the Act dealing with watee
quality management will be comprehensively revised in order to streamline
the effective implemienuazion of the lezislation. Any uncertainty or ambiguity
there may be in the current Act with respect o the DWAF's mandate to
implement its water guality management policies will alse dealt with.

The DWAF's water quality management policies and practices as described in
this manual, are already being fully implemented. They are considered to be
backed by both the current Water Act but will be more specifically included
in the forthcoming revision of the Water Act.

Policies and Principles of ‘Water Cuals' 2 Maragemen: WATER QUALITY MANAGEMENT
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B. Manzgement of Effluent Discharces

who must apply

E.1 The role of effiuent discharge investigations

The effluent discharges investigation is one of the water quality maragement
wols the DWAF uses for management of point source effluent. It obtains and
records specific information about an effluent discharge and its impact on the
receiving water and the water users. These investigations form an important
part of umplementing the RWQO approach because it provides much of the
information on which decisions to allow or deny an effluent discharge is
based. Effluent discharge investigations must provide sufficient, relevant data
for the DWAF 10 determine whether or not an effluent discharge will be
allowed. The data will also be used to determine requirements that the
discharger and the effluent must mest. Decisions will be based on the

DWAF's policies for water quality management.

An effluent discharge investigation assisis with three important management

functions, i.e.:

= A planning function that evaluates the risks, costs and benefits associated
with an effluent being discharged

® An information function that provides information to all the participants
to help make the trade-offs implicit in a complex management function

= A control function that establishes limits on effluent that can be
discharged.

This manual identifies the issues to be considered when carrying out an
effluent discharge investigation and outlines procedures for conducting the
investigation.

B.2 Initiating the investigation

There are several ways in which the circumstances or potential problems that
might require an effluent discharge investigation can be identified. A
*problem” is defined, in this case, as any activity or occurrence that has a
potentially negative effect on the quality of 2 water body. Some examiples of
ways [0 initiste these investigations are given below.

B.2.1 Application for an exemption

In terms of the Water Act - Act 54 of 1956 (in particular, Section 21(1),

refer to Appendix H for the text) - any user of water that:

» Does not return the used water (effluent) to the point of abstraction and or

e Discharges an effluent that fails o meet the requirements of the
appropriate effluent standard (dppendix G lists the exisiing ¢ffluent
standards)

WATER QUALITY MANAGEMENT Management of Effluent Discharges



2-2 Procedures 1o Assess Efffuent Discharge impacts © 13t Edition

must apply to the DWAF for an exemption. Any new application for
exemption will always require an investigation.

B.2.2 Re-evaluate existing exemptions

circumstances  Exemptions from standard permit requirements have been granted to many
change  dischargers over the years. Many of these exemptions will remain in force as
long as the circumstances under which they were issued remain unchanged.

expiry date  Some permits are subject to an expiry date. When the conditions, under
which an exemption was granted, change, including the exemption reaching
its expiry date, it will be re-evaluated. In many of these evaluations, an
effluent discharge investigation will be required. In future, all exemption
permits will only be valid for a specific period, for example, 5 years.

process changes  If dischargers are planning to alter their processes, or affect the resulting
discharge in some other way, the DWAF should be approached with a
revised application for effiuent discharge. Discussions between such
dischargers and the DWAF will be held to determine whether or not an
effluent discharge investigation will be necessary.

other factors  There are likely to be other cases, for example, increasing development in a
catchment, which indicate an exemption needs to be re-evaluated. The
DWAF has the legal right w require such re-evaluations.

B.2.3 Identification of receiving water quality problems

Real or perceived concerns, for example, a fish kill or a perception that the
receiving water quality is unacceptable as a result of an effluent discharge,
can lead 1o the identification of a water quality problem. Additional work
may be required to pinpoint the cause of the problem, but if the
contamination can be traced to one or more point sources, an effluent
discharge investigation may be warranted, .

relationship with [t is the intention of the DWAF to complete catchment studies on a systematic
integrated  basis for every carchment in the country. Effluent dischargs investigations
catchment  can he required as part of an integrated carchment management study. For
management  ioce investigations conducted as part of a larger basin study, dischargers are
SR responsible for providing the information relating to their own discharge.

For effluen: discharge investigations conducted before a carchment study has
been completed, the dischargers must assemble all the information needed for
a decision by the DWAF, For those investigations conducted after a
catchment study has been completed, much of the relevant information on
catchment characteristics, other sources of impact on water quality affecting
downstream users, etw., will be available.

Management of Eftivent Discharzes WATER QUALITY MANAGEMENT
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B.3 Waste disposal to public water: A privilege

Disposal of waste into a public stream is considered by the DWAF to be a
privilege that can be granted to a facility that complies with specified
requirements and acts responsibly. It is not a right given to every effiuent
producer. A potential discharger must, therefore, provide justification for
being allowed the privilege of using a public water course for waste disposal.
Before the DWAF will allow waste to be disposed of into the water
environment it will requirs the discharger to demonstrate that ail feasible
efforts have been made to avoid, reduce, recycle, detoxify and neutralise
waste.

Allowing a potential discharger to dispose of effluent into the water
cavironment, i.e. the allocation of a specific waste load, is a crucial part of
water quality management. Basing an allowable waste load on an effluent’s
effect on the receiving water quality may in certain cases require the DWAF
1o impose stricter standards where minimum treatment standards do not
maintain acceptable water quality. On the other hand, it also allows the
DWAF 1o balance the competing requirements of users, resource protection,
the needs of the environment, and economic, social and technological
constraints by allowing relaxations of 2 minimum effluent standard under
ceruain circumstances. However, it must be realised that the weight being
given 1o economic, social and technological considerations will be less in
cases where either the assimilative capacity of the receiving water body has
been, or is close 1o being, exceeded and/or if the effluent contains
constituents which are considered to be hazardous for water uses or the
natural aquatic environment.

The DWAF has the final suthority on whether or not 2 particular effluent
discharge will be allowed and what the requirements will be for it to take
place.

B.4 Compatibility of effiuent discharge investigations with
the Integrated Environmental Management approach

Integrated Environmental Management (IEM) is a process developed under
the auspices of the Department of Environment Affairs. It is designed “10
ensure that the enviroumental consequences of development proposals are
understood and adequately considerad in the planning process™ (DEA. 1992).

Relevant principles underpinning 1EM are that there must be:

Informed decision-making

Accountability for information on which decisions are taken
Accountability for decisions taken

An open, participatcry approach in the planning of proposals
Consultation with interested and affected parties

Due consideration of aiternative options

An attempt o mitigate negative impacts and enhance positive aspects of
proposals

WATER QUALITY MANAGEMENT Management of Effluent Discharges
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® Anagempt to ensure that the "social costs” of development proposals
(those costs borne by society, rather than the developers) be outweighed
by the "social benefits® (benefits to society as a result of the actions of the
developers)

® Democratic regard for individual rights and oblizations

® Compliance with these principles during all stages of the planning,
implementation and decommissioning of proposals (that is, from cradle to
grave)

= The opportunity for public and specialist input in the decision-making
process.

common  Effluent discharge investigations follow from the same fundamental
philosophy  philosophy as the IEM process. In short, the process of planning for

development should be transparent, multi-disciplinary, and holistic. A
transparent process implies that the procedures followed are open to public
participation and that the path followed to decision-making is documented and
can easily be examined. The investigation is required to be multi-disciplinary
because environmental relationships are so complex that they extend beyond
any single discipline. The issues of environmental and resource protection
are so broad and interrelated that a holistic view is necessary to recognise all
the effects of planned actions and to balance the benefits and costs.

The IEM process stems from the conviction that the principles underlying
sustainable development should direct the planning of propesals, rather than
being considerations to be addressed once the proposal has been "planned.*
Effluent discharge management also relies on addressing potential concerns

during the planning process. Both processes require the assessment of
alternative options at an early stage in the planning process.

Table 1 Similarities between the Integrated Environmental
Management process and Effluent Discharge Investigations

The following element in IEM is the following element in Effluent

included (at least broadly) in - Discharge Investigations

Classification of proposal Sau;\inq module

Initial assessment Screening module

No formal assessment Minimum requirements are met

Impact assessment Scoping, Quantifying, and
Reporting Modules

Raview Assessment of application

Conditions of approval Assessment of application

Impiement proposal Assessment of application

Management of Effluent Discharges WATER QUALITY MANAGEMENT
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Effluent discharge investigation

A description of the tasks associated with an
effluent discharge investigation, highlighting
key issues
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Figure 4 Outline of the Effluent Discharge Investigation process
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Overview of the Effluent Discharge Investigation

purposs

outline of process

transparency

This section provides an overview of the effluent discharge investigation
process. Subsequent sections describe the procadures invoived in it in more
detil.

Figure 4 opposite is a flow diagram that shows the activities in the process.
The diagram also indicates who is responsible for each activity. The relative
emphasis on any activity in the process may vary from one application to the
next, according to the specific circumstances. The process is both iterative
and interactive; it makeas provision for reassessing a prior decision after
gathering additional information. Therefore, arrows are often shown in two
directions, going down 1o the next task and optionally up to the previous task.

Discussions and negotiations between the DWAF, those applying for permits
and other interssted and affected parties take place whenever required. The
process cften begins with a consultation betwesn the discharger and the
DWAF,

Provision is 2lso made in the process for review of existing permits. The

permitting procedure is also subject to review and will be updated from time
1o time as a result of policy or structural changes.

a. Apply for effluent discharge

The first step in the investigation process is a discussion between the
proposed discharger and the DWAF. The discussion covers the issues
involved in the discharge. It provides an opportunity for the DWAF to
obtain preliminary information about the application and for the discharger o
undersiand the DWAF's requirements. At this stage the applicant should
identify key interested and affected parties and start to consult with them.

The DWAF, from now on, is allowing interested and affected parties access
1o information concerning effluent discharges it has issued or plans w issue
permits for. The information contained in the application for an exemption
permit and in any effluent discharge investigation will, on request, be made
available to interested and affected parties. The only exception would be
where such information contains confidential business information. However,
these exceptions will have to be very strongly motivated because the DWAF
believes that in most cases the relevant information can be presented in such a
way that it does not compromise the confidentiality of business information.

The DWAF also believes that in future it will adopt what is currently
becoming international practice namely to move towards 2 more transparent
process for the involvement of interested and affected parties. The easiest
way to do that is 1o require that an applicant for a permit o0 discharge effluent
must announce it in the Jocal press. Such an announcement will have to state
the name and address of the applicant, the water body into which the effluent

Overview of Elfluent Discharge Investigation
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is to be disposed if allowed, the relevant characteristics of the effluent and the
possible impacts it may have. The DWAF may also consider publishing a
monthly list of applications received. [t is important that effluent dischargers
are aware of these trends and prepare for their implementation.

In order for the request for permission to discharge an effivent w be

considered, the applicant should justify the need for the discharge by the

following:

s Specifying the need for the operation

s Justifying the disposal of an effluent with a given quality after having
exhausted the options for preventing or minimising waste

s Showing why, if any other alternatives for dealing with waste have been
identified, one particular option has been proposed.

During the investigation process, the need to consider alternative applications
may be identified by the DWAF, the applicant or the other parties involved.
Alternatives can involve any aspect that affects water quality, including
treatment processes, disposal routes, provision of alternative supplies for
downstream water users, etc.

Refer to the Screening Module, Task 1: Apply for effluent discharge, for more
detail.

b. Determine need for further investigation

The purpose of this step is to determine whether or not an applicant can meet
certain minimum requirements set by the DWAF and the interested and
affected parties. If so, a permit can be issued without further investigations
having 10 be done. If not, additional information must be provided through
an effluent discharge investigation at a level of detail that will be
determined in discussions between the discharger, the DWAF and the other
parties involved.

The applicable minimum requirements will be determined through discussion
berwesn the DWAF, the discharger and the interested and affected parties.
These minimum requirements include limits on the quality and quantity of
effluent, as well as requirements for monitoring programmes, disclosure of
information concerning the discharge and its impacts, and “good operating
practices”.

A preliminary investigation by the discharger is needed to show that the
discharge meets the minimum requirements and that the receiving water’s
fitness for the protection of the natural aquatic environment and for water
uses will be maintained. Based on this, the DWAF will be able to make a
decision as to whether or not to issue a permit. No further investigation will
be needed.

If an applicant fails to meet the minimum requirements or if the impacts on
the fitness for the protection of the natural aquatic environment and for water
uses of the receiving water are unacceptable or uncertain, then two options
exist. The applicant can suggest alternatives which do meet the DWAF's

Overview of the Effluent Discharge Investigation
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minimum raquirsments or a more detailed effluent discharge investization
can be carried our. This decisicn on the required course of action should be
agresd to by the DWAF, the applicant and the other parties involved,

The DWAF, the applicant or the other parties involved may require tha: the
detailed efiluent discharge investigation be carried out by external
consulants. If an external consultant is required, the onus is on the applicant
to appoint consultants who are competent to carry out the investigation and
who are accepuble to the DWAF and the other parties involved. The
applicant must also pay for the services of such consuftams.

Refer to the Screening Module, Task 2: Determine need for further
investigation, for more detail.

c. Detsrmine the scope of the detailed effluent discharge
investigaticn

Once it has been decided that an effluent discharge investigation has 1o be
cone. tie firs: step is to determine the extent of the investigation and the
appropriate approach. The scope may vary considerably according to the
circumstances. The activities associated with scoping the investigation are:
Determine the area of investigation

Determine sources of impact on water quality

Determire water uses

Determune water quality requirements

Identify the constituents of concern

Plan an effluent discharge investiganon

Refine the list of interested and affected parties to be involved in the
process.

The Scoping Module (Tasks 3 to 8} describes in detail the activities involved.

d. Pradict the effacts of discharge on water quality

[t is necessary to predict and quantify the effect of the discharge on the
raceiving water body so that appropriate water quality limits, anc other
requirements, for the effluent discharge can be specified. The activities
associated with quantifying the effects of the discharge are:

Determine hydrological characteristics

Analyse water quality data

Estimare effects of non-point sources

Esitnate effects of natura! feawres

Predict the effects of discharge on water qualiy.

The Quaniifiing Module (Tasks 9 10 13} describes in detatl the activities
tmvoived.

Cverview of Eftluent Discharge Investigation
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e. Submit application

The detailed effluent discharge investigation must be described in a report
which covers the above issues. The report format is described in Appendix C.

f. Assessment of an application to discharge

The purpose of the assessment is to ensure that:

s Sufficient information is provided to enable the DWAF and the other
parties involved to evaluate the impacts of the effluent discharge and
make a decision regarding the issuing of an exemption permit

» Sufficient consultation with interested and affected parties has taken place

® The effluent discharge investigation report has addressed all the relevant
issues in sufficient detail.

The DWAF will, if necessary, ask for peer review by other specialists of
technical aspects of the investigation to ensure the objectivity of the report.

g. Approve application to discharge?

The decision as 1o whether or not to approve an application to discharge will
be made by the DWAF, The justification supplied by the applicant will be
considered, as well as the results of any additional investigation that has been
undertaken and the views of the interested and affected parties. If the DWAF
decides not to issue the permit, based on the application under review, other
alternatives might be suggested and required 1o be investigated.

If the application to discharge has been refused, notification, in writing, will
be given to the applicant. In all cases, whether or not an application is
approved, and a record of decision will be kept and made available to
interested and affecied parties on request.

The Decision Module (Task 14) describes the issues involved in determining
whether or not 10 approve an application to discharge an effluent.

h. Establish permit requirements

Esuablishing permit requirements involves the integration and weighing of all
the information that has been received in order to determine the requirements
which an effluent discharge will have to comply with.

Before a permit is granted, a number of requirements, to which the future
permit holder will have to comply, will be specified by the DWAF. These
requirements address aspects such as:

Detailed effluent standards

Plant operation and maintenance requirements

Monitoring requirements

Reporting requirements.

Overview of the Effluent Discharge Investigation
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The DWAF has developed some standard requirements, based on industry
type and discharge metheds, that are ofien included in permits. Most permits
contin a mixture of standard and site- or case-specific requirements.

Permits are currently issued with expiry dates. The period for which a

permit will be valid will generally not exceed S years and will depend on

issues such as:

s Uncerminty in the information on which decisions were based

s Time required by a discharger to implement major changes in the
operations

» Changes in the capacity of the receiving water body to assimilate waste,
for example, as a result of the development of water resources or land use
changes in a catchment.

The Decision Module (Task 14) describes the issues involved in establishing
the appropriate permit requirements.

i. Ensure compliance and reassessment

After the permit has been issued, a number of activities are needed to ensure
that the requirements set out in the permit are complied with. These activities
are maintained for the lifetime of the permit.

The discharger has to monitor the effluent and the receiving water body.
Monitoring includes the sampling, analysis and reporting. Specifications for
sampling and analysis are included as part of the permit requirements, which
also specify that reports of the results are to be provided to the DWAF and,
possibly, other parties as well, at regular intervals,

Auditing is the process whereby the DWAF ensures that a permit holder is

complying with all permit requirements and that the permit requirements

provide sufficient protection to the quality of the receiving water body. This

is done by means of:

®  Analysis of a permit holder’s monitoring results

® Regular site visits 1o check compliance

» Independent sampling of the permit holder’s discharge and the receiving
water body by the DWAF

® Follow-up of complaints received from the pubiic.

The DWAF will make the results of such auditing available to interested and

affected parties.

Non-compliance with permit requirements is usually dealt with by persuading
the permit holder to address the problem, as it is the DWAF's policy to first
try to solve the problems by achieving co-operation from the permit holder
before resorting to confrontation. However, the DWAF has the right and the
duty, in terms of the Water Act, to prosecute offenders.

Overview of Effluent Discharge Investigation
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Excmption permits are reassessed from time to time, in the light of ongoing

changes or developments, to ensure that:

® Effluent discharge investigations were comprehensive and accurate

® Criteria by which decisions were made were adequaie and suj] reflect
DWAF's policies

* Monitoring programmes are providing sufficient information to assess
impacts

® Permit requirements are sufficient to control impacts and continue to meet
water quality objectives,

The issues involved in ensuring compliance to permit requirenients are
described in more detail in Task 14,

Overview of the Eftluent Discharge Investigation
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TASK 1:
Apply for Effluent Discharge

IS5 The objective of applying for effluent discharge is for the
discharger to obtain the privilege of using some of the
assimilative capacity in the receiving water for the disposal of

waste. It allows the DWAF, as well as other interested and
affected parties, to obtain information they require o decide
whether or not the application can be approved or whether thers
is a need for further investigation.

= During the preliminary.investigation, the applicant must
gather information on the activity producing the effluent, as well
as the effluent itself and relevant information on the surrounding
catchment. The aplicant should also identify interested and
affected parties and notify them as to the invesitgation.

0= [n the application, justification must be provided for:

® The need for the discharge in terms of the development’s
significance for sustainable development
® The necessity of producing an effluent containing waste,

U=  During the screening of the application, the DWAF ensures

that the applicant has taken all feasible actions to firstly prevent
and secondly minimise waste.

="  During this process, the need to consider alternatives may be

identified by the DWAF, the applicant or any of the interested and
affected parties.

1.1  Consultation interviews with the DWAF and others .. 42
1.2 Submit preliminary information . . .. ............ 42
1.3 Provide justification for discharge . . ............. “

1.4 Consider alternatives . ... ......+cooani v 45
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7.7 Consultation interviews with the DWAF and others

B Consultation interviews between the applicant, the DWAF and
the interested and affected parties early in the process can
provide:
® Information for the DWAF and the other parties involved on
the likely effects of the discharge

® Guidance for the discharger on DWAF's water quality
management policy and practice, its information requirements,
and the possible concerns of the other parties involved.

While consultation interviews between the applicant, the DWAF and the
interested and affected parties before an application for an exemption permit
is formally submitted is not explicitly required by law, it provides substantial
benefits 1 all parties. The DWAF requires certain information of all
dischargers and has generic requirements for many types of discharges,
Discussion of those requirements before much effort is spent on developing
information will emable the discharger to focus the investigation on the
information required by the DWAF. By identifying and involving the
interested and affected parties at an early stage, their concerns, if any, can be
established and be dealt with from the start of the process.

7.2 Submit preliminary information

E5"  The applicant must supply at least the following information
for the preliminary investigation:

Location of the activity

Type and scale of the activity

Nature of the effluent

Water users in the catchment

Sensitivity of the catchment

Water quality status of the caichment

Who the interested and affected parties are and what their

concerns are.

The DWAF requires certain information from the discharger. A brief outline
of the type and scope of this information is outlined below.

project life cycle  In an application w discharge an effluent, the preliminary information
supplied must include a description of the impact of the facility on the
receiving water body throughout its entire life cycle, i.e. during construction,
operation, decommissioning and after closure,

Task 1: Apply for Effluent Discharge SCREENING MODULE
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Minimise waste. During the screening of the application, the
DWAF has to ensure that the discharger has taken all feasible
actions to prevent and minimise waste,

level of detail  If a detailed investigation is needed, then the preliminary information will
form the basis for additional information gathering in the rest of the
investigation. In many ways, this initial task is a smaller-scale version of a
more detailed investigation.

Y

The applicant is responsible for obtaining all the information
required for the preliminary investigation,

location of the  The location of the facility and the points where effluent is (or will be)
activity  discharged must be clearly identified in the context of the surrounding
cawhment.

nature of the  The following aspects of the effluent must be characterised:
effluent ® The type and expected concentrations or levels of various physical,

chemical, biological or other constituents

® The raw materials used and the process(es) that produce the discharge

= Known or likely changes in the quality of the receiving water that will be
caused by the discharge

= Possible impact on the downstream users as a result of the likely changes
in water quality,

type and scale of  [nformation about factors that could conribute to Or mitigate water quality
the activity  effects should be supplied. These factors include:
®  Physical size of the fatility
Volume of the discharge
Expected variation in the volume of discharge
Material and product storage practices
Possible risk of accidental spillages and the precautions that have been
taken to contain these
® Possible risk of non-point sources and/or stormwater and the precautions
that have been taken 10 prevent these.

water uses  Water uses that could be affected by the discharge must be identified.

sensitivity of the  Highly sensitive catchments are ones with:
catchment s Rare or endangered species of plants or animals and unique ecosystems
that could be affected by the discharge
® Economically important water uses with very stringent water quality
regquirements

SCREENING MODULE Task 1: Apply for Etfivent Digcharge
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= Historical conflicts over water use or water quality issues
®  Other issues related to environmental protection, human health,
technology application, economic effects, legal restrictions, etc.

Any links between the catchment in which the activity is located and other
carchments should be noted. Examples are: water transfer schemes berween
caichments, or rivers that cross or form international boundaries.

interested and A list of interested and affectzd parties containing details of contact persons
affected parties  (addresses, telephone and fax numbers) and their concerns must be provided.

water quality A statement of the water quality status of a catchment must provide a
status of the  summary of past, existing and projected future water quality in the
catchment  cochment. The status is evaluated in terms of the existing water quality
compared to ideal water quality required by existing and projected water
uses.

Extensive monitoring s not required during the preliminary investigation, but
some measurements may be required if no data are available.

legal requirements  The discharger must demonstrate that other legal requirements have been
satisfied. Among the issues likely to be relevant are:
® The right to abstract water
Other permits which may be required
Location of the point of discharge compared to the point of abstraction
Quality of the effluent compared to general and special effluent standards.

1.3 Provide justification for discharge

=  The applicant must justify the need for the discharge in terms
of:
s [ts contribution to sustainable development
= The quantity and quality of the effluent being produced
® Any alternative(s) proposed

justification  The applicant should justify the need for the discharge by the following:

» Specifying the benefits derived from an existing operation, or o be
derived from a proposed operation, in terms of its contribution to
sustainable development.

This must be done both in economic and in social terms. 1t should
address issues such as creation of jobs (both direct and indirect), vial
services being provided, foreign exchange being generated e, The
weight being given 10 the economic and social benefits associated with an
operation discharging an effluent will, however, depend on other factors
such as the available assimilative capacity of the receiving water bedy and
the hazardous narure of the effluent. If the assimilative capacity of the
receiving water body has been, or is close o being, exceeded and the

Task 1: Apply far Effiuent Discharge CREENING MODULE
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efiluent conuins constiruents which are considered to be hazarcous for
water uses or the aquatic environment. then permission to discharge an
effluent may be withhe!d even if there are major social and ezonomic
benefits to be derived from the operation wanting 1o discharge such an
effluent.

® Justifying the quantity, guality and disposal method of the final effluent.

® Showing why, if other and better alternatives have been identified, one
partcular option has been selected.

The justification must be presented in such 2 way that the DWAF's decision-
making hierarchy, as set out in Scction A.2.4, can be applied.

1.4 Consider alternatives

scope of  The neced to consicer alternatives may be identified by the DWAF or the

alternatives  applicant. Alernatives can involve any aspect that affects water quality,
including alternative industrial processes, other treatment processes. disposal

routes. provision of alternative supplies for downstream water users, e1c.

adoption of  Adoption of one, or several, of the alternatives may necessitate further

alternatives  nvestigation o assess the efiects of these alternatives on receiving water
quality. The alternatives to be assessed will often determine the scenarios
that must be ncluded in a detailed effluent discharge investigation.

SCREENING MODULE Task 1@ Apply for Eftluent Discharze
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TASK 2:
Determine Nezd for Further Investigation

B="  The objective of determining the need for further

investigation is to establish if sufficient information is available
to decide whether:

= Permission to discharge can be given or not
or
s  More information is needed before such a decision can be
taken.

= In some very simple situations, it may be possible to make a
decision about discharging the effluent, based on information
contained in the application. The Screening Module provides for
that situation. An opportunity for the involvement of interested
and affected parties in evaluating applications that have passed this
preliminary step without further investigation, is provided during
Task 14, Assessment of an Application to Discharge an Effiuent.

2.1 Decide whether additional investigation is needed ... 50
Sl THODORUSIEDE . < o v v v v 980w v st)psvedeseesass 81
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2.1 Decide whether additional investigation is neeced

S Additional investigation will be needed if the important issues
cannot be resolved with the available information. The additional
information needed can range from "none” to that requiring
extensive investigation.

A decision to require more detailed investigation will be taken by the DWAF,
based on information supplied by the discharger in the application to
discharge effluent and the concerns, if any, of interested and affected parties.

Many factors will be relevant to particular situations and all will have to be
integrated and considered by the DWAF. There can be no “hard and fast”
rules for the decision about whether or not further investigation is required,
as there are likely to be special considerations and local requirements that
make each case unique. Nonetheless, the criteria listed below can be used w
help determine the important technical issues invoived in the decision about
the discharge and to decide whether or not further investigation is warranted.

The sensitivity of the catchment can be defined in terms of the:

® Tolerance of the water users for changes in water quality which may
result from the effluent discharge

s Extent of the economic impact on affected water users

» Uniqueness, conservation value and conservation status of the natural
aquatic environment that could be affected.

Effluent from an industry with a large volume of waste, or a poorly-run small
industry, could both have large impacts on water quality of the receiving
water. Thus the size of the industry is not a direct indication of its potential
impact on the receiving water. The assimilative capacity of the receiving
water is also an important aspect. A receiving water with a small
assimilative capacity could be substantially affected by an effluent that would
cause little change if discharged to a water body with a large assumilative
capacity.

Toxic substances in the discharge imply the need for additional investigation,
The DWAF is developing an approach to control toxic effiuent. Until
specific guidelines are available, every discharge which contins potentially
toxic substances will be subject to effiuent investigations.

If a discharge does not comply with the general and special (minimum)
effluent standards, the reasons and effects of the noncompliance must be
determined. Minimum standards can include limits on the quality and
quantity of the effluent. Effluent that does not meet minimum standards is
likely to require further investigation.

SCREZNING MOCULE
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Economic and financial implications, both for the discharzer and water users
must often be censidered in the preliminary phases. If these unpacts could be
significant it probably requires further investigation,

Much of the required information would be readily available for carchments
for which catchment srudies have recently been completed. If no cachment
studies were done before or, if substantial changes have occurred since a
previous cawchment study, additonal investigation will probably be neaded.

Case- or site-specific factors. for example:

8 Local and/or regional development plans

= Risk and impacts of spillages and accidents on the site or facility from
which the effluent is discharged

= Risk and impacts of non-point sources of impact on water qualicy from
the site or facility on both the surface and groundwarter qualiry, must be
considered,

2.2 The next steps

Once the situation has been assessed, and if the need for further investigation
to gather additional information has been wdentified, the next swep will be 10
determine the scope, or terms of reference. for the detailed investigation,

The DWAF, the applicant or the other parties involved may require that the
detailed effluent discharge investigation be carried out by exiernal consultants.
If an external consultant is required, the onus is on the applicant to ensure
that the consultants appointed are competent (o carey out the investigation and
that they are acceptable 0 the DWAF and to the interested and affected
parties. The applicant is required to pay for their services.

If further investigation is not required. the next step for the discharger is a
formal submission of the information required in the form of an application 1o
discharge an effluent. The application and the information it coriains will be
assessed by the DWAF and other interested and affected parties. Based on
the outcome of such an assessment the DWAF will decide whether or not to
issue a permit and if so what the permit requirements will be.

Task 2: Derermine Need for Further .fn(/esnga:.'cn
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TASK 3:
Determine the Area of Investigation

EF  Practicality dictates that an effluent discharge investigation

must have limits. Determining the geographic area to be
considered in an effluent discharge investigation has to balance

the availability of resources, including time and money, with the
potential scale of impacts on water quality likely to be caused by
discharging an effluent.

B The downstream limit to the geographic area to be considered

in an effluent discharge investigation should include all the users
that are affected by the proposed discharge. The extent of the
area affected by the discharge may not be obvious from the
beginning of the investigation, therefore, an iterative process will
be required to ensure that the area of the investigation can be
extended, or retracted, if necessary.

3.7 Selection of the area boundaries . . .............. 58
3.2 Upstream limit of the area of investigation . . . .... .. 58
3.3 Downstream limit of the area of investigation . ... .. 59

SCOPING MODULE Task 3; Datermine the Area of Investigation
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3.1 Selection of the area boundaries

overall perspective  The geographic area to be considersd in an effluent discharge investigation
must be defined in such a way as to easure that:
® Any future changes in upsiream water quality
® The requirements of water users and other interested and affected parties
downstream of the likely impacts of the discharge
are wken ino account.

choices of imits  The choice of the upstream limit will typically be determined by
consideration of inputs 10 he receiving water. The choice of the
dovwnstream limit will typically be determined by how far downstream water
users and other interested and affected parties are likely 10 be impacted by the
discharge.

Factors that will influence the choice of limits of the area of investigation
include:

s Other sources of contamination from nameeal and human activities which
contain constituents of concern that:

& Are present in the effluent being investigated

©  Affect the same water uses

The location and type of water users

Dilution by tributaries

Water qualicy objectives

The concerns of other interested and affected parties.

flexibility of kimits  The initial geographical limits of the effluent discharge tnvestigation cannot
be fixed at the beginning of the investigation. Even after the initial scope has
been determined, these limits should not be considered 1o be rigid. Important
information could still become available during the investigation that might
influence the chowe of the beundaries of the area of investigation,

Determining the arca of investigation is an iterative process, that is, previous
decisions are reviewed in the light of additional data. The scope sheuld be as
wide as possible ar the initial stages and, as more information becomes
available, narrowed down to focus on the area that will be crucial in the final
decision making.

3.2 Upstream limit of the area of investigation

headwaters  The upsiream himit of the area of investigation is a point where conditions i
the water body (for example, water quality. hydrology and hydraulics) can be
considered to be umimpacted by the discharge under consideration. The water
quality at this poiat will be called the headwaters quality and the conditions
will be called the headwaters conditions.

ldeally, the headwaters conditicns should be described and, apart from the

known or predicted variation, be a fixed quantity for the purpose of the
mvestigation. Headwater concitions can seldom be assumed to be stauc,

Task 3: Derarmune the A-es of Investigation SCOPING MODULE
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therefore, several scenarios of headwaters conditons may have to be
considered for the purpose of the investigaticn.

The ideal requirements for an upstream limic for the purpose of characterising
headwater conditions are as follows:

= [t should be possible to describe the water quality and the factors that
affect it, such as hydrology or hydraulics, at this position. Therefore.
there must be sufficient data on these conditions ar the headwaters point.

® The vanation in the water quality, hydrology and/or hydraulics, at this
point should be predictable. In other words, it should be possible to
identify the sources of the variation and to predict the resultant water
quality, hydrology or hydraulic conditions.

3.3 Downstrezm limit of the area of investigation

The downstream limit of the effluent discharge investigation must be selected
such that the impact or and concerns of users and other meerested parties
downstream from the proposed discharge can be assessed. During the first
iteration of the scoping phase, the whole caichment or the widest possible
area of investigation should be considered so that a synoptic investigation of
all users and other interested and affected parties can be made.

The final downsiream limit will be selected by considering, among others, the

following factors:

® The location of sensitive users that are likely to be impacted by the
discharge

» The distance. from the point of discharge, at which the impact of the
discharge is still expected to be notable

= Other factors which can mask or confound the impacts from the effluent
discharge being considercd. for example, other discharges which may
cause similar impacts or ributaries which may reduce impacts.

Tasx 3: Ceresrre the Area of Investigation
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TASK 4:
Determine Sources of Impact on Water Quality

SCOPING MODULE Task 4: Cetermine Scurces of impact on Water Quality
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Determine Sources of Impact on Water Quality

B  This task consists of identifying the man-made sources and

narural features in the area of investigation that could affect the
quality of the water body receiving the effluent discharge. These

sources and natural features are characterised in terms of the
magnitude of their effects on water quality and the options to
control these effects.

ES"  The permit requirements for an effluent discharge are set by

taking into account the effects of man-made sources and natural
features on the water quality properties or constituents of concern.
The volume and quality of the effluent allowed to be discharged
will depend to a large extent on the effects of these sources of

impact on water quality.
4.1 Definition of sources of impact on water quality . . . . . 64
4.2 Procedure to identify sources of impact on water quality 64
4.3 Locate sourcesof information ..........civvvun 65
4.4 |dentify and describe sources of impact on water quality 686
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4.1 Definiticn of sources of impact on water guality

The following definitions related o impacts on water quality are used in this
manual;

® An impact on water quality refers o any alteration of the physical,
chemical or biological properties of water, Such impacts can:
© Cause the fitness of water for the protection of the narural aquatic
environunent and for water uses to improve or to dezeriorate
€ Be caused by man or by the natural features of the basin (n which 2
water body is situated.

This definition of what entails a water quality impact means that any
source. whether it is man-made or a natural feature, or whether not &t
adversely affects the fitness of water for the protection of the narnural
aquatic environunent and for water uses. would be defined a5 3 source of
UnpacL

It is also importaat to understand that a specific impact can improve the
fitness of water for one purpose while at the same time cause It (O
detertorate for another. For example, an mrer basin transfer of low
salinity water to a naturally saline receiving river sysiem will ymprove the
fitness of the receiving water body for, say irrigation purposes, while at
the same time such an impact may cause the health of the natural aguarx
environment, which was adapted 10 a saline environment, to cezeriorate.

® Typical sources of impact on water quality are:

¢ [Isolated incidents, e.g. accidenal spillage of contaminanst from
stauonary or mobile sources

o Point source discharges, e.g. from waste-water reamment plaats or
other industrial facilities

e Transfer of water from one river basin to another

© Diffuse or non-point sources, ¢.g. runoff from land used for different
purposes, atmaspheric deposition, etc. .

@ The narural fsatures of a river basin, i.e. constituenats, energy or
effects picked up by water from its contact with the earth’s surface,
apart from any human activity.

® [n the context of the above definitions. a water quality constituent of
concern can be any constinuent, energy or effect which does, or
potentially can, adversely affect the fitness of water for the protection of
the natural aquatic environment and for water uses.

4.2 Procedure to identify sources of impact on water
quality

The different sources of impact on water quality for the constituents of
concern must be identified and their respective effects on the quality of a
receiving water body must be quantified. Thirs will help to put the effects on

Task &: Determine Sources of Impact on ‘Water Cuaiity SCORPING MZSDOULS
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_ =)
water quality of the effluent dischar2= bemng investizated into the appropriate
perspective.

Figure 5 gives an overview of the procedure used to identify sources which
are hikely to impact on water qualicy in water bodies receiving an effluent,
The steps are desc:ibed below.

Locate sources ¢f information

|

//a;cribo scurces of
| impact cn water quality in !

Figure 5 |dentify sources of impact on water
quality in the area of investugation

4.3 Locate sources of information

The first step is to locaw the information sources. Some examples of
information sources are;

Record of permits issued by the DWAF
Local authorities. for example, munic:palities
Indusiries

The public

Conservation organisations

Physical inspection of the area of investigation

Use of histerical data 1o make an assessment of spacial and temporal
changes in water quality it L receiving water body.

SCOP!NG MODULE Task «: Determme Sources of Impac: an Warer Quaiity
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4.4 Identify and describe sources of impact on water
quality

= Using all available sousces of information, identify all possible
sources of impact on the quality of the receiving water bedy in
the area of investigation.

other sections ot  Tasks /! and ]2 that describe water quality effects resulting from natural
this manual that  fearures and from non-point sources provide information oa the kinds of
opply to this task  impacts one might expect from those sources.

what the  Descrite the sources that impact on water quality in the area of investigation,
descriptions  in terms of: :
include o \Where they are located

e The propertics and characteristics of their discharge or impact

® The range over which the properties and characteristics varies

®  Any other factors which affect the mmpact of these sources and/or the
spatial or temporal distribution of such umpacts (e.g. industries such as
fruit canners which operate only during cestain seasons or (luctuations in
the gold price which may affect, over lenger cycles, the scale of mining
Operauons, etc.)

= The significance of the source by comparing its impact on the quality of
the recerving water body with that of the effluent discharge being
invesugated

e The oprions available and constraints for controlling the undesirable
impacts and enhancing the desirable impacts of these sources on water
quality of the receiving water body.

Task 4- D&rer.‘mhe Sourcas of Impact cn Water Cuaiity SCCPING MOOULE



FProcecutes to Assess Effuent Dscharge Impacss v 13! C&ion

TASK 5:
Determine Water Uses

SCOPING MODULE Task 5: Determine VWaier Usas



68 Procedures to Assess Effivent Discharge Impacts » 1s: Edition

ROACMAP
daahwmwmm)

P
t——“) (ran .nn‘-}m ] TR shows the current task in the )

= v
E Feviaw cf )! »
permits’ | Task 2 mmumw ....... p 47

A Mirsmurn Minumam

Task? - idently e consSuents of CONOMM. ..y ivuaeis 287
Task 8 - Planning an efMuent Zigcharge investgation ... .p97

Task 10 - Analyso water qualty dats .. ......ocoiianns P19
Tak 11 - Ecimaty eflecs of non-point SSurces .. ...« »122
Task 12 - Esdmate offecs of natural loasres .. ...\« F AL
Task 13 - Prodict 1o eflecss of Siacharnge .. ........... p183

MODULE 8

= !

g —
{ Submit final epplication —
2 0 ; 7

Y
et Tk 14 - Assassment of appliication o Gecharge affivent . . p.187 3

*  Evaliescn of appicaten

«  Decision on whather or not 1 aflow discharge

i *  Semng of permidt requements f acpiicable)
s Recoed of decision

Task 5: Determine Water Uses | - SCORING MODULE



Procacures to Assess Effiuvent Discharge fmpacez » 1zt Eqinen

€S

TASK 5:
Determine Water Uses

B The objectives of this task are to:

® QGather information on water users and the natural aquatic
environment

® Determine which water users and aspects of the natural
aquatic environment are most likely to be affectzd by the
discharge so that their water quality requirsments can be
determined.

= water quality is not an intrinsic property of water, it can only
be described in the context of what the water is or will be used
for.

I The water users and the natural aquatic environment should be

characterised in sufficient detail so that their unique water quality
requirements can be determined.

B WHo tians Wotar i I BR: o o+ <)o (500 61005 3 5755 0 4Ty 7C
5.2 Locate sources of data on wateruse .. ..... eers 43
5.3 Determine location of water users . . ... .....v o 72
54 Howmuchwaterisused? ............ouiiviun 72
5.5 Which users should be included? . . . ............ 73
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5.7 Who uses water in the area

responsibility  Thae discharger collects information on the water users and the natural aquatic
eavironment in the affected catchment. The DWAF will ensure that ail
significant users and the fearures of the nawral aquatic environment have
been taken O account.

A flow diagram showing the steps involved in this task, as well as its links to
other tasks in this module, is given in Figure 6.

Figure 6 Flow diagram for "Determine
water uses ard the natural aguatic
environment in the area of investigation™

water users  These are water users in all secrors of the economy. Water uses can be
classified according to four main categories, namely:

Azriculural
Domestic
Indusirial
Recreational

Task 5- Cetermine '‘Narer L3528 SCCGPING MODULE



Procedures 10 Assess Efttuent Cischarge (rgacis o 1s: Edition

water quality
requirements
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1
These major class:icatons can be sudb-diviced as follows:
L ————
® Agricultural  © Irrigation, according to crop ard soil rype
@ Siock wawering
o  Aguaculture
» Dcmestc ¢  Drinking water, water used for washing and
cleaning, gardening, e'c.
s |ndustial 2 |ndustries have a wide range of processes each

with different water uses e.g. direct
consumption in the product, cooling water,
washing water etc.

® Recreatonal © Primary contact - e.g. swimming - where the
entire bedy is expected 0 be submerged
©  Secondary contact - ¢.g. boating, water-sking -
where full body submersion is not expecied
@ Fishing
e Agsthetics (ro direct water use)

Proection of the health of the narural aquatic environment,
althecgh it 1s not a water use but rather a part of the water
rescusce ielf, also needs to be characterised in terms of s
water quality requirements.

Each water use as well as the need to protect the health of the nawral aguark
environment has ceriain water quality requirements which can be assessed
in terms of particular water quality constiienus. The requirements for
different users vary substandally within each sector. Agriculural water
quality requirements depend on the crop, soil and irrigation practices
employed: different industrial processes each have different requirements:
water quality requirements for the protection of the health of the natural
aquatic environmem vary depending on the habitat, the sensitiviry of the
organisms. the cccurrence of rare and endangered species and other, site-
specific, conswderations such as the conservation status and conservazion
importance of the ecosystem. See Task 6 for a description of determuning
water qualiry requirements.

5.2 Locate sources of data on water use

A rumber of sourcss of data can be accessed for information. Among them
are:

DWAF records

Local authorities

Industries

Municipalities

Ierigation boards

Task 5: Derarmine Warer Usas
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®* The public
» Conservation groups
s Field sudies.

The degree to which the data are accessible varies according to the data
source, For initial estimates, DWAF records will often be sufficient.

5.3 Determine location of water users

=3 In this step the physical location of water users and features of

the natural aquatic environment within the area of investigation are
described.

level of detail  The amount of time and effort spent in extracting, analysing and correlating
daua from different sources will depend on the point that has been reached in
selecting the scope of the investigation. In the first iteration, which takes a
wide view with lintle detail, broad categories of users will be sufficient, as
long as the most sensitive users are represented. Later iterations may require
more attention to identifying specific needs of water us 15, for example,
crops grown on specific soil types.

5.4 How much water is used?

LS Each water user must be associated with a volume of water

consumed and the in-stream flow requirements of the natural aquan
environment need to be determined.

The estimate of the volume used may be based on actual recorded values (for
example, from municipal records), from estimated average figures supplied in
the literature, or estimated by other indirect measures. In determining the
scope, the objective is to estimate the relative volumes of water used. That
estimate, in turn, is used to provide input to assess the importance of the
uses. Exact figures are not essential for the initial estimates. Data should be
as accurate as possible within the time and other constraints of this imtial
phase. More detailed data on some waier uses or the natural aquatic
envircnment will be needed during subsequent phases to determine the water
quality requirements.

It is equally important to estimate the in-stream flow requirements of

maintaining healthy the natural aquatic environment in order to balance these
needs with that of water users.

Task 5: Derermine Water Uses SCOPING MODULE
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£.5 \VVhich vsers should be included?

In the firs: neration of scoping. where the entire carchment might have been
wdentificd as the swudy area, all users as well as all the features of the
natural aquatic eavironment must be included.

In later ireratiors, some water users and the natural agquanc eavironment or

components of ezosysiems in the study area may be omined on the basis of

the following criteria;

®» They are upstrsam of the discharge and do not have an effect on and is
not affecied by the downstream water quality

» Some mav be insensitive 10 all the components of the discharge.

Neither water users nor the narural aquatic environment or components should

be omitied if tiers is uncerwinty about their roles or likely economic
importance and stams in the study area.

Task 5: Determine Water Uses
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Determine VWater Quality Requirements

B=  Water quality requirements must be described for the water

users and for the protection of the natural aquatic environment
downstream of the proposed discharge for each of the constituents
of concern. - These descriptions should contain at least the Target

Water Quality Range, as specified in the South African Water
Quality Guidelines, and the effects on water uses and the narural
aquatic environment, of water quality which is outside the Target
Water Quality Range.

6.7 How are water quality requirements determined? . ... 78
6.2 Waterqualityguidelines ..........seo000i0iu- BO
6.2.1 South African Water Quality Guidelines . ....... 80
6.2.2 Other water quality guidelines . . ... ...... R
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6.7 How are water quality requirements determined?

what is water  The term water quality is used to describe the physical, chemical, biological
quality  and aesthetic properties of water which determine its fitness for the protection
of the natural aquatic eavironment and for water uses. Many of these
properties are controlled or influenced by constituents which are either
dissolved or suspended in water.

fitness of water  Note that statements of water quality in the form of statistics on the
concentrations or levels of water quality constituents do not say anything
about how desirable or acceptable it is for water to have the properties
listed. Therefore, in addition 1o such statements, one also nesds to make a
Jjudgement about how desirable or acceptable water of such a quality would
be for a particular purpose before its fitness can be determined.

what water quality  For the assessment of water quality it is necessary that each of the water uses
is required  and the natural aquatic environment be characterised in terms of its water

quahty requirements, Such characterisation involves establishing:
For what purpose and how water is used

= How much water is used

®  What are the typical water guality related problems being experienced by
cach water use

®  Which are the key water quality constituents for that use, i.e. those that
are directly or indirectly associated with typical water quality problems

®  What norms or yardsticks would one use to measure the impacts of water
quality on the use

s What the target water quality range is for the key constituents for that use

»  What are the effects on the use of the water quality that is outside of the
target water quality range.

&

The process to characterise and determine the water quality
requirements for protecting the health of the natural aquatic
environment must be undertaken in a similar way 1o the one
used 10 characterise the water uses.

no effect range  For each water quality constituent there is a no effect range, which is the
range of concentrations or levels at which the presence of that constinsent
would have no known or anticipated adverse effect on the fitness of water for
the protection of the natural aquatic environment and for water uses. These
ranges were determined by assuming long-term continuous use (life-long
exposure) and incorporate a margin of safety.

Target Water  The Department of Water Affairs and Forestry has, as a matter of policy.

Quality Range  decided to strive to maintain the quality of South Africa’s water resources
such that it remains within the no effect range. Therefore, in the South
African Water Quality Guidelines the no effect range is referred to as the
Target Water Quality Range (TWQR). It is included, and highlighted as

Task 6: Datermine Water Quality Reguirements SCOPING MQDULE
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such, in the water quality criteria provided for each constituent in the South
African Water Quality Guidelines. The word “target® emphasises that this is
the water quality the DWAF strives to maintain in terms of its duty to
maintain the fitness of South Africa’s water resources on a sustained basis,

The Target Water Quality Range must be specified for each of the key
constituents for each water use and for the protection of the the natural
aquatic environment.

water quality The DWAF is developing receiving water quality objectives for all
cbjectives already  carchments on a systematic basis. Dischargers wishing 1o discharge into
S8t those stream reaches or other water bodies for which water quality objectives
have already been set, would need only to verify that all constinuents of
concern in the effluent to be discharged had been included in the objectives.

If receiving water quality objectives have previously been set,
the task of determining water quality requirements will have
already been completed.

water quality  Those dischargers wishing to discharge into stream reaches or other water
cbjectives not  hodies for which water quality objectives have not yet been set for the
previously et concrinvents of concern in the effluent would follow the steps shown in
Figure 7 below. This process would involve determining the water quality
requirements, for each key constiuent, of water uses and the natral aquatic
environment which are likely to be impacted by the effluent discharge.

4 l l r -
e b R Ecoeysten | | DO I§ o !,"“m"
it Une -
t
Cetarmine P ] |
avaiy laweas Prodiem |
e ueu-m Protiem 2 n
for amd usa :
I m i
Consttuent 1/
SRR
m : ‘M»
| E 1
| |Consstuent |
St gt
requsmaenis

' T ¢ meresents He watw Qualy
e =
consimuent

Figure 7 Flow diagram indicating the steps involved in determining water
quality regquirements
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6.2 Water quality guidelines

6.2.1 South African Water Quality Guidelines

The DWAF has developed, and maintains, the South African Water Quality
Guidelines which is its primary source of information and decision support on
the water quality requirements of a variety of water uses and for protecting
the health of the natural aquatic environment (DWAF, 1993).

definition of 8 A water quality guideline is a set-of information provided for a specific
water quality  water quality constituent. It consists of the water quality criteria, including
guideline  the tarper water quality range, for that constituent, together with other
supporting information such as the occurrence of the constituent in the natural
aquatic environment, the norms used to assess s effects on water uses, how
these effects may be mitigated, possible treaunent options, etc.

applicability of  The South African Water Quality Guidelines consists of the guidelines for
guidelines  domestic, recreational, industrial and agricultural water uses as well as
guidelines for the protection and maintenance of the health of the natural
aquatic environment.

These guidelines are now in the process of being expanded by developing
guidelines for more constituents and by developing guidelines for protection
of the health of the natural aquatic environment, Similar guidelines for the
coastal marine environment and for estuaries are also being developed
(DWAF, 1995, in prep.).

The primary basis for determining water quality requirements is the South
African Water Quality Guidelines, described above. These should be used
unless there are specific reasons why they are not appiicable, as described
below. Where necessary the information in the South African Water Quality
Guidelines should be supplemented with information from oum local and
international sources or guidelines,

site-specific  Some cases will require the development of site-specific guidelines. For
guidelines  example, guidelines may not be available for a specific constituent of
concern. Generic guidelines may not be appropriate for local conditions in
the study. Knowledge of local conditions is essential to develop site-specific
guidelines from generic guidelines.

In those cases where it is necessary to develop site-specific guidelines, those
involved in effluent discharge investigations must follow the same process
that was used for the development of the South African Water Quality
Guidelines and which is described in the Guidelines.

updating of  The South African Water Quality Guidelines are updated and expanded from
guidelines  time to time. Therefore, those involved in effluent discharge investigations in
which water quality requirements need 10 be determined should confirm that
they are using the most current version of the South African Water Qualiry
Guidelines.

Task 6 Cerermine Warer Quality Requirements SCOFING MODULE
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€.2.2 Other water guality guidefines

There are some combinations of water uses and water quality constiruents cf
concern for which the South African Water Quality Guidelines do not contain
e information reeded for determining wates quality requirements, In such
cases it may be necessary for those invoived in effluent discharge
investigations © consult other sources of local and inernational water quality
guidelines.

» Local information

Local sources of information which can be used o supplement the South
African Water Quality Guidelines include:

Summarised Water Quality Criteria (Kempster er al., 1980)

South African Bureau of Suandards: Specification for water for domesiic
supplies {SABS, 1984)

Water qualiry fitness for use rating curves for comestic water (Kempster
and Van Vliet, 1985)

Proposed aesthetic/physical and inorganic drinking-water critera for the
Republic of South Africa (Kempszer and Smith, 1933)

Water qualicy criteria in South Africa (Aucamp & Vivier, 1990)

The effect of water quality variables on riverine ecosystems: A review
(Dallas and Day, 1993)

= International information

[nternational sources of information which ¢an be used to supplement the
South African Warter Quality Guidelines include:

Australian Water Resources Council: "A compilation of Australian Waier
Qualiey Crieria™ (Hart, 1974)

United States Environmental Protection Agency: "Heal erfecss critera
for marine recreational waters™ (Cabelli, 1984

Warld Health Orgamzation: *Guidelines for Drinking Wazer Quahsn”
(WHO, 1934)

United States Environmentat Protection Agency: "Qualicy Criteria tor
Water: 19867 (USEPA. 1986)

Canadian Counci] of Resource and Environment: "Canadian Water
Quality Guidelines (Canadian Guidelines, 1987)

6.3 Graphic presentation of information

graphic Al a particular lecation, the combination of water users, measured waier
presantationrs  guality, and water quality guidelines forms a complex picture that descrives
the water's existing fitness for the protection of the narural aquatic
environment and for water uses. Graphic presentations are used as twuly 1o
integrate and display this information.

SOPNEG AIODULE Tasx 6: Derarmine Warter Quality Reguuremenis



g2 Froceduras to Assess Efffvant Oischarge Impacts « I3t Edinien

Graphic presentations are used 10 summarise information required for seming
or revising water quality objectives, They are also useful wols, on their
own, for communicating with water users. Graphic preseatations do not
document particular decisions; rather, they are used by water qualiry
managers to help in thew decision making.

examples of  Figure 8 shows a version of a graphic presentation of how water quality
graphic  varias over time compared to the water quality requirements of a single user
presentalions ¢ 3 single point in the river. This type of presentation is useful for a water
quality manager who needs 10 assess if there are any wends in water qualicy
aver time and to see how these will impact on the water user. The
“concentration” line may need clarification and/or enhancement in some
cases. It will often show measured dawa, but the data may be transformed to
show statistics such as weekly averages, morthly maximums, ewc. The
location of the measuring point for which the information is displayed is also
important. The ideal point is just upsiream of the user. but this information
may not always be available.

TESTCASE RIVER |

10 km cownstream of )

WATER USE; Potable
- VARIABLE: Xyz (mg/1) |
Q o -
'é ............................................
| = Target
@ — Water Quality - .
S | SN Range. / -
8 N o N, T 7. .\.\.\_J," .......... .

1983 2003
TIME

Figure 8 An example of 3 graphic display of 3 time series of measured or
predicted water quality compared to requirements of a single user, at a single
location in a river

Figure 9 shows another graphic presentation of water quality over the length
of a river and compared to the requirements of different water users. This
way of presenting information is useful for giving an overall picture of the
exisung water qualify in relation 1o all users in a reach. Note that where 2
user has a single abswraction point (such as the potable supply point shown in
the figure), the target water quality range is linked to a point. Where a user
has multiple or diffuse abstraction points (such as the urigation use). that
target water quality range applies over the length of river where abstraction
occurs.

Tssc 6. Determine Warer Cuality Requitements SCOPING MODULE
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Figure 9 A graphic presentation of measured and predicted water quaiity
along the length of a river compared 1o the requirements of water users

As in the single use case, the “concentration” line will need clarification
and/or enhancement. It may show data as measured for different purposes
but will more often represent summarised or transformations of measured
data, such as weekly averages, monthly maximums, etc.

In both the above graphic presentations, only a single guideline range, ie. the
target water quality range has been shown for each user. In practice, other
ranges can also be shown, for example, the range of water quality which
would be considered to be tolerable or unacceptable.

The effects of the discharge can be “superimposed” on the existing water

quality in the graphic presencation 10 show what its likely impact would be on
the resultant water quality.

SCOPING MODULE Task 6: Determine Watar Quality Regquirgrients
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TASK 7:
ldentify the Constituents of Concern

0" Time and resource limitations means that it is not possible to

investigate the effects of all the possible constituents which may
occur in an effluent on water uses and on the health of the natural

aquatic environment. Therefore, one needs to identify the
constituents in the effluent that are of concern to water users and
for the protection of the natural aquatic environment in order to
focus the effluent discharge investigation on these.

ES"  To be able to identify the constituents of concern, the water uses

likely to be affected must be characterised and the possible effects o
changes in water quality on these users must be determined.

-

U= The extent to which water quality can affect a specific water use

can often only be assessed by considering these effects at a detailed
process level,

7.1 The effects of water quality on water uses and the

natural aquatic environment . . ... .......aa s 20
7.2 Identify the water quality constituents of concern in the

QTR o 's'nivin i onis & ale W AR elaid) o 68 aiprs h ol W .. 90
7.3 Make the initial selection of constituents of concern . 91
7.4 Determine the concentration ranges of the constituents

inthereceiving waler . ... .. ... ceonsssivnaes 92
7.5 Determine the hydrological characteristics of the

POCBIVEIY WHIGE: oo o oo o o5 /s n 00 e s s b0 0 0-07000 50 5 273 92
7.6 Determine quality of the receiving water downsitream of

the ot echarD® . . . o s vvsvesvessessnios 24
7.7 Select the constituents of concern . ............. 4
PUPRIETIGES. 57 6050w a6 E 5 T ) 6 s, 078 8 95
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7.1 The effects of water quality on water uses and the
natural aquatic environment

In order to identify water quality constituents of concern it is necessary to
understand how water quality affects the water uses and the nanural aquatic
eavironment likely to the impacted by an effluent discharge.

The South African Water Quality Guidelines is the principle source of
information which the DWAF uses to assess the effects of water quality on
water uses and the aquatic environment.

In these Guidelines the different water uses and sub-uses are characterised
from the perspective of the typical water quality problems they experience as
well as their water quality requirements. Each water quality constituent for
which guidelines are provided is also briefly described in terms of its
occurrence in the water environment, typical sources of impact on water
quality, its interactions with other constituents, how it is measured, how data
should be interpreted, what the options are for removing it from the water
and what its effects are on water uses,

The DWAF requires that the South African Water Quality Guidelines are
used in the process of identifying water quality constituents of concern for the
purpose of effluent discharge investigations, These guidelines should,
however, not be considered as the only source of information, Other sources
containing much more detailed information, for example Hem (1989) and
Thomann and Mueller (1987), should also be used.

7.2 Identify the water quality constituents of concern in the
effluent

The following steps will help with the identification of which water quality
constituents occurring in an effluent would be of concern to downstream
users. The identification of constiruents of concern is an iterative process so
one must be prepared to go through these steps more than once, Each of
these steps are described in greater deuil in the ensuing sections:

®= Do a preliminary selection of constituents in the effluent for analysis and
determine their likely concentration ranges (see Section 7.3)

s Determine the concentration range of the same constituents in the water
body that will be receiving the effluent (see Section 7.4)

® Determine the hydrological characteristics of the receiving water (see
Section 7.5)

» Combine the effluent and receiving water in realistic proportions. o
determine the likely changes in the concentration of various constituents in

Task 7: Identfy the Constituents of Concern SCOPING MODULE
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the receiving water that would result from discharzing the effluent {(see
Secrion 7.6)

® Compare the likely changes in water quality for each constinent with the
water quality requirements of downstream water users ard for the
maintenance of the health of the narural aquatic environment to determine
which constituents would be of concern (see Section 7.7).

7.3 Make the initial selection of constituents of concern

By considering the key water quality constituents from a water user
perspective and what occurs in the effluent, possible corstnents of concern
should be selected from the following groups:

= Constituents in the effluent discharge itself

s Constituents in other existing discharges w0 the receiving water

» Constituents derived from the catchment geology.

The kev water quality constituents will fall into ane of the fellowin2 groups:
Physical properties - pH, conductivity, suspended solids

Major cations - Na*, K*, Mg?*, Ca’*, NH, *

Major anions - OH', CO§'. HCO;. SO . CI', NO;. PO;

Heavy metals - Fe, Mn, Al, Zn, Cu, Ni, Cr, Co, Pb, Se

Other inarganic constituents - B, Si, F

Organic constituents

“Whole effluent toxicity” - should be considered as a possible constituent
of concern for complex effluents.

If determining the range of concentrations of the potential constituents of
concern in the effluent to be discharged is not a straightforward procedure,
the flow chart in Figure 10 should be used for guidance. The procedure is
simple, though long. but will help ensure that potential constimeents of
concern are not omitted.

If the constituents in an effluent are too numerous and varted to wdenufy and
analyse cost-cffectively (i.e. complex effiuents), tests shouls be conducied on
the effluent, separately and combined with the recewving wazer, 0 deirmine

its toxicity to a variety of aquatic organisms. This measurement is referred

to as "whole effluent toxicity”.

Task 7: Identity the Consiituanms of Concarn
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Figure 10 Flow diagram showing the procedure to determine the
composition and variability of effluent gquality

7.4 Determine the concentration ranges of the constituents
in the receiving water

Use existing data or data collected during the preliminary investigation, o
define the current concentration ranges for the possible constituents of
concern in the receiving water.

O

.\/
Concentrations of the potential constituents of concern are
likely to change over an annual cycle, therefore, information
on their concentrations at least at the end of the dry season and

mid-way through the wet season will provide a rough first
estimate of the maximum spread in concentrations.

7.5 Determine the hydrological characteristics of the
receiving water

This step is addressed in considerable dewil in the Task 8, Determine
Hydrological Characteristics. Information must be obtained about the range
of flows that are likely to be observed in the receiving water. The low flows
are especially important because they represent the simiations in a receiving
water body when its assimilative capacity for waste is at its owest.

Task 7: Identify the Constituents of Caoncern SCOPING MODULE
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7.6 Determine quality of the receiving water downstrearn
of the effluent discharge

If the quality of the receiving water has been analysed at various times of the
year, the form shown in Figure 11 can be used (one sheet per constituent)
for calculating the range of quality expected downstream of the discharge.
This form can also be used by water resource managers to help select
constituents for monitoring of longer-term trends.

7.7 Select the constituents of concern

identify water  The water users will have been identified earlier in the investigation (see Task
users 5 Determine Water Uses). Their location or abstraction points should be
indicated on the schematic plan on the form shown in Figure 11 to show the
distance downstream from the effluent discharge and their relationships to
other discharges or tributaries of the water course.

effects on users  The location of abstraction points of other users will be taken into
consideration in determining the quality of the furure supply available to each
user. For example, the concentrations of non-conservative constiruents may
drop with distance from the point of effiuent discharge and major discharges
or tributaries joining the water course may change the quality of the future
supply according to their own composition.

The lower section of the form lists the water uses and sub-uses present and
requires an answer 1o the question “Are users affected (concerned) by
concentrations of this constituent?™ The question:

®  May have an obvious answer

® May require site-specific investigation to provide an answer.

In the case of an obvious answer, YES or NO would be indicated and an
acceptable concentration range given in the case of a YES. Preliminary
investigation may provide the answer in the second case or the question may
be deferred for further investigation and indicated in the column headed ™77,

initial fist of  The form in Figure 11 would thus be completed for each constituent, which
constituents of  would become a constituent of concern whenever the YES or the *?" was
concern  indicated in the lower part of the form. All such completed sheets taken
' together would provide the initial list of the constituents of concern.

Further investigation might be needed in the course of the effluent discharge

investigation. This may require, for example:

s Modelling of the fate of non-conservative constituents

s Consideration of synergistic effects

» Consideration of the possibility of solublisation of certain constituents
from the sediment.

Task 7: identify the Constituents of Concemn SCOPING MODULE
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TASK &:

€9

Planning an Effluent Discharge Investigation

SCOPING MODULE

B This task deals with the planning requirements of an effluent

discharge investigation.

BZ  The steps described here should be used as a checklist to ensure
that important details are not overlooked.

a1
8.2
83
8.4

8.5

DO BRI «. o o (s o e i SRS R e 25 ol mn 100
Constitute a steering comnittae . . « ..« .o v wnrs 100
Determine the scope and detalled terms of reference . 101
Determine time over which the investigation is to be

L AR R RN R R R S R I R ! 102
Financing the investigation ..........c..cvuue.. 102
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8.7 Important steps

The scoping module is concluded by planning the detailed investigation of the
impacts of the proposed effluent discharge on the receiving water,

B="  There are four important aspects which must be resolved w©

ensure that such an investigation is done cost-effectively:

= A steering committee consisting of representatives of the
DWAF, the discharger(s) and interested and affected parties
needs (o be constituted.

® The scope of the investigation and the terms of reference for
specific tasks need to be determined.

s The time over which the investigation has to be completed need
to be determined.

® The financial requirements for completing the investigation and
how these costs will be shared amongst the different parties
involved, need 10 be determined.

8.2 Constitute a steering committee

role of the steering  In order to ensure that the interests of all the parties involved in a discharge
committee  nvestigation are cffectively dealt with and that these are taken into account
throughout the execution of a project it is strongly recommended that a
steering committee is constituted. The role of the steering committee is
define the terms of reference for the investigation, 10 monitor progress and
to evaluate the findings. In addition to the discharger, the steering committee
should also include representatives from DWAF and interested and affected

parties,

DWAF [t is important that the appropriate siaff from the DWAF is represented on the
representatives  greering commintee. These representatives must have the mandate to interpret
policy and make decisions on behalf of the department.

other government  [n some cases the decision taking process on whether or not 10 allow an
organisations  effluent discharge requires that other government or provincial organisattons
be involved. It is important that these organisations are identified and asked
10 be represented on the steering committee.  Organisations to be considered

are:
Deparmment of Health

Department of Environment Affairs and Tourism

Provincial namre conservation agencies

Local authorities and organisations involved in water supply and
sanitation.

public involvement  DWAF seeks 10 involve the public as far as practically possibie i dectsas
regarding water quality management. Inclusion of interested and afteciod
pacties in effluent discharge investigations and the associated deciion by

Task 8: Planning an Effiuent Discharge investigation SCOPING MODULE
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process can greatly affect the scope of the investigation. The involvement of

interested and affected parties, particularly if it is done wo late or as an after

thought, can substantially increase the time and cost required to complete an

investigation. At least the following groups should be consulted for possible

involvement in the sieering committes oversesing an effluent discharge

investigation:

®  Water users in the area of investigation

s Representatives of environmental conservation groups in the area

s Any discharger(s) who are in the area of investigation and who may or do
tmpact water quality in the same way that the applicant is likely to do.

8.3 Determine the scope and detailed terms of reference

It is possible that an initial investigation may be carried out at 2 superficial
level to determine the major issues that should later be dealt with in detail.
The preliminary investigation should be based on the information submitted in
the application to discharge, as described in Task 1, Apply for effluent
discharge. For those cases, all the tasks in the Scoping and Quantifying
Modules would be addressed, bu: using only available information and
relying on sensitivity analysis. Conservative (worst case) estimates and
assumptions would be used, where needed, to ensure that any possible
unacceptable effect is identified.

A second stage of the investigation could be conducted when the preliminary
investigation indicates that an effect might be unacceptable. The second stage
would generally have more emphasis on quantifying a specific part of the
identified problem. Information from the initial analysis would be used to
allocate resources to the detailed investigations.

The existence of a completed carchment study or a survey of the cacchment m
which the point source is located will greatly expedite the initial scoping
exercise.

The amount and reliability of available data will greatly affoct the scope of
the investigation, particularly in terms of the time required and the final cost

* If sufficient information on the background and effluent quality s available,
the time required to complete an investigation may be limited. [If litle data
are available and a sensitivity analysis indicates that the allowable discharge
requirements might be quite different as result of unquantified factors. data
collection to define those factors should be initiated.

Decisions must be made regarding the time frame to be addressed n the
investigation. Projections of future development should be made in this
procedure. Criteria for selecting an appropriate time frame include the:
e Expected duration of the discharge :
s Rate of change predicted

s Magnitude of the changes predicted

®  Amount of information available on expected changes.

For rapid or major changes, the time frames addressed in the investigation
should include short- 10 medium-term scenarios of 5 w 15 years. The

Task &: Planning an Elfluent Discharge investigation
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uncertzinty of predictions associated with scenarios is so large that special
precautions should be taken when using these for setting efNluext discharge
fimits. It would be more feasible to establish discharge requirements based
on short-term scenarios and 10 re-evaluate those requirements from time to
time.

Develcp work plan A work plan that describes the tasks included in the effluent discharge
investigation, the time required to complete each task, the resources required
in terms of manpower and equipment and the task scheduling will provide a
framework for the stieering commities to evaluate the progress of the
investigation and to ensure that all the relevant tasks have been included.

8.4 Determine time over which the investigation is to be
completed

effect of data  An assessment of the amount of information available and the amount of data
collection on time  that must be collected would provide an estimate of the amount of time
required  required to collect the additional daa. When determining the amount of
effort and time to put into data collection both the magnitude and importance
or seriousness of the possible impacts must be considered.

Conversely, where a serious simauon already exists and some immed:ate
solution is required, less time for data collection may be available. In that
case, great care is needed in planning data collection efforts, 1o ensure they
are as efficient as possible. A longer term data collection programume should
be considered to provide data to re-evaluate any crisis decisions that were
made.

Data collection should extend over a period long enough to cover the
important time periods. For example, low flow often provides the worst case
conditions that must be protected against. Data collection should cover those
periods.

long-term cycles  Consideration must be given to long-term cycles that affect the amount of
© 7 water available. Rainfall is variable and meterological varianon produces
periods of less-than-average rainfall. Those conditions must be taken into
account, although it is impractical to wait for the one-in-a-100-year low flow
event so that its effects can be measured. Annual rainfall variation can be
deduced from historical data in the area of investigation, or in nearby areas.

8.5 Financing the investigation

The DWAF, the applicant or the other parties involved may require that the
detailed effluent discharge investigation be carried out by external consulants.
If an external consultans is required, the onus is on the applicant to ensure
that the consulaants appoinied are competent to carry out the investgaticn and
to pay for their services,

Task 8: Planning an Effluent Discharge Investigation SCOPING MCCULE
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Determine Hydrological Characteristics

B’ The purpose of this task is to describe the hydrological

characteristics of the receiving water. It must describe both

seasonal and longer-term variations in the hydrological
characteristics of the receiving water.

B The hydrological characteristics of the receiving water is one of

the most important determinants of its assimilative capacity. Itis
therefore important that it is done thoroughly, comprehensively, and
with sufficient artention to low flow conditions,

8.7 Determine hydrological characteristics . .......... 108
9.2 Streamflow characteristics . . ... .. v covvvenens 108
9.2.1 Classification of streams . ... ...« «+cxv v v 109

9.2.2 Statistical surnmaries of stream flow characteristics 109
9.3 Determine sources of streamflow data and information 110

9.3.1 Streamflow data recorded by the DWAF . . . . . ... 110
8.3.2 Published streamfiow data from the DWAF . . . . .. m
9.3.3 Observations atthesite . .........c.veuoiuun 111
8.3.4 Problems in the use of recorded streamflow data ., 112
9.3.5 Other hydrological information . . . . ... ........ 113
9.4 Mathematical streamflow models . ... ... S 114
9.5 Analyse data to characterise streamfliow . ......... 114
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9.1 Determine hydrological characteristics

€5 A key issuc in the effluent discharge investigation is the
interaction between the hydrological characteristics of the
receiving water and the effluent. Of the many hydrological
characteristics one could investigate, it is important to determine
which ones are most closely related 1o the potential impacts of
the effluent discharge and to focus attention on these.

When selecting the hydrological characteristics 10 be included as part of the
discharge investigation it is important to carefully consider the water quality
requirements as well as the water use panerns of the water users and the in-
stream flow requirements of the aquatic environment. The hydrological
characteristics that should be considered in the discharge investigacon should
be derived from these needs and requirements.

For example, the impacis of water quality or a water resource’s fitness for
the protection of the narural aguatic environment and for water uses are m
some cases related to the ambient concentraticns of particular constituents at
the point of use or abstracticn. In other cases the impacts ceperd inore on
the mass load of a particular constituent entering a water body over a period
of e rather than on its ambient concentration at any partxcular tme. In
many cases impacts are related to both the ambient concentrations of
constiments in the receiving water as well as on the mass load of a constiruent
entering the water body over fume.

In those cascs where the impact of an effluent is primarily related 1o the
ambient concentration of one or more constituents in the receiving water
body, hydrotogical characteristics which will allow ambient concerntrations
be determined, should be selected, for example, daily flows. In those cises
where the impact of an effluent is primar:ly related to the load of
consiituents, appropriate hydrological characteristics such as wtal anneal
runoff and water reienuon time, should be selected. The sefection of
appropriate hydrological characteristics is very <ase- and site-specific and
depends on the nature of the tmpact the effluent may have on specitic water
quality requirements and on water use parerns of water users. [Uis of eritwal
imporiance that the appropriate hydrological characteristics be selected and
approved by everyone mnvalved before dawa analysis and modelling starts.

Tasx 9: Determine Mydrelegical Charactaristics QUANTIFYING MCSLLE
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S.2 Streamfiow characteristics

8.2.1 Classification of streams

Natural streams can be divided into three general classes, each having a
characteristic type of runoff depending upon the physical characteristics and
climatic conditions of the carchment, namely:

s Ephemeral

s Intermitent

= Perennial

The above classification applies often only to a section or reach of a stream
and not necessarily to the entire drainage system,

Ephemeral streams carry only surface runoff and hence flow only during and
immediately after periods of precipitation. They sometimes have no
permanent or well-defined channels but follow depressions in the namural
contour of the ground surface. The drainage basin is either impervious or the
groundwater table is always below the bed of the ephemeral stream. In the
more arid parts of South Africa there are many drainage basins, some having
large areas, in which the stream channels are always above the water tabje
and therefore carry only surface runoff.

Interminent streams, in general, flow during wet seasons and are dry during
dry seasons. The groundwater table lies above the bed of the stream during
the wet season but drops below the bed during dry seasons. Hence the flow
is derived principally from surface runoff but during wet seasons receives a
base flow contribution from groundwater.

Perennial rivers flow at all times. In such rivers even during the most severe
droughts, the groundwater table never drops below the bed of the river and
therefore maintains a continuous base flow. Many rivers on the eastern and
southern parts of South Africa as well as the major river sysiems in the
central and western parts of the country are perennial,

Streams draining urban areas can typically have flows made up of effluent
discharges or leakage from water supply pipes. or general discharges of the
water after use by domestic and industrial users. Depending on how regular
the flow in these streams are, they can have hydrological characteristics
similar to any of the above three stream categories.

9.2.2 Statistical summaries of stream flow characteristics

The mean annual runoff (MAR) gives an indication of the average total
annual water discharged through a river. For skewed distributons. the
median is often preferred 1o the mean as an estimate of "average™ conditions.

Measures of variability such as the standard deviation, coefficient of variation
and coefficient of skewness can give an indication of the range of flows and
the probability of occurrence of high or low flows. The lowest and highest

CQUANTIFYING MODULE Task 8: Determine Mydrological Characrenistics
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annual streamfiows are also useful as an indication of the range of flows to be
expecied.

monthly  The seasonal index indicates, by means of a coefficient. the extent of the
characteristics  month-by-month fluctation. It is the difference berween the maximum and
minumum month where months are plored as the cumulative departure of
mean calendar month flow from mean monthly flow {expressed as % MAR).

daily  In rerms of the effluent discharge investigadon, the daily or continuous flow
characteristics  characteristics are rypically the most important. Flow-duration information,
where the flow equalled or excesded is plotted against tume, is a useful tool

fot discharge investigations.

low flow  Also useful is low flow frequency information for various durations or
frequency  smustical measures of daily low flows, for example, the 5 percentile of
average daily flow, the 7Qio (the 7-day average flow with a recurrence
nterval of 10 years) and others.

fimitations  One must be cautious about using only statistical summaries of hydrological
characteristics in effluent discharge investigations. [n many cases it may be
better to simulate the impact of effluent on the receiving water body by using
the complete record of a particular hydrological characteristic, for example,
daily flows and then to extract statistical summaries of the sunulated effects
for assessment purposes.

9.3 Determine sources of streamflow data and information

9.3.1 Streamflow data recorded by the DWAF

0 |f there is a suitable gauging station close to the site, the data
can be requested from the DWAF in a specified media format.

flow data  Srreamflow daw are collected by the DWAF at numerous srreamflow gauges
throughout the country. The resulting information 15 stored in electronic data
files. The streamflow data bank forms part of the Hydrological Information
Systems (HIS) under the conwrol of the DWAF, These data can be requested
from the DWAF, who supplies the data on specified media. for example. on
computer disk. The da file contains the flow rate averaged for 24 hours
and the date of that flow,

data from dams  The Directorate of Hydrology of the DWAF also uses data from state-owned
dams to provide streamflow information. A water balance is produced in
which the inflow to the dam, the spillages from the dam and the releases 10
the users, for domestic. irrigation or compensation are taken o account.
Also taken into account is the rainfall on the dam surface and the evaporatien
from the free surface.

Task 3: Determina Hydrciogical Characrerisnics QUANTIFYING MODULE
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DWA Hydrological publication No 12 (DWA, undated) conuins [iss of
river, reservowr, evaporation and ramnfall gauging sutions. The river gauging
stations are referenced by swton number, river, place, latitude and longitude.
cawchment area, peried of record and classification, according to accuracy of
measurement. For the dams, additional details are given. The numbering
sysiem shown in these tables has recently been updated (McDonald, 1989).
Information or whether there are sireamflow gauges close 10 a specific site
can be obtained from this publication.

8.3.2 Published streamflow data from the DWAF

U=  The DWAF has published monthly flow recerds and other detai
from each gauge and reservoir under its jurisdiction in various
hydrographic surveys.

Monthly flow records are published in a set of documents, namely:

® Hyvdrographic Survey Publication No 8, (DWA. 1964)

s Hydrelogical Information Publication No 10 (DWA, 1978)

s Hydrological Information Publication No 11 (DWA, [978).

These documents give look-up ubles identifying each of the gauges and for
each gauge, list station details, year, annual runoff, monthly runoff, number
of days of observed flow and any periods when there were no observations or
the gauge was exceeded. For reservoirs, the monthly inflow (nert inflow} and
the inflow plus precipitation on the water surface (gross inflow) 1s given.
Periods of no record are also given.

The Hydrological Information Publications are freely available in libraries
throughout the country. DWA Publication No 12 (DWA. undated), or the
reference tables in the front of the flow publication, ¢an be used to select the
gauge. Records can then be extracted from the publications.

The published data contain monthly flow records only, which are often not as
useful for effluent discharge evaluation as the daily records. The publications
contain data only 10 1970 and will no longer be updated. Additional
information can be requested from the DWAF.

9.3.3 Observations at the site

Some information can be cbuined from site inspection and other lecal data
collection programmes. This may include data and information on:
® Seasonality of the river
® Flow rates in the months of the year
s Lowest flows observed

©  When during the year

c  Which year the lowest
= (Cessation of flows

© Length of cessation

©  When during the vear

e Which years

QUANTIFYING MOOULE Task S: Cetermine Rycrological Characiens s
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Unless local observers have recorded their information and
have correlated their observations with other detailed records,
the credibility of the observatons will suffer. However. the
locally obtained site information can often be used for
enhancement and verification of other information,

9.3.4 Problems in the use of recorded streamflow data

=" The ideal would be to have, at the site in question, a long

unbroken record of flow in an undeveloped catchment. This ideal
is almost never obtained: thus the existing data and information
have 10 be adjusted and used to maximum effect.

etfect of changes  Most hydrological data are in the form of historical records, however lang

in the catchment  ynbroken records are the exception rather than the norm. The existing
records reflect the effect of any changes to the caichment that had an impact
on streamflow. The changes can have marked impact on the streamflow
record. For example, dams have a major impact on the low flow
characteristics of streams. Caichment changes can include afforestation.
urbanisation, construction of infrastructure such as dams and irrigated
agriculture. The data therefore may not represent a statiopary record.
Caxchment changes arc also likely to continue and possibly intensify in the
future., The historical record may not allow the user o make predictions of
future changes which may well incorporate different land uses, land cover, or
other factors that have not occurred in the past.

The consequence of a pon-stationary record is that the effect of the changes
must be identified and removed, since most statistical analysis procedures
assume the underlving process does not change with time.

sparsely distributed  Streamflow gauges in South Africa are siruated relauvely far apart and. due
gauges 1o the large area, the coverage of the whole country is sparse. Therefore.
streamflow data for a specific site 1s not often available. It is thus unlikely
that the monitoring points maintained by the DWAF will coincide with the
ideal location for an effluent discharge evaluation.

Task 9:- Daterrmine Hydrolegieal Characrarislics CUANTIFYING MODULE
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S.3.5 Other hydrolegical information

BS"  Other hydrological information is available from the following
sources

. study: “Surface Water Resources of South Africa®
= Catchment studies

s Systems analysis studies

In 1982, the University of the Witwatersrand published a comprehensive
survey of water resources in South Africa (Middleton ef al., 1982). In order
to update this information, the Water Research Commission, in 1990,
commissioned a new study of the surface water resources of South Africa
(Midgley er al., 1994). In this study, a mathematical mode! for simulating
monthly runoff, WRSMSC, was calibrated against some 400 flow gauges.
Historical land use and land cover information was used in the calibration
process. Monthly flow files at the quaternary catchment boundaries (some

3 000 records) for the 70-year period 1920-1990 will be available in the study
documentation. These documents are freely available. Information on flow is
also available on computer diskette. A serious limitation of this type of
information is that it does not adequately deal with low flow information
which is often of primary concern in effluent discharge investigations.

A number of integrated catchment studies have been commissioned by the
DWAF over the last 10 years. Surface water resources modelling is done as
part of the study and monthly flow information is produced using
mathematical models at numerous key points in each basin. A list of basins
already studied and to be swudied is maintained by the DWAF. Flow records
can be accessed on computer compatible media.

The DWAF have over the last five years commissioned a number of systems
analyses for the major water supply systems, for example. Vaal River,
Orange River, Western Cape, Amatole, etc. Hydrology is an integral part of
the systems analysis and monthly virgin flows have been produced using
mathematical modeliing at a large number of selected sites within the
cawchment, In addition, stochastic flows have been generated from the
monthly flow record at these sites, for input into the reservoir models. A list
of the systems analysis already done and underway is mainwined by DWAF.
Flow records generated for these studies can be accessed on computer
compatible media.

QUANTIFYING MODULE Task 9; Determine Hydrological Characteristics



114 Procedures 10 Assess Effkuent Discharge kmpaces » 15t Edinon

8.4 Mathematical streamflow models

0= Because problems are encountered with existing streamflow

data, especially those of site location and influence of catchment
changes, the discharger will often need to generate streamflow
information for the particular site, using a mathematical model
(also see Task 14, Determine effects of discharge on water
quality.)

model time-step [t is likely that the discharger would wish to generate flows on a daily time-
selection  gtep. Modelling at this level of detail, however, can be time-consuming and
extremely costly due to the large amount of input data required. [t may be
useful to mode! at a monthly time-step initially, to obtain some of the
streamflow characieristics and then 10 model selectively at a daily time-step to
verify the answers.

daily models  There are a number of daily models used in South Africa, among which are
the daily Pitman model, the Stanford Watershed model (HSPF), the ACRU
model, WITSKM, CREAMS and others. These models are detailed in
Appendix F. The DWAF is also in process of developing a daily model
which may in future be available for simulating daily flows.

monthly models  The most well-known of the monthly models used in South Africa is the

Pitman mode! (recently upgraded into modular form and now termed
WRSM90). The model is described in Appendix F.

9.5 Analyse data to characterise streamflow

B  The discharger must use the hydrological data to simulate the
effects of the effluent on water quality. There are two factors
which will affect the concentration in the river:

s  The total mass that the discharger will release to the river
over a given period of time
=  The rate of discharge.

use of the data  The discharger has 1o create a file of daily or monthly flows, for a period of
time. This file may be a historic record, a simulated flow record or may be
a daaa file patched with modelled values. The discharger then has to assess
the size, nature and complexity of the problem. The streamflow
characteristics described above should be of use in this assessment.
A number of calculation techniques are described below.

annual and  The mean (or median) annual runoff will give an idea of the average annual
monthly  flow. The standard deviation will give an idea of the variation about the
characteristics  mean. The seasonal index will give an indication of the variations throughout
the year and may be the first indication of extreme variation in the annual

Task 5: Determine Mydrological Characteristics QUANTIFYING MODULE
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cycle. It is also possible 1o construct, from the monthly flow volumes,
curves showing the percentage exceedence by month. This gives an idea of
the frequency with which monthly flows are equalled or exceeded. These
characteristics can be calculated from the daily information and/or from the
monthly flow volumes.

@

An indication of the low flows within each month and how
these vary year by year is, in many cases, a key issve in
evaluating the effect of an effluent discharge.

low flow Low flows can only be calculated from daily data. However, these are not

characteristics  zlways available and there are techniques to obtain an idea of the frequency
of daily flows from monthly data. Any number of low flow statistics can be
calculated from a daily record, for example, the lowest one-day flow on
record, the jowest 7-days flow on record, the cumulative x-day flow with a
frequency of recurrence of y years, the Sth percentile and others. Some of
these tachnigues and the flows obtained are described by Harris and
Middleton (1993).

A number of overseas countries use a statistically defined low flow 1o set the
limit at which the effluent may be discharged - the "design flow" concept.
For example, some states in the USA use the 7Qio, that is the lowes: flow
over 7 consecutive days with a 1:10-year recurrence interval,

In South Africa, the wide variation in low flow characteristics in different
areas makes the selection of a single, predefined design flow impractical.
The concept of assessing the effects of an effluent discharge at some selected
low flow remain valid, even if it is done on a case- or site-specific basis.

flow duration It is possible to create a flow duration curve from daily flow records, ie. 3
curves  curve that shows, on the vertical axis, the flow rate equalled or exceeded and
on the horizontal axis, the time for which this flow is equalled or exceeded.
From the duration curve, the discharger will be able 1o ascertain the duration
of time in any month that a particular streamflow occurs. A technique to
construct duration curves based on monthly data, given a monthly flow
record, has been described by Pitman (1993).

simulating It may be useful for the discharger to simulate the effects of the proposed

discharges  discharge on the river system. This simulation can be conducted by
generating the relevant flow in the river and adding to those the effluent
discharge. At relevant downstream points, the effect of the discharge on
concentration can be determined, taking cognisance of the abstractions and
accretions that will occur downstream of the site. It is possible to simulate a
continuous release, or a set release when the river flow exceeds a certain
flow rate.
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The calculauons described above are all based on observed
records or on simulated records (based on observations). The
risk that the furure streamflow in the river system will be
lower than that observed or modelled has o be considered in
the assessment of an effluent discharge.
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TASK 10:
Anslyse Water Quality Data

B This task describes the water quality data analysis that needs

to be performed to assess the impacts of an effluent discharge on
the receiving water.

I The purpose of describing both the existing water quality and
how it will be changed by the proposed effluent discharge is 0
provide the information required to assess the effect of the
proposed discharge. These descriptions should be detailed enough
for the DWAF and the other participants in the decision making
process to decide whether or not to allow the effluent tobe
discharged and if allowed, what requirements to specify.

B Iis necessary to analyse water quality both upstream and
downstream of the potential discharge. Upstrzam water quality
describes the environment into which the effluent will be

discharged; downstream water quality describes how the effluent
will be changing that water quality.

710.1 Data analysis framework . .........«e00oevin 122
10.2 Sources of water quality data . . . . ... . ... RSN b 5
10.2.1 Using existing data records . ... .. IR I,
10.2.2 Collectingnew data . ....,.......ccovov. 123
10.3 Investigate data characteristics . ............... 123
70.3.7 Dota BoRaUONE - . i o i cocovovinseeaensen 124
10.3.2 Statistical characteristics . .. ............. 124
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710.7 Data analysis framework

variability of water  The concentrations of water quality constituents usually vary over wide
quality  ranges. Some of the variation can be explained but there is often a large
component of that variation which is purely random. To emphasise this
variability, water quality constituents are often referred to as "water quality
variables’. Because water quality is such a variable property, statistical
methods must be used to describe water quality and the changes to it.

framework for  The description of the receiving water quality should be developed within a
analysis  framework that includes:

s Analysis of water quality changes over time, i.e. those changes observed
in the past and those expected in the future

= [dentification of the dominant processes that affect the water quality
constituents of concern

s Conceptual modelling of the processes that control water quality

= [dentification of the critical periods during which the water quality
changes likely t0 be caused by the effluent discharge are most likely to
affect downstream water users.

710.2 Sources of water quality data

05  Dan on water quality and flow are available to the public
from the Directorate of Hydrology of the DWAF. For some
investigations, where data are limited, or not available, data
collection may have to be initiated.

quality of data  The quality of any data analysis performed depends directly on the quality of
collection  the data collection programme. For those effluent discharge investigations in

areas where the water quality monitoring programme has been carefully
attended to, data analysis is likely to be straightforward and conclusive.
However, in areas where little or no data have been collected in the past, the
evaluation must depend on data collected over a very short peried. Major
issues relating to short-term sample collection are highlighted in this section,
but the analyst should be aware of the need to tailor the sample collection
activities to the information needs. Short-term, intensive data collection can
provide some of the information needed to describe site-specific processes
that affect water quality. Long-term data collection efforts are needed to
provide the information needed to assess large scale changes in water quality.

10.2.1 Using existing data records
Directorate of A very large database of flow and water quality has been constructed by the
Hydrology data  DWAF. Water quality and flow constituents are reported on either a weekly,

bi-weekly, or monthly basis. The data are available to the public from the
Directorate of Hydrology. A list of the data available for each site, has been

Task 10: Analyse Water Quality Data QUANTIFYING MODULE
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published in a two-volume set entiled Water Cuality Data Investory (Swart er
al,, 1991), available from the DWAF.

The DWAF coilects water samples on either a weekly. bi-weekly, or monthly
basis. Analysis of the samples is typically for sodium, magnesium, calcium.
fluoride. chioride, sulphate, potassium, silica, ammontum. orthophosphate,
nirrate plus nitrite, total alkalinity, pH. electrical conductivity and total
dissolved solids. The DWAF has routinely collested samples and analysed
samples ar gauging weirs since the early 1970s. Several inprovements have
been made in the programme over the years. so the analyst should expect

some siep changes in the dara that may not be correlated 1© any changes in
the catchment.

Additional dau collection has been carried cut by dischargers and by the
Regional Offices of the DWAF as part of their effluent auditing programmes.
Many of these data are relawed to existing permits and are available from the
DWAF for the proposed effluent discharge invesiigation. As usual, any data
collected and/or analysed by different agencies or laboratories should be
compared for systematic differences produced by differences in sampling
techniques or analysis procedures.

10.2.2 Collecting new data

Data collection may have to be nitiated because no data exist, or because
additional data are necessary to describe water quality constituents
adequately. If water quality models are developed n the process of the
study, additional data will almost surely be needed; routine data collection
scldom, if ever, provides sufficient dawa for modelling purposes.

[f no data at all are available for a reach proposed for effluent discharge, the
imitial sampling and analysis should be extensive. The steps involved in
seting up a water quality monitoring programme are described in Appendix
D. Components of the effluent and other sources of conamination should be
considered when selecting constinuents to monitor.

Each constituent of concern is ikely 10 require different models and,
therefore, different data collection efforts, Manv references are avatlablke on
proper sampling techmques, including imternal DWAF reports {Rossouw and
Badenhorst. 1987), The US Environmental Proteciion Agency has published
technical guidance specifically for sample collection programmes for the
allocation of waste loads (USEPA, 1985, and Mills er al., [936).

710.3 Investigate data characteristics

B Data record attributes that complicate the evaluation of water
quality conditions can be divided into two groups:
s Dara limitations (for example, missing values)
®  Statistical characteristics (for example, seasonality).

Cb;d.NTIF‘ﬂNG MCOULE Task 10: Analyse Water Cuality Dara
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710.3.1 Data fimitations

common data  Daca lumitations ofien complicate the evaluation of water quality, Commen
limitations  daw limitations include:

Missing values

Changes in sampling frequency

Changes in sampling location

Changes in analysis procedures

Multiple observations within one sampling period

Uncertainty in the measurement procedurcs

Censoring the measurement signals (values less than the limit of deteciion)

Small sample size

Quuliers.

Techniques exist to account for some of these limitations and should be used.
Major errors can occur when data limitations exist, but are not recognised.

changes in  Changes in the sampling programme are common causes for this sitzation.
sampling  Often changes in sampling location or analytical procedures are not
programme  documented as part of the daabase. Any step change observed in a daw
record should be investigated in terms of sampling programme changes before
assuming real warer quality changes.

inappropriate  An additional limitarion can result from inappropriate sample collection
sampling  procedures. Contamination of sample botles, umproperly calibrated
procedures  ncrruments, or many other mistakes can affect the accuracy of data.

non-representative  The collection of non-representative samples is a special case of daw error.
samples  For major solute constituents, some degree of homogeneity within a water
body is common. However, for minor constituents, such as orthophosphate,
which may be associated with suspended material, single grab samples may
be very poor representations of the whole stream (Hem, 1985).
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710.3.2 Statistical characteristics

BF  Sutistical characteristics are affected by the natural variation
of water quality in the environment and by variation in the
sampling programme itself. Four common statistical
characteristics are:
= Distribution shape
® Seasonality
= Homogeneity of the variance
® Serial correlation.

While these characteristics do not cause computational problems,
they may violate assumptions underlying statistical methods
chosen to analyse the data. This can result in false conclusions

about the behaviour of water quality in the environment.

Distribution shape is often assessed by graphical methods or by distribution
testing procedures. A graphical method is shown in Figure 12, which is a
plot of the frequency distribution of the cbserved data. A normal distribution,
with the mean and standard deviation calculated from the observed data, is
also plotted. The figure shows that the normal distribution is a poor fit to the
observed data.

Verietle SOu Distribution Normal
Chi Square 152.0143 di=5 p=0.000000

Numbar of Obsarvations

1oozooaooaooeooeoo7oosooooo1ooo
Caoncantration category - upper limit mgh

Figure 12 Frequency histogram of observed data shown with a normal
distribution with the mean and standard deviation calculated from the data

Statistical tests to evaluate the goodness of fit to an assumed diswribution are
available, Some of the commeon tests are the Chi-Square, the Kolmogorov-
Smirnov and the Durbin-Watson statistic (Gilbert, 1987). If a Chi-Square test
is done for the normal distribution and the underlying distribution is. in fact.
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normal, the Chi-Squars value ends to approach the degrees of freedom.
Figure 12 shows the results of the Chi-Square test on a data set that is
obviously not normally distributed. The sofrware that was used to do the 1es
displays the probability as 0.000000 that the result of the Chi-Square test
would have occurred by chance if the underlying distribution had, in fact,
been normal. This means that the probability is less than | x 105 that the
result of the Chi-Square would have occurred if a normal population was
sampled. The results of the statistical test confirm the visual interpretation,
namely that the particular data set is not normally distributed.

tails of  Minor deviations from theoretical distributions can often be neglected, but the

distributions  analyst must be aware that the greatest deviations are often in the wils of the
distribution, that 1s, the number and magnitude of extreme events. The tails
are ofien the most critical in terms of hypothesis tests. For very sensitive
decisions, one may wish to compare the results of hypothesis tests that
assume 2 normal distribution with the results of tests of rank order swatistics.
If the same hypothesis is accepted or rejected, one can confidently proceed,
If the results are different, additional analysis or more sampling may be
required,

additional literature  Gilbert (1987) provides a detailed discussion of statistical analysis procedures
on data analysis  for environmental constituents and uses many water quality examples. Ward
er al. (1990), discusses many issues associated with water quality data
analysis, particularly for data collected In routine monitoring programmes.
Harris ef al. (1992} discuss analysis of water quality data using examples
from South African monitoring programmes.
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TASK 717:
Estimeate Effects of Non-point Sources

B Non-point sources may, in some catchments, have a greater
impact on water quality than point sources. [t is therefore

important to be able to quantify the impacts of non-point sources
on water quality.

B="  Non-point sources which impact on water quality can result
from any activity which produces constituents that enter the
receiving water body in an intermittent and/or diffuse manner.
Non-point sources typically arise during wet weather events which
causes surface washoff of constituent. Because waste can
accumulate in catcchments during dry weather periods a time lag
may exist between when a constituent is released from its source
and its appearance in a receiving water body.

11.1 Determine categories of non-point sources impact on

NIRRT GUIIEYY . i 55 e o 56 0 ) 5 B TR S e R G NI 132
11.1.1 Formal and informal urban development . . . . .. 132
711.1.2 Commercial and subsistence agriculture . . . . .. 133
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11.2 Identify mechanisms of non-point source mobilisation . 133
11.3 Effectsof landuseonrunoff .................. 121
11.4 Identify non-point source impact patterns .. ....... 142
11.5 Model non-point source impacts . . . ... .......... 142
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711.71 Determine categories of non-point sources impact on
water quality

BF  Non-point sources impact on water quality can be broadly
classified in terms of the following land uses and practises, each
of which result in distinct kinds of sources with their associated
range of constituents:

Formal and informal urban development

Commercial and subsistence agriculture

Silviculture

Mining and exploration

Aquaculture

Industry.

Land disturbance and atmospheric deposition may further

contribute to the load generated by these land use classes.

71.1.1 Formal and informal urban development

types of urban  Urban development encompasises residential (formal and informal) areas,
areas commercial centres, industrial development, roads and parking lots, parks and
green zones and waste disposal sites. Impacts on water quality are generated
in urban areas from many different combinations of land use.

urban sources of  Urban sources which impact on water quality include erosion of exposed soil
impact on water  surfaces, litter, wear on vehicle tyres and brakes, decay of vegeuntion,
quality  application of fertilisers and pesticides on gardens, vehicle washing,

swimming pool backwash water, animal waste, sewer blockages and
overflows, industrial spillages etc. Atmospheric deposition is an important
contributor to non-point sources in urban areas, Airborne constments mainly
originate from vehicle exhausts, burning of fossil fuels, windblown dust,
incineration of waste, etc.

urban loads  The typical ranges of loads exported from urban environments are shown in
Table 2. The elevated lead content of urban runoff is linked to the use of
fuels containing lead additives. The origin of zinc in urban runoff is linked
1o the widespread use of galvanised steel items (roofs. gutters, handrails etc.).
Microbiological contaminants in urban stormwater are also of concern,
especially from informal settlements and from urban developments with
poorly maintained sanitation systems.

Task 11: Estimate Effects of Nen-point Sources CUANTIFYING MODULE
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Table 2 Unit export loads’ (kg/ha.yr) from urban carchments
North American cities RSA

Constituent m‘:“ Residential  Commarclal Industrial | Commersial®  Residentia®
BOD 112 34 %0 34 49 -
Suspended solids 1.2 3% 360 672 309 198.0
Total nitrogen 0.22 9.0 112 78 71.54 3.90
Total phosphorus 004 1.6 34 2.2 1.33 0.53
CoD . - - - 312 -
Cadmium 0.002 0.013 0016 0024 -
Chromium 0.003 0.026 0028 0.044 0.09 -
Copper 0.007 0.045 0049 0077 0.11
Mercury 0.006 0038 0043  0.065 . .
Nickel 0.004 0.029 0032 0.030 -
Lead 0.022 0.157 0.174 0.26% 0.74
Zinc 0.081 0.570 0.630 0.9%0 2.09
Iron - - - . 10.6 ’
Manganese - - - - 0.26

(1) A unit export load reflects the mobilisation from a unit surface area during an average

hydrological year (kg/ha.yr).

(2) Simpson ef al., 1980
(3) Simpson and Hemens, 1978

agricultural sources
of impact on water

sonstituents

agricultural
constituent
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11.1.2 Commercial and subsistence agriculture

Agricultural activities, which can contribute to non-point sources impacting
on water quality, include:

® [rrigation and irrigation return flow

Cultivation of crops using row cropping or non-row Cropping practises
Land application of municipal/industrial sludge

Livestock rearing

Feedlots and associated stockpiling of animal wasee and animal feed

+

processing.

The major constituents, impacting on water quality, associated with crop
cultivation include sediment, nitrogen, phosphorus, organic debris, pesticides
and dissolved salts.

The mobilisation of constituents from irrigated or dryland cultivation of crops
depends on numerous biophysical factors including:

Land tillage practises (contour ploughing, etc.)

Fertiliser type and application

Soil characteristics

Rainfall patterns

Land slope and topography

Crop type and marurity.

Task 11: Estmare Effects of Non-pownt Sources
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The export of constiruents to the edge of cultivated lands has been extensively
researched and can be quantified, The transpert of mobilised constituents
across virgin land and buffer strips is not well understoced and is sull the
subject of investigation. Little informaticn is available on the mobility of
pesticides into natural water bodies.

The export of pesticides from cultivated lands is dictated by the transported

sediment and pesticide interactions. Table 3 gives an indication of the
reported export of pesticides from cultivated lands.

Table 3 Typical pesticide application and export to the water

environment
lication

Pesticide Crop Awr::: E&m ':"l‘

(kg/ha.yr) '
Alrazine Cortn (S) 3.36 0.54
Dieldrin Corn (1) 5.60 0.039
Picloxam Grass (F) 28 0.C0C06
Propachlor  Corn (S) 6.7 0.156
Toxaphene  Cotton (F) 10.1 0.097
Trifluralin Cotton {1} 1.1 0.0019

S Surface application
F Foliar application
I Incorporated

Many different synthetic fertilisers are applied in South Africa depending on
the soil status, crop type, crop maturity, etc. The typical fertiliser application
rates vary significantly. On the Eastern Transvaal Highveld for example. the
following rates are applied:

Niwrogen : 40 - 60 kgN/ha.yr
Phosphorus - 10 - 12 kgP/ha.yr '
Potassium : 6 kgK/hayr

Synthetic fertilisers may contain a number of other inorganic constinients,
apart from the major plant nutrients including magnesium, calcium, sulphate.
chloride, zinc, copper, mangancse, iron and boron (Bornman. 1989).

A nitrogen and phosphorus mass balance conducted on the Midmar Dam
catchment concluded that only a small fraction of the apphied fertiliser is
exported. Table 4 lists the application and export of nutrieats from this
caichment,

CQUANTIFYING MOOULE
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Table 4 Application and export of nutrients
from the Midmar Dam catchment’

Fertiliser Catchment
Plant nutrient application export

(kg/ha.yr) {kg/ha.yr)
Nitrogen 10.9 144
Phosphorus 49 0.10

1. Hemens er al., 1977

feedlot  Intensive animal feediot farming generates large amounts of waste in a
constituents whelh  relatively small area, The potential impacts on water quality associated with
impact on water  fasdlot farming can be appreciated by consideration of the annual wasee load
Quality  oenerated by a single animal, as shown in Table §. The typical constiuents
associated with intensive feedlot farming include organic mater, nitrogen
compounds, phosphorus compounds, dissolved salts and suspended solids,

Table 5 Estimated total waste production by farming animals’

Manure constituents

Animal type w“;:::;" o Nitrogen Phosphorus  Potassium

(kalyr) {kg/yr) (kg/yr)
Dairy cattle 14900 61 10 49
Beef cattle 6700 3 9 19
Pigs 1400 94 22 3.2
Sheep 660 73 1.7 50
Laying hens 39 0.5 02 02
Broilers 26 0.4 0.1 0.1
1. USDA, 1979

erosion  The export of sediment from catchments as a result of erosion caused by
commercial and subsistence agriculture practises is one of the most serious
land and water resource problems faced in South Africa.

Large parts of South Africa are characterised by sieep topography, long slope
lengths and shallow eroded or erodible soils. Roosebcom (1978, 1992)
calculated sediment production from large carchments to be as high as 100
vkm?.yr. It is estimated that more than 120 million tonnes of sediment enters
South African river systems annually.

QUANTIFYING MODULE Task 11: Estimaza Effects of Non-point Sources
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11.1.3 Silviculture

silviculture  Silviculture, or cultivated forestry, disturbs the natural vegetation and land
constituents which  cover, resulting in the release of mainly sediment, plant nutrients (nitrogen,
impact on water  ooacsium, phosphorus), organic debris and pesticides. Most of the
quality  constituents exported from forestry lands are associated with sediment. This
stresses the importance of soil erosion and sediment management in
silviculture, The unit export rates for silviculture are, however, low
compared to the other major land uses.

sediment export  Sediment export is an important impact of silviculture on the water
environment and can be attributed to the following processes:

s Forestry development commonly takes place in high rainfall mountainous
areas which are characterised by steep slopes. Exposure of steep slopes
during land clearing and logging operations results in accelerated soil
erosion.

» Construction of access roads typically involves cuttings and earth fills.
This will make further soil available for erosion and export to the natural
streams.

» Forestry activities may unpinge on the natural stream banks and may
cause local bank instability, thus creating a further source of sediment.

711.1.4  Industry

types of industries  Industrial operations generate the widest range of non-point sources, which
can impact on water quality, of all land use classes. The major wet industrial
operations in South Africa include power generation, textile manufacturing,
paper and pulp production, iron and steel, synthetic fuels, mineral
beneficiation and abattoirs.

industrial sources  Non-point sources of impact on water quality from large industrial operations
of impact on water  can originate from:
quality Atmospheric emissions
Waste dumps
Raw material stockpiles
Processing/manufacturing plants
Product stockpiles.

identifying  Identification of the waterborne constituents which may emanate from an

industrial impacts  industrial operation, requires investigation into the specific industry. [t must
be appreciated that non-point sources of impact on water quality may emanate
from any industrial site and non-point sources are not restricted 1o the major
wet industries. An industrial operation which is considered “dry”, in the
conventional meaning of the term, may cause an impact on water quality if a
raw material, waste material or product is exposed [ precipitation and
runoff. Non-point source impacts from industrial sites are not restricted to
surface runoff, but may take place via a groundwater/seepage pathway.

Task 11: Estimate Effects of Non-point Scurces QUANTIFYING MODULE
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11.1.5  Mining

mining sources of  The non-point sources of impact on water quality generated from mining are
impact on water  aggociated with:
quality » Dewatering of underground and opencast workings
s  Waste rock discard and tailings dumps
s Mineral processing and beneficiation plants
® Mineral product stockpiles
® Mining infrastructure including offices, workshops, sccommodation, haul
roads, e,

mining  The constituents of specific concern in the mining and beneficiation of gold,
constituents of  platinum, base metals and coal are summarised in Table 6.

concermn
Table 6 Constituents of concern in the mining
industry
Constituent Mining operations
Gold  Platinum Base Coal
matals
Dissolved salts . (4] © ©
Acidity . - =} .
Sulphate . . o .
Chloride o - . .
Calcium (o] - - ©
Magnesium - - - <
Sodium o - - -
Nitrate o o > ~
Ammonia - L] . .
Cyanide - - - -
Iron Q - o —
Manganese - - ¢ c
Aluminium e - = <
Heavy metals o o . -
Arsenic o . . -

® = coastituent of primary imponance
@ = periodic consideration pecessary
- = seldom problematic

causes of mining  Mining and exploration gererate or expose large reserves of material which

impacts  can potentially impact on water quality, A relatvely small fraction of the
potential is rypicaily realised, depending on the mining techniques, waste
disposal, remediation and rehabilitation practises employed on a specific
mine. Piles of waste rock and uneconomic ore generated during mining
activities accelerate the oxidation of host rock and mineralised ores, by
increasing their exposure 1 air and water. Water quality problems can be
expected 1o occur in the vicinity of both active mines and abandoned
prospecting sites. These water quality problems could include enrichment of

QUANTIFYING MODULE Task 11; Estimate Elfec:s of Non-point Sourcss
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surface waters with ions leached from the parent rock and taihngs material,
as well as possible acidity problems.

11.1.6 Aquaculture

aquaculture  Aquaculture involves intensive farming with aquatic organisms at high
constituents of  population density. The impact on the downstream receiving water body
concern  depends on the farming practises (side-sream or in-stream), type of
organisms, feed pattern and feed materials, Constituents released from
aquaculture operations may include organic residues, suspended solids,
microbiological organisms and ammonia.

11.1.7 Atmospheric deposition

Ammospheric deposition is an ubiquitous phenomenon. Although the original
sources of atmospheric constituents are usually difficule w trace, they are
associated with all land uses, ranging from urban to rural areas. Emissions
from power generation, industry and the mining sector can be very high {Els,
1990; Grobler ez al.. 1992). Although recorded aumospheric deposition rates
are high. it must be kept in mind that onty a small fracuon of the deposited
material is typically exporied from the cacchment. Numerous measurements
have been taken of aumospheric deposition rates, as listed in Table 7 for a
range of land uses.

Table 7 Atmospheric deposition of constituents (kg/ha.yr) for various South
African land uses

Constituent Urban: Residential: Rural: Industrial:

Pinetown' Durban? Midmar Transvaal
Dam® Highveld®

Suspended solids 3 213 - -

Total dissolved solids 193 - - -

Sulphate .. - - i6

Nitragen {tonal) 9.3 AL 98 .

Phosphorus {total) 0.65 0.52 Q.35 -

COD 215 . -

Copper 0.12 - -

Lead 0.57 - - -

Zinc 0.84 - - -

Chromium 0.23 - . -

(|) Simpson, 1991

(2) Simpson and Hemens, 1978
(3) Hemens er al., 1977
{4) Bosman, 1991

Task 11: Esumate Elfecrs of Non-point Sources QUANTIFYING MOQULE
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pollution pathways
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Vehicle exhaust gases are imporuant contrsbutors te aenesphesic sources of
umpact an water quality, especially in urban areas, as r={lecied in Table 8.

Table § Constituent release from
vekitles using leaded perolt

Constituent Deposition rate
[mg/axle-km]
BOD 1.5
Nitrogea 0.11
Phosphorus 0.41
Copper 0.08
Chromium 0.06
Lead 7.88
Nicke! o1l
Zinc 1.0

i. Alured and Schiller er al., 193!

717.1.8 Construction

Construction of infrastrucrure, buildings and services typically results in the
exposure and disturbance of land. The export of sediment from such sites
can be as high as 100 vha.yr depending on the soil tvpe, wpography,
construction technigues. erosion control measures, ¢ic. Sediment acts as the
carrier for a range of constituents including plant putsients, menls, organic
compounds, etc.

11.2 Identify mechanisms of non-point source mobilisation

Non-point source pathways should be described wathie: e framework of the
natural hydrological and geohydrological provesses. The natural components
of the hydrological and geohvdrological cycle. inctuding preipiation. runoff.
infiltration, interflow, percolation and groundwarer discharge, 3c1 as pathwass
for the moverment of constituents from non-point scurze origins. Figure 13 15
a schematic description of these flow routes,

QUANTIFYING MQOOULE Task 11 Estimre Eifects of Norgaint Sources
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Figure 13 Hydrological and geohydrological flow routes contributing to
comovement of constituents from non-paint sources

0
Accurate description of the mechanisms of non-point source
mobilisation depends on an understanding of the impact of
differenmt land uses on the hydrological/geohydrological
pathways.
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The background water quality in a stream impacted by non-point source will

depend on the relative load contribution from the follewing four main

tnnsport mechanisms:
Scrubbing of airborne constituents, which remain in solution or in
suspension in surface runoff

» Surface washoff from permeable and impermeable surfaces transports
constituents in dissolved, adsorbed and particulate forms

s Interflow via the unsaturated soil mantle, that transports constituents in a
colloidal and dissolved form

s  Groundwater discharge from perched and deep aquifers that ransports
dissolved constitvents.

Groundwater discharge typically determines the background water quality
during dry weather periods. Atmospheric scrubbing, surface runoff and
interflow determine background water quality during and immediately after
wet weather events.

11.3 Effects of land use on runoff

In general the progression of land use from rural to agricultural to urban
results in the following impacts on these pathways:

® Increased surface runoff and decreased base flow

Increased storm peak flow

Increased runoff volumes and decreased groundwater recharge
Increased number of days with zero base flow

Sherter duration of runoff events.

Land use and, particularly, misuse causes a rapid increase in sediment yields.
However, the larger the size of the catchment, the greater is the so-called
"averaging effect”. The effects of various carchment land use activities on
sediment yield are as follows:

s  Where intensive agriculture is practised or where the vegetation is
removed from a catchment surface, the "natural® sediment yield potential
increases dramatically, often by a factor of 10 or more.

s  Activities such as forestry can lead o increased sediment yields.
particularly during planting and logging operations.

= Changes in patterns of land use can also lead to accelerated rates of soil
loss through erosion.

s Very intensive construction activities can cause sediment loss rates in
small areas which are equivalent 10 rates as high as 100 000 vkm?® yr,
whilst gravel roads generally appear 10 lose about 10 000 tonnes of
soil/km®.yr.

s Ploughed hnds usually have potential sediment yields of several thousands
of tonnes/km?, yr, whereas sediment losses from grazed lands are
approximaisly one order of magnitude less.

OUA.;UT[FYINB MODULE Task 11: Es:imate Effects of Non-point Sources
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® Sediment zields from virgin (indigenous) forests can be as low as a few
tonnes/km-.yr. However, clearing of forests for agricultural land use or
periodic logging causes a dramatic increase in soil loss each year.

It is timportant to note that the figures presented above are oniy generalised
values. In those cases where the potential sediment vield could influence
critical decisions about a particular activity or land use, more detiled
investigations should be undertaken before decisions are aken.

11.4 Identify non-point source impact patterns

patterns  The patierns, i.e. how much and when, by which non-point source derived
constituents end up in a receiving water body has important water quality
effects. These pamerns are the result of 2 complex interplay between the
many natural and man-made processes that:
s Generate, or enhance the generation of constituents
»  Mobilise and transport constitzents.

These parterns differ markedly for different kinds of constiruents such as
particulates (e.g. sediment) and for dissolved constituents (e.g. TDS). These
patterns depend on ; '

®  The size and duration of individual runoff events

=  The runoff history preceding a partcular runoff event

o Longer term cycles such as seasonal cycles and drought and wet cycles.

transport of  Particulates include sediment and 2 wide range of compounds

particulates  adsorbed/antached to sediment including metals, organics, inorganic szlts, etc.
The detachment and transport of particulates arc dependent on an available
source and on the erosion energy asscciated with the rainfall. The graph in
Figure 14 shows a generalised panern of flow and concentration for a storm
event and the resultant load produced for particulates. The concentration of
particulates in surface runoff is ppically high during the initial phase of 3
storm (duc to the availability of transportable sediments) and the
concentration remains high until! passage of the peak flow {due to the
erosional power associated wath high flow). The particulate concentzation
then oypically drops duzing the receding leg of the hydrograph,

particulate loads  The cumulatve load of particulates for a specific carchment will be dependent
on the presence of sediment traps. such as unpoundments and wetlands.
Ernrichment of the content of sediment may take place during e transport
process, due 10 the selective removal of larger sediment particles through
settling. This can be ascribed 1o the fact that smaller sediment particles have a
relatively high content of constinuents (nitrogen. phosphorus, metals. ¢ ).
due to a high reactive surface o mass rano.

Task 11: Esnmare Effects o! Non-paunt Sowces CUANTIEYING MODLLE
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Figure 14 Particulate mobilisation patiern

The wansport of soluble constituents is dictated by the availability of a
specific constiuent and the dissolution kinetics assccared with the
constituent. The rate at which a soluble constituent becomes available may.

therefore, be dependant on the available conact tume berween runoff and the
source of the impact. This contact time is typically inversely proportional to
flaw, resulting in lower concentrations at the hydrograph peak. Figure 15
shows a generalised relationship berween flow, dissolved concentration and
resulant load.

CUANTIFYING MOCULSE

TIME

Figure 15 Soluble constituent mobilisation patten
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11.5 Mode! non-point scurce impacts

modelling A number of deterministic and empirical modelling approaches can be applied
framework o the quantitative description of non-point source impacts on water quality
A general approach to water qualicy modelling is presented elsewhere (refer
to Task 13, Predic: the effects of a discharge on water quality). Modelling of
non-point source impacts should be conducted within the following
framework:

®  Adequate description of all the non-point source constituent transport
paths including surface washoff, interflow, atmospheric deposition and
groundwater discharge should be included.

s Conceptial modelling of a non-point source impact may indicate that one
or two pathways are dominant. Modelling should then concentraie on
these pathways.

®  Modelling should preferably take place in a time continuum, even if
export mainly takes piace during storm events. Simulation of single
storm events tends to be inadequate in the description of dry weather
processes.

s  Modelling should incorporate changes in physicochemical and biological
processes taking place in the receiving water body. Certain constituents,
such as organics, may have an indirect impact on the receiving water
body in the form of depression of DO levels.

deterministic  Deterministic non-point source models are usually constructed on the basis of
models  ; reliable hydrological model. Sophisticated models are available which
incorporate all the possible constiuent mobilisation, transport and
transformation processes indicated in Figure 13. 1
surface washoff  The surface washofT of constituents is typically the dominant pathway during
modelling  wet weather events. The modelling of surface washoff is typically conducied
using the following expression: '

dpP
- A(t) - KRP

where P = constituent surface concentration (M/L?)
A(r)= constituent generation rate on the catchment surface (M/LT)
K = washoff constant
R = runoff (LY/12.T)

It can be seen that the constituent generation A(t) on the surface is modelled
as a time-dependent process, which typically approaches some asymptotic
value. The washoff process is considered to be proportional to the storm
intensity (R) and to the available source (P). This general approach can be
refined for particulate and soluble constiuents respectively. Empirical
approaches can also be adopted in the modelling of non-point source
mobilisation,

Task 11: Estimate Efiects of Non-point Sources CUANTIFYING MODULE
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One of the classical equations relating non-point source Joad 1o flow is:
L = Q7

where L = constiwent load (M/T)
Q = flow (L’T)
Xy = empirical constants

The application of such an empirical approach is demonstrated in Figure 16
for sodium. It has been shown that the classical equation for non-point
source loads may be refined to achieved better local application (Meyer and
Harris, 1991).

10+

Figure 16 Empirical approach for modeliing non-point source loads

)
v
An analysis of load is often useful when evaluating effects
integrated over a jong time and a large area, such as inflow w0
a dam or seepage from a tailings dam. Total load is also
imporant for conservative constituents that can accumulate to
undesirable levels.

While the above approach can be useful in evaluating total load, it should not
be used 1o predict concentration. If the load shown on the vertical axis is
calculated from measurements of concentrations and instantaneous flow, then
the flow term appears on both axes. The correlation is, therefore, spurious
and cannot be used for prediction of concentrations. A plot of insantanecus
flow against measured concentration is more useful for estimating the change

QUANTIFYING MOBULE Task 17: Estimate Elfects of Non-point Sources
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In concentration associated with flow, The relationship of flow with
concentration 1$ usually worss than that of flow and lcad. Figure 17 shows
the scdium concentiation plorted agains: flow for the same data set shown in
Figure 16.

d

The analysis should focus on concentration if the effects over a
short time are predominant. This is often the case for effluent
discharged to channels with flowing water. Water uses that
involve abstraction of water from a channe! are dependent on
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Figure 17 Sodium concenitanon 85 a function of flow tate for the same data
set shown in Figure 15
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TASK 12:
Estimate Effects of Naturzal Festures

B The purpose of estimating the effects of narural features on
water quality is to be able to determine the background water

quality of the receiving water body on which both point and non-
point sources will be impacting.

B s necessary to understand how catchment characteristics,

individually and in combination, influence the quality of waters
draining them. Following this understanding, one can assess the
extent to which human activities have changed the background
water quality. Against this background, the implications of water |
quality changes caused by a proposed effluent discharge can be
evaluated.

12.1 Describe the effects of topography on catchment water 152
12.2 Describe the effects of climate on catchment water . . 153
712.3 Describe the effects of geology on catchment water . 155

12.3.1 Typesofweathering ........ocovuveuves 155
12.3.2 Effects on surface waterquality . .. ........ 156
12.3.3 Effects on groundwater quality . ........... 157
712.4 Describe the effects of soils on catchment water ... 158
12.4.1 Effects of rainfall on soil formation . ... ... .. 158
12.4.2 Effects of flow on soil movement ... ....... 159
12.4.3 Effects of sediment removal . . .......... 160
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712.1 Describe the effects of topography on catchment water

BT The primary influence of topography on water quality in a
carchment is expressed through the influence of topography on
climate, in particular through the timing and quantity of rainfall
received in different portions of the catchment. The secondary
effects of topography are then expressed through features, such

as slope steepness, on the patterns of runoff received by separate
river systems in subcatchments within larger catchments.

effect of steep  Areas with steeper slopes are expected to have the greatest runoff potential
slopes  with relatively low rates of infiltration, particularly where total rainfall or

rainfall intensities are high (Moon and Dardis, 1988). Exwenasive areas of
steep slopes can trap orographic rainfalls and cast rain shadows on those
areas of a carchment that may be shielded from prevailing rain-bearing winds
by these higher slopes. Areas of steep slopes tend to contribute larger
quantities of suspended sediments, salts and nutrients to receiving rivers
(Rooseboom er al., 1992). Agricultural activities conducted on areas with
intermediate (8 - 15 %) and steep (> 15 %) slopes can lead 10 a dramatic
increase (ranging from two- to ten-fold) in erosion potential, which increases
with increasing rainfall intensity (Rooseboom et al., 1992). Similar effects
are caused by construction activities and the development of high-density
urban areas (Grobler er al., 1987).

impacts of steep  Impacts of steep slopes cannot easily be quantified or predicted. This is
slopes  because a variety of factors are involved, including:
= Slope
s Soil type, depth and physical structure
= Type and degree of vegetation cover
® Intensity and duration of rainfall events.
Therefors, normally only qualitative predictions can be made in terms of
increased runoff potential or sediment production potential.

effect of shallow  Landscape slopes which are less than 8 % tend to have a much smaller runoff

slopes  potential, with correspondingly greater infiltration (Moon and Dardis, 1988).
Provided that the vegetation cover remains intact, they will only contribute
significant quantities of suspended sediments and dissolved salts 1o nearby
rivers via surface flow when rainfalls are very heavy. Instead, the increased
infiltration of rainfall will retain sediments on the caichment surface and
transfer dissolved salts downwards into the groundwater. Where these areas
are ploughed for agriculre, with concomitant additions of ferulizers and
biocides, this process can result in 3 decrease in fitness for use of the
groundwater as the concentrations of salts and agrochemicals increases.
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72.2 Descrite the effects of climate on catchment water

=" Climatic features control almost all aspects of the hydrological
cycle and therefora regulate the quantity of water present within a
river carchment and its seasonal distribution. The complex
interactions between temperature, rainfall and evaporation affect
the quantity and quality of water passing through the catchments.
The primary effect of climatic characteristics on water quality is
usually expressed through the effects of rainfall seasonality on the
timing and duration of river flows.

rainfall erosivity A very important fearurs of rainfall is the intensity of rainfall during a

calculation  defined time imerval. High intensity rainfalls possess an enormous erosive
potential. This is generated by the kinetic energy of the rain drops striking
the earth’s surface and accentuated by rapid surface runoff. An estimate of
rainfall erosivity in a particular region can be obtained using the Ely,
parameter, as described by Smithen and Schulze (1982) and Moon and Dardis
(1988). This dimensionless index represents the product of the total kinetic
energy of a storm and the maximum rainfall intensity measured during a 30
minute period. The Kinetic energy is calculated as follows:

where £ = kinetic energy. and
I = rainfall intensity (mm/h).

The resulting erosivity values can be plotted in the form of contour plots
demarcating areas of high and low erosivity. The erosivity values recorded
in South Africa normally range from less than 50 ro over 500 (Smithen and
Schulze, 1982). When the greatest values of the Ely, index (> 500) are
centred over densely populated areas, particularly where the nawral
vegetation has been removed from the catchment surface, these areas are
vulnerable to high rates of soil erosion.

effects of rainfall  High rainfalls. often experienced as discrete storm events, result in sudden
increases in runoff. In turn, these cause rapid changes in river levels.
Where the volume of river flow exceeds the channel capacity, the river
overtops its banks and floods surrounding areas. Where rain storms are
experienced. considerable quantities of topsoil may be eroded from expased
surfaces and lead 10 a dramatic increase in the loads of suspended sediment
carried in the rivers. Conversely. the progressive decline in rainfall from the
wenter 10 the drier months results in declining river flows with lower
suspended sediment loads.
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v
The quantity of rainfall received within a carchment and its

distribution in time are the primary factors that influence the
quantity of water that enters surface streams and rivers.

effects of Temperawre is a function of latitude, cloud cover (precipitation), time of day
temperature  and local topography. Topography has a major influence on ait
temperatures, resulting in a decrease of approximately 0.5°C for every 100 m
increase in altiude. Water temperatures - and changes in water emperature -
are the primary regulating mechanisms for most biological and chemical
processes in streams and rivers. High or low water iemperatures exert
considerable influence on water quality through their regulatory effects on
processes such as:
a  Solubility of oxygen (and other gases)
s Changes in chemical equilibria
= Changed rates of photosynthesis, respiration, nitrification, denitrification,
et

effects of  Evaporation is one of the most important mechanisms whereby water is lost
evapotation  from rivers, streams and impoundments, Evaporative water losses from a

system are accompanied by a corresponding increase in the concentration of
dissolved salts. Nett evaporation, or annual moisture deficit - rainfall minus
evaporation - often has a geographical distribution pattern over a catchment
that is correlated to the distribution of Symons Pan evaporation rates. Nett
evaporation rates are usually least in those regions where rainfalls are
highest.

moisture deficits  High annual moisture deficits indicate that the indigenous vegetation must be
adapted for survival under periods of drought stress. In addition 10 the
effects on indigenous vegetation, high values for the annual moisture deficit
also create serious stress for irrigated crops most of which thrive in more
humid regions. The high moisture deficit values also indicate the scale and
duration of additional water requiremnents needed to ensure that crops survive
the dry months.

effects of floods  Very high flows or flood events can scour out considerable quantities of
material from the river bed znd result in changes to the channel form. As
flows decline after such extreme events, suspended material is deposited on
the river bed and accumulates to fill depressions and cavities,

effects of low flew  During the drier months, river flows decline gradually to very low levels,
often a small fraction of the average flows recorded during the wetier
months, This decrease in flow. combined with relatively high rates of
gvaporation, causes an increase in the concentration of dissolved salts present
in the lower reaches of the river. Progressive and longitudinal increases in
dissolved salts have an adverse effect on all water users and on the ecological
functioning of the ecosysem.
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Ia higher rainfall areas, increased rates of chemical weathering promote the
formation of iron-rich clays and the development of distinct layers of iron-
rich material or “iron-pans”. These layers trap infilirating rainfall and
accelerate chemical weathering processes. Water emanating from these
regions can contain elevated concentrations of iron, manganese and other ions
that have besn weathered out of the host rock and overlying soils. Normally,
where there has been no marked disturbance of the soil structure, the
concentrations of iron and manganese in surface runoff are very low, usually
of the order of 0.2 t0 0.5 mg/¢. However, where these soils have been
disturbed the manganese and iron values can rise sharply, for example,
concentrations of over | mg/l (Ashton er al., 1992) have been reported.

712.3 Describe the effects of geology on catchment water

B The major geological impacts on water quality are associated
with:
® The hydraulic effects caused by changes in river gradient
®  Material of different sizes and hardness in the river bed
® Localised increases in turbidity caused by fine particles and
clay minerals in suspension.

B Qverall, it can be concluded that direct geological

contributions 1o the water chemistry of any particular river
system are relatively small. Contributions to the ionic content of
surface waters are seldom more than a few milligrams per litre of
each of the major ions. They are usually masked by the much
larger (10 - 100 fold) contributions derived from overlying soils.

=" The exception are some localised areas, in which significant
direct geological effect on water quality occurs. It is usually the
result of increased solubility of salts which can be enhanced by
man-made activities such as mining and certain agricultural
practises.

12.3.1 Types of weathering

All rocks weather slowly as a result of mechanical and chemical weathering,
undergoing a cyclical process of breakdown, transport and ransformation into
a new geological unit or rock type. Typically, weathered rocks are easily
eroded within decades, while unweathered or unaitered rocks are eroded very
slowly over centuries. During weathering processes. rock particles - in the
form of clay, silt. sand. gravel and dissolved materials, are transported by
wind and water 1o new locations, generally at lower elevations. and deposited
in layers.
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effects of human  Except for river beds, rock formations are seldom so extensively exposed that
activities  they contribute significant quantities of chemical jons directly 10 a waterbody.
The exception to this rule occurs where human activities have exposed rock
formations, for example in mining activities, the construction of roadways
and certain agricultural practises. In these situations, the normally slow
weathering processes are accelerated and these geological units can contribute
greater quantities of chemical ions to a water body.

In those cases where specific mineralised deposits of a metal ore are exposed,
weathering processes are greatly accelerated. The combined effects of
mechanical and chemical weathering can then rapidly leach out the metal ions
into nearby water bodies. Where mines have been developed on
economically viable mineral deposits, a number of additional impacts on
water quality can be expected (for more details, refer to Task 11.2.4,
Mining).

12.3.2 Effects on surface water quality

contribution of  Only order-of-magnitude estimates can be given for the potential contribution
salts and lons  of chemical salts and ions from each geological unit to through-flowing river

water. These estimates are based on professional judgement as to the
erodability and solubility of the different component minerals within each
lithological unit. Clearly, the quantities of salts and ions which will leach or
dissolve out of a particular rock formation will also be time-dependent. The
contribution of salts and ions 1¢ a water body from a specific reck formation
is dependent on:
s  The degree of weathering
® The type of minerals exposed
» The proximity 10 a stream or river in the local landscape
® Local climatic characteristics.
For example, where a particular rock type forms a low relief feature and is
located away from a riverbed in a low rawnfall region, it is unlikely 1o
contribute significantly to water quality in the river.

mineral types  The harder, more resistanz, rocks form noticeable steep-sided hills along
valleys whilst the softer clays, shale, sandstone and carbonate rocks are mure
easily eroded, often undercutting the harder rocks. The softer rocks
contribute to increased wurbidity levels in the water, whilst the harder rocks
contribute larger boulders and stones to the river bed. Again, the parent rock
material contributes traces (< 0.1 mg/¢) of silica, aluminium and iron,
together with very low concentrations of (< 1.0 mg/f) magnesium, calciam,
potassium and carbonate, to water quality in the rivers.

ion solubility  The cations: sodium, potassium, calcium and magnesium; as well as the
anions: chloride, fluoride, sulphate, carbonate and phosphate, are all very
soluble in water at normal temperagures and can be readily removed from
existing weathered rocks and soils. Cations and anions will continuously
dissolve in a water body until certain maximum levels of the dissolved
components are reached. These maximum levels are determined by
thermodynamic constants called "solubility products™. If there are
components present in the water that readily bind to the mineral’s dissolved
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comporents then the forme: will furthe: ncraase the amount keached from the
original minesal. Once dissalved, they can either remain in solution or they
can also nteracy with each other to form other insoluble precipitates.

Where the chemical conditions of the water are suitable. metal ions may
remain in solution, often ar relatively high concentratons. In soft (acidic)
waters mezal jons ofien bind to naturally-occurring organic compounds such
as fulvic and humic acids to form organo-metallic complexes which usually
remain in soluton. Where the alkalinity of the water is high, the metal jons
tend to bind readily to carbonate ions o form soluble as well as insoluble
metal carbonates.

12.3.3 Effacts on groundwater quality

Geological formations form the host or aquifer matrix and are therefore an
exwemely important physical factor affecting both the occurrence and quality
of groundwater resources. The different geological formations within a
particular catchment are often dominated by crystalline lithological umits with
little er no primary porosity. In these areas, groundwater is confined mainiy
to secondary structural features such as faults and dykes. Recent Quaternary
alluviat deposits are usuaily scarce in South Africa and, when present. usually
make up a very small percentage of the total catchment area, providing the
only sites of primary aquifers.

The guality of the groundwater present within each geological unit reflects the
combined effects of climatic processes and the weatherirg of the parent rock
material. In each case, groundwater slowly accumulates the different ions
and salts that have been leached or dissolved out from the surrounding rocks.
This process is enhanced or accelerated where chemical weathering processes
predominate. The presence of carbonic and humic acids in the rain water as
it percolates through the overlying soil and downwards through cracks and
fissures in the rock material also enhances this process. If there is relatively
livde through-flow of water, the concentrations of dissolved ions and salts
eventually reaches an equilibrium state, determined by the relative solubiliy
of the various chemical components in the parent rock. The presence of
minesalised zones in the parent rock material can lead 10 a gradual
enrichment of the groundwater with specific ions Such as arsenic, tuorde,
nickel, copper and iron. If the concentrations of these ions reacn high levels.
they can lead to water quality problems for different water users.
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12.4 Descrite the effects of soils on catchment water

= The effect of each soil type on water quality within a
particular river system should be evaluated on the basis of:
® The type and extent of material present
® Special characteristics of nutrient or salt content
® The form and variety of terrain types contained within the soil
type
®= The type and extent of any erosion
® The suitability of the soil type for agriculture.

BE  Normally, the direct contribution of ions and salts to solution
from geological formations is one hundred times less than that
from overlying soils and vegetation. Overall, the contributions
from soils to water quality issues in any catchment are
determined largely by the extent to which human activities have
altered the indigenous vegetation cover, particularly through
intensive agricultural practices.

Soils are formed as a result of mechanical and chemical weathering processes
(refer to Section 12.3.1), plus contributions of organic matter from
decomposing plant and animal remains. All these processes are, in trn,
controlled by the clunatic zone in which each soil type is located. The
variability of soil types reflects the interacting effects of underlying geological
features. terrain form and climate. There is also a considerable range of soil
forms within each soil type: each soil form corresponds to differences in
altitude, slope. parent material, local micro- and macro-climate features and
land use.

A range of different soil structures and characteristics can be found within
each soil unit in any particular cachment. These differences are due to
minor difference in terrain, underlying geological features and climatic
characteristics (Moon and Dardis, 1988). Despite the range of differences
within each soil unit, each unit possesses definite functional or structural
similarities which characterise the soil type. The clay content and the cation
exchange capacity of soils control most of the physical and chemical
mechanisms whereby soils contribute ions and saits to groundwater and
surface waters.

12.4.1 Effects of rainfall on soil formation

In warm, humid and wet landscapes. particularly those with greater than

800 mm of rainfall per annum, climatic processes dominate soil formation.
Chemical weathering processes give rise 1o extensive deposits of secondary
clay minerals and these give rise (0 the deep. oxidised, red, brown, black and
yellow soils. In areas where both chemical and mechanical weathering

Task 12: Estimate Effects of Natural Featurés QUANTIFYING MODULE



Procecures 1o Assess Effuent Discharge Impacts » 132 Edivion

intermediate
rainfall

irregular rainfail

soil transportation

soil erodability

158

processes are equally important, the soils are still coloured by secondary clay
minerals but also contain a higher proportion of sand. In valley bottoms and

at the base of hills, escarpments and steep slopes, the escarpment, transporsed
alluvial and colluvial materials form higher proportions of the soils.

In intermediate rainfall areas (annual rainfalls less than 8C0 mm), the soils
are generally neutral to slightly alkaline, shallow and sandy. Where rainfalls
decline further, the soils become progressively more sandy and contain
greater quantities of salts. In arid areas, rainfalls are low and evaporation
rates are high. Mechanical weathering processes dominate in these areas,
causing the fragmentation of primary minerals such as quartz into smaller
fragments. Soils are often shallower and geological materials (for example,
sands and gravels) dominate the formation of soil types on unstable
landscapes.

In higher elevation, cooler regions, mechanical weathering processes increase
in imporiance as the rainfall declines whilst chemical weathering processes
decrease in importance as determinants of soil formation. Here the soils
contain variable proportions of sand and clay, derived primarily from
weathering of the underlying geological formations. Transported materials
are less important as soil constituents (Moon and Dardis, 1988),

Where rainfalls are scarce or irregular, salts are not easily removed from the
soils and collect in troughs in the undulating landscape, often forming thin
crusts of relatively impermeable material. This crust is often composed of
carbonate and/or sulphate salis of calcium and magnesium.

712.4.2 Effects of flow on soil movement

In addition to the primary weathering processes which control soil formation.
soluble soil constituents are leached out by horizontal or vertical water flows.
Different types of soil components may also be moved physically o another
portion of the system. Soil and geological material are transported by water,
either as a solution which contains soluble salts and free ions, or as a
suspension of clay, humus, silt, sand and gravel particles. During
transportation the eroded materials are mixed and soried and are gradually
deposited. Erosion and deposition processes are highly significant in the
formation of most soil types, particularly where water is the ominant
erosional mechanism. Wind erosion processes only contribuse significantly o
soil formation in the drier western regions of South Africa where annual
rainfalls are very low and variable.

The amousnt of soil removed depends on the steepness and length of slope.
the erosivity of the rainfalls, the erodability of the soil and the rype and
degree of vegeution cover. The relative erodability of different sotl types is
often approximated as a direct function of the fine sand content. A low sand
content (and high clay content) is usually indicative of relatively low
erodability and vice versa. On gentle slopes, the surface soils are usually
freely drained and can have a high potential for arable agriculture. Erosion
rates are accelerated where road cuttings have been incised or where forestry
acuvities have wken place.
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12.4.3 Effects of sediment removal

The presence of suspended sediment in surface waters can have a significant
adverse impact on the ecological processes within such a water body and on
the uses to0 which the water may be put. Therefore, it is important to

estimate the sediment yield potential of the catcchment of interest. A number
of different constituents are important in determining sediment yields from a

Vegetation cover
Rainfall intensity.

In the case of most catchments located in the wetter regions of South Africa,
land use patterns and rainfall intensity appear to be the most important
determinants of sediment yields. The soil map of a study catchment provides
the primary basis for delineating areas of different sediment yield potential in
the carchment.

A generalised sediment yield map of Southern Africa has been developed and
updated by Rooseboom et al. (1992). The maximum sediment yield which
has been estimated for intensively cultivated areas (and overgrazed areas) in
South Africa is 3 000 vkm®.yr for coe of the Caledon River subcatchments
(Rooseboom et al., 1992). However, this is an exceptionally high value and
the sediment yield potential of most catchments is more frequently in the
range of 50 - 500 vkm® yr.

12.5 Describe the effects of vegetation on catchment water

BF  Vegetation is one of the primary biophysical factors which

influence water resources in non-urban areas. Different
vegeuation types produce varying densities of ground cover and
require various levels of water utilisation; these, in turn,
influence the quantity, quality and timing of runoff.

Acocks (1988) has described 70 vegetation (veld) types which cover South
Africa. A veld type is a unit of vegetation whose range of variation is small
enough to allow the same agricultral potential throughout. This concept
allows wide potential variation, but this is limited to the relative importance
of members of typical groups of species which occur throughout the umit.
These veld types and their relative occurrence are directly related w0 chimate
and topography. In turn. these are usually strongly correlated i a catclumnent.

Throughout South Africa, the historical natural vegetation cover has been
dramatically altered and reduced, with important consequences for water
resources. The general trend has been towards a reduction in namral ground
cover (the density of plant material above the soil surface. which influences
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interception of rainfall and impedance of runoff). A reduction in ground
cover raduces infiltration - the extent to which rainfall penetrates the soil -
and increases the amount of rainwater that does not infiltrate the soil but
contributes 10 water course flow volumes via lateral surface movement.

Vegetation influences runoff in four main ways:

® [Interception of precipitation to reduce runoff

s [mpedance of runoff by soil surface litter

s Enhanced water losses through evapotranspiration

® Increasing infiltration by opening up the surface layers of the soil.

Generally, vegetation serves to retard runoff and increase infiltration, thereby
decreasing concentration time, attenuating flood peaks and increasing the
period of flow, This has a direct impact on water quality as it reduces soil
erosion and sediment loads. However, intensive cultivation such as
afforestation can reduce flow significantly (Chunnett, Fourie and Partners,
1987) due to increased evapotranspiration losses of water. In its nanural state
the vegetation would have released runoff at a rate that would be determined
by rainfall, slope and soil type. This has largely been modified by land use
practices, where the nawral vegetation cover has been replaced by a
cultivated crop. Where the vegetation cover has been removed, far greater
quantities of salts and sediment are delivered to nearby rivers via surface
runoff. This can be accelerated, for example where grassiand in a high
elevation catchment is burnt off to stimulate new growth for grazing. In
these circumstances, large quantities of salts and oxidised organic matier can
be washed into the rivers.

The common indigenous reeds Phragmites australis and P. mauritianus have
the potential 0 form dense stands, or reedbeds, in a wide variety of habizats.
The development of reedbeds is a natural process and need not indicate
adverse ecological conditions in any given area. However, reedbeds can
expand 1o such an extent that they inhibit other biota and river processes.
They are then considered to be encroaching, Phragmites reedbeds have
caused encroachment problems in many Southern African rivers, particularly
those that are seasonal or have been regulated. Hydrology is the primary
control factor of these reedbeds. This control is exerted primarily through
the size. frequency and duration of floading and the length of the dry period.
Impoundments attenuate all but the largest flood events. reducing the flooding
regime downstream and facilitating reedbed encroachment.

Riverine and forest edge habitats are particularly susceptible to invasion by
alien plants. In riparian habitats. many invasive species are abundant and are
known to proliferate o the extent that they can completely choke water
courses. The presence of alien plant species can have a number of
implications for water quality in rivers. Some alien species are relatively
unobtrusive, whilst others are termed aggressive invaders that are capable of
transforming large tracts into virmual wastelands as far as production potential
is concerned. They can also cause severe blockage of drainage lines.
influence runoff and impact on water quality. Species such as Eichhornia
crassipes. Pistia stratiotes and Salvinia molesta are Xnown 10 take over the
habiwe of indigenous species, out-competing the latter and 10 cause anverobx
conditions in the water underlying the dense mats that form.
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TASK 73:

Predicting the Effects of @ Discharge on Water
Quslity

05 In order to evaluate an application to discharge an effluent, it

is necessary to predict the possible effects that a discharge will
have on the quality of the receiving water, In the case of existing

discharges, both predicted and observed effects should be used to
understand the cause-effect reiationship between the discharge
and the quality of the receiving water.
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13.7 Introduction

I Mathematical models are used 1o predict the effects of effluent
discharges on water quality. Models allow:
® A better understanding of the mechanisms and interactions
that produce water quality behaviour
® A rational basis for making water quality control decisions
provided that there is an appreciation of the limits of the use and
roles of such models.

While mathematical models are useful for assessing the impacts of effluent
discharges on water quality, there also needs to be an appreciation of the
limits of the use and roles of models. The modeller needs to be abie w
communicate the results of a modelling exercise in terms that a decision
maker can understand and which will allow rational decision to be made
(Crocket ef al., 1989). In particular, both parties need to have at least an
appreciation of the model assumptions and simplifications, as well as causes -
and levels - of uncertinty of the model predictions. Models, whether
existing or developed, should always be used and evaluated on a sound
scientific basis (Beck, 1987).

This task contains two main sections: a discussion on important issues in
modelling the effect of a discharge on receiving water quality; followed by an
outline of a typical modelling procedure. There is also a short section
discussing uncertainty and a summary reference to a detailed listing and
descriptions of models appearing in Appendix F.

13.2 Selecting models to predict the effect of an effluent
discharge on receiving water quality

5" When selecting a model, the modeller may have to consider
interactions in different types of water systems in order to fully
assess the effects of discharges. A clear and unambiguous
statement of the goals and objectives of the investigation will
expedite the choice of either existing models, or the development
of new, site-specific models.

BES"  The modeller should also consider the:

Water quality constituents that need to be modelled
Level of complexity at which a constituent is simulated
Minimum time period of interest

Importance of uncertainty in the output from the mode!
Data requirements of the model.

Task 13: FPredicting the Effects of a Discharge on Water Quality QUANTIFYING MODULE
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13.2.71 Determine the goals and objectives

A clear and unambiguous statement of the goals and objectives of the
investigation will expedite the choice of the model. The goal of determining
the long-term average effect of a discharge on a receiving water body, is
different 1o that of determining the effect of the discharge during extreme
events, for exampie, a drought. Different modeis may possibly be seleciad to
simulate the effects of the discharge depending on which objective is selected.
Appendix F also contains information on the Use of Output of the listed
models. This information will be useful in considering whether a certain
model will be appropriate in terms of the stated goals and objectives.

13.2.2 Select the constituents to be modelled

The constituents that should be included in the impact assessment modelling
will be determined by factors such as the user requirements in the area under
investigation, as well as the composition of the discharge(s). The modeller
should consider both the constituents of concern (refer to Task 7, Identify the
constituenss of concern) and the processes which are important to the
investigation.

The water quality constituents that can be simulated by a model are dependent
on the processes that are simulated in its structure. A conceptual diagram of
a model is useful in understanding how a mode!l accounts for various
processes (refer to Section 13.3.2). The documentation that accomparies a
mode! should contain some form of conceptual diagram, or a description of
the processes and constituents that the model simulates. The models in
Appendix F are classified into water quality and hydrological models. Water
quality models simulate water quality constituents, whereas hydrological
models focus on the amount of water in a system. Further information is
supplied on the water quality constituents and processes that each model
simulates, under the headings Description, Input and Output.

13.2.3 Identify the type of system to be modelled

The selection of the appropriate model will be dictated by the type of
system(s) that is required to be simulated. One classification of the types of
systems for which water quality and/or hydrological models are available 15
®  Streams and rivers

® Reservoirs

s Estuaries

» Surface runoff

s  Groundwater.

The models in Appendix F have been presented according to the above
classification, namely streams/reservoirs, surface runoff and groundwater

This manual focuses primarily on effluent discharges into streams and rivers.
However, because all the above-meationed systems could interact, the
modeller may have 10 consider these interactions in order to fully assess the
effects of discharges. Some models integrate different systems. for example.

QUANTIFYING MOLCULE Task 13: Predicting the Effects of 3 Discharge on Water Quality
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the output from a surface runoff simulation becomes the input to a stream
water quality simulation. Depending on the goals and objectives, the
modeller may choose such an integrated model, or opt to develop a “linking
program” that integrates two or more models,

water body  The characteristics of the water body - and linked systemns - that is (o be
characteristics  modelled are important. For example, are there point sources and.'or non-
point sources; abstractions and/or seepage to groundwater; what is the role of
hydraulics: etc. It is also important to decide what assumptions can be made
regarding mixing in the system because, for example, in many stream
simulation models, complete mixing is assumed along the lateral and vertical
axes.

13.2.4 Determine the dynamics of the system

period of impact  The modeller should decide what the minimum time period of interest is. If
the goal of the investigation is to determine long-term average impacts, a
steady-state model will be appropriate (refer to Section 13.3.4). However, if
the goal is to assess short-term impacts, a dynamic mode! will be needed
The brief descriptions of the models listed in Appendix F provide information
on which are dynamic models.

13.2.5 Select the appropriate model complexity

factors affecting  There are many levels of complexity at which water quality is simulated in

mode! complexity  models. For example, the fate of non-conservative constituents are much
more difficult to simulate as compared to conservative consticuents, The
level of complexity with which a constituent is simulated should also be
determined by the goals and objectives of the investigation. The appropriate
level of complexity (refer o Secrion 13.3.5) also depends on the amount,
quality and nature of the field dau available for calibration and venfication
(refer to Section 13.3.7). 1t is inappropriate 10 choose a very complex model,

" if it is not possible to meet the model's dat requirements. *

13.2.6 Make provision for uncertainty

importance of  The modeller should consider the importance of uncertainty in the output
uncertainty  from the model in the light of the model's goals and objectives. In some

cases, an average concentration is sufficient to indicate a general trend in
water quality, resulting from a discharge. In such cases deterministic models
are appropriate. [n other cases it may be very imporuant 1o assess the risk
associated with the output from the mode! and a stochastic model may be
more appropriate. Some predominantly deterministic modeis have a facility
to analyse the uncertainty surrounding output as a result of uncerminty in
parameter values. The modeller should find out how a mode! takes
uncerainty into account, if at all, and decide whether it is sufficient 10 meet
the goals and objectives. Uncerminty is discussed further in Section /3 <.

Task 13: Predicting the Effects of a Discharge on Water Quaiity QUANTIFVING MODULE
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713.2.7 Other considerations for model selection

®  Availability: is the model available in the public domain, or else. whers
15 it available and what are the costs?

® Documentation: is the mode! structure. processes and all aspects well
documented?

= Support: is expert support available locally or internationally and what
are the costs of such support?

® User friendliness: the ease with which a mode! can be used is a major
factor in determining the tne and cost involved in an investigation.

Appendix F lists the names of the developers and vendors of the listed models
and, where possible, the names of local experts that can be conucted for
advice, Appendix F also conuins a list of addresses where the developers und
vendors can be contacted.

The reliability of 2 model can be related to the extent to which the model has
been used in the past. It will be beneficial to scan the literarure for cuse
studies where the model has been applied, especially under conditions which
are comparable to the conditions where it is to be applied. The more a model
has been apphed, the better the model has been validated, although no mode!
can be said to have been completely validated (refer to Section 13 3 10;.

Computing equipment needed to run a mode! can be a limiting factor.
although this is usually a lesser consideration.

13.2.8 Identify data requirements for a model

In choosing an appropriate model for an effluent discharge wyvestgation. the

modeller should always keep in nund the da requirements of the rmiodel. The

tvpe. as well as the amount and quality. of field data needed to calibrae amd

verify a2 model. should he considered. The input daw negded o inake

predictions should also be considered. The data requirenients ot 4 mode’ can

describe the following parts of the systen:

® The initial state (for example. headwaters condilions in a streant waer
quality model)

® The disturbances (for example, discharges into the stream)

= The response (for example. resulting water quality at certain locanons
along the stream),

In addition, the modeller will need estimates for parameters (for examnie.
range of possible growth rates. decay rates. settling rawes, eic.) tu cnuble firg
model runs before calibration.

The amount and quality of the above data will determune the success with
which the model can be calibrated and verified. The modetler should i
attempt to quantify the uncerwinty associated with the predictions thun the
mode! will make, To do that. dat regarding the uncertaimy dround the i

CUANTIFING MODULE Task 13: Predicring the Effecis of 3 Discharge on \Viarer Quaut,



170 Procedures to Assess Elfiaent Discharge Impacts * 137 Egvtron

state of the system. input disturbances and parameter values will be needed.
The uncertainty can be expressed in the form of swatistics such as standard
deviaitons and population variances.

data requirements  The type of model selected will strongly influence the minimum data
requirements of the model. The degree of "lumping” of spatial and temporal
variation will also determine the minunum data requirements, for example, a
dynamic model will need a time series of data at various locations.

D

b

If the quality of the input data used for predictions is poor, it
will lead to a poor model performance, even if the model has
been adequately calibrated and verified.

13.2.9 Use an existing model or develop a new one

off-the-shelf  There are many models available that deal with water-related problems. Most
models  of these can be described as off-the-shelf models: the user need only supply

input daia to obtain model predictions. However, the calibration of these
models and the interpretation of the results is not always simple, therefore, in
many cases it is recommended that experts be consulied. Appendix F containg
information on a number of models. many of which are well known and
tested in South Africa. The choice of any particular mode! needs w be
justified on the basis of site-specific conditions and the needs to be approved
by the steering comumitiee overseeing the investigation.

new model  In some cases it may be pecessary to develop a new model to addeess a
specific problem. All the steps outlined in the modelling procedure (refer lo
Section 13.3) should be followed in the development of any type of model.
There could be various reasons why an off-the-shelf model would be
inappropriate for an investigation. For example:

® [n cases where 2 much simpler model than the available off-the-shelf
models 15 required it is ofien more cost-effective 10 develop a sie-specific
model. Addiional advantages are that the modeller has more flexibiliry
and better control over the model strucure, implementation and operation.

® |f there is no single mode! that meets all the requirements, different
models may have w be linked 10 simulate a system with different
components. For example, a system where the output from a surfixce
runoff is used as the input to a reservoir simulation model.

®  There may also be cases where the rype of processes, or the system to be
modelled is of such a naturesthat no off-the-shelf muodel is appropriate. In
such cases the modeller may opt to develup a new model for the specific
siwation. The model would be developed with specific goals and
objectives in mind.

Task 13 Praciciing the Effects of a Discharge on Water Quality CUANTIFYING MOOULE



Procecures to Azzess ElMluent Discharge impacts » st Eavhon

steps in model
development

i
In general, decisions w develop new models should be carefully considered,

More often than not the time and cost invoived in developing even a simple
mode! proved to be much more than originally estimated.

13.3 Outline of a typical modelling procedure

= A typical modelling procedure is divided into stages
representing the periods before and after knowledge has been
obtained of the behaviour of the system being modelied.

US"  The following are typical modelling steps:

= Conceptualisation - the spatial segregation of the water body
into a number of segments and/or layers

= Formulation - choosing the relevant constituents and
formulations for their interaction

= Selection of model type and complexity - approach and
complexity must be appropriate to the goals and objectives

®  Model structure identification - identify valid hypotheses or
identify the need for better ones

= Calibration - the process of parameter estimation

» Experimental design - aims to ensure that collected field daw
are adequate to calibrate the model

® Verification - analysis of the discrepancy between model
predictions and field measurements

= Validation - the process of testing the calibrated model
against independent field data

= Sensitivity analysis - aims to establish the relative sensinvity
of the model predictions to uncertainty in the model
parameters and input data

This section briefly outlines a typical modelling procedure. depicted in
Figure 18. The procedure is divided into two basic stages. which refer (o the
periods before (¢ priori) and after (a posteriori) knowledge has been
obtained of the behaviour of the system being modelied. The steps i this
modelling procedure are discussed in greater detil below. These sieps will
vary in importance and. possibly, sequence of execution, for different
modelling applications. Beck (Orlob, 1983) presents a more detailed outline
that further describes modelling concepts.
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Figure 18 An outline of a typical modelling procedure

before stage  During the before stage assumptions about probable behaviour are used to
construct the first model of the system. The before mode! is constructed
using general knowledge and is not site-specific. These models can be used
in initial investigations, making conservative assumptions about paramerers
and rate constants.

after stage  The after stage includes field data on the behaviour of the modelled system.
Calibration of system parameters is undertaken so that the model simulates
the real system more closely. With calibration, the model is made site-
specific, because data from a particular system are used in the calibration
process.

713.3.1 The purpose for which predictions will be used

goals and It is of critical importance to determine the exact purpose of and the way in

objectives  which the predictions made with a model are going to be used in the
assessment and decision-making process concerning a proposed effluent
discharge. For example, the predicied information required may be the trend
in the annual average response of a river system to panerns of population and
industrial growth, whereas in another case it may be the probability of
intermittent stream deoxygenation resulting from the diurnal variations of a
partcular sewage discharge. U is unlikely that the same model would be
appropriate for meeting both these information requirements. It is equally
imporaant to understand how sensitive the decision-making process 1 tor the
predictions to be made. Some times other factors such as public perceptions
or legal considerations may be of overriding importance, In such cases one
should not invest too much time and effort in a modelling exercise.

Task 13: Predicting the Effects of a Discharge on Warer Quality QUANTIFYING MODULE
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13.3.2 Conceptualisation of the model

Concepruatisation involves:

® The possible spatial segregaticn of the water body into 2 number of
segments and/or layers

= Decisions on how to represent the water quality constituents, for example,
different species might be lumped together

= Assumptions about mixing regumes. complete mixing, plug flow, ewc.

This step is part of the before stage, where “best guesses® - derived from
previcus experience, literamire studies, etc. - arc used o define the mode)
structure. During the after phase these “guesses® will be reviewed and
refined. The mode! conceprualisation is usually presented in the form of a
diagram that shows the different state variables as boxes and the interacting
processes berween the state varables as arrows.

An example conceprual diagram from the QUAL2E mode! {Brown ard
Barnwell, 1987) is shown in Figure 19 below.
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Figure 19 Canceptual diagram of the QUAL2E meder

13.3.3 Formulation of the mode!

Following conceprualisation of the modelling problem comes model
formulation. The relevant stuare variables and mathemat:cal formulinony e
thewr interaction have to be chosen. The groups of quannties that pluy a 1vle
in the mode! and which have to be mathematically related tw each vller can
be depicted as shown in Figure 20. These groups are. briefly. as 1ollowy
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® Unmeasursd input disturbance includes items such as the estimated
yearly rate of phosphorus loading to a reservoir system [rom non-point
sources,

* Measured input disturbances might comprise. for example. the recorded
day-to-day variations of towl biochemical oxygen demand (BOD).
suspended solids and ammonia Ritrogen concentrations in a treated sewage
discharge 10 a river,

® The process state variables characterise the essential properties and
behaviour of a process (or system) as functions of space and time.

® Measured output variables are measurements of some of the process
state variables that are being simulated.

a  Model parameters are. for instance, process rate constans such as the
reaeration rate coefficient or chemical Kinetic rate constants that appear in
the equations of the system model. These parameters should be invarant,
1.e. truly constant, but they often vary with respect to time and space. Al
the conceptualisation and formulation steps, the parameter’s values are
usually only known within a range.
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Figure 20 Cetimition of the systom and variadles

13.3.4 Selection of model type

classes of models  The rvpe of model selected will depend on the goals and objectives. [t is
important that the model's basic approach and complexity be appropriate to
the problem. Models can be classified in 2 number of ways, as described
below.

distributed and A distributed parameter model is one in which variations of all the

lumped models  quantities in Figure 20 are considered to be continuous functions of tune and
space. Howeser. prior experimental observations may indicate, for example.
that horizontal gradients of dissolved material in a reservor are not large
enough to merit inclusion in the model. Thus, parts of the system description
may be Tlumped” weether so that, for certain finite volumes of the wawer
body. or wittin certain bounded sparial locations, water quality is assumied to
be umiform aral independent of position within the deined volume. A
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distributed-parameter model would be reduced by that assumption to a
lumped-parameter mode).

A stochastic model accounts for stochastic input disturbances and random
measurement errors (as shown in Figure 20). A deterministic model
assumes that the future response of the system is completely determined by a
knowledge of the present state and future measured inputs.

In a deterministic mode! the parameters are presented as exact aumbers,
whereas in stochastic models they are estimates stated in terms of statistical
distributions.

Stochastic modelling is still a relatively new development in environmental
chemistry (Jergensen, 1991). The Department of Water Affairs and Forestry
uses stochastic hydrological modelling extensively and developed both the
expertise and computing capabilities for water quantity analysis, as well as an
option to superimpose modelling the behaviour of conservative water quality
constiruents onto such a system analysis.

In a steady state model, the variables defining the svstem are not dependent
on time, whereas in dynamic models they are. An example of a steady state
model is one in which the average spatial variations in a river sysiem are
computed for an average time-invariant set of waste-water discharge,
temperature and stream flow conditions. In steady state models the variables
are only functuons of space and not time.

Like the lumped-paramneter model, the advantage of the steady state model is
its potential for simplifying computational effort through the eliminaton of
one of the independent variables - time - in the model relationships. Another
important reason for choosing a steady state model is that the dan
requirements are much less than those for a dynamic model.

These ravo model rvpes represent two ends of a spectrum, rather than discrete
categorics. An internally descriptive model, is one in which tie internal
mechanisins of process behaviour are described. A black box model makes
no explicit reference to how processes ke place: it only deals with what is
measurable, ramely the inputs and outputs. Most models contuns elements of
both approaches.

An internally descriptive model relies on a deductive reasoning approach 10
predict the outputs - it urtilises prior knowledge of known mechunisms 0
calculate the system’s response to certain disturbances (i.e. a before
approach).

For a black bux model the response of the real system to wnput Jisturbanves is
recorded. This inforination is used to calibrate the model in such a way that «
would give the same tvpe of responses to such disturbances. The way in
which the vutput is synthesised is of no impertance, therefore the acral
mechanisnis inside the process hox are not ken MO acvunt.
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13.3.5 Complexity of models

knowledge and  The selection of the complexity leve! of a mode! is a matter of balance. It is
uncertainty  pecessary to include the state variables and the essential processes, On the

other hand, it is important not o make the model more complex than the data
set can bear. The knowledge about processes and state variables, together
with the data set, determine the model. If the knowledge is poor, the model
will be unable to give many details and will have a high degree of
uncertainty. With more detailed knowledge of the problem, a more detailed
mode| with a low uncertainty can be constructed but always with larger data

requirements.

excessive  With modern computer technology, increasingly complex models are
complexity  possible. Models can, however, become too complex - it is easy to add more
state variables and equations, but much harder to obtain the dam needed for
calibration and validation of the model.

D
)

With a given amount of data, the addition of new state
variables or parameters beyond a certain model complexity
only adds 10 unaccountable uncertainty (Jorgensen, 1991). As
a general rule models should be as simple as they can be and
not simpler,

literature on  The literature of environmental modelling contains several methods applicable
complexity 1o the selection of model complexity. A comprehensive discussion is
presented in Jorgensen (1988).

13.3.6 Model structure identification

hypothesis testing  Discriminating berween various hypotheses that are, believed to be good
approximations of the "real” system's behaviour or, otherwise. identifying the
need for better hypotheses. is called model structure identification. This
choice 18 made with the aid of in siru field data. The hypothesised strucnure
that "best fis™ the experimental data is chosen.

limits of model  The importance of model structure identification in the modelling procedure
structure s partly related o the fact that water quality and ecological systems are not
well defined. Therefore the “true” relationships between the system variables
are unquantified. The “black-box™ approach to modelling might thus be the
only option to use in some cases.

Task 13 Prediciing the Effecrs of a Discharge on Water Quaity QUANTIFYING MODULE



Procecures to Assess Elflvent Discharge impac:s » 13, Ecivion 177

13.3.7 Calibration of the model

purpose of  Calibration is the process of obtining estimates for the model’s parameter

cafibration  yalues by using measured field data. Parameter values often cannot be
measured directly - therefore the inputs and outputs which can be measured
are used to deduce them. Model calibration is not, however, merely a
question of finding the best estimates of parameters, but also quantifying the
uncertainty surrounding these estimates. When the data are sparse, the
calibration process is unlikely 1o be incisive. It can provide only a first filter
of some uncertainty from the possible ranges of parameter values in literature
(Hornberger and Spear, 1981). The sample of acceptable, candidate
parameter values may then be used to generate a sample of predictions from
the mode! (Fedra, 1983).

calibration  An informal calibration procedure is shown in Figure 21. The modeller

procedures  siarts with some model structure and set of associated parameter values. The
simulated mode! performance is then compared with the observed behaviour
of the system under investigation. If the mode! is found to be inadequate in
its characterisation of reality, the modeller adjusts some parameter values
until the model cutput matches the observed data. There are more formal
procedures available for model calibration (see Orlob, 1983). An algorithm
can be employed that uses the measured outputs, predicted outputs and errors
to formally adjust the parameter values of a model,

nput | *Reality” ‘
dishrtances L I,
5 2

‘f
]
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§

Figure 21 A rudimentary method of mocel calibration

An exercise in accurate parameter estimation is of dubious

value if the prior problem of mode! structure identification has
not been satisfactorily resolved.,

calibration of  Jorgensen (1991) cautions that very compiex models are more difficult o
complex models  calibrate, because there are more parameters invoived. Given the uma vwlable
uncertainty in measured field data, this leads t0 an increased level ot
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uncertainty in the parameter values, up to a point where an increase in
complexity leads to a decrease in information from the model,

13.3.8 Experimental design

The aim of the experimental design is to ensure that collected field data are
adequate to calibrate the model. It includes considerations such as the
sampling interval, the length of the experiment and the choice of constituents.
The before model structure affects the choice of variables to be monitored.
If, for instance, the mode! structure lumps the growth of various bacterial
species together, there will be no need to monitor the various species
separately. The experimental design for a modelling exercise should be
directed towards ensuring that the chosen model will be calibrated properly.

Beck (Chapters 3 and 11 in Orlob, 1983) gives guidance on experimental
designs for modelling. including algorithms for parameter estimation.

13.3.9 Verification of the model

The process of verification is designed to control errors when deciding to
accept or reject the model - as a whole - as a valid instrument of prediction.
Verification entails an anaiysis of the discrepancy between modeiled outpurs
and measured field data. Due w uncerminties in the model structure, input
and output data and parameter values, it is reasonable o expect discrepancies
between the model’s output and field data. However, these discrepancies
should be tolerable in terms of the original goals and objectives.

To assess the "correctness™ of model predictions, one should consider the

following:

® The magnitude of the errors (i.e. the difference between model output and
corresponding field data)

® The statistical properties of the errors.

Should the error sequences not conform to the desired propeérties, this

suggests that the mode! does not characterise adequately all of the features of

the observed behaviour. A sirong correlation berween variations in a given

input and the variations in the model response errors of a given output, for

example, may indicate that the model structure should be modified to

accommodate additional significant relationships between those two variables.

Analysis of the mode! performance along these lines, therefore, highlights the

importance of model structure identification.

The type of error that should be controlled is a type Il error, i.e. the error of
mistakenly accepting an invalid model (Burns er al., 1990). There always
remains a residual ambiguity in the representation and interpretation of past
behaviour, normally referred 1o as a lack of model identifiability (Beck and
Halfor, 1991). This means thers will always be ambiguity in the furure
predictions made by models. Should the decision be taken to establish the
causes of a lack of model identifiability, there are broadly two areas m which
the search might be directed:

® Restucturing of the model

Task 13: Fredicting the Effects of a Discharge on Water Quality QUANTIFYING MODULE
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= Improved field monttoring programmes to improve the muodel calibration.

713.3.10 Validation of the model

purpose of  There is no guarantee that the model validity extends teyond the sample dat
velidatlon  set against which it has been calibrated, Validation is, then, the testing of the
adequacy of the model against independent field darn. This daw are usually
collected from different sites or if collected at the same site it must be for a
diffezent ime period.

73.3.11 Sensitivity analysis

purpose of  The major goal of sensitivicy analysis is 10 establish the relative sensitivity of

sansitivity analysis  the model predictions to uncertainty in the model parameters or in the input
database. [f the output is completely insensitive 10 a specific parameter, it
means that it will be impossible to find a reliable esumate for that parameter
during calibration. If the output is very sensitive to a specific parameter or
certain input data, special effort should be taken to obtain a very good
paramerer estimate or reliable input data, Sensitivity analvsis should be done
both before and after the calibration step in the modelling procedure.
Sensitivity analysis is an important part in the feedback loops to previous
steps in tie modelling procedure (see Figure 18).

*Before” sensitivity  Sensitivity analysis can yield insight into the nature of the model ard its
analysis  suitability for calibration, even before experimental field dar has been used.
"Before” sersitivity analysis can establish the relative magnitudes of changes
in the simulated model responses to changes in the mode! parameter values.
It may lead 1o a restructunng of the model at the conceptualisation stage,

“After” sensitivity  "Alter” sensitiviry analysis examuines the possible distribution of model
analysis  responses, given the distributions of estimated paramerer values. If the
uncertnty in the parameter values leads to too much uncerainty in the

modst predictions. the feedback loop leads back to the conseprualisation siep.

QUANTIFYING MODULE Task 13 Precicung the Effacts of a Dscharge on Warer Quairy
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13.4 Uncertainty in modelling

B Error in model predictions can arise from sources such as:
® The mode! structure
® The uncertainty of parameter values
® Poor characterisation of the ranges of input values.

BT The degree to which uncertainty is significant in terms of the
goals and objectives of the modelling effort must be identified
before attempting to account for the uncertainty in to the model’s
predictions. Procedures to identify and reduce uncertainty
"correctly” are essentially part of a "trial and error” process.

significance of  Beck (1991) places the issue of uncertainty in the context of decision-
uncertainty making. He states that the first issue to be resolved is the degree to which

uncertainty is significant in terms of the goals and objectives of the

modelling effort. The options are:

® The level of uncerminty is not significant, thus enabling the use of the
model in an entirely deterministic fashion falso refer to Section 13.3.4)

® The level of uncertinty is significant and some account of the uncertainty
associated with the model’s predictions must be given.

Significance is not solely a function of the magnitudes of the prediction
errors; a small amount of uncertainty in predicting contaminant levels close to
a critical decision point may be more significant than a large uncertainty in
predicting levels much lower - or much greater - than this critical level.

713.4.1 How can the source of uncertainty be quantified?

sources of  Much of the uncertainty in a mode! derives from the lumping of ecological.

uncertainty  spatial or temporal heterogeneity of behaviour into 3 single model parameter
{refer to Section 13.3.4), Error in predictions can arise from sources other
than the mode! structure and uncertainty of parameter values. Erroneous
assumptions about the pattern of variations in the input disturbances of the
system could also contribute 1o error. An example i1s a well calibrated water
quality model that fails o predict the observed DO levels in a stream,
because of the input data does not adequately represent organic rich
discharges upstream. The problem does not lie in the model’s structure or
calibration, but in the poor characterisation of the input loads.

use of literature  [f one assumes that the model error is simply reflected in uncermnty in the
values  model parameters. an initial answer may be found in the literature. Upper
and lower bounds on the feasible, or "likely”, values of the model’s
parameters are often available and they may be used to delimit the uncertumy
in the relevant parameter. Given enough data, the modeller can attempt 1o
find an “optunum” value for a parameter through formal algorithms. together
with a quantification of its error variance (Van Straaten. 1983).

Task 13: Predicting the Effects of & Discharge on Water Quality QUANTIFYING MODULE
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13.4.2 How can the uncertainty be reduced?

Beck (1991) states that it is extremely difficult to quantify the uncertainty
anached to the model structure and (o prescribe procedures to identify and
reduce it “correctly®. This is esseatially a “trial and error” process.

In situ field daw have to be used to calibrate the model and to establish
whether the model is fit for making predictions (i.e. verification). Sufficient
monitoring of the appropriate constituents, will ensure that the mode!
wdentifiability is maximised, by minimising the uncertainty around the model
parameter values,

One option is 10 increase the number of deterministic mechanisms described
in the model. The effect is an increase in the number of parameter values
that are needed and again an increased leve! of uncertainty. Therefore, a
simpler model is often more effective, given the constraints of obtaining
sufficient data for a more complex model. Part of the "art® of modelling
to determine and include only the significant processes so as to limit the level
of complexity.

13.5 List of water quality related models

Appendix F contains a list of available models that are related 10 water
quality. Not all these models are directly applicable to modelling of an
effluent discharge investigation, but all of them are related to water quality in
some way. This list is not a complete one of all models which might be of
use in effluent discharge assessment studies in South Africa. Details on other
models are also presented in Appendix F. Modellers will do well to keep
abreast of the latest developments in environmental modelling by reading the
literature. A list of readings and useful references is presented in Appendix
E.

Information given on the models in Appendix F includes:
Name

Description

Input requirements

Output options

Databases accessed

Vendor/developer/contact person(s).

The models in Appendix F are classified into water quality and hydrological
models. Water quality models are used to sunulate water quality. whereas
hydrological models focus on the amount of water in a system. Although
this manual focuses on the investigation of effluent discharge impacts on
water quality. the influence of hydrolegy is critical and must receive
sufficient attention, Almost all water quality models have an integral
hydrological component. whereas stand-alone hydrological models deal with
specific problems regarding the amount of water, such as droughts or floods

QUANTIFYING MODULE Task 13: Predicting the Effects of a8 Discharge on Water Quality
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and the probability of such evens. The models have been further classified
according to the systems which they simulate:

= L. Water quality models
A. Sueams/Reservoirs
B. Surface Runoff
C. Groundwater
D. Equilibrium Models

s [I. Hydrological models
A. Surface Water

B. Groundwater
C. Integrated Surface and Groundwater Models

Equilibrium models (1.D) were classified differently because they focus on

chemical processes in aquatic solutions in general, withourt reference to any
hydrological system.
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TASK 74:
Assessment of an Application to Discharge an
Effluent

B’ The purpose of this task is for the DWAF and the other

interested and affected parties 1o evaluate and assess the
application to discharge an effluent in order to conclude whether
or not the discharge should be allowed, and if allowed, what the
permit requirements should be,

B This assessment should be based on the information contained

in the application as well as the information collected during the
effluent discharge investigation.
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14.7 Assessment criteria

assessment of an  The assessment of an application to discharge an effluent must be done within
spplication  the context of the DWAF's water quality management policies and principles
(see Water Quality Management, Sections A and B). In such an assessment,
local site and case specific factors will be taken into account, particularly
through the involvement of interested and affected parties in the assessment
process,

As part of the assessment process the DWAF has to ensure that the applicant

has:

s Provided sufficient information to enable the DWAF and the interested
and affected parties involved in the assessment to reach a conclusion on
the desirability of aliowing the discharge

=  Sufficiently and effectively involved the interested and affected parties in
the effluent discharge investigation and the assessment of the application

= Completed an effluent discharge investigation which adequately addressed
all the relevant issues.

The application to discharge an effluent and the information supporting it
must specifically address the DWAF's decision-making hierarchy. For
convenience this is repeated below in full and is also depicted in Figure 22.

= First of all, options for preventing and minimising waste through source
reduction, recycling, detoxification and neutralisation of wastes must be
thoroughly investigated. Caution should be taken that in this process, one
is truly avoiding or minimising waste and not simply shifting it from one
environmental medium to another, for example, from water to land or
from water 1o air,

s If, after all the practical options to prevent and or minimise waste has
been exhausted, there is still waste or an effluent it will be required to
meet whichever is the strictest of minimum effluent standards or

" receiving ‘water quality based effluent standards.

Appropriate minimum effluent standards are currently being
investigated. The current General or Special Effluent Standards will in
the interim be used as minimum standards. (See Appendix G for the
existing standards.)

The effect of the treated effluent on the receiving water's fitness for the
protection of the natural aquatic environment and for water uses will be
assessed against desired receiving water quality. Effluent standards
required to meet desired receiving water quality are derived on the basis
of an effluent discharge investigation. Such receiving water quality
based standards may sometimes be stricter than minimum effluent
standards.

=  Exemptions from minimum effluent or receiving water quality based
standards will be considered under special circumsmances and as a last

Task 13; Azsessment of an application 1o discharge an eflluent DECISION MODULE
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resort, but will require sufficient justification on technological. economic
and socio-palitical grounds. Such exemptions may not always be granted,
may in most cases be temporary and almest certainly will be withheld if
the point source investigation shows that the receiving water's fitness for
the protection of the natural aquatic environment and for water uses will
be significantly reduced. Such a justification must also be accompanied
by a very specific acrion plan and milestones, tied to specific tme scales,
by means of which the discharger undertakes to improve its waste
management practices to the extent that it will mee: the DWAF's standard
requirements. If an exemption permit is issued, such an action plan,
including the milestones and time scales, will become part of the permit
tequirements and therefore becomes a binding contract between the
discharger and the DWAF.
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Figure 22 Decision-making hierarchy for consg,deting
apphicatons to discharge eftivent

14.2 Dealing with risk

The assessment and the eventual decision-making concerning an application 0
discharge an efflueat has built into it the risk of making the wrong
assessments and decisions. The main factors contributing to this risk are:

Inacdequate, incomplete or inaccurate information used in the assessment
and decision-making process

Unforeseen events, such as severe droughts, that were not taken into
account in the assessment process

Inadegquate assessment and decision-making procedures.

Such assessment and/or decision-making errors can be grouped into two
categories, namely:

Task 12: Assessment of an application to discharge an effluent
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» Being 100 strict - i.e. erroneously concluding an effluent would have an
unacceptable impact and therefore deciding to refuse permission for it (0
be discharged

s Being too lenient - i.e. erroneously concluding that the impact of an
effluent will be acceptable and therefore deciding 10 allow it 1o be

discharged.

incompletz or  Depending on how one deals with uncertainty, particularly in the face of
inadequate  incomplete or inadequate information, can obviously influence whether one is
information  mare [ikely to be too lenient or too strict. These two categories of errors are
not independent of each other, in other words by trying 1o decreases the
chances of making one kind of error one increases the chances of making the
other kind. For example by minimising the chances of being too lenient one
increases the chances of being too strict.

err on the safe side  In line with its precautionary approach to water quality management, the
DWAF's policy is to rather err on the safe side. That means it would rather
be too strict than being too lenient.  This is achieved, inter alia, by making
assumptions on the safe side or accepting worst case situations, particularly
when dealing with incomplete and inadequate information, in the assessment
and decision-making process.

14.3 Dealing with the consequences of failure

It must be recognised that in all assessment and decision-making concerning

the management of the impact of effluent discharges there is a chance that

circumstances can arise under which the effluent will have an unaccepuable

impact on the receiving water, Obvious cases are:

» Equipment and/or management failures at the facility generating the
effluent

» Natura! events such as extreme droughts which can result in very low of
zero flows in the receiving water body lasting for exceptionally long
periods.

It should be clearly understood that the applicant is responsible for dealing
with the consequences of both eventualities. Plausible and specific
continency plans for dealing with such eventualities must be provided by the
applicant.

74.4 Conclusion of the assessment

The firal cutcome of the assessment of an application to discharge an effiuent

in a water body can be any one of the following conclusions:

» To allow the effluent to be discharged

s Not to allow the effluent to be discharged

® To require additional information or further investigation because the
assessment is inconclusive.

Task 13; Azsessment of an application 1o discharge an effluent DECISION MODULE
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18.4.1 Effivent discharge alfowed

If the conclusion of an assessment of an application t discharge an effluent is
that it should be allowed, then a specific administrative process within the
DWAF is set in metion. The purpose of this process is 10 issue the
appropriate permit to the discharger and to specify all the general and special
case- or site-specific permit requirements,

The requirements specified in a permit belong to the following categories:

The peried for which a permit is valid must be specified. In casss
where the discharger has undertaken an action plan to improve effluent
quality this requirement is of particular importance because it allows the
DWAF 10 revoke a permit if inadequate progress is made with respect to
the previcus undertakings to improve effluent quality. The expiry of a
permit allows the DWAF and the other interested and affected parties the
opportunity to reassess the effects of an effluent discharge on the
receiving water body.

Requirements relating to efMuent quality and quantity. It is important
to be very clear whether the limits set are maximum values (i.e. never to
be exceeded) or average values. If they are averages it must be clear
whether or not they are simply arithmetic averages or flow-weighted
averages. In cernain cases the DWAF may specify in-stream limits in the
permit, however these are more difficult to administer than effluent limits.

Monitoring requirements, for which the discharger is responsible, are
specified in the permit for both effluent quality and quantity as well as for
water quality in the receiving water body, both upstream and downstream
of the discharge. Such monitoring provides the DWAF with information
on whether or not the effluent meets the permit requirements as well as
on the effects of the effluent on the quality of the receiving water body.

Such monitoring is of critical importance in evaluating the performance of
a discharger and for the purposes of reassessing the impacts of an effluent
discharge. Therefore, careful consideration has to be given to designing a
proper monitoring programme for each effluent discharge. Guidelines for
desigrung such a monitoring programme are provided in Appendix D,

The DWAF will also conduct its own monitoring, mainly to audit the
results being submitted to it by the discharger.

Requirements related to good house keeping are often included in
permits. It has been found that the majority of failures 1w meet effluent
quality and quantity requirements are related to poor house keeping in the
facility generating the effluent which is discharged. For example it can
be required that a comprehensive water management plan, including
siormwater handling, for the facility is developed and maintined.

Requirements relating to the impacts on groundwater and monstoring
thereof.

Task 14: Assessment of an application to discharge an eltiuen:
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Once a permit has been issued, another administrative process, namely to
ensure compliance to permit requirements and continued evaluation of the
effects of the discharge on the receiving water body is set in motion. [t
briefly involves the discharger regularly submitting information to the
DWAF. The DWAF, through regular site visits, analysis of the information
subminted to it, independent auditing and responding to concerns and
complaints of the public or specific water users, makes sure that the effluent
complies to the permit requirements.

74.4.2 Effluent discharge not allowed

In some cases the assessment of an application w0 discharge an effluent results
in a decision not W allow an effluent to be discharged. In the majority of
cases this leads to the applicant developing other options. These options then
have to go through the whole process of investization and assessment as
described in this manual.

14.4.3 Results of the assessment inconclusive

This should be a rare outcome if all the interested and affected parties were
effectively involved in the process of scoping and investigating the impacts of
an effluent on a receiving water body. It should occur only if an unexpected
isste emerges after the invesugation of an effluent discharge has been
completed. If such a siuation occurs the additional information required or
issues to be investigated should be specified and agreed to by the interested
and affected parties involved. The whole process as described in this manual
should then be repeated in order 1o reach a conclusion concerning whether or
not the effluent discharge should be allowed.

14.4.4 Record of decision

If the application to discharge has been refused. notification, in writing. will
be given to the applicant. In all cases, whether or not an application is
approved, a record of decision will be kept and made available w interesued
and affected parties on request.
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APPENDIX A:
Glossary

agricultural water uze is water that is used for irrigation of crops, watering of
livestock and maintenance of aquaculture.

assimilative capacity is the capacity of a water body to assimilate, through
processes such as dilution, dispersion and chemical and biological
degradation, wasie disposed to a water body without water quality
changing 10 the exent that the fitness of water for the protection of the
natural aquatic environmen: and for water uses, is impaired.

biochemical oxygen demand (BOD) is the amount of dissolved oxygen
required to meet the metabolic needs of aerobic organisms in water rich in
organic master.

case-specific - see site-specific

chemical oxygen demand (COD) is the amount of oxygen reguired 10 oxidise
all the organic matter in a sample that is susceptible 1o oxidation by a
sirong chemical oxidant.

contact recreation refers to one of the categories used 1o describe recreational
water use. It involves full-body water contact such as swimming and
diving.

diffuse sources are distributed or dispersed sources of impact on water
Quality, resulting from surface run-off, infiltration or atmospheric
deposition.

domestic warer use is the use of water for drinking, washing. batung,
cooking etc.

efluent standard is a legally enforceabie value or limit set for a warer quality
constituent in an effluent being discharged into a water body.

effluent discharge permits are legal documents specifying the limits,
monitoring requirements and reporting schedules, as well as other
requirements which are set when an effluent discharge is allowed. These
permits are issued and administered by the Department of Water Affairs
and Foresiry.

exemption is a type of effluent discharge permir, issued in terms of Article 11
of the Water Act, which exempts a discharge from eithier (3) not
discharging at the point of abstraction, and/or (b) not complying with the
Ceneral Effluent Standard

Glossary APPENDIX A
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fitness of water is a judgement of the suitabilicy of the quality of the water for
one of the four recognised warer uses and for protecting and maintining
the health of the namral aguatic environment.

General Effluent Standard is a set of effluent siandards, published in terms of
the Water Act which are applicable throughout South Africa. An effluent
must comply to the whole set, unless an exemption relaxing one or more
standards has been issued by the Department of Water Affairs and
Forestry,

igneous rock is rock which was formed from the cooling of magma and which
has not changed appreciably since its formation.

industrial water use is water that is used (with or without treatment) for
various industrial processes.

intermediate contact recreation is one of the categories used 1o describe
recreational water use. It includes activities with a high degree of water
contact such as waterskiing and canceing, as well as those involving
relatively little water contact such as paddling or wading.

management actions include the functions of planning, organising, leading
and controlling. They serve to implement strategies.

metamorphic rock is rock that has been greatly altered from its previous
condition through the corabined action of heat and pressure.

minimum effluent standards are limits for the concentrations of water quality
constituents in an effluent, and are based on treatment technology.

mixing zone is a region in & receiving water body in the vicinity of the point
of discharge of an effluent. It is characterized by incomplete mixing of
the effluent with the water body.

natural aquatic environment is defined as the abiotic (physical and chemical)
and biotic components, habitats and ecological processes contained within
the outer edges of the riparian zones, in the case of rivers, or within
fringing vegetation zones, in the case of reservoirs, lakes and wetlands.
Terrestrial biota, which depend on the aquatic ecosystems for survival,
are included in this definition but humans are not.

no effect range is that range of concentrations or levels for a warer quality
consrituent at which the presence of that constituent would have no known
or anticipated adverse effect on the fitness of water for the protection of
the natural aquatic environment and for water uses. These ranges were
determined by assuming long-term continuous use (life-long exposure) and
incorporate a margin of safety.

ron-coniact recreation is one of the categories used to described recreational
water use. No direct contact with water is involved, for exampie,
picnicking or hiking. Scenic and aesthetic aspects are imporuant features
in this category.

AFPENDIX A Giassary
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Glossary

non-point sources - see diffuse sources

norms ace yardsticks by which changes in firmess of water can be nieasursd
(for example health effects, crop yield, biodiversity, exc.)

poin: sources are known discreet sources of impact on water quality from, for
example, a pipe discharging an effluent from an industry. The volume and
quality of the discharge can be directly measured and quant:fied,

receiving waier quality objective - see water quality objective.

recreaticncl water use is water thart is used for:
®  coniact recreation (swimming, water skiing, windsurfing etw.); or
® non-contacs recreanon (boating, fishing. bird watching eic.)
Uses associated with aesthetic beauty are also included. Pools receiving
continuous maintenance are not included.

sire-specific refers 10 conditions that are unique or specific (o a certain site,
lecality or case,

Special Efluent Siandard is a set of effluent standards, published i terms of
the Water Act (54 of 1956) which are applicable in certan cawchments in
South Alrica,

target water quality range is a range of water quality which the Departinen:
of Warter Affairs and Foresury has, as a maner of polcy. decided to sirive
to maintain, It corresponds with the no effect range. Therefore, i the
South African Water Quality Guidelines the no effecr range 1s referred as
the target water quality range (TWQOR).

water quality s used 1o describe the physical, chemical, biological and
aesthetic properties of water which determine its fitness for the protec:icn
of the narural aquaric environment and for warer uses.

water quality constituens 18 a term which is used generically in this maral
and the South African Water Quality Guidelines for any of the proper:ies
of water and the substances suspended or dissolved in ir.

Several other terms are also used in the inmernational and loci iterature
for the properties of water or for the substances dissolved or suspended n
it, for example, water quality variable, characreristic, determanand. e,

warer gualiny criteria are defined in the South African Water Qualiry
Guudelines as scientific and technical information provided for a particular
water quality constinvent in the form of numerical or narrative
descriptions of its effects on the fitness of warer for the protection ot the
natural aguaric envirorunent and for water uses,

It is defined in different ways in the internatonal literanire, for example:
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® US EPA (1986} a designated concentration of a constituent that, when
not exceeded, will protect an organism, an organism community or a
prescribed water use or quality with an adequate degree of safety.

s  Canada (1987) scientific data evaluated to derive recommended limits
for water uses.

®  Australia (1992) scientific and technical information used to provide
an objective means for judging the quality needed W maintin a
particular environmental value (water use).

water quality guideline is a set of information provided for a specific warer

quality constituent. It consists of the warer quality criteria, including the
target water quality range for that constituent, together with other
supporting information such as the occurrence of the constituent in the
natural aquatic environment, the norms used 10 assess its effects on water
uses, how these effects may be mitigated, possible treatment options, etc.

The South African Water Quality Guidelines consists of the guidelines for
domestic, recreatiomal, industrial and agricultural warer uses as well as
guidelines for the protection and maintenance of the health of the natwral
aquatic environment,

Water quality guidelines are also defined in the international literature as:

® Canada (1987) a numerical concentration Or narrative statement
recommended to support and maintain a designated water use

®  Australia (1992) water quality guidelines translate the criteria into a
form that can be used for management purposes

®  WHO (1984) the level of a constituent that ensure aesthetically
pleasing water and does not result in any significant risk to the health
of the consumer.

water quality objective is a concentration or level, not to be exceeded, set for

a specific warer guality constituent in a defined water body, or portion or
a water body, to ensure, with a given measure of reliability, its agreed
fitness. This is an achievable value, determined by considering the water
quality requirements of recognised warer users and for the protection of
the health of the natural aquatic environment as well as relevant physical,
technological, economic and sociopolitical issues.

It is also defined internationally as:

® Canada (1987) a numerical concentration or narrative statement which
has been established to support and maintain a designated water use.

water quality standard is a term used in international water quality literature

which is defined as:

® Canada (1987) an objective that is recognised in enforceable
environmental control laws of a level of government

o  Australia (1992) what guidelines (perhaps further modified by social,
political and/or economic considerations) become when compliance is
mandated by law

Glossary
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= US EPA (1986} a standard connotes a legal entity for a particular
reach of waterway or for an effluent.

water use can be one of the four uses of water recognised by the Water Act:
=  domestic
industrial
agricultural
recreaconal

waler user is a person or group of persons which use water for a particular
purpose.

Glossary AFFPENDIX A
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APPENDIX B:
Abbreviations

BAT Best Available Technology

BATNEEC  Best Available Technology, Not Entailing Excessive Cost

BPEO Best Practical Environmenta! Option

BPWQO Best Practical Water Quality Option

DWAF Department of Water Affairs and Forestry

EPA Environmental Protection Agency (United States of America)

GIS Geographical Information System

HRI Hydrological Research Institute

IA Impact Assessment

IEM Integrated Environmental Management

POLMON  Pollution Monitoring Database
RSA Republic of South Africa
SABS South African Bureau of Standards

Abbreviations APPENLIX &
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APPENDIX C:
Guidelines for Effiuent Discharge Investigation
Reports

C.1 Purpose and nature of these guidelines

The guidelines and report format presented below should be seen as a
checklist against which a consultant can structure information obtained during
the effluent discharge investigation clearly and logically. It is acknowledged
that no checklist can be sufficiently comprehensive to cover all cases, but the
outline should provide a minimum basis from which to work.

This report format is broadly based on that developed by the Deparunent of
Environment Affairs for report requirements for initial assessments and
impact assessments (Deparument of Environment Affairs, 1992).

These guidelines do not attempt to provide guidance for report writing.
Elements such as style, language and presentation also contribute to
understanding and ease-of-use of the report, but fall outside the scope of this
manual.

As the nature and requirements for effluent discharge investigations develop,
these report guidelines could be modified to reflect such changes.

C.2 Focus of the report

The aim of the report should be to enable the decision-maker to make a wasts
load allocation decision. It is the responsibilicy of the discharger to provide
sufficient information in a form that motivates the application. Key issues
should be highlighted and distunguished from supporting information. The
extent and detail of the information required in the report should be
determined during the scoping of the investigation.

C.3 Summary of the report format

The following items should be included in a report:
Cover page

Executive summary

Contents page

Terms of reference

Introduction

Background information

Details of the permit application and motivation
Description of the processies) producing the discharge
Description of the area of investigation

Guidelines for Eftiuent Discharge Investigation Reports ASPENDIX C
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Water quality requirements

Receiving water quality

The effect of the discharge on the receiving water quality
Monitoring systems design

Information availability

Conclusions and recommendations

Definitions of technical terms

References

Personal communications

Appendices.,
C.4 Cover page

The cover page should provide relevant information about the discharger and
the impact assessment:

Type of application

Name of concern

Consultani(s) involved

Address(es) and contact telephone and facsimile number(s)

Report designmation (draft/final) and reference

Date of submission.

C.5 Executive summary

The executive summary should provide a brief but complete overview of the
report. highlighting the main findings, key issues, conclusions and
recommendations. It should provide executive managers with an insight into
the key issues which have emerged from the investigation. This will enable
them 1o evaluate the final waste load allocation decision.

C.6 Contents page

The contents page should show the main sections and sub-sections of the
report and enable the reader to locate any topic of interest quickly.

C.7 Terms of reference

The exact requirements for the terms of reference will vary according 10 the
discharge being assessed. This section should describe the conditions for
consultants responsible for the investigation to carry out a sufficiently detatled
study and address all the key issues.

C.8 Background information

The mtroduction should provide a background for the report. giving:

s  The reason(s) the investigation has been undertaken

® A summary of the details of the proposed discharge. including an
alternatives that are being investigated

® An outline of the report structure and content

s A brief description of the objectives of the investigation, and the approach
adopted 0 meet those objectives.

APFPENDIX C Guidelines for Effiuent Cischarge Invessigation Raports
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C.8 Details of the permit application and motivation

This section should briefly outline the request that the discharger is making in
respect of a proposed or existing discharge, together with the motivation for
the discharge. This motivation should take cognisance of the DWAF policy.
It could include items such as:

® Reasons for not meeting effluent discharge standards

s  Consideration of precautionary measures and water reuse

» Economic justification for the discharge,

The application should include references to, and a summary of, previous
applications and/or permits relating to the discharger. These could be both
water usage and effluent discharge permits. If previous permits are required
to be modified or extended, then the appropriate reasons must be clearly
stated, Full details of all permits and previous applications should appear in
the report appendices.

C. 10 Description of the process{es) producing the discharge

This section should summarise information on the following:
Raw materials used in the process

Water-using processes, and their effect on water quality
Water management procedures

Sources of effluent

Effluent treatment facilities

Proposed, or actual, location and manner of discharge.

Details of the process, such as extensive analyses of raw materials, water
circuit description, comprehensive water balance, and effluent discharge
composition, should be included in the report appendices.

C.11 Description of the area of investigation

This section will contain background information on the caichment. so that

the context of the investigation can be clearly seen. The following should be

included: :

® Description of the catchment in which the discharger is located

s [ldentification of the limus of the area of investigation (including the
reasons for selection).

C.12 The effect of the discharge on the receiving water
quality

C.72.1 Modeling

This section should provide demils on how the impact(s) was modelled. with

particular emphasis on the following:

8 ' Description of scenarios modelled (flow conditions, upstream water
quality, variables of interest)

®  Model selection, description and implementation

Guidalines for Efivent Discharge Investigation Reports APFENDIX C
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®  Summary of model results, with supporting details to included as report
appendices,

C.72.2 Effect of the discharge

For each predicted effect, describe the following:

® The water users, or other affected parties

® The type and nature of the effect

® The significance of the effect (in terms of number and rype of users
affected, extent, duration, frequency, risk, etc.)

® The uncertainty involved in the prediction of the impact

® Any feasible mitigatory measures and their effects on reducing the impact.

C. 13 Monitoring systems design

This section should provide information on the following:

& An outline of the design approach used

s A description of the proposed effiuent compliance monitoring system, an

® A description of the proposed effluent discharge impact menitoring
system.

C. 14 Information availability

If information is tncomplete or unavailable at the time of the investization,
this should be clearly stated, highlighting:

= Gaps in data records and information

» [mplications of the above for the assessment process

s Recommendations for data collection programmes.

C.15 Conclusions and recommendations

This section should provide the decision maker with the following:

® A description of the key issues

® A summary of the anticipated impact(s) for each alternate option and the
mutigatory actions associated with each

® Proposed loads in the discharge (variables, concentrations and associated
flows)

e The risks and uncertinties associated with the proposed discharge

s A summary of the proposed monitoring programme(s)

s  Any additional recommendations.

C. 716 Definitions of technical terms

A glossary of terms relating to the investigation should be included as an
appendix in the report.

C.17 References

All wrirten material used in the development of the report. and as part of e
effluent discharge investigation, should be fully listed (including any
unpublished documentation).

Guidelines for Effluent Discharge Investgation Regorts
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C. 18 Personal communications

In an effluent discharge investigation, verbal comments are ofien obtained
from various interested and affected parties. These should be lisied with
name and date of communication. Full comments may be included in the

appendices.
C.78 Appendices

Appendices should provide support for statements and conclusions appearing
in the main body of the report, in order to ensure that the main report
remains concise.

Appendices should also contain background documentation. The fellowing
are examples of appropriate contents of appendices:

» Copy of existing and, if appropriate, previous permit(s)

s Copy of the permit application

® _Detailed mode! descriptions and model outputs

» Detailed calculations

» Full documentation of public meetings with users and user groups.

Examples of other documents that could be included are:
Specialist reports

Policy guidelines

Locality maps

Site maps and diagrams

Glossary of terms relating to the investigation

Any correspondence related to the investigation
Details of personal communications

Any legal documentation related to the investigation.

Any of the above documents could, if sufficiently large, be compiled as a
separate document and referenced as such.

Guidelines for Effluent Discharge Investigation Reports APPENDIX C



216 Procedures 10 Assess Efflvent Discharpe impacts « 13t Edingn

REFERENCES

Appendix C: Guidelines for Effluent Discharge Investigation
Reports

Deparument of Environment Affairs, 1992, The Integrated Envircrmenial
Management Procedure, Documents | to 6, Pretoria, South Africa,

APPENDIX C Guigelines for Eftluent Discharge lnvestigation R2p0eis



Procecires 1o Azzess Effluent Discharge Impacis » 131 Edition

217
APPENDIX D:
Design of Permit-related Monitoring Systems
Oegign of Permir-related Monitoring Systems APFENCIX D



218 FProcedures to Assess EXyuent Croctarse impaces « 1st Exvnon

APPENDIX D Design of Permit reiated Mcnitoring Systems



Procadures to Azsess Effivent Discharge Impacts « a1 Edivion

218

APPENDIX D:
Design of Permit-related Monitoring Systems

D.1 Overview of the monitoring systems design process

Step 1: Identify information expectations

*Information expectations® refer to the manager’s expectations of the results
of the monitoring programme, The decisions which will be based on the
information should be stated. The information users and the person(s)
responsible for allocating the funds should contribute to discussions w
determine these expectations. For permit-related monitoring, objectives aze
generally limited to:

® Determine compliance with permit conditions

s Estimate the impact of the discharge on the receiving water

s Audit the monitoring conducted by the dischargers themselves.

A complete sttement of the objectives of the monitoring will provide a basis
for an initial selection of variables for measurement. Subsequent sieps in the
design procedure rely on an accurate and precise undersncing of the
objectives for monitoring.

The product of this step is a statement of the objective of the monitoring
programme. If more than one objective has been identified, the statement
should also identify their priorities so that resource allocaticn can be
optimised.

Step 2: Establish statistical design criteria

The information expectations identified for the monutoring programme should
be stated as a hypothesis or as a statistic to be estunared, whichever s more
appropriate. The statement of the hypothesis or statistics will help to idenufy
the statistical procedures used.

A precise statement of the hypothesis is important, because there may be
alternative statistical methods for testing the hypothesis. Hypothesis tests are
associated with a significance level that specifies the probability that e
hypothesis has been incorrectly rejected. Statistics, such as the medan of
observations, shouid be explicitly stated as well. Suatistics are associaed with
a confidence interval. Confidence intervals are upper and lower limis that
define an interval over which the “true value™ of the statistic is contuned
with the specified confidence. Calculated estimates of statstics will often be
compared with some constant value, e.g, the effluent standard or tie
receiving water quality objective, by the use of a hypothesis test.

Design of Permji-related Monitoring Systems APPENCIX D
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The uncertainty in the results should be assessed relative to the amount of
data collected. In general, increasing the number of samples will decrease
the variance in the calculated statistic, however, monitoring is quite
expensive. There is often a trade-off between cost and the desired precision
for the satstic. A statement of the statistical criteria, including the desired
precision in the form of significance levels or confidence interval widths, can
improve decisions about the amount of dat necessary,

The product of this step is a statement of the hypothesis to be tested or the
parameter 10 be estimated. The significance level of the relevant test of the

hypothesis or the acceptable confidence interval of the parameter should also
be stated.

Step 3: Design of a monitoring network

The third step in the design of a water quality monitoring system consists of
selecting the locations of sampling sites and determining the frequency of
sampling.

The product of this step is a diagram, with accompanying text, that locates
the sampling sites and a statement of the frequency of sampling for each
variable at each site.

Step 4: Develop operating plans and procedures

The fourth step deals with the selection of sampling and laboratory
procedures, storage and retrieval of the data, and data analysis procedures,
Documentation of this step is essential to ensure that the plans and procedures
are consistently maintained throughout the life of the monitoring programme.
Only a consistent programme will provide the data necessary for
determination of long-term changes in effluent quality or in its impact on
receiving water, ‘

The product of this step is a document that describes the sampling procedures
and the analysis procedures to be used for each variable to be analysed and
procedures for dan storage, retrieval and analysis. Reference to standard
methods can be used where they exist.

Step 5: Develop information reporting procedures

Information reporting procedures deal with the types, timing, and format of
reports, distribution of the information and the evaluation of the monitoring
system, Reporting is the step that ensures that the information developed in
the sampling and analysis programme is transferred t0 water quality
managers,

The product of this siep is a document that describes the reporting formats.
mchuding the statistics 1o be reporied. the time over which the data are to be

Design of Permit-retated Meonitoring Systems
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analysed, the frequency of reperts, and the person or office where the reports
are to be submitted.

D.2 Effluent Compliance Monitoring

The DWAF's compliance monitoring policies and procedurss are described in
a DWAF document, the Compliance Monitoring Manual (DWAF, 1991),
which s reviewed and revised regularly, to reflect the changes in the
Deparmment’s policies. The m:edobjecnvco{msdocmnem is to provide the
pamcipams in compliance monitoring activities with:
An understanding of basic principles and their implementation
s Detailed guidance on procedures, responsibilities and time controls for
compliance activitics
s Explanations of the policies and procedures to answer questions asked by
permit holders.

D.2.1 Identify information expectaticns

The most obvious use of permit-related water quality monitering data is to
produce information to determine whether or not a discharger complies with
the terms of their permit. The information can be expected to provide
decision support for that determination.

D.2.2 Establish statistical design criteria

The hypothesis most commonly associated with determining compliance is the
one stated above, namely, some statistic (ofien the 95 percentile) of the
measured concentrations is less than or equal to the effluent standard. The
hypothesis test is to reject the hypothesis if the upper confidence limit of the
calculated statistic is greater than the effluent standard.

The calculation procedure for the test is simply to determine the 95 percentile
and its confidence limits. Percentiles are concentrations associated with a
particular rank after all the observations have been ordered from lowest 10
highest. The 95 percentile is the concentration that has 95 % of the
observations less than or equal to it

Because percentiles are based only on the ranking of observations, not on the
magnitudes themselves, the number of samples used to calculate percentiles is
of critical importance. At least 20 observations are required to estumate a

95 percentile. In the case where only 20 observations are available, the

95 percentile would be equal to the largest observation,

Including confidence intervals in the hypothesis test complicates its
calculation and increases the need for additional data collection. In the
example used above, with 20 observations. the upper confidence limit could
not be calculated. The DWAF has addressed this issue by developing the
computer program, COMPLY, which uses the technique of repeated
simulations of data sets similar 10 those observed. Stuistics are calculated on
the simulations to estimate upper confidence limits for a 95 percentile.

Cesign of Permit-related Monitoring Systems APPENDIX D
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The COMPLY computer program does a coarse scresning to compare the
available daza with the standard. If the standard requires the 95 percentile of a
variable to be below a ceruin level, the program tests whether the whole
confidence interval around the 95 percentile falls below the set standard level.
If this is pot the case, additional analysis is indicated and done by the Monte
Carlo analysis methed. The method does not assume any underlying
distribution of the data and has the advantage that confidence intervals are
calculated on the repeated simulations, so that fewer data points are needed.

It should be noted that COMPLY could indicate that a violation has occurred,
even if 95 % of the measured values fall below the standard. The reason for
this is that the program repeatedly samples from the sample distribution of the
observed data. The confidence intervals used for the comparison are based
on calculation of 500 sets of 95 percentiles, rather than the single observed
data set.

D.2.3 Design of a monitoring network

a. Location of monitoring points

No regulations specify a procedure to determine the location of compliance
monitoring points. However, although rigid rules are not appropriate, the
following guidelines should be used to select compliance monitoring points:

® The quality and volume at the monitoring point should be as
representative as possible of the effluent that actually enters the water
body.

e Compliance monitoring should be done at a point where the monitored
stream consists only of the effluent of concern. It should not be diluted by
any other stream, either natural or effluent.

® The location of compliance monitoring points should be determined in

consultation with the effluent producer in such a way that :

® [t would be possible to get a satisfactory estimate of the actual volume
of effluent being discharged

s  Sampling points would be accessibie

» Further improvement in effluent quality before the point entry into the
water body would be taken into account. Vegetation or other natural
effects could have a positive influence on effiuent quality. and if such
an effect is significant, it should be considered as "treatment” of the
effluent. Note, however, that the dilution of the effiuent by any
natural or other effiuent stream will not be considered as treatment.

®  An exact description of the location of the compliance monitoring points,
according 10 existing DWAF guidelines in the Compliance Monitoring
Manual (DWAF, 1991), must be included in the permit conditions.

Flow gauging of sewags treatment works is ofien done at the intake with the
assumption that the outflow of the works equals the inflow. However, there
are losses due 10 sludge disposal, evaporation and/or infiltration (in the case
of maruration ponds). These Josses should be estimated and compared to the
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toal volumes of raw sewage as well as the flow of the water body into which
the effluent is discharged. These losses should be taken into account in an
effluent discharge investigation.

During the term of a permit, the point of discharge may be moved, for
example, due 10 maintenance work or other alterations. Also, in some cases,
the final lecation may suil be unknown at the time of issuing the permit, for
example for investigations made during the proposal phase. The likely
discharge points should all be described in the permit monitoring document
together with the associated monitoring point for each. The discharger
should then specify the location of the samples in the compliance monitoring
report. If new monitoring points are added after a permit has been issued,
the permit hoider should use the existing guidelines to inform the DWAF of
any changes in the location of monitering points.

b. Monitoring variable selection

Two types of effluent variables affect the environment, namely water quality
variables and water quantity variables. Both types are imterrelated. The data
on these variables should, therefore, be handled and stored to maintain the
link between water quality and water quantity data that wers taken on the
same day, or within the same pericd of time.

*  Water quality variables

These can be physical, chemical or biological progerties of the water. The
Compliance Monitoring Manual (DWAF, 1991) describes some of the
water quality variables that could be monitored and points out important
considerations,

It is impossible to monitor all variables that describe water quality,
therefore, a limited number are chosen to be monitored. The variables of
concern will be identified in accordance with the Receiving Water
Quality Objectives approach, depending on the requirements of the
recognised water users. The variables to be measured will be identified
during the siep to determine information expectations.

The cost of sampling and analysis restricts the number of variables that
can be monitored. It is possible to use a variable that is easier and
quicker to measure, such as electrical conductivity or turbidity as an
indication of characteristics that are more difficult to measure, such as the
total dissolved solids or the suspended solids in a sample.
Microbiological contamination is rypically measured with biological
indicators species, ¢.g. the number of £. colf is used as an indication of
faecal contamination of water, although the organism is not hikely to
cause illness.

»  Water quantity variables

These are the variables that describe warter quantity, ¢.g. flow rates.

Design of Permit-related Monitcring Sysiems AFPENDIX D
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c. Sampling frequency

A number of factors influence the choice of a sampling frequency. namely:

® The use that will be made of the information, for example, detect trends,
monitor compliance, determine the source of pollution/toxicity, estabiish
base line conditions, audit the monitoring programme of a discharger,
determine the acceptability of permit conditions etc.

s The statistical methods used to analyse the daaa

the statistical characteristics of the target water quality population

s Economic and physical considerations ¢.g. staff and equipment needed,
the number of sampling sites and the ability of the laboratory to process
the samples.,

The number of samples taken should be enough 10 meet the stated
information expectations. The mimmum number of samples needed to mest
the information expectations should be determined for each monitored
variable, Some compromise is generally needed to incorporate the statistical
requirements into a practical monitoring programme. The information
expectations and the statistical design criteria will determine the statistic(s)
that will be calculated from the data gathered during the monitoring

programme.

Apart from economic and physical considerations, the statistical methods
used to calculate the required statistic, and the statistical characteristics of
the target water quality population, will determine the number of samples
needed.

The target population is the complete entity that the statistic seeks to
describe, for example, if the target population is the sodium concentration
throughout 2 month, the monthly mean concentration is just an estimate of
the “true” concentration for the month. The actual mean can never be
esublished; it can only be estimated by sampling from the population - the
more samples that are taken, the beter the estimate that is obtained.

The statistical characteristics of the target population, such as the
underlying distribution and the varfability, determines when and how many
sampies should be taken. The variability and underlying distribution of the
receiving water quality 1s usually determined from historical data, if
available. This is necessary, becausz a multitude of unknown factors could
have an effect on the receiving water quality and the only way to ke these
factors into account is by assuming that the characteristics observed in the
past would be repeated in future.

Once the designer of the monitoring system has a knowledge of the statistical
characteristics of the receiving water quality population, a sampling
frequency can be calculated, taking these statistical characteristcs into
account. and using swuristical methods.,

The same principles apply for determining the sampling frequency of an

effluent compliance monitoring programme. However, in this case. the
variability would be largely attributable to human activities and would,
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therefore, be more predictable than in the case of menioring the receiving
water body.

The most important characteristics of effluent quality data o take into account
when determining the sampling frequency are cyclical variation and serial
correlation (see aiso Section D.6.2).

Cyclical variation in effluent can mainly be ascribed o human activities, and
inciude diurnal cycles and weekly cycles. Serial correlation is the
phecomenon observed when an individual data point repeats information
conuined in a previous data point. This happens when the sampling
frequency is shorter than the effects created by the process being sampled.
The nature of many effluent producing processes, where liquids move
through buffer units, mixing takes place, etc., is to level out the effects of
sudden changes in the effluent composition. If the sampling frequency is
shorier than the residence time of effluent within the process, the individual
data points are not independent of each cther and a cerwain amount of
redundancy is included.

Since the influence of diurnal and/or week!ly cycles on effluent quality will be
known, sampling should be scheduled in such a way that the data set will not
be biased; e.g. by always sampling at a time when a certain bawch process in
a plant is off-line, the resulting data set could contain a low bias. If the
permit conditions specify a maximum 95 percentile concentration in an
effluent, it will also not be accurate always 10 sample at a time when the
concentration is higher than average. Therefore, one would normally wish to
eliminate the effect that the diurnal and weekly cycle might have on the data,
unless the very aim of a sampling programme is to desect these cycles.

To get a sample that is more representative in time. two procedures could be
followed, depending on economic considerations and on the information
needs:

» For a daily sample: sample at regular intervals during the day: fora
weekly sample: sample at regular intervals during the week (at least
twice within the period of a cycle). If the aim is 1o describe the ¢velical
variation, more than three samples within a ¢y¥cle are needed

®  Specify that the sampling intervals should rot be equal 10 24 hours or 7
days. to ensure that sampling occur at different times of the day or on
different days of the week,

It is important to defermine what the consequences ars of exceading a himit 35
specified in the permit conditions. The time that such an excesdance would
take 10 have serious consequences should be used as a guideline of how long
the sampling intervals should be. Where effluent is accumulated in storage
dams and discharged as one batch, the sampling schedule should obviously be
co-ordinaied with the batch cycles.

The probability that the underlying distribusion of independent effluent qualuy
daw would be normal is good, but this should be verified (Section D.6 ).
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D.3 Effluent Discharge Impact Monitoting

D.3.1 Identify information expectations

The impact of the discharge on the receiving water should be measured,
together with compliance with the permit conditions. Information that can be
expected from these monitoring programmes should allow a valid comparison
against some stated hypothesis for the water quality in the receiving water. A
common hypothesis will be stated as: the upper 95 % confidence limit of the
95 percentile of the measurements of variable x is less than or equal to the
receiving water quality objective set at the point of measurement. Note that
this hypothesis statement also contains criteria for parameter estimation.

Information developed from this monitoring can also be used to evaluate
permit conditions. For those cases where the permit conditions were set with
very little data, a relatively short-term programme should be begun 10
evaluate the effectiveness of the selected conditions. That is, the monitoring
should determine whether or not the effluent, even if it meets the permit
conditions, increases the concentrations in the receiving water beyond the
objectives, The purpose of the evaluation, as well as the duration of the
evaluation period should be stated in the monitoring system documentation.
Sample collection and analysis demands are often higher for this evaluation
than for simple compliance checking, so the programme should be carefully
planned. Data analysis procedures, interpretation of results, and guidelines
for subsequent decision-making should also be explicitly stated.

D.3.2 Establish statistical design criteria

Analysis of the impact of a point source on the receiving water will require a

wider range of hypothesis tests and statistics calculations than compliance

checking. Two relevant questions must be answered, namely:

® Does the discharge significantly change the receiving water quality (by
comparing the upstream to the downstream water quality)

® If so, is the resultant water quality unacceptable in terms of the RWQO or
other guideline values?

The hypothesis for the first question relates the water quality measured
upstream of the discharge with that measured downstream. One might
formulate a hypothesis that relates, say, the means of the observations at the
two sites; however, the real issue is the point comparison of each
observation. A relevant hypothesis can be stated as: The concentration
measured downstream of the discharge is equal to the concentration measured
upstream on the same day. An sppropriate hypothesis test could be: Reject
the hypothesis if the 95 % confidence interval for the mean of the
differences, calculated over some time interval, does not include zero, That
hypothiesis can be tested with a number of procedures, including either the
well-known one-sample Student’s t-test that assumes an underlying normal
distribution, or the distribution-free signs test that tests the randomness of the
erdering of positive and negative differences between the two measurements,
Those procedures are described in most mtroductory statistical texts, for
example, Introduction to the Theory of Siasistics (Mood er al., 1974).
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It may be unlikely that the effluent has zero effect on the receiving water, but
that the allowable effect has been determined. In that case, the hypothesis
test would not compare the differences 1o zeéro, but w the allowable effect.
For example, if the effluent is expected to increase the electrical conductivity
of the receiving water by 10 mS/m, the hypothesis tes: would be: Reject the
hypothesis if the 95 % confidence interval for the mean of the differences,
caiculated over some time interval, does not include 10.

One must be aware of the difference betwesn statistical significance and water
quality significance. It is possible to detect a statistical significance between
two sets of observations when the acrual difference is insignificant in terms of
the water uses. The second question listed above addresses that issue,

The hypothesis test for the second guestion is very similar to the one for
compliance monitoring, namely, that some statistic (often the 95 percentile)
of the measured concentrations is less than or equal to the receiving water
quality objecuve. Calculation procedures are as described above,

D.3.3 Design of a monitoring network

To ensure that the standard set for the effluent water quality is sufficient to
attain the management objective in the receiving water, the receiving water
body will be sampled and analysed. The DWAF is responsible for the
assessment of the receiving water quality on a caichment and national level
(not described in this manual); the permit holder is responsible for monitoring
to describe the locai effects of their discharge on the receiving water. as
stipulated in the conditions of the permit, t0 be used for assessing the impact
of the discharge.

=  Location of the sampling sites

The number of sampling sites depends on considerations of:

®» The size of the target water quality population e.g. the target population 1s
equal to the water quality of a reach in a river

® The variation in water quality within the target population.

Clearly, other factors - such as the financial implications of the number and
location of sites - will have 1o be taken into consideration at some point.
Nevertheless, the primary selection of the sites should be determined
according to water quality requirements.

The macrolocation and microlocation of the sampling sites have w0 be
determined (Sanders et al., 1987, pp. 101-104).

The macrolocation within a river basin 15 usually determined by policcal
boundaries, areas of major pollution loads, population centres, etc. The
reason for sampling a certain reach of a river would be established in the
phase where information expectations are identified.

The microlocation is the specific point in that reach where the water will be

sampiled. The microlocation will be a function of the representativeness of the
samples of the target water quality population . The target water quality
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population will have been icentified by the information users in the
information phase of the cesign of the water quality monitoring system.

® Lateral variability

Sampling should be done at a place downstream of complete mixing of the
discharge. This can be determined by doing a simple analysis of variance on
multiple samples taken at different points along the lateral transect,

This technique will show if the variability can be anributed o random
variation alone or also to the lateral position of the sampling point,
Incomplete mixing could be a reason for variability that cannot be ascribed 0
random effects. To sample only at one point where non-random variation
occurs along the lateral transect would introduce a bias in the data used to
describe the water quality of a whole population.

The technique invoives determining whether a significant difference exists
between two or more sets of sample data. This is done to compare sets of
data collected under different circumstances to determine whether they can be
considered to have equal means at a given level of significance. Sanders and
Ward (1978, p.77) supply details on how the test is conducted. Most
handbooks on statistical methods will also give detailed information on this
technigue.

In practise a river is often samplad close to the bank, because that is the most
accessible point. It should be noted, though, that in many cases the
assumption that the water quality at this point is representative of that along
the lateral transect of the river is not valid. If a point can be locared where
complete mixing along the lateral transect has taken place, sampling could be
done there. It is, however, not always possible to locate such a point; e.g..
where the effect of a specific discharge in a water body is being monitored,
the water may not mix completely before another discharge enters the water
body. In such cases a possible course of action could be to sample at various
points along the lateral transect. Depending on information needs, these
samples can be analysed individually or mixed together 1o form one
representative sample.

* Longitudinal variability

If a reach is sampled at only one longitudinal position, it is necessary 10
verify the representativeness of the water quality at that point. Longitudinal
variability could be caused by other unidentified sources, e.g. diffuse sources.
such as groundwater or surface run-off. Multiple samples at different
longitudinal positions of the reach could be aken and the results analysed by
means of a one way analysis of variance (see previous section on lateral
variability), 10 determine whether variability exists that cannot be ascribed 10
random effects. If the test indicates significant variability due 1o the
longitudinal location. more than one sampling point along the river reach
would be needed to describe the water quality of the whole reach.

Depending on practical and/or cost considerations, it 18 not always possible
10 increase the number of sampling points along the reach to get a
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representation of the whole reach, [n such cases, however, it ts of the utmos:

imporiance o cocument the exisi*nce of varianen alore the reach in the

water quality monitoting design report. Tive users of the wformation

generated by the monitcring system should be aware:

® That the information contains a bias, due to the longinedinal locaticn of
the sampling poini(s)

» |n what direction the bias is

®  What the possible magnitude of the bias is.

s  Monitoring variable selection

The variables that are chosen 10 be monitored will be determined by the
information expectations (Section D_5). These variables will depend on the
characteristics of the effiuent, as well as the receiving water quality
objectives.

Due to the rapid increase of new compeurnds that find their way into the
environment, it is not feasible to measure every possible variable, To detect
long-term trends, an "indicator” type of measuremert will be utilised, e.g.
measuring total dissolved solids. dissolved oxygen or electrical conductarce,
to give a general indication of the water quality in 3 water body. Bioiogical
monitoring is also possible, but care should be tken in the selection of the
type of biological monitoring in order to ensure that any potential impaci is
properly assessed.

The following procedure should be followed o decide whether a new varible

should be added to an existing monitoring programme. Figure 1 shows a
flow chart for the procedure.
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Figure 1 Determine the need to add new
variables to existing manitoring programme

Sample and analyse for suggested variables that are not part of the
existing sampling and analysis programme - collect samples from the
upsiream as well as the downsiream sampling points.

For those resulis that are greater than 90 % of the guideline,

= repeat the measurements again one month later,

For the case where both the measurements are largar at the downstream
pout than at the upstream point by an amount that is large compared to
the precision of the analvsis, the discharge is likely to be the cause of the
increase and the water body's fitess for use is likely 1o be unpaiced.

Add the variable to the routine weekly river analyss.

Add the varable o the routine daily effluent analysis.

For the case where at least one of the measurements is larger ar the
upstream site than at the downstream site, the discharge is not likely to be
a source of contamination, but the water body’s fitness for use is Likely w
be impaired, it is sugzesied that the monitoring authority add the varable
10 1ts routine analysis,

Add the variable to the routire analysis conducted by the momtoring
authoriry.
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®  For those results that are Jess than 50 % of the guideline, or less than the
limit of ¢etection for the variables with a guideline specified at the
detection limit, fitness for use is not likely to be impaired (although
bioaccumulation could lead to chronic effects), but monitoring should be
continued on an infrequent basis, perhaps once or twice during months
with low flow conditions (e.g. during March and August), 1o ensure that
the quality is maintained.

Measure as needed to ensure continued accepubility.

= Sampling frequency

As with effluent compliance monitoring (Section D.2), the sampling fre-
quency is a trade-off between the information expectations of the programme
and economic and physical constraints. Therefore it is imporant o determine
the minimum number of samples needed to obtain the expected information.

Some of the physical and economic constraints are the disaance of sampling
sites from the laboratory, the means of transport to the sampling sites, the
number of sampling sites within the network, the ability of the laboratory to
process the samples and the cost of the analyses.

D.4 Audit monitoring

D.4.1 Identify information expectations

Auditing consists of checking that the permit conditions have been met. In
terms of the monitoring, it implies that DWAF collects samples from the
same locations as the discharger, at approximately the same times, using the
same sampling procedures, and measures the same variables. The
information that can be expected from the audit monitoring should allow a
comparison to be made between results of the discharger's monitoring and
results of DWAF monitoring. Any substantial vanation between the resulis
should be investigated. The DWAF will submit reports with the resulis of
the audit monitoring to the discharger.

D.4.2 Establish statistical design criteria

Audit monitoring seeks to compare the effluent and river samples collected by
DWAF with the results submitted by the discharger. The purpose of the
monitoring is to ensure the submitted results are sufficiently accurate. As
described above for impact monitoring, the issue is to compare two
measurements, rather than to compare a statistic for (wo sets of
measurements. An appropriate hypothesis is, therefore, that the difference
between the two measurements is equal to zero. The hypothesis test is 1o
reject the hypothesis if the 95 % confidence interval for the miean of the
differences. calculated over some time int2rval, does not include zero.
Calculation procedures for the hypothesis test can include the Student’s t-test
or the signs test. A reference is given in the description of Effluent
Discharge Impact Moritoring (see Section D.3).
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D.42.3 Design of a monitoring network
= Location of monitoring peints

Sampling should be done at the same location(s) as the discharger uses for the
effluent compliance monitoring programme.

® Monitoring variable selection

The same variables as the ones monitored for effluent compliance should be
monitored in the auditing programme.

s  Sampling frequency
A sampling frequency of approximately once a month would be appropriate.

D.5 Identify information expectations

The information developed from water quality monitoring is used for many

purposes, including describing how water quality changes over space or time

or locating the major factors that affect water quality. However, information

from water quality monitoring that is related to regulatory permits s limited

to several well defined purposes. The objectives for permit monitoring are

generally:

® To dewrmine compliance with permit conditions, referred to below as
compliance monitoring

®  To estimate the impact of the discharge on the receiving water, referred
10 below as impact monitoring

=  To audit the monitoring conducted by the dischargers themselves, referred
to as audit monitoring.

A general description of overall water quality in the receiving water is not

part of permit-related monitoring. On occasion, it might be possible to use

data, collected in the receiving water as part of a permit-related monitoring

programme, to evaluate trends in water quality variables. However, the

primary objective of a discharger’s monitoring should be to describe

s The quality of the effluent discharged to the receiving water

®  The effects of the specific discharge on the receiving water qualiry
refative to the water quality management objectives.

Each of the objectives listed above for permit-related monitoring has different
requirements in terms of the sampling frequency, the variables sampled, the
location of the sampling sites, responsibility for sample colleczion, and data
analysis. In order to provide efficient and effective dau coilection, each of
the aspects of the monitoring programme must be designed to achieve the
objective associated with the information expectations.

Specific information requirements for the three rypes of permit-relaed
monitoring sysie:ns are described in Sections D.2, D.3 and D.<.
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D.6 Establish statistical cesicn critaria

The product of this step in the design process is a statement of the hypothesis
to be tested or the statistic to be estimated during statistical analysis. A
hypothesis, denoted as H,, is an assertion about the distribution of one or
more random variables. A test of a hypothesis is a rule or procedure for
deciding whether to reject the hypotiesis or not. A statistic is a function of
the observed data only.

The median or the sample mean is an example of a statistic. Its calculation
depends only on the observed data and not on knowledge of an underlying
distribution or any of its parameters,

The random component of water quality measurements makes the use of
statistical analysis necessary. If each measurement were absolutely accurate
and no unaccountable fluctuation occurred, the measurements could be
compared directly with the staandard or objective, Any exceedance of the
measured values could be immediately determined. However, the errors and
natural variability in relation to the measured values, and the economic
consequences of the decision, are large enough to make the use of statistics
necessary.

Specific statistical design criteria for the three types of permit-related
monitoring systems are described in Sections D.2, D.3 and D.4,

D.6.1 Statement of the hypothesis

The hypothesis will generally deal with the comparison of some statistic of
the observed data, either in the effluent or in the receiving water, with a
predetermined value, either the effluent standard or the receiving water
quality objective. The design criteria include the hypothesis to be tested, and
the significance level to be used in the hypothesis test,

An example of a hypothesis is the statement, "The 95 percentile of the
underlying distribution is less than or equal 10 25." A test of the hypothesis
could be to reject the hypothesis if the upper 90 % confidence lunit of the
sample 95 percentile is less than 23,

The data analysis for permit compliance depends on the conditions set for the
discharge.

A “probabilistic statement” of the allowable discharge conditions makes the
hypothesis selection easier. An example of such a probabilistic statement is
that the effluent (or receiving water) will be below x mg/¢ at least 95 % of
the time. Swung the permit in such terms will, in effect, determine the
hypothesis test. Ideally, the significance level will also be stated.

The common alternative o a probabilistic satement of permit conditions s 10
simply state a concentration (or less commooly a mass) that is allowed to be
discharged. That can be interprated as the maximum allowable concentration:
i.e., if the measurement is ever greater than the permit condition, a vielation
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has occurred. This approach does not account for measurement errors (those
that oceur during the analytical procedures) or for sampling errors (those that
occur during sample collection, storage, and transport).

D.6.2 Estimate of a statistic

The design criteria for estimation of a statistic include the value to be
calculated, such as, for example, the mean, median, or 95 percentile and the
confidence required.

The statistical criteria, including the hypothesis and statistics to be calculated,
should be stated as part of the permit conditions.

If the information expectations require the establishment of some statistic
(e.g. a mean or 95 percentile), the number of observations needed o estimate
the statistic can be calculated as a function of the required precision and
confidence in the statistic. It should be borne in mind that if, for instance,
the annual mean of a variable is determined by sampling a population a
number of times throughout the year, the caiculated mean is only an estimate
of the actual mean, The actual mean of a population is always unknown and
can only be estimated with an accuracy that depends on the variability of the

population and the frequency of sampling.

Since the statistic will be used to make important management decisions, it is
important 10 decide on the precision and confidence in the estimated statistic
before embarking on a monitoring programme. It should therefore be decided
beforshand what error would be acceptable in the final results. By error is
meant the difference between the sample and the actual statistic, such as the
difference between the sample mean and the true population mean. [t
should also be decided what confidence is to be placed in the final result. If,
for instance, the annual mean chloride concentration at a certain sampling
point is to be determined, and it is decided that | mg/? would be an
acceptable error, the confidence level in the result should be 95 %, and the
mean is calculated as x mg/f, there would be a 95 % confidence that the
acrual mean would lie somewhere in the range of x-1 w x+1 mg/{

Different criteria could be used to determine the required confidence level
and acceptable error, for example, the precision of the analytical method or
the economic impact of an inaccurate estimate. Another consideration could
be the need to keep the confidence leve! uniform for all the vanables
throughout the monitoring programme. One way to specify the acceplable
error is 10 take it as one tenth of the imposed standard of a variable.

The 95 % confidence level is most widely used, the only reason being that it
has becorne a statistical tradition to accept a 5§ % level of uncerwinty. The
desirable leve! of confidence in a statistic should be a function of the
seriousness of the consequences of not meeting a specified standard.
Normally, the 95 % confidence level would be adequate, and is
recommended 10 ensure uniformity.
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Whatever criteria are used, both the confidencs level and the acceptable
error must be chosen with due regard to the purpose for which the siatistic is
required.

If encugh historical dam o the water quality population ars avaiiable to
cnable the monitoring system designer to make assumptions regarding the
statistical characteristics of the population, namely the underlying
distribution and the variance, it is possible to use suatistical formulse 1o
relate the sampling frequency 1o the confidence level and the acceptable
error, depending on what statistic is estimated by sampling the population.
The most likely statistics that would be estimated are the mean and the

95 percentile. In the case of the 95 percentile, a higher sampling frequency
is usually needed than for the mean to obtain the same confidence level and
acceptable error, due to the larger uncertainty surrounding the data at the
extreme limits of the population distribution. The use of an appropriate
statistical software packags could greatly simplify the analyses of historical
dan 1o determine required sampling frequencics.

Sanders and Ward (1978, p.157) supply information on how the required
sampling frequency to estimate a mean can be calculated if estimates for the
population variance and the acceptable error are available. Gilber: (1987,
p.141) supply information on the number of samples needed to estimate a
percentile. This method of derermining the number of observations needed to
establish a percentile restlts in very high frequencies,

The Monte Carlo aralysis of data can overcome the problem of small data
sets to a large extent and the calculated sampling frequency should only be
used if it is necessary to determine a percentile value based on the
observations alone.

To apply formulae to caleulate the required sampling frequency, an initial
estimate of the standard deviation should already be available. The use of
these formulae therzfore raquires that historical data from the population that
is to be sampled is available. In some cases, before a monitoring svstem is
designed, much dawm will already have been collected from which an estimate
of the standard deviation could be derived. [f the population is the water
quality throughout a whoie year, and dan for only one month were used w
estimate the standard deviation, it should be borne in mind that the variabiliny
for the month in which the samples were collecied might not be
representative of the variability for the whole population, i.e. the water
quality throughout the year. This might be the case if water quality samples
were taken from a river during a period when the flow fluctuates less or mors
than it does on the averags throughout a full year. This is a limitation which
has to be accepted, but it emphasises the necessity of re-evaluating the
performance and efficiency of the monitoring design as more data becomes
available after the implementation of the system.

Another imporunt consideration in the application of statistical formulae 10
calculate sampling frequencies is that these formulae usually assurme that the
data from samples are normally distributed and independent. Water qualiry
data obtained from sampling water bodies are in many cases not normully
distributed. To determine the underlying distribution of a population. the
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Chi-Square Goodness-of-Fit Test or the Kolmogorov-Smirnov Test
(Bowker and Lieberman, 1972) can be used if background data on the water
quality variable population are availabie. The Kolmogorov-Smirnoy Test is
more powerful in the sense that the test is better able to reject the null
hypothesis, (i.e. that the sample cumulative distribution function is the same
as the hypothesised cumulative distribution), when it is false. These tests
could be used as tools to verify whether the underlying distribution can be
approximated by a normal distribution. Most of the non-normal variables
encountered in the study of water and effluent can be normalised by using a
transformation (Sanders and Ward, 1978, p.182).

The other assumption made is that the separate data points are independently
distributed, i.c. in a time series an individual data point would not have any
influence on the following data point. This assumption is very important,
since it influences the estimate of the variance. It stands to reason that water
quality data would not be independent. unless the interval betwesn sampling
events is very large. Two types of variability that cause data to be
interdependent are cyclical variation and serfal correlation (Sanders and
Ward, 1978, p.182). Both influence the estimate of a population’s variance.

Seasonal varfation is normally the most significant predictable cyclical
‘variation, and can be ascribed to meteorological factors. Other types of
cyclical variation include diurnal cycles, which are normally due to the
earth’s rotation and weekly cycles, which are a result of human activities
such as flow control from dams or discharge patterns.

Serial correlation is the phenomenon observed when an individual data point
is influenced by a certain number of the preceding samples. Therefore the
individual data points are not independent of each other and a certain amount
of redundancy is inherent in such a data set. If the monitoring aim 15 to
obtain a statistic such as the annual mean or 95 percentile, one would wish to
choose a sampling frequency which would eliminate all redundancy.

The most accurate way to assess the variability of e.g. an annual mean,

would be to subtract the time rejated cyclical component from the data and to0
take the effect of auto-correlation into account when calculating an estimaite of
the variance of a population.

If background data from a population are available, a visual inspection of a
plotted time-series will usually indicate a strong cyclical component, provided
that there are at least three data points within one cycle period. Steele (1974)
and Sanders and Adrian (1978) suggest a commonly used seasonal mode! 10
describe the cyclical variation in a data set. The parameters of this model can
be established for the model to best reflect the cyclical variation in a data set,
The cycelical component can be removed by subtracting the identified cychical
contribution from each data point.

The eswablishing of the parameters of a model that describes cyclical variation

is an involved process. A simpler procedure to identify and remove the

cyclical contribution from a data set could be used, after it has been

established that there is indeed a strong cyclical variation in the data set:

@ Use an analysis of variance (Sanders er al., 1987, p.77) to idenufy the
months with means that are significantly different from each other
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® Lump the menths with means that are not significanty different together

s Caleulate the means of the different seasons

®  Subtract the means of the seasons (seasona!l components) from the data
valees in the various seasons,

If the required number of samples, calculated by the method described by
Sanders and Ward (1978, p.157) which assumes independence berween data,
results in a sampling interval so short that independence cannot be assumed,
serial correlation must be taken into account. Sanders er al. (1987, p.184)
describe methods 1o quantify serial correlation, using the simple Markov
model, Loftis and Ward (1980) and Sanders (1974) presented more cogmplex
methods to quantify seriai dependence structures for use in confidence
interval esiimates.

Serial correlation can be wken into account when calculating a required
sampling frequency by using an adapted version of the formula that
estimates the variarce of a population (Loftis and Ward, 1980; Sanders ef al.,
1987, p.185).

The number of samples per year can be determined as a function of other
data aralysis technicues as well (Sanders and Ward, 1978), ¢.g. if annual
means were to be tested for significant differences between years, the number
of samples to detect a given difference level can be determined,

Where more than one variable is concerned, as in most cases, different
approaches can be followed to determine a desirable sampling frequency, The
simplest of these would be to compute separate sampling frequencies for each
of the variables and take the highest of the calculated frequencies. To increase
the cost-efficiency of the monitoring programme, the variables requiring
lower frequency sampling could possibly be sampled and/or analysed only on
some of the occasions. Although this approach needs a little more planning, it
will increase the efficiency of the monitoring programme »ithout reducing the
information that is gained from it.

All the approaches described so far resulted in the setting of fived frequencies
(fixed frequency sampling). This approach is preferable if the information
expectation is to develop 2 representative estimate of a stanstc, such as the
mean or a peccentile. It would be unfair 1o sample more when higher
concentrations are expected. This method is called exceedance driven
sampling. Ths is an appropriate sampling technique if the aim 15 to detect as
much as pessible violations of an absolute standard, if a permit stipulates a
limit which should never be exceeded (Valiela and Whitfield, 1989).

Another deviation from fixed frequency sampling is flow-stratified sampling.
If the aim of 2 monitoring programme is to estimate loads in 2 water body
that are expected 0 be higher at high flow rates, e.g. loads that result from
surface run-off, it would be sensible to concentrate sampling during the high
flow events (Richards and Holloway, 1987).

Documentation of the logic used in relating the sampling frequency to the

information 10 be produced is crucial, regardless of how the decision 10
sample at a specific frequency was arrived at. The design of the monitoring
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svsiem should be recorded according to standard guidelines supplied by
DWAF.

D.7 Design of @ monitoring network

The design of a monitoring network is a part of the process to set up a toal
water quality monitoring system. This is the third step in the design of a
water quality monitoring system. The design of a network consists of three
clements, namely:

® The location of the sampling sites

s  The selection of monitoring variables

® The sampling frequency.

The monitoring data collected during an effluent discharge evaluation will
gencrally be quite different from the data required for permit-refated
monitoring: however, the information gained about the statistical
characteristics of the effluent and the receiving water can be used to estimate
sampling frequencies and locate sampling sites.

The site-specific nature of water quality monitoring requires that local
characteristics of the discharge and the receiving water be evaluated o
determine the appropriate design conditions. Obviously, if one of the ssues
in determining the permit conditions is the site of the effluent discharge point,
the sampling site location for the receiving water can be selected only after
final decisions have beea made.

Specific details of these elements as applied to the three types of permit-
related monitoring systems are described in Sections D.2, D.3 and D .4,

D.8 Develop operating plans and procedures

A critical aspect of a monitoring system is its day-to-day operation. It is here
that the routine work is done and even the most carefully designed monitoring
network will be worthless if raw data are not gathered, recorded and analvsed
in a controlled, systematic and, most importantly, well documented manner.

While the impact assessment may not produce comprehensive documentation
for the operating plans and procedures, it should nonetheless address, or
outline plans for addressing, the important sspects outiined below.

The issues assoctated with the development of operating plans and procedures
that are described below are applicable to all permit-related monitoring
systems.

D.8.1 Sampiing procedures

The objective of sampling is to obtain samples that accurately represent the
water body or effluent being sampled.

Inconsistency in sampling procedures - over time and space - is likely 10 be

one of the most problematic parts of a monitering system. It is only through
thorough training and careful documentation that consistency can be achieved.
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A number of liems nesd to0 be addressed in this area:

Sample coilection routes

Sample collecton routes need to be planned to ensure they are as efficient
as possible in terms of time and distances covered,

Sample taking procedures

Sample taking procedures should be done consistently; using the same
type of equipment and sampling only at the exact places specified in the
monitoring network.

In the case of some variables, field recordings might be needed 10
determine values. In these cases care must be taken to ensure consistency
of results. Egquipment needs to be calibrated and serviced regularly. if
new equipment is used, this should be documented in the sampling log
(see below).

Sample preservation methods

Both physical (e.g. cold storage) and chemical (e.g. mercuric chloride)
sample preservation methods can be used, depending on the water quality
variable that is to be amalysed.

It is important that preservation is done consistently to give reproducible
results. Procedures should be established for disposal of chemical
preservatives.,

Transport of samples to the laboratory

In most cases it is important that samples are delivered timeously to
laboratories for analysis.

Labelling of samples

Samples should be clearly marked with date. time and sampling site,
together with any additional information that may be required by the
laboratory. Markings should be made in such a way that they cannot
zccidentally be erased. If possible, standard labels should be used.

Sampling logs

The use of sampling logs to record much of the above information is
esseatial w keep track of changes to, and problems with, the regular
operation of the sampling programume.

Sampling logs should be used to keep track of:

Personne! involved in sampling

Date. time and location of samples

Delivery 10 laboratory

Any unusual occurrences e.g. weather at the time of sampling
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= Deviation from expected routines ¢.§- lack of access to a regular
sampling site,

Sampling logs should be filed and easily accessible by both sampling staff
and those responsible for supervising the monitoring programme,

Sampling logs should be reviewed on a regular basis - quarterly or
annually, depending on the scale of the sampling programme - to

determine if continual problems necessitate changes to the sample

programme.

Equipment requirements

A full equipment inventory should be established, and this must be linked
t0 an equipment service and replacement programme, Calibration of
equipment for field measurements is especially important. Where
possible, duplicate equipment needs to be available to field staff so that
measurement of critical data is not hindered.

Staff requirements

Correctly trained staff that can carry out the required sampling routines is
a critical component of this operational area. Change-over in staff has the
potential to disrupt a sampling programme. ldeally, new staff should be
trained by the current incumbents before they leave. Where this is not
possible, good documentation on all aspects of the sampling programme
should be available so that new swaff can take over and operate the sysiem
as before.

D.8.2 Laboratory procedures

Selection of an appropriate laboratory to analyse the water quality samples
should be done in conjunction with the permit holder and the DWAF. A
number of important aspects need 1o be considered in this selection:

Available facilities, equipment and staffl

The laboratory in question should have access to all the equipment that is
required 10 perform the necessary analyses.

Laboratory staff should be competently trained and hold appropriate
qualifications.

Analysis methods

Selection of appropriate analysis methods is very important if consistent
results are to be obuained. For any given water quality variable, there
can be a number of analytic methods employed to measure it. Some
methods are more widely used and exact procedures have been set out for
these; the Standard Methods handbook (APHA, 1989) contains many of
these. The SABS has also published standard methods.
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If 2 laboratery adopts other analysis methods, then there should be
agreement terween DWAF and the permit holder on the use of those
methods.

Any change in analytical procedures or analysis methods should be clearly
documented as this could lead w0 changes in water quality measurements
and statistics which are no¢ the result of actual changes in water quality.

» Laboratory quality control

Those invoived in the selection of the laboratory should be satisfied that
the laboratory managers have a comprehensive quality control programme
in place, and that this is regularly audited to ensure that it is consistent
and up-te-date. This is an important subject in its own right and cannot
be fully addressed here. Taylor and Stanley (1985) have gathered a
number of papers on this topic.

It is likely that larger organisations will have access 1w their own laboratories
and will prafer 1o use these for the cost and time benefits that they offer. All
the above selection criteria apply equally to such laboratories, but there are
also acditional criteria or problems that should be considered in these casas.

s  Staff and equipment "overloading”

The primary role of most staff in the in-house laboratories of large
organisations is analysis for internal operations. Often, the institution of
a new monitoring programme will result in additional work for equipment
and siaff already operating close to maximum capacity. In this case
provision must be made (o obtain the additional staff and/or equipment
that will be needed.

An example of a problem that can cause complications for quality control
is that samples taken from different monitoring points - plant operations,
effluent discharge, river sites - can have considerably different
concentrations. Depending on the analysis methods employed, this may
cause problems in the detection of very low or very high values,

s Consistency of results

In-house laboratories, because of problems such as overicading. may
cccasionally give samples to outside laboratories for analysis. These
problems can also occur with commercial laboratories. These
occurrences should be carefully documented as differsnt analysis methods
may give different results. If there are doubts about consistency or
reproducibility of results, auditing samples can be taken simulaneously by
different parties and sent to different laboratories for independent
analysis.

D.8.3 Data handling and analysis systems

The end result of the operational step of the monitoring programme is the
production of data. This can become the end point of the monitoring system

Design of Permit-related Momitoring Systems APPENDIX O



242

APPENDIX D

Procedures to Azsess Efffuent Discharge impacts © 131 Editien

itself if the data are not easily accessible, or its existence is not known, or the
dam are stored in an ambigucus fashicn. Thus there is a need for carefully
designed data handling and analysis systems to overcome these and other
probiems.

Ward ef al. (1990) identify two fundamental parts of data handling systems:
laboratory and ficld data systems, and general purpose water quality data
archive systems. Current monitoring systems, which can generate much data
require compuierised data base systems for data storage and analysis.

*= Laboratory and field data systems

It is often the case that permit holders have laboratory and field data
systems in place. These systems are usually quite specialised and should
not be made a part of a more general system. However, an casy-to-use
interface to extract data for use in a general purpose system does nesd to
be established.

* General purpose water quality data archive system

These systems are usually operated by government deparaments; the
DWAF runs a database system known as POLMON (POLlution
MON:itoring) which has been used in the past to store data on effluent
dischargers and water users. It is in the process of being upgraded to
store a wider range of water quality data, and 1o interface with other new
systems that are being developed, e.g. Geographical Information Systems
(GIS).

In any systems that are used, attention peeds to be given to the following:
®  Checks that data are being entered regularly

®= Checks on the accuracy of the data that is entered

=  How non-detects are stored.

Data analysis systems are used to present data graphically or analyse data
statistically. These results should be in a form that can be linked 10 reports
A number of commercially available packages exist for both deskiop and
mainframe computing environments, The more sophisticated ones will be
able to carry out all the various tests required for analysing water qualy. It
may be possible to link the analysis routines or packages to the data storage
system.

The DWAF analyses compliance monitoring data using a specially developed
software package called COMPLY (CSIR, 1994). The program uses both
simple screening and Monte Carlo analysis to determine compliance of an
effluent with a level set in the permit conditions (see Section D.2.3).

D.8.4 Integrated sampling programmes

In general the policy of the DWAF that the "polluter pays™ means that the
permit holder will be responsible for implementing the monitoring
programme acceptable to the DWAF. In some situations, duplicate samples
might be taken by both parties, on occasion, for verification or auditing
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purposes. The DWAF will only carry out river sampling where no one
specific industry is causing an impact.

Ia those situations where samples are taken by different parties, it is even
more critical that all involved understand, agree on and document the
operational procedures involved,

Ceruin issues e.g. whether or not to select a common laboratory or how and
where data will be stored, might assume mors importance and decisions on
this matters should be clearly documented.

D.S Develop information reporting procedures

The objective of a monitoring system should zor be to collect data; it should
rather be W produce informasion that will me=t the information expectations.
Reporting is the link between those operating the system and the decision
makars who use the information. Regular communication via reports ensures
that the resuits ar2 made known and allows those respensible for the system
to evaluate its performance. Reporting procedures and formats should be
documented. Thus, resources need to be aliocated to develop and maintain
the reporting function.

The issues associated with reporting that are described below are applicable
to ¢l permit-related monitoring systems.

D.8.1 Types, timing and distributicn of repert

Reports can, and should, be produced for a number of information users,
Questions that should be answered when developing different types of reports
are:

s  Who are the information users?

Information users are those individuals, or concerns, that need to use
information 10 make decisions, evaluations or recommendations. It is
important that reports are not just produced for those involved in the
immediate operation of the system, but also for those who can be affected
by the information produced.

In the case of a discharger responsible for monitoring an effiuent and/or a
water body, information users might be:

Those within the concern who operate the system;

Senior technical personne! e.g. plant chemist or environmental officer;
Top management e.g. general manager;

DWAF personnel e.g. poliution control officer

=  What are the informanion expectations of the users?

The information expectations of the users should be linked to one or more
of the ofjecrives of the monitoring system.
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For example:

= A senior manager may want to know if the effluent is mesting the
standard set by the DWAF,

= A pallution control officer may want w0 know if all the required
samples have been taken.

®=  What is the extent of the information needed?

Generally, the higher the user is in the decision-making hierarchy, the
more condensed the information should be. In this regard, reports with
an emphasis on graphical presentation should be considered.

Reports should be produced on a regular basis. Ad hoc or special reports
might be required from time to time, but the emphasis in the design of the
monitoring system should be on timeous supply of standardised information to
the users.

The exact timing of the reports will depend, 1o a large extent, on the site-
specific conditions e.g. if a discharge contains substances which are likely to
have an immediate impact should levels increase, then more frequent
reporting would be required. The timing of reports should also be linked to
the sampling frequency; a widely spaced sampling frequency would
necessitate less frequent reports.

The minimum interval between reports should be one year; in those cases
where the situation is expected to change more rapidly, quarterly or monthly
reports will be more appropriate.

Automation of reports, through standard computer printouts, will greatly
reduce the time and effort needed. Automation is usually the best way to
produce regular reports, especiaily those that are required more frequently.
Automation will help ensure both that reports are distributed to the correct
people, and that the information is presented in a consistent manner,

D.8.2 Reporting formats

Ward er al. (1990) point out the lack of agreement on the use of appropriate
reporting formats within the water quality monitoring comununity i.c. there is
a lack of standardisation in reporting formats. However, the exact reporting
layout is not as critical as ensuring that all the required information has been
presented.

It is unusual for a report to present pages of the original raw dat; insiead,
sunmunary statistics are used. Sumumary statistics can ecither be presented in
tabular or graphical format. Accompanying explanatory text might also be
appropriate e.z. to highlight 2 non-routine change in the sampling
programme.

A sample tabular report, showing how one particular set of statistical

information could be presented for a number of monitoring points, is
presented in Table 1. In each column there is a description of the type of
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information it would contain, Again, the decision as 10 which information
should be presented is dependant on the information expeciations of the user
of the report.

Table 1 Samgie tabular regornt for multiple morstoring points

Medians
Maorataring Dates Quarters Arrual Proportion
Paint From-Ta Segmant 'y 2 3 (n &“‘:“.

The The start and | A period of | The median The The numéer
monitzring | end dates of menitaring | values for medfan | of times the
point the most cefined by |each of the | for the | cbservations
dentty recant the start/ most recent | year to | exceedod
number moreienng end dates | Quarters date the stan-
and/er pencd Le. dard, as a
description | segment proportion

of the total

cbservations

Another sample tbular report, showing how different sets of statistical
information could be presented for a single moaitoring point, is presented in
Table 2.

Table 2 Sample tabular report for s single monitoring point

Menitoring Point:

Monitoring Pariod from: _/_ 1 to: _1_7_

Variatle Standard Maximum percentile

Note: * as specified in Peemit No:

A sample graphical report, showing how information similar to that presented
in Table 2, could be alternatively depicted, is shown in Figure 2,
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Figure 2 Sample graphical report : Box-and-

whisker plot

D.8.3 Monitoring programme evaluation

Evaluation of the Mming programme is necessary both to determine if the
system is producing information to meet the design goals and 10 determine if
changes in the system are needed to meet changing information expeciations.

The most obvious way to test if the system is producing the correct
information is to survey the users using either formal questionnaires or
informal discussions. For example: the sampling personnel could be
interviewed to re-evaluate the initial choice of sampling sites. “Fine tuning”
could be undertaken to identify the best place to take samples.

Expansion of the monitoring system, with time, is quite likely. However, no
ad hoc changes should be made. All changes should follow a set procedure
and be properly documented. Changes should be justified and approved by
all parties concerned; the discharger and the DWAF should be involved in
this process.

Consistent operation of the monitoring system over time is critical to
obtaining comparable data and information. Where operational changes or
other ad hoc changes occur e.g. staff changeovers, new sampling equipment.
different analytical laboratory, etc. the water quality data should be evaluated
to see if these changes result in an apparent "change” in water quality.
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APPENDIX F:
Information on Models

A list of Jocally used water quality and hydrological models is given below.
This list is followed by a number of tables containing more detail on each
listed model. The tables are followed by a list with addresses of the
developers, vendors and local sources of information mentioned in the tables,
All information was collected up to the end of 1993, and may have

subsequently changed.

Models have been classified broadly according to their main characteristics.
However, in many instances a mode! contains eletnents of two or more
classes.

Summary list of available water quality and hydrological models . . . . . 270
Detailed descriptions of listedmodels . . . ... ................ 273
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1.C. Integrated surface and groundwater models . . .. ... .. 309
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Summary list of available water quality and hydrological models

APPENDIX F

I. WATER QUALITY MODELLING

LA.
0}
(i1)
(1)

(iv)
v)
(vi)

(vi)
(viti)

(ix)

(x)
(x3)

(xii)
(xiii)
(xiv)

(xv)
(xvi)
(xvii)
(xviii)
(x1x)
(xx)

(xxi)
(xxii)

Streams/Reservoirs

BETTER: Assesses the effects of management options on reservoir
water quality

CE-QUAL-W2: Dynamic, One-dimensional water quality model for
unsteady flows in rivers, streams, reservoirs and estuaries

Dissolved Oxygen Model: Expert Advisor. Gives guidance on using
the Streeter-Phelps equation

DYNTOX (Dynamic Toxicity Model)

DYRESM: Hydro-dynamic, one-dimensional reservoir model

Estuarine systems model: Simulates the response of the esmary (in
terms of physical dynamics and water quality and ecological
indices) to different management policies

EXAMS 11 (Exposure Analysis Modelling System)

EXPMOD! and EXPVARI: Models effects of conservative effluent
discharge from a single point

FLUX 4.2 (Stream load computation model)

HSP (Hydrocomp Simulation Program): One-dimensional water
quality and flow simulation program

IMPAQ: Monthly time-step water guality model. Cawchment export
and reservoir simulation

MIKE 11: River Modelling Package

MIKE 21: Modelling system for two-dimensional free surface flows

MINLAKE: A dynamic one-dimensional water quality model for
lakes and reservoirs

NACLO2: Dynamic deterministic datly tributary routing model

NACLM2: Monthly single reservoir model | .

One-dimensional hydrodynamic and transport dispersion estuary model

QUAL2E and QUAL2EU (Stream Water Quality Models)

REMDSS (Reservoir Eutrophication Model Decision Support System)

SAW (Spill Analysis Workstation): Spill Analysis Workstation for the
simulation of oil spills and spills of dangerous chemicals into the
aguatic environment

SEDIMENT: Instream sediment transport model

SERATRA (Instream sediment-contaminant transport model)

(xxii) SIMCAT (Water quality model for river systems)

(xxiv)

(xxv)

WASPS.01 (Water Quality Analysis Simulation Program Modeling
System)
WRPM: Water Resource Planning Model

Information on Models
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Surface Runolf

ACRU-HSPF LINK (Inciudes the ACRU and HSPF programmes,
with integration routines): Surface runoff water quality model

CREAMS (Chemical, Runoff and Erosion from Agricultural
Management Systems model)

DISA (Daily Irrigation and Salinity Analysis mode!)

FLOSAL: Conceptual model for water and salt balances and flows in
an irrigated carchment

HSPF (Hydrological Simulation Program Fortran)

NACLO1: Determinstic daily rainfall-runoff simulation and
conservative pollutant balance

NACLMI: Monthly mode! for catchment conservative pollutant
balance

PEXPM (Phosphate Export Model): Daily time-step, semi-distributed
phosphate export mode!

WQT: Deterministic monthly system hydro-salinity simulation model

Groundwater

BURNS (Mode! for estimating the downward leaching of salts through
soil)

HELP: Hydrologic Evaluation of Landfill Performance

LEACHM: Leaching Estimation and Chemistry Mode!

SUTRA (Saturated-Unsarated Transport): Finite clement simulation
model for saurated-unsaturated fluid-density dependent
groundwater flow

TETrans: Trace Element Transport Model

Equilibrium models
JESS (Joint Expert Speciation System)

MINTEQA2: An equilibrium chemical speciation mode] for metls for
aqueous systems

1. HYDROLOGICAL MODELLING

ILA.
(0
(i)
(iii)
(iv)
v)
(v1)
(viD)

(viii)

Surface water

DETFLOOD (Deterministic hydrological mode!): Determination of the
flood magnitude/frequency relationship

DISTRAIN/DROUGHT: Analysis of district rainfall records (93
districts)

Drought Durations Simulation Mode!

FLOODCAT: Catalogue of historical floods in South Africa

FLOODWATCH: (Flood warning system)

GENRAIN (Rainfall sequence generation model)

LITPACK: Integrated modelling system for linoral processes and
coastine kinetics

Multiple Reservowr Simulation Program

APPENCIX F
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(ix) OPRULES and ECONYLD: Models to help optimise water resource
development

(x) REGFLOOD (Regional flood analyses model): Determination of the
flood magnitude / frequency relationship

(xi)  Riparian zone management model: Expert system

(xii) SHELL (Suite of models, incorporates Monthly Pitman Model and
RESSIM): Utility which facilitates the simulation of surface
runoff for various land-use scenarios, as well as reservoir
simulation

(xitt) WRSM90 (Water Resources Simulation Model): Latest version of the
Pitman Model

(xiv) WRYM: Water Resource Yield Model

ILB. Groundwater

(1) ACRU (Agricultural Catchments Research Unit agrohydrological
modelling systiem): Soil moisture budgeting and hydrological
systems mode!

(i)  FLAM (Forest Land Allocation and Management Model)

(ii))  Forest evaporation and interception models

(iv) WREVAP (Evaporation Estimating Model)

I1.C. Integrated surface and groundwater models

(i) MIKE-SHE: Distributed, physically based, hydrological modelling
system

(i) TOPOG: A physically based, deterministic, distributed parameter,
carchment model

(iif)  Variable Time Interval Model: A variable time interval, semi-
distributed mode! of catchment hydrology

APPENDIX F Informanion on Models
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Detziled descriptions of listed models

NOTE:  An address list of developers. vendors and local sources of information mensioned
in the tables is supplied on page 311.

1.  Water quality modelling
LA. Streams/Reservoirs

Table (i): BETTER (Drewes, 1992)

Name of Model Description | taput |
BETTER Assesses the effects of Metearologcal data and T
management options on reseIVoIr parameters.
reservoir water quality,
Output Use of Output Databases accessed

Plots showing vanauon 1n water To assess which cutlets 10 use Nage
quality with depth and distance 10 optirmuse reservoir and outlet

from dam wall. water quality,
Developer / Vendor Price Local source(s) of information
Tennessee Valley Authority Public domain sofiware, J Pretonius, IN. Rossouw

No charge. WATERTEK (Pretoria)

0

0
LY
O
-

L)

Informaion on Mocels S



274

Froceoures 20 S33e2s Sl e ASETRIIN AT

Table tiil: CE-QUAL-W2 (Weddenchl. 1960

Name of Model ' Description

Input

CE-QUAL-W2 Dynamic, one-dimensional
water quality model for
unsteady flows o nivers,
stréams, reserveoirs and
estuaries®. Hydrodynamic and

Hydrodvnamic component
river gnd information. canstant A
quanufication. inisial conditons

and boundary conditions, river
cross-secuional data

DO, CBOD, organic N, ammonia | hydraulic control structures and
N, nitrate N, ortho-phosphate P, reservoirs. The model simulates
coliform bacteria and dissolved the rransient water quality
iron, and the effects of algae and | conditions associated with

water quality components. Water quality component
output from the hydrodynamic
component, various rate
coefficients for chemical
reactions, location,
conceatrations and flows of
*Mode! has not been applied effluent inputs
locally for estuarine simulation, Meteorological data
Output LUse of Output Databases accessed
Solution 10 the non-linear St. For the simulation of branched | Noge.
Venant equation, temperature, niver sysiems with multiple

Experiment Station

sediments. highly unsteady flows that can

occur on regulated streams.
Developer / Vendor Price Local source(s) of information
US Army Engineer Waterways Unknown. Dr AJ Bath

Niaham Shand, Pretoria

Table (iii): Dissolved Oxygen Model: Expert Advisor (Hobls, pers, comm., 1993, Paver and Kelly,
1990; Pauer and Kelly, 199D

esiimates parameters and
varnables for the equation;
periorms sensitivity analyses on

Name of Model Description Input J
Dissolved Oxvgen Model: Expent | Gives gusdance on using the COD, BOD (biochemucal
Advisor. Streeter-Phelps equation; oxvgen demand) in effluent,

toKicity., rives and effluent
flows and rver widdh, depih
velocity and length

and contrast work.

paramesers. 4
Output Lse of Output Databases accessed
Advises on the supability of Output used as input into the None. !
Strester-Phelps mode! for use in 2 | Streeser-Phelps Dissolved i
particular application. Oxygen equation
Developer / Vendor Price Local sourceis) of information |
WATERTEK (Pretona) Not for sale; used in research Derex Hohls

—_——— e - == = e =

WATERTEK 1Pretora ‘
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Table (iv): DYNTOX (Dynamic Toxicity Model) (Ambrose and Barnwell, 1959)
Name of Model Description Input ]
DYNTOX (Dynamic Toxicity A waste load allecation Flow and concestration
Model). computer program that utes information for the stream and
probabilistic dilution technigues | waste source. Continuous
10 estimate concentrations of simulation requites continuous
texic sitbsiances or fractions of

whole efffuent tazicity

log-normal distribution for the
4 inpets. A toxicity measure is
required for evaluation of the
output.

Output Use of Output Databases accessed I

Conrinuous, Monte Carlo and Analysis (based on None.

Log-pormal simulations, probabilities) of the frequency

Frequency and duration of daily and duration of toxic

average contaminant concentration | concentrations from a waste

in the receiving water body. discharge.

Developer / Vendor Price Local source(s) of information

CEAM Public domuin software, No known Jocal contact.

No charge.

Table (v): DYRESM (Bath, pers. comm., 1993)

Name of Model Description Input j
DYRESM Hydro-dynamic, one- Salinuty, temperature,
dimensicnal reseevoir model hydrological data,
Uses Lagrangian numerical meseorological data
scheme
Output Use of Qutput Databases accessed
Temperature and salinity profile Used for sratiflcation studies None

(e.g. for bubble plume aeration)

Developer / Vendor

Price

Local source(s) of information

University of Western Ausiralia,
Perth

information on Modeis

Unkaown

Dr AHM Gorgens
Nigham Shand. Cape Town

APPENCIX F



276 Frocedures to Assess Efffuent Drscharge Impacts » 15t Egition

Table (vi): Estuarine systets model (Drewes, 1992)

Name of Model Description Input

Estvarine systems model. Simulates the response of the Approtimately 40 input
estvary (in terms of physical parameters, including: inflow,
dynamics and water quality and | tidal range, catchment area, salt
ecological indices) to different flux through the mouth, height
management policics {e.g. flood | of the sill at the mouth and
releases, mouth breaching). estuary bathometry.

Qutput Use of Qutput Databases accessed

Time dependent graphs of : water | For evaluation of management Some SADCO information,
volume, salinity, stratification, policies for estuaries and in EMATEK daubase

mouth condition, etc. Values for understanding why cenain

indices of water quality and estuaries function as they do.

ecology. Management policy

rating.

Developer / Vendor Price Local sourceis) of information

EMATER (Stellenbosch) Not for sale; used in rescarch

and contract work,

APPENDIX F Information on Modais
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Table {vii): EXAMS [l (Expesurs Analysis Modelling System) (Weddepoh! and Stasikowski, 1960}

Name of Mode! Description Input
EXAMS [l {Exposure Analysis Intesactive modelling system Chemical loadings on each
Modelling System) that allows the user 1o specify sector of the ecosystem,
and siore propesties of molecular weight, solubility,
chenucals and ecosysiems, jonisation constanes of the
modify via simple commands compound, sedimenl sorptica,
and conduct rapid investigations | biosorption, biotrans{ormation,
and ervot analyses of the photaiysis, hydrolysis,
rransport and probable aquatic oxidation, volatisation, sysiem
fate of synthetic organic geometry and hydrology,
chemacals, direction and strength of
dispersive and advective
transpont paths,
Output Use of Output Databases accessed

20 tables summarising input
data and predictions of
chemical exposure, fate and
persistence. Exposure
summary includes expesied
temporal environneatal
concendrations due 10 user
specified pattern of chemical
loadings. Fate summary gives
distribution of chemical in the
sysiem and the relative
dominance of each transpen
and wransformation process.
Printer plots of longitudinai
and vemical concentration
profiles. Time-based

Used 1o investigate and analyse
the transport, transformation
and probable aquatic fate of
svathetic organic chemicals
{reshwater bodies.

Emry of exteasive data derived
from limnological literalure or
field surveys allowed. Program
¢an be rua with 3 much
reduced data set when the
chemustry of a compound of
interest precludes some of the
transformaion processes.

graphics.
Developer / Vendor Price Local sourceds) of information
CEAM Public domain software, J Pretorius
No charge. WATERTEK (Peeofia)
— — e e

Information an Models

APPENCIX F
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Table (viii): EXPMOD! and EXPYARI (Weddepohl and Stasikowski, 1990)
Name of Model Description Input I
EXPMODI! and EXPVAR] Deterministic models. Pollutant concentration or
effluent flow rate could be
consiant or variable, depending
on the mode! chesen,
Output Use of Output Databases accessed
Plots of pollutant concentration Models effects of conservative None.
versus distance downstream of the | effluent discharge from a single
discharge point. point.
Developer / Vendor Price Local source(s) of information
WATERTEKX (Pretoria) Not for sale; used in research IN. Rossouw
and contract work. WATERTEK (Pretoria)

Table tix): FLUX 4.2 (Stream load computation model) (Rossouw, N, pers. comm., 1993).

APPENDIX F

Name of Model Description Input |
FLUX 4.2 (Stream loxd Siream Load Computation Flow, paired flow and water
computation model) Program. Estimates the quality data.
loadings of nuiriems passing a
sampling siation.
Output Use of Output Databases accessed
Load time series. Estimates loadings of nutrients | Depariment of Water Affairs
or other water quality and Forestry - hydrological and
components passing a river water quality databases.
sampling station over 2 given
period of 1ime.
Developer / Vendor Price Local sourcels) of information
Developer: Dr. WW Walker. USS40 IN. Rossouw
Vendor: North American Lake WATERTEK (Pretoria)
Management Society, and
G Quibell

DWAF

Inforecnation on Models
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Table (x): ESP (Hydrocomp Simulation Program) (Weddepohl and Stasikowski. 1990)
Name of Model Description Input |
HSP (Hydrocomp Simulation One-dinensional water quality One-dimensional flow and
Program) and flow simulation program wiater quality equations,
Output Use of Output Databases accessed 1
The receiving water module can To simulate one-dimensional None.
simulate seventesa parameters flow and water quality.
with ope-dimensional flow and
Developer / Vendor Price Local source(s) of information
CEAM Public domain software. No known local contact,

No charge,

Table (xi): IMPAQ (Buth, pets. comm., 1993)

Information on Mocels

Name of Model Description Input B

IMPAQ Monthly time step wates quality | Monthly sequence of water
model. Catchment export and quality data (Total Dissolved
resesvoir simulation. Assumes Solids, Suspended Solids, Total
complete mixing in reservoir. Phosphorus, algae. £ coil) and
Linked with ARSP suite of monthly hydsological data.
models (systiern analysis
models),

Output Use of Output Databases accessed

Monthly hydrological and water Used for the evaluation of Noae

quality data for reservoir waste load scenarios

Developer / Vendor Price Local source(s) of information

Ninham Shand, Not for sale Dr Al Bath

BKS Inc. Used in contract work Ninham Shand (Pretoria)

APFPENDIX F
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Table (xii): MIKE 11 (River Modelling Package) (Blake, pets. comm., 1993)

Name of Mode! Description Input
MIKE 11 River Modelling A dynamic, one-dimensional Input depends on module or
Package. modelling tool for detailed add-on module being used.
design, management, planning I Hydrodynamic Module with
and operation of simple and add-on modules: flood
complex rivers, channels and forecasting, dambreak, urban
irmgation systems. Simulation | drainage, control structures,
of flow, water quality and quasi-steady state and automatic
sediment transport in estuaries, | calibration of bed resistance.
rivers, irrigation systems, 1.Hydrological NAM Module.
channels and other water 3. Unit Hydrograph Module
bodies, 4. Advection-Dispersion
Module with advanced cohesive
sediment transport.
5. Non-cohesive Sediment
Transport and Morphology
Module with graded sediments.
6. Water Quality Module with
heavy metals and
ion,
7. Hydrological Information
System (statistical package).
8. GIS (Arc/ Info interface
features)
Output Use of Output Databases accessed
Depends on the module or being Detailed design, management, The daabases are independent
used (see input parameters for planning, operation and the of the operating system, so data
summary): includes the simulation | simulation of hydrology, hydro- | can be transfersed between
of hydrology, hydrodynamics, dynamics, advection-dispersion | computers and other databases.
advection-dispersion and cohesive | and cohesive sediment The databases facilities can be
sediment transport, water quality | tramsport, water quality and used independently as a general
and non-cohesive sediment non-cohesive sediment transport | hydrological datsbase for river
transport in estuaries, riven, in simple and complex basins.

irrigation systems, channels and
other water bodies, statistical
processing, analysis and
presentation of input data and
model results, colourgraphics data
checking, analysis and
presentation of results and
information stored in the
databases and interfacing with
Arc! Info (GIS).

estuaries, rivers, irrigation
systems channels and other
water bodies, Statistical
processing, analysis and
presentation of input data and
mode! results, colourgraphics
data checking. Analysis and
presentation of results and
information stored in the
databases.

Developer / Vendor

Price

Local sourceis) of infarmation I

Danish Hydraulic Institute

APPENDIX F

Price available on request:
EMATEK (Stellenbosch)

K Biake, J Slinger, P Hutzinga
EMATEK (Stellenbosch)

Information on Models
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Tabie (xiii: MIKE 21 (Modelling system fur two-dimensional free surface flows) (Blake, pers
comm., 1993)
Name of Model Description Input
MIKE_ 21 Modelling sysiem for A modelling system for two- Unknown.

two-dimensional fres surfsce
flows

dimensional free surface flows,
including advection-dispersion,
water quality, heavy metals,
cutrophication and sediment
transport in estuaries, coastal
waters and seas.

Developer / Vendor

Price

Local source(s) of information

Danish Hydraulic Institute

Price available on request:
EMATEK (Stcllenbosch)

K Blake, ] Slinger, P Huizings
EMATEK (Stellenbosch)

Tabie (xiv): MINLAKE (Dynamic one-dimensional water quality model for lakes and reservoirs)

(Venter, pers. comm., 1993)

Name of Mode! Description Input

MINLAKE A dynamic one-dimensional Dally meteorological dasa (solar
water guality mode! for lakes radiation, wind speed,
and reservoirs, Provision is precipitation, e1c,), daily
made for simulation of: hydrological data (average
Water temperature, mixing inflow rates and temperatures,
depth, dissolved phosphate, flow rates of discharges),
detritus, DO, TSS, TDS, inflow water quality variables,
nitrate, ammonia, and up to 3 kinetic coefficients for specific
classes of chlorophyll-e. processes, and physical

Modecl has been adapred and reservoir constants.

cahibrated for Roodeplaat Dam
near Pretoria. The calibration is
not specific to Roodeplaat Dam
and should be valid for other
South African reservoirs,

Output Use of Output Databases accessed

Degpth profiles of simulated
variables, as well a8 time-series at
specified depths. govdness-of-fit

Testing the feasibility of
different reservoir management
alternatives that will affect the

Department of Water Affairs
and Foresiry, Weather Bureau

Information on Models

expecied release 2arly 1994

statistics, eutrophic state of the reservoir.

Developer / Vendor Price Local source(s) of infwmnﬁon]

Prof H Stefan, St Anthony Falls Original programme free of Dr M Wentzel/Ms A Vemer

Hydraulic Laboratory, USA, charge from developers Dept. of Civil Eagincering
Locally adapted model: University of Cape Town

OR
Ms M du Plessis
Water Research Commission
Pretoria

APPENDIX F
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Table (xv): NACLO2 (Herold, pers. comm., 1964)

conservative solute
concentrations M user-
defined points in the

the comparison of simulated and observed
flows, pollutant concentrations and
poliutant loads and produces a statistical
summary: or as input to plotting program
RANKO2, which plots duration curves of
modelled and/or observed daily values.
Output can also be used as input 10 any
other custom made simulation model or
presentation software that has been
developed for some specific purpose.

Developer | Vendor

Price

Local source(s) of
information

Name of Mede! Description Input I
NACLO2 (Dynamic Dynamic deterministic daily time siep Mezeorological data, output
deterministic daily tributary routing model with modular from NACLO1 (or time
tributary routing model) structure. Simuixes movement of both series of daily catchment
water and conservative pollutant. runoffs and pollutant solute
Includes wetland and riparian irrigation | concentrations derived from
routines. alternative catchment model),
Part or all of the channel surface ares ttvcrmchlhhge
can be defined as wetland, with different | definitiqn, channel reach
factors, characteristics, riparian
Account is taken of the transport of irmgation and wetland
conservative salts between the main characteristics.
channel and surrounding flood plain.
The model is fully documented in HRU
Repont No. 3/81, Water Systems
Research Group, University of the
Witwatersrand.
Output Use of Output Databases accessed
Time series of simulated Output can be used as input 10 a plot- None.
daily flows and ting program (NACLO3), which permits

De C E Hetold, Stewant
Scott Incorporated
(developed undes
secondment to the Water
Systems Research Group,
University of the
Witwatersrand)

APPENDIX F

Public domain (developed during WRC
research project).

Dr C E Herold, Stewant
Scott Incorporated, Sandton.

Infermatian on Models
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Table (xvi): NACLM2 (Herold, pers comm, 1994)
Name of Mode! Description Input I
NACLMZ (Monthly single Monthly time siep single Time serics of simulated
reservoir mode!) reservoir model. Simulates monthiy catchment runoff and
reservoir water and conservative pollutant

conservative poliutant balance. concentrations geaesated by
Two cells are used 10 simulate NACLMI.

a plug-flow effect with a Metcoroiogical data.
month-long memory. Reservoir storage-area
The model is fully reiationship.
documented in HRU Report Time scries of reservoir
No, 1/80, Water Systems abstractions.
Research Group, University of
the Witwatersrand.
Output Use of Output Databases accessed
Time series of simulated Evaluate expecied range of None.
monthly reservoir storage, water quality and storage state
outflow and corresponding solute | in reservoir.
concentration. Qutput can be used as input to
Summary of simulated reservoir | plotting program (NACLM3),

output, or as inpat to other
presentation software.

Developer / Vendor Price Local sourcefs) of information

Dr C E Heshold, Stewart Scon Public domain (developed Dr C E Herold, Stewan Scou
Incorporated (developed under during WRC research project), | Incorporated, Sandton.
secondment to the Water Systems
Research Group, University of the
Witwatersrand).

_——e—————

Tabte (xvii): One-dimensional hydrodynamic and transport dispersion estuary model. (Drewes,

1992)
Name of Model Description Input
One-dimensional hvdrodyramic Computes water levels and Topographic daa
and transport dispersion estuary flows continuousiy. Computes Water leved sariuions
model. concentrations of constituents in | River flows.
estuasies. Dispersion characierisiics
Output Use of Output Databases accessed
Water levels. Investigation of impact of No databases are accesyed:
Flows. developments and circulation specific yield dara are collected
Concentrations of constitusents, problems and 1o quantify and prepared for model input.
research results,
Developer /| Vendor Price Local source{s) of information
EMATEK (Stellenbosch) Not for sale; used in research Piet Huizinga
and contract work, EMATEK (Stellenbosch)

Information on Maodels APPENDIX F
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Table (xvil): QUALZE and QUAL2EU (Stream Water Quality Models) (Drewes, 1992 and
Wedidepohl, 1950)

Name of Model Description Input B
QUALZE and QUALZEU (Stream | Mode! assesses the effects of Meteorciogical data, stream
Water Quality Models) various waste loads on siream hydrology, reservoir

water quality. parameters, waste load and

headwater conditions.

Output Use of Output Databases accessed
Stream flows, heat balance and Assesses effects of various None,
stream water quality by individual | waste joads on stream water
variable, quality and determines

minimum or maximum values

of water quality variables,
Developer / Vendor Price Local source(s) of information
CEAM Public domain software. G du Plessis, JIN Rossouw or

No charge. D Hohls

APPENDIX F

WATERTEK (Pretoria)
or
Dr AJ Bath
Ninham Shand, Pretoria
or
G Quibell
DWAF

Information on Models
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Table (xix)3: REMDSS (Reservoir Eutrophication Mode! Decision Support System) (Drewes
1992)

Name of Model Description Input I
REMDSS (Reservorr A decision suppon sysiem for
Eutrophication Mode! Decision eutrophication comtrol in
Support Sysiem) reservoirs. The model simulates

phosphorus export from a

catchment, simulases the fate of

the phosphorus in a reservoir

and converts the ambieat

phosphorus concentration into

chiorophyll-a concentration;

both of these are measures of

algal biomass,
Output Use of Output Databases accessed ]
Time sertes of monthly in-lake Scenario analyses and long-term | Dept. of Water Affaies and
phosphorus and chiorophyll-a planning. Simulates a range of | Forestry hydmlogial and
concentrations. chlorophyll-a concentrations chemical databases

which can be expected in a

reservoir and to evaluate

different eutrophication control

measures.
Developer / Vendor Price Local source(s) of information I
WATERTEK (Pretona) R9O IN. Rossouw

WATERTEK (Pretoria)

Table (xx): SAW (Spill Analysis Workstation) (Blake, pers. comm., 1993)
Name of Model Description Input
SAW (Spill Analysis Workstation) | Spill Analysis Workstation for

the stmulation of oil spills and

spills of dangerous chemicals

mo the aquatic environment.
Developer / Vendor Price Local sourcels) of information
Danish Hydraulic Instiue Price available on request: J Stinger, K Blake

EMATEK (Stellenbosch) EMATEK (Stellenbosch)

Information on Models APPENDIX F
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Table (xxi): SEDIMENT (Weddepohl and Stastkowski, 1990)

Name of Mode! Description Input
SEDIMENT Instream sediment transport Data requirements are

model. uses dynamic, one- exteasive,

dimensional equations.
Output Use of Outpot Databases accessed |
Flow and sediment quantities. Highly accurate simulations of | None.

flow and sediment quantities.
Developer / Vendor Price Local source(s) of information
Colorado State University. Unknown. No known local contact,

Table (xxii): SERATRA (Instream sediment-contaminant transport model) (Weddepohl and

Stasikowski, 1990)
Name of Model Description Input I
SERATRA (Instream sediment. Dynamic, two-dimensional Quantities of vanous sediment
contaminant transport model). finite-clement model; simulates | types, pesticides, heavy metals,
time-varying vertical and radionuclides and some toxic
longitudinal distribution of materials can be modelled.
sediments and associated
pollutants, using major
mechanisms,
Qutput Use of Output Databases accessed
Dissolved, suspended, particulate | To predict time-varying None.
and settled states of parameters in | longitudinal and vertical
flow-through water systems. distribution (transport and fate)
Sediment transpont submodel: of sediments and sediment
transport, deposition and scouring | associated pollutants.
of 3 sediment size fractions of
cohesive and non-cohesive
sediments,
Developer / Veador Price Local source(s) of information I
CEAM Public domain software, No known local contact.
No charge.

APPENDIX F Information on Modeis
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Tabie (xxii): SIMCAT (Water quality mode! for river systems) (Weddepoh! and Siasikowsk:,
1990)

Name of Model Description Input

SIMCAT (Water quality model Computer program for which Physical parameters for reaches

for niver systems) the river is divided into (quality, length, flaw), river
numbered reaches. The Monte | and effluent quality data (mean,
Carlo method is used. standard deviation), location
Calculations begin at an data of river features (Sth
upstream boundary and proceed | percentile flows, mean flow,
downsiream from feature to tributacies, discharge points),
feature.

Output Use of Output Databases accessed

Downsiream water quality Modeiling water quality of river | None.

(estimated with the mass balance | systems, accounting for the

equation): ammonia N, chioride

effects of fearures, adding in

and BOD; menitors fate of contributions from diffuse

averagad data; calculates sources and catering for natural

coafidence intervals and purification.

compliance estimates.

Developer / Vendor Price Local sourceis) of information
Institute of Hydrology, Unknown. No known local contact.

Wallingford, UK

Informaticr on Models

APFENDIX F
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Table (xxiv): WASPS.01 (Water Quality Analysis Simulation Program) (Weddepohl and

Stasihowskl, 1990)

Name of Model Description faput |
WASPS.01 (Water Quality General framework for A water body is tepresented by
Analysis Simulation Program modelling contaminant transport | a series of compatational
Modeling System) and fate in surface waters; segments. Inputs that must be
based on a compartment specified include: Segment
approach and applicable in 1, 2 | volume and types and hydraulic
or J dimensions. coefficients; loads,
TOXI4 simulates transport conditions and initial
and transformation of chemicals | concentrations for each state
and material to variable; dissolved fractions of
predict dissolved and sorbed each variable; the phase of the
chemical concentrations in bed | variable (dissolved o
and overlaying waters. particulate) and solids
The dissolved eutrophication transporn fields,
model, EUTROS, predicts DO
and phyto-plankion dynamics
affected by nutrients and
organic material,
Output Use of output Databases accessed
Dissolved and sorbed chemical Used 10 simulate all 8 state None.
concentrations in bed and variables and the interactions

overlaying waters, predictions of

DO and phyroplankton dynamics

between them for problems
relating 10 BOD, DO dynamics,

affected by nutnents and organic nutrients and eutrophication and
material and transport and bacterial, organic chemical and
transformation of up 1o 8 stae heavy metal contamination,
variables in the water column and | WASPS input and output
sediment bed, linkages have been provided (0
other stand alone models.
Developer / Vendor Price Local source(s) of information
CEAM Public domain software. J Pretorius
No charge, WATERTEK (Pretoria)

APPENDIX F

or
Dr AJ Bath
Ninham Shand (Pretona)l

{nformation en Models
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Table (xxv): WRPM (Water resource planning mode! (GR Basson, pers. Comum., 1994)

Name of Mode! Description Input

WRPM (Water Resource Planning Multi-teservoir simulation Hydrological data including

Mode! ) model including water resource | streamflow, rainfall,
allocation, network solving and | evaporation and relevant
water quality sub-models. catchment éevelopments.

Facilitate the integration of Water quality calibration

large water resource systems parameters for sait wash-off
and perform operational (catchment), demand centre
decisions including water (urban gsers). wrigation block
restriction and channel reach sub models.
inter-basin transfer management System configuration
and the evaluation of cost including reservoir
saving operating rules. characteristics, transfer link
Perform scheduling analysis to | installation parameters and
determine implementation operating rule definition
programmes for augmentation Water resource allocation
schemes based on reliability definition and yield / reliability
(risk) principals. Water quality | charscteristic curves.
modelling (Total Dissolved Projecied demands for each
Solids) including blending abstraction point in the system.
options and the effect thereof Implementation dates of
on the yield of a system, Both augmentation options and
historical and stochastic analysis | warm-up operating rules when
can be performed. new schemes are introduced

Output Use of Output Databases accessed

Tabular output of reservoir The tabulated output is Notie.
levels, channel Nows and analysis | captured into probabilistic
summary of clements in a system. | graphs projecting reservoir

Water resourse allocation deci-
sion table for each decision
performed.

Probabilistic cunailment
(restriction) projestions, feservoir
level and channe! flow projections
all in tabalar format

levels, curtailment levels and
system supply in relation with
system demand.

The graphical output is used
10 select appropriate operating
rules and determine
implementation programmes for
augmentition options

Informatien on Models

Developer / Vendor Price Local sourcets) of information
BKS Incorporated / Contractual agreement P G van Rooyen
ACRES Imtemational / BKS, Pretona
Department of Water Affairs & or
Forestry J A vaa Rooyen
Department of Water Affairs &
Forestry, Pretoria

e - ————— s
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LB. Surface runoll
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Table (): ACRU-HSPF LINK (Kienzle, pers. comm., 1993)

Name of Model

Description

Input |

ACRU-HSPF LINK

(Includes the ACRU and HSPF
programmes, with integration
routines)

Surface runoff water quality
model.
A procedure links hydrological
output from the model ACRU
into the water quality routines
of HSPF, via a3 Water Daa
Management programme
(WDM).
Variables such as surface
runoff, interflow, basefllow, as
well as sediment load can be
simulated with ACRU, and
input into HSPF, to estimate

the fate of phosphorus, nitrates
or E. Coli

Climatic data (e.2. rainfall and
evaparation), land-use,
topographical and soil data

Output

Use of Output

Water quality and hydrology data

Used for the simulation of
and E. Coli

Developer /| Vendor Price Local source(s) of information
Department of Agricultural Not available - imegrated model | Dr SW Kienzie
Eagineering. Univ. of Natal, and | in development stage Dept. of Agricultural

CCWR

APPENDIX F

Expected release in 1994
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Table (ii): CREAMS (Chemical, Runolf and Erosion from Agricultural Management Syvstems
model) (Weddepohl and Stasikowski, 1990)

Name of Model Description Input |
CREAMS (Chemical, Runoff and | Physically based, daily Numerous input requiremenis
Erosion from Agricultural simulation model comprising 3 | that require field measurements
Management Systems mode!) imerlinked components: a for many varisbles,

hydrology component that

drives the erosion component,

which in tumn, together with the

hydrology component, drive the

nutrient/pesticide (water

quality) component.
Output Use of Output Databases accessed
The model estimates runoff, Estimates quantities and quality | Noae.
erosion/sediment transport, plant | of P, N and pesticides that are
nutrient and pesticide yield from removed from agricultural land
field sized areas, surfaces, transported

predominantly overiand and

slumately deposited into

streams
Developer / Vendor Price Local source(s) of information
U.S. Dept. of Agriculiure Unknown. Dr AHM Gorgens

Information on Meocels

Ninham Shand (Cape Town)
and

Gordon Platford, Sugar
Association Experiment Station
{Mount Edgecombe)

APPENCIX F
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Table (iii): DISA (Daily Irrigation and Salinity Analysis Model) (Gorgens, 1992)

Name of Model Description Input
DISA (Daily Irrigation and A concepiual model of water Daily time-series of raunfall, A-
Salinity Analysis Model) and salt balances and flows in pan evaporation, upsiream
an irrigation sheeme, with daily | inflows and TDS, spatial data
time tesolution and meny- on all aspects of irmgation
driven in/output scheme layour, soils,
physiographic boundaries,
crops.
Output Use of Output Databases accessed J

Daily flow, TDS or state variable Planning of irngation scheme | - Depanument of Water Affairs
values at any pre-specified points | development/extension i.t.0, and Forestry

of interest: extensive output salinity impacts. - Depanument of Agricalure
manager for graphics, both on Optimise operation of « Weather Bureau
creea and plots. irrigation water supply sysiem - CCWR

to minimise salinity. - SIR1
Developer / Vendor Price Local source(s) of

informations |

Ninham Shand Inc, in conjunction | Cost of supply: = R 80 Dr. AHM Goérgens
with the Department of Water Ninham Shand

Affairs and Forestry. CAPE TOWN

Table (iv): FLOSAL (Irrigation scheme planning model) (Gorgens, pers. comm, 1992)

Name of Model Description Taput |
FLOSAL, A conceptual model of water Daily/Monthly time series of
FLOSAL,, and salt balances and flows in rainfall, A-pan evaporation,
an irmgated caichment , with upstream inflows and TDS,
moathiy and daily options. spatial data on the nver sysiem,
dams, immigation scheme and
crops.
Output Use of Output Databases accessed
Numerical or printer plots of Evaluation of irrigation scheme
daily or monthly flows, TDS and | impacts on river salinity
state vanabies at pre-specified - Department of Agricultere
poinis of imerest. - Weather Bureau
- CCWR
« Ingtitute for Soil, Climate and
Water
Developer / Vendor Price Local source(s) of
informations
Former National [nstitute for Unknown Dr. AHKM Gorgens, Ninhan
Water Rescarch, CSIR Shand, CAPE TOWN
OR

M van Veelen, BKS

APPENDIX F information on Mocels
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Table (v): HSPF (Hydrological Simulation Program Fortran) (Drewes, 1992)

Name of Model

Description

Input

HSPF (Hydrological Simulation
Program - FORTRAN)

Models quantity and quality of
runoff from a carchmen:

Rainfall, evaporaticn, point
source data, carckment

{including point sources). Aiso | parameters such s
simulates the insiream * soil type
processes. Used to model urban * cover
and rural catchments from ficld * slope
size to several catchments. ¢ land use.
Receiving-reach dimensions.
Qutput Use of Output Databases accessed

Water quantity and a large
number of water quality
parameters at user specified poimus
in a reach.

Can be used to determune mean
and total loads of various
pollutans, toral owtflow and a
profile of outflow rate a
various points in the carchment.
Ouiput can be obtained as an
ASCII file. The ANNIE
software can be used for this
process.

User-created datadase (1 “time i
series wore®) and, through a
software package called
ANNIE, use of a Watershed
Data Management fiie (WDM).

Developer / Vendor

Price

Local source(s) of
informations

CEAM

Public domain sofiware.

No charge,

Infermation on Mogeis

Brian Gardner; WATERTEN
CSIR (Durdan)

ARPFENCIX F
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Table (vf): NACLOI (Herold, pers. comm., 1994)
Name of Model Description Input i

NACLO! (Deterministic daily Deterministic daily time step Meteorological dats, catchment
ratnfall-runoff simulation and catchment rainfall-runoff characteristics, model
conservative pollutan: balance) simuiation and conservative calibration parameters
pollutant balance.

Rainfail-runoff madelling is
based on the Pitman model
(daily version of WRSM%0).

The water quality component
takes account of the
accumulation on and wash-off
from paved and previous
catchment surfaces.

Soil moisture and
groundwater storage balances
are accounted for.

The mode! is fully
documented in HRU Repont
No. 3/81, Water Systems
Rescarch Group, University of

the Witwatersrand.
Output Use of Output Databases accessed j
Time series of simulated daily Simulation of natural and None.
catchment runoff and developed conditions.

corresponding daily conservative Short and long-term catch-

pollutant concentration and load. | ment response to catchment
Oprional output of daily surface | development.

and soil moisture pollutant storage | Output can be used as input to

states and soil moisture water plotting program (NACLO3), or
storage. as input to the tributary routing
Output can also be aggregated madel (NACLO2) or 2 system
into monthly totals. simulation model (such as
Summary of simulated NACLO9).
catchment water and pollutant Can be used to path deficient
balances. records of river water quality.
Developer / Vendor Price Local source(s) of information |
Dr C E Herold, Stewan Scout Public domain (developed Dr C E Herold. Siewant Scout
Incorporated (developed under during WRC research project) Incorporated, Sancdton.
secondment (0 Water Systems
Research Group, University of the
Witwatersrand)

APPENDIX F Informavion on Modeiz
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Table (vii): NACLM! (Herold, pers. comm., 1994)
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Name of Model

Description

loput

NACLM! (Simpiified monthily
time step catchment conservative
poilutant balance model)

Monthly time step mede! w0
simulate catchment conservative
pollutant balance. Itis a
simplified version of NACLO!
that excludes catchment rainfall-
runoff simulation.

The water quality component
takes account of the accu-
mulation and wash-off of
soluble solids on paved and
previous catchment surfaces,
and the effect of sub-surface

siorage.

Provision is made for growth
in diffuse source pollutant
generation due to anthrepogenic
land use changes or atmos-
phenic deposition.

The mode! is fully
documented in HRU Repont
No. 1780, Water Systems
Research Group, University of

Observed or synthetic
meathly catchment runof! time
series.

Mode! calibration parameters.

the Witwatersrand.

Output Use of Output Databases accessed
Time series of simulated monthly Output can be used as input 1o | Nooe.
catchment rusoff and plonting program (NACLM3),
corresponding monthly which includes statistical
conservative pollutant output, or as input 1o monthiy
concentration and Joad. time siep reservolr simulation

Sumemary of simulated model (NACLM2).
catchment water and pollutant
balances.
Deseloper / Vendor Price Local source(s) of information

Dr C E Herold, Stewan Scort

Incorporated (developed under
secondment to the Water Systems

Research Group, University of the

Witwatersrand).

infarmation on Models

Public domain (developed
during WRC research project).

Dr C E Herold, Siewar: Scott
Incorporated, Sandton.

AFPPENCIX F
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Table (viii}: PEXPM (Phosphate Export Model) (Hughes, pers. comm,, 1993)

Name of Model Description Input
PEXPM (Phosphate Expont Daily time step, semi- Several related 1o SCS model
Model). : distributed phosphate exporn for runoff generation and input

model, Based on SCS runoff phosphate levels from socio-
Output Use of Output Databases accessed
Phosphate loads, storages and Assessing phosphate loads from | Can use CCWR ranfall and
ruroff, developing urban areas. flow data.
Developer / Vendor Price Local source(s) of information
Prof. DA Haghes Unkaown. Prof. DA Hughes

Rhodes University

APPENDIX F

Information on Modais
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Table (ix): WQT (Herold, pers. comm., 1964
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information on Madels

Narme of Model Description Iaput |
WQT {Deterministic monthly Deterministic monthiy ume step hydro- | Metcorological dats.
hydro-salinity system salinity sysiem simulation model com- Catchment runoff ime
simulation model) prising carchment wash-off, channel senies, point abstraction
reach, irrigation, reservoir, demand and interhasin wates
centre, junction node and blending transfer time series, water
Junction sub-models. demand time series,

The catchment wash-off module allows | irrigation detatls, teservoir
for the accumulation and wash-off of characteristics, observed
soluble solids from pervious and imper- | flow and concentration
vious catchment surfaces, sub-surface time series (for purpose of
storage effects and anthropogenically model calibration), mode!
induced growth in diffuse source conser- | calibration parameters,
vative pollutant generation.

Channel! reaches can accommodate
wetlands, secpage losses, inputs from
upstream modules and point sources and
riparian irrigation absiractions and return
flows. Growth in wetland areas can be
simulated.

The irrigation module takes account of
multiple cropping, irrigation efficiency,
canal losses, and sub-surface storage.

Allowance is made for seservoir
comumissioning and changes in capacity
at specified dates during the simulation.

Documentation includes the model
documentation and calibeation procedure
guide.

Output Use of Output Databases accessed
Time series of simulated Analysis of complex river system. Nome
monthly flows, solute Evaluation of effect of water resource
concentrations and loads and | management options on water quality and
dam storage at user-specified | effect of water quality driven operating
points in the system, rules on sysiem yield. Prediction of
Optional summary of effect of developmens,
simulated water and salt Output can be used as input 10 ploiting
balances for exch module. programs or other presentation software,
Output can 2050 be used as input to any
other custom made simulation mode! or
data amalysis program that has been
developed for some specific purpose.
Developer / Vendor Price Local sourcets) of
information
Dr C E Herold (Stewan Not yet commercially available. Dr C E Herhold (Stewarn
Scott Incorperated) / Scoit, Sandton)
M: R B Allen (BKS Water or
Resources Associates) / Dr M § Basson (BKS.,
RSA Depanment of Water Pretoria).
Affairs and Forestry

APPENDIX F
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1.C. Groundwater
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Table (i): BURNS (Model for estimating downwurd Jeaching of salts through soil) (Du Plessis,

pers. comm., 1993)

Name of Model Description Inpat
BURNS Capacity type leaching model Daily amounts of rainfall and
for non-reacting salts, based on | evaporation. sait application
the concept that water content and irrigation volume,
in 30il segments vary between 3 Initial water and salt contenty
maximum (field capacity) and of each soil layer.
minimum (evaporation limit). Water content conssants per
Simulates the downward segement,
movement of salt by equili-
brating salt already present in 2
sezment with incoming concen-
tration and transferring volume
exceeding ficld capacity 1o next
lower segment.
Output Use of Output Databases accessed I
Soil peofile (water content and Originally developed to None. User creates inpet files
salt concentration in differest soil | predict redistribution of nitrate | with rainfall, evaporation and
layers). during carly stages of plant irrigation data and sotl
Water volume and salt joad growth, characteristics.
leaching from bottom soil layer. Optimising methods of
leaching saline soils.
Developer / Vendor Price Local sourcels) of information
| G Burns, National Vegetable Public domain H M du Plessis

Research Station

Water Research Commission

Table (iiy: HELP (Hydrologic Evaluation of Landfill Performance) (Harrls, pers. comm,, 1993)

Name of Model Description Input I
HELP : Hydrologic Evaluation of | Quasi-two-dimensional Daily rainfall, mean monthly
Landfill Performance deterministic computer-based temparatures, mean maonthly

water budget model; computes
runoff, evapotranspiration,

solar radiation, ieaf area
indices, soil characteristics and

percolatioa, lateral drainage. design specifications.
Output Use of Output Databases accessed
Daily monthiy and annual water The hydrological evaluation of | Unknown
budgets landfill performance
Developer / Vendor Price Local source(s) of information
U.S. Army Engineers / U.S, Unknown No known local contact
Eavironmental Protection Agency

APPENDIX F
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Table (li): LEACEM (Leacking Estimation and Chemistry Mode!) (Du Plessis, pers. comm..,
1994)

Name of Model Description Input

LEACHM A process-based model of water | Exiensive data on soil profile’s
and salt movement, physical and chentical
iransformation, plant uptake charactenistics, inual and
ard chemical reactions in the boundary conditions, crop
unsxurated zone, Versions 1o characteristics, quantities and
model nitrogen and pesticide composition of applied water,
rexctions are available, pan evaporation.

Output Use of Output Databases accessed

Changes in soil profile’s chemical | Use to predict changes in soil None. User creates input files.

composition and water content, profile and leachate composition

leachare volume and composition, | under a given set of

evaporation and transpiration, eavironmental and other
conditions.

Developer / Vendor Price Local source(s) of information I

Dr R J Wagenet / J L Hutson Unkaown Prof J H Moolman

Dept of Agronomy, Cormell University of Siellesbosch

University

ot
Mr H M du Plessis
Water Research Commission

density dependent groundwater
flow, with energy transport or
chemically reactive single-
species solute transport.

Table (iv): SUTRA (Saturated-Unsaturated Transport) (Harris, pers. comm., 1993)

Name of Model Description Tnput |
SUTRA (Satusated-Unsarurated Finite element simulation model | Geometry of finite clement I
Transport) for saturated-unsaturated fluid- | mesh, flow parameters,

ITanspont parameiers, reaction
and production parameters,
boundary conditions, fluid
source data, concentrations,
flux & boundaries

Output

Use of Output

Databases accessed

Plots of pressures. temperatures
or concentrations 3t nodes, fluid

velocity

Provides tlear accurate answers
only to well-posed. well defined
probiems; otherwise, provides
help in visualising conceptual
model of flow and transport
regimes.

No external datzbase

Developer / Vendor

Price

Local source(s) of information

U.S. Geological Survey,
Environmensal Science and
Engineering

Information on Models

USS$00

Dr. J Harris,
Steffen, Robenson and Kirsten

APPENCIX F
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Table (v): TETrans (Trace Element Transport Model) (Du Plessis, pers. comm.. 1993)

Name of Model Description Input 1
TETrans Capacity type leaching mode! Fairly exteasive daca on cxch

similar 1o BURNS, but which soil segment’s chemical

additionally considers “bypass’ characteristics and wates

flow and upward movement of | content constants, as well a2

water and saits as well as initial conditions, crop

chemical exchange and characteristics, quantity and

adsorption reactions. composition of applied water,
Output Use of Output Databases accessed 1
Changes in chemical composition | Released in 1990, Limited None. User creates input files,
of soi! liquid and solid phases, applications to date. Use 10
water content, compaosition and predict changes in soil profile
volume of leachate. and leachate composition under

a given set of environmental

and other conditions.
Developer / Vendar Price Local source(s) of information
Dr D Corwin, US Salinity Public domain Prof 1 H Moolman
Laboratory Univ of Sielleabosch

or
Mr H M du Plessis
Water Research Commission
e

LD.  Equilibrium models

Table (i): JESS (Joint Expert Speciation System) (Murray, pers. comm., 1993)

Name of Model Description Input I
JESS (Joint Expert Speciation An equilibnum chemacal Identity of main chemical
System) speciation model for metals, constituents; their tomal
inorganic and organic ligands in | concentrations; temperature
aqueous systems
Cutput Use of Output Databases accessed
Identity and concentrations of Detailed information can be The JESS Thermodynamic data
major forms of constituents: obtained on chemical contins data for more than
saauration state of solid phases; interactions in a wide range of | 23 000 chemical reactions
partial pressures of gases; systems including natural includiag nearly S00 mineral
amounts of solids precipitated; waters (fate of heavy metals in | and solid phases,
estimation of water quality the eavironment), water
indexes: Corrosivity, Langelier, treatment systems. hydro-
Ryznar. Sodium Adsorption Ratio | metallurgical processes etc.
Developer / Vendor Price Local sourcels) of information l
WATERTEK (Pretoria) Not for sale; used in research K Murray
and contract work, WATERTEK (Pretoria)
e e e —————

APPENDIX F Informaticn on Maaels
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Table (i): MINTEQAZ (Pretorivs, pers. comm., 1993)
Name of Model Description Input 1
MINTEQA2 An egquilibrium chemical The accompanying PRODEFA)
speciation mode! for metals for | interactive program crestes the
aguegus systems, input files, accesses the
currently available reaction
species from the MINTEQA2
database and defines other
solid, agueous or adsorpticn
reaction species not yet in the
thermodynamic datahase.
Output Use of Output Databases accessed '
Concentrations of various forms Calculating equilibrium MINTEQAZ thermodynamic
of input chemical constituents in composition of dilute solutions | datsbase of over 1400 chemical
solunien. in natural systems, solving a species, No thermodynamic
wide range of complex data are available for the 7
equilibrium problems involving | sorption submodels of the
reaction among aqueous model.
solutions, gasses, mineral phase
and sorbed phase species
Developer / Vendor Price Local saurce(s) of information
CEAM Public domain software. J Pretorius
No charge. WATERTEX (Pretoria)

1. Hydrological modelling

ILA.  Surface water

Table (I: DETFLOOD (Deterministic hydrological model) (Alexander, pers. comm., 1993)

design of dams, bridges, urban
drainage. etc.

Name of Model Description Input
DETFLOOD (Deterministic Determination of the floed Weather burcay stacion no. and
hydrological model) magntude/ frequency location, ranfall data; physical
relationship parameters of river and
carchment; vegetal cover and
permesbility caegories. veld
type zo0e; lightning 2round
flash densities. RMF Novaloes.
Output Use of Qutput Databases accessed ]
Flood-frequency relationship All applications including Depanimen: of Water Affairs

and Foresiry TRIOZ

Information cn Mode!s

Developer / Vendor Price Local sourceqs) of information !
Prof. WIR Alexander Software inclided in publication | Prof. WIR Alexarder
Flood Hydrelogy for Southern Dept. of Civil Engincesing

Alrica

Univessity of Pretona

APEZNCIX F
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Table (ii): DISTRAINDROUGHT (District rainfall analysis models) (Alexander, pers comm., 1993)
Name of Model Description Input
DISTRAIN/DROUGHT Analysis of distriet cainfall Montaly disteics rainfall

. records (93 disiricts) records.
Output Use of Output Databases accessed I
Tables and coloured maps of Reference for the determination | Weather Bureau rainfail
South African rainfall of the severity of above or records.

below average district rainfall.

Developer / Vendor Price Local source(s) of information
Prof. WIR Alexander R50 Prof. WIR Alesander

Dept. of Civil Engincering
University of Pretoria

Table (iii): Drought Durations Simulation Mode! (Zucchini and Adamson, 1984)

Name of Model

Description

Input

Drought Durations Simulation
Model

Based on daily rainfall
accumulation in 3 “buckst® with
a 10 mm capacity and water

Generated daily rainfall for 500
years,

summer/winter half years in
ASCIHI file

loss using an exponential
function (% of total per day).
Determines !ength of droughe in
days.
Output Use of Output Databases accessed
Total count of droughts in length | Determining the no. of droughts | D Le Maitre RAINMOD.TAB
classes in each 100 year period of various durations for rainfall
over a 500 year record for stations in 100 year intervals.

Developer / Vendor

Local source(s) of information

W Zuechini
Dept. of Mathematics and
Statistics,

University of Cape Town

APPENDIX F
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Table (iv): FLOODCAT (Reference catalogue of historical Nloods) (Alexander. pers. comm., 1963
Name of Model Description Inpat
FLOODCAT Catalogue of historical floeds in | Local mformation
South Africa

Output Use of Qutput Databases accessed
Description of each event, oa- Referencs None
screen maps.
Developer / Vendor Price Local source(s) of information
Prof. WIR Alexander R10 Prof. WIR Alexander

Dept. of Civil Enginessing,

University of Pretotia

-

Table (v): FLOODWATCH (Flood warning system) (Alexander, pers. comem,, 1997)

Name of Model Description Input I
FLOODWATCH Flood warning system Real time rainfall, river flows
and reservoir storage,
Output Use of Output Databases accessed
Graphs and tables of immedistely | Local flood waming systems Real time rainfail, river flows
preceding rainfall and reservoir storage.
Developer / Vendor Price Local source(s) of information I
Prof. WIR Alexander Unknown Prof. WIR Alexander
Dept. of Civil Eaginesring
University of Pretoria

Table (vi): GENRAIN (Rainfall sequence generation model) (Zucchini and Adamson, 1984)

Name of Model Description Input
GENRAIN (Rainfall sequence Stochastic rainfall simulation Rainfall stariens and codes,
generation model) model based on regression random number seed, time
models. interval, output Jile pame
Output Use of Output Databases accessed
Rainfall per year in an ASCII file. | Generates stochastic rainfall D Le Maitre ZUCCINL.TAB
recotds (daily, monthly, yearly)
for 2500 weather stations for
statistacal analysis and
modelling.
Developer / Vendor Price Local sourcets) of information
W Zucchini and Unknown. D Le Maitre, 4
PT. Adamson A Chapman
Dept of Mathematics and FORESTEK (onkershoek:
Statistics
Univessity of Cape Tawn

Information on Models AREFENDIX F
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Table (vii): LITPACK (Blake, pers. comm., 1993)
Name of Model Description Input I
LITPACK Integrated modelling system for

littoral processes and coastline

kinetics,
Developer / Vendor Price Local source(s) of lnformwou‘l
Danish Hydraulic Iaststute Price availabie on request: ] Slinger, K Blake

EMATEK (Stellenbosch) EMATEK (Stellenbosch)

Table (viii): Multiple Reservoir Simulation Program (Hughes, pers comm. , 1993)

Name of Model Description Input

Multiple Reservoir Simulation A moathly time step multiple Size and characteristics of

Program. reservoir simulation model, reservoir basins, connection
details, water consumption
details, operating rules and
others.

Output Use of Output Databases accessed

Overflow, consumption levels and

Design of reservoir systems and
their operation.

Uses output from 3 runoff
mode! (e.g. the Pitman wmodel)
and rainfall input from CCWR
database

Developer / Vendor

Local source(s) of information

Prof. DA Hughes

Prof. DA Hughes
Rbodes University

Table (ix): OPRULES and ECONYLD (Alexander, pers. comm., 1993)

APPENDIX F

Name of Model Description Input
OPRULES and ECONYLD Models to help optimise water Hydrological data, carchment
resource development. characteristics, dam basin

characteristics, environmental
criteria.

Output Use of Output Databases accessed

Reservoir and environmental Water resource development. Hydrological.

yields and economic benefits.

Developer | Vendor Price Local source(s) of information

Prof. WIR Alexander Available on request, Prof. WIR Alexander
Dept of Civil Engineering
University of Pretoria

infermanion on Mecels
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Table (x): REGFLOOD (Regional flood analyses model) {Alexander, 1991)

Name of Model Description Inpet
REGFLOOQD (Regional flood Determunation of the flood Records of anncal flood peak
analyses model) magnitude / frequency maxima
relationship,
OQutput Use of Output Databases accessed
Tables and graphs for various | All applications including Departme=t of Water Affairs
staustical distributions. design of dams, bridges, urban | and Foresiry Hydrological
drainage, etc. database.
Developer / Vendor Price Local source(s) of information
Prof. WIR Alexancer Software included in publication | Prof. WJR Alexarder
Flood Hydrology for Scuthem Dept. of Civil Enginesring
Africa University of Pretoria
—_———
Table (xi): Riparian zone management model (Drewes, 1992)
Name of Model Description Input ;

Riparian zone management model. | Expert system for management

Locational, vegetstion and P

of riparian 2ones, management objectives.
Output Use of Output Databases accessed
Options for management. Conservalion and water No formal duabases accessed.
production assessments, Soil and vegetation data
gencrated by user.
Developer / Vendor Price Local source(s) of information

Information on Models

FORESTEK (Jonkershoek) Not for sale; used in research JM Bosch
and contract work. FORESTEX (Jonkershoek)
e
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Table (xii): SHELL (De Smidt, pers. comm., 1693)
Name of Mode! Description Taput |
SHELL (Suite of models, Utility which facilitates the Metcorological data (rainfall,
incorporates Moathly Pitmann simulation of surface runoff for | evaporation), demand
Mode!l and RESSIM) various land-use scenarios, as (irrigation, etc.), land-ose data
well as reservoir simufation.
Incorporatess the monthly
Pumann model, RESSIM
reservoir simulation routine,
and diffecent file bandling
routines,
User sets up framework to
customise multiple mode! runs
for different time slices, with
option 10 route output from
Pitmann model to RESSIM for
reservoir simulation
Output Use of Output Databases accessed
Monthly siream flows, reservoir Studying differeat catchment Noaoe
data scenarios
Developer / Vendor Price Local source(s) of information
Ninham Shand Inc, Cape Town Not for sale Dr AHM Gorgens

Used in contract work

Table (xiil): WRSM90 (Water Resources Simulation Model) (Pitman, pers. comm., 1993; Hughes,

pers. comm., 1993)

Name of Model Description Input

WRSMS0 (Water Resources Latest version of the Pitman Pitman model parameters,

Simulation Model) Model. Monthly time step bydrometeoriogical data, details
carchment simulation model, of reservoirs, irrigation areas
incorporating water resource and other abstractions and
SYNEMS COMponents. discharges,

Output Use of Output Databases accessed

Simulated monthiy runoff, Reservoir yield, system None.

reservoir levels, water usage and
statistics.

analysis, stochastic analysis,

Developer / Vendor Price Local sourcels) of iulotmulonJ
B Piiman R2000 H. Maaren
Stewart Scon Inc. Water Research Commission

APPENCIX F

or

G Shulez

Sicffen Robenson & Kirsten
or

B Pitman

Siewart Scout Inc.
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Table (xiv): WRYM (Water resource yleld model) (GR Basson, pers. comm., 1994)
Name of Model Description Input
WRYM (Water Resource Yield Mului reservoir simulation Hydrologicsl daa inciudiag
Model) mode! based on aetwork solving | streamflow, rainfall,
techaiques, evaporation and relevant
Determine capability of water | catchment developments.
resource systems using System configuration
historical and stochastic including reservoir charac-
streamflow sequences. teristics, transfer link
Evaluation of operating rules. | capacities, hydropower
Mode! most water resource installation parameters and
structures including hydropower | operating rule definition.
generation
Output Use of Output Databases accsssed
Tabular output of reservoir Develop histortical draft / None,
levels, channel flows and yield graphs and determine the
summary output of the yield from | historical firm yield of a
a system. system.
The cutput is produced either Develop yield / reliability
for a single sequence or a mult- curves which represents the
sequence (stochastic) analysis. yield characteristics of a sysiem
for both long and short-term
analysis,
Produce probabitistic
projections for reservoir levels
and channel flows,
Developer /| Vendor Price Local source(s) of information l

ACRES International /

BKS Incorporated /

Depantment of Water Affairs and
Forestry

Information on Models

Contractual agreement

PG van Rooyen, Depanument of
Water Affairs and Forestry

AFPENCIX F
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Table (i): ACRU (Agricultural Catchments Research Unit agrohydrological modelling system)
(Du Plessis, 1992; Tarboton and Schulze, 1992)

Name of Model

Description

Input

Research Unit agrohydrological

ACRU (Agricultural Catchments

Soil moisture budgeting and
hydrological sysiems model.

Daily rainfall, temperarure, soil
paysical propertics, vegetal

Table (ii): FLAM (Forest Land Allocation and Management Model)

modelling system) Rainfall-runoff estimates are cover, seservoir dimensions,
primary outputs. irrigation drafis and
requirements,
Output Use of Output Databases accessed
Runoff values and statistics for Risk assessment, crop yleld Daily rainfall, temperature and
risk assessment. estimates, reservoir pan evaporation from the
Soil water budgets, Crop yields, reliability, project viabiliry Computing Centre for Water
studies and land-use planning. | Research. Data for soil and
. vegetation generated by user.
Developer | Vendor Price Local source(s) of information
Prof. RE Schulze Public domain software, A Chapman or D Scou;
Dept of Agriculatural Engineering | No charge. FORESTEK (Jonkershoek)
University of Natal or
Dr SW Kienzle
Dept. of Agriculrural

Engineering, Univ, of Natal

Name of Model Description Input
FLAM (Forest Land Allocation Hydrological (trec water use) Land facet attributes, site index
and Management Model) silviculwral (plantation, values, silvicultural data and
operational management and growth curves for species.
planning) mode! which uses
regression, simulation and
optimisation methods.
Output Use of Output Databases accessed l
Site indices for selecied species, Helps land owners and D Le Maitre FLAMCAT.TAB

growth curves for the specics,
cumulative timber volumes and
water use for the species, a
silviculiural regime and harvest
schedule.

managers decide on appropriate
species, silviculiure regime,

plantation layout and areas wo
exclude given a particular
timber or pulp market, limits
on water use, water quality,
prescriptions for riparian zones
and non-afforestable land.

Developer / Vendor

Price

Local source(s) of information

FORESTEK (Pretoria)

APPENDIX F

Not for sale; used in research
and contract work.

D Le Maitre, G Meyer
FORESTER (Pretoria)
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Table (iif): Forest evaporation and interception models (Drewes, 1992)
Name af Model Description Input
Forest evaporation and Forestry models Meteorological and tree specific
interception mocels. data.
Output Use of Output Databases accessed 1
Water use by trees, Water efficiency No formal databases. Soil and
determinations; research. vegetation data generased by

user,
Developer / Vendor Price Local source(s) of information
FORESTEK (Neispruit) and Not for sale; used in rescarch P Dye, FORESTEK
FORESTEK (Jonkershoek). and contract work. (Nelspruir),

Table (iv): WREVAP (Evaporation Estimating Model) (Drewes, 1992)

D Versfeld, FORESTEK
(Jonkershoek), or RE Smith
FORESTEK (Pretoria)

Name of Model Description Input
WREVAP (Evaporation Evaporation estimates asing Radiation, temperature,
Estimating Model). complementary relationship humidity and surface

theory for terrestrial and water | characiesistics,

surfaces,
Output Use of Output Databases accessed
Evaporation depths over ume, Research and evaluation No formal databases accessed.

procedures. Soil and vegetation data

generated by user.

Developer / Vendor Price Local source(s) of information
FI Morion. Canada Public domain software. RA Chapenan

No charge. FORESTEK (Jonkershoek)

= —— —

I.C. Intergrated surface and groundwater models
Table (i: MIKE-SHE (Blake, pers. comm , 1993)
Name of Model Description topat N
MIKE-SHE Distributed, physicaily based Unknown.

hydrological modelling system

for 3 wide range of water

resource problems related to

surfxce and groundwater

management, contamination and

soil erosion.
Developer | Vendor Price Local source(s) of information
Danish Hydraclic Institute Price available on request: J Slinger. K Blake

Infarmation on Models

EMATEK (Stellenbosch)

EMATEK (Stellenbosch)

APPENDIX F
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Table (ii): TOPOG (Chapman, pers. comm., 1993}
Name of Mode! Description Input
TOPOG Modules: TOPOG is a physicaily based, | Daily rainfall, direct and
1. TOPOG-YIELD and deterministic distributed diffuse radiation. maximum and
2. TOPOG-IRM parameter catchment mode! that | minimum temperature, vapour
simulates laterai transfer of pressure deficit, soil saturated
(IRM  Integrated Rate water through overiand flow, hydraulic conductivity,
Meshodology) with a linkage betwesn an volumetric soil moisture
unsaturated 2one mode! and a contents at saturation and air
groundwater model. dry conditions capillary leagth
TOPOG-YIELD simuiates scales, soil depth and
hydrographs from catchment, vegetation parameters. (For
vegetation, climatic and soils many of these parameters, S.A.
data, data do not exist and must be
TOPOG-IRM does all of the estimated.)
above but also models carbon
assimilation by plants and
growth yield of vegeation.
Output Use of Output Databases accessed
Daily volume of outfiow, masses | Hydrograph simulation, growth | User-created databases used
of assimilated carbon on various yield modelling, predicting where possible, otherwise
parts of the plant, spatial distribution of erosion values inserted manually into

and landslide hazard and
recharge to aquifers.

redistributions can be mapped

spatially.

Developer / Vendor Price Local source(s) of information
CSIRO Model and training workshop Arthur Chapman FORESTEK

(obligatory) R20 000.

(Jonkershoek)

Table (iil); Varfable Time Interval Model (Hughes. pers. comm ., 1993)

Name of Mode!

Description

Input J

Variable Time Interval Model

A variable time interval, semi-
disitibuted model of catchment

hydrology

Procedures are available to
assess parameters from physical
catchment data.

Output

Use of Output

Databases accessed

All components of catchment

Detailed assessment of

Can use CCWR rainfall and

hydrology (runoff, evaporation, cauchment hydrological observed flow data dirsstly

soil moisture, groundwater response, including effects of

rechasge, etc.) land use change.

Developer / Vendor Price Local sourceis) of information
Prof. DA Hughes Unknown. Prof. DA Hughes

AFPFENDIX F
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Addresses of developers/vendors/local sourcss of information

information on Models

ACRES International
(Fax: +27 11 888-1967)

BKS Inc.

P O Box 3173

Pretoria

0001

South Africa

(Fax: +27 12 663-2662)

CCWR (Computing Centre for
Water Research)

¢/o University of Natal

P O Box 375

Pietermariczburg

3200

South Africa

(Fax: +27 331 61896)

CEAM (Centre for Exposuse
and Assessment Modeling)

US EPA

Athens

Georgia

30613

United States of America

Colorado State University
Fort Collins

Colorado

United States of America

CSIR

P O Box 395
Pretoria
0001

South Africa

CSIRO

Division of Water Resources
Canberra ACT

2601

Australa

Danish Hydraulic Instinte
Agern Allé 5

DK-2970

Horsholm

Denmark

(Fax +45 762567)

Department of Civil
Engineeting

University of Cape Town

Rondebosch

7700

South Africa

Dept. of Agricultural
Engincering

University of Natal

P O Box 375

Pietermaritzburg

3200

South Africa

(Fax: +27 331 955450)

Dept. of Agronomy,
Cornell University
Ithaca

NY 14853

USA

Dept. of Civil Engineering
University of Pretoria
Pretoria

0001

South Africa

Dept. of Mathemaztics and
Statistics

University of Cape Town
Rondebosch
7700
South Africa
AFPPENDIX F
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Department of Water Affairs
and Foresay

P Bag X313

Pretoria

0001

South Africa

(Fax: +27 12 323-4372)

Eavironmental Science and
Engineering

U.S. Geological Survey

(Fax: 091 813-3711637)

FORESTEK (Sabie)
Private Bag X11227
Nelspruit

1200

South Africa

(Fax: +27 1311-43869)

FORESTEK (Jonkershoek)
Jonkershoek Forestry Research
Centre

Private Bag X350t 1
Stellenbosch

7600

South Africa

(Fax: +27 223[-98394)

Freshwater Research Unit
University of Cape Town
Rondebosch 7700

(Fax: +27 21-6503726

Tastetute for Soil, Climate and
Water

Private Bag X79

Pretoria

0001

(Fax: +27 12.3233§5D

Insutute for Water Research
Rhodes University
Grahamstown

6140

South Africa

Institute of Hydrology
Wallingford
Oxfordshire

United Kingdom

National Vegewble Research
Station

Wellesbourn

Warwick

Ninham Shand (Pretoria)
P O Box 95262
Waterkloof

0145

South Africa

(Fax: +27 12 3462253}

Ninham Shand {Cape Town)
P O Box 1347

Cape Town

8000

South Africa

(Fax: 27 21-251634)

North American Lake
Management Society

One Progress Blvd.

Box 27

Alachva

FL 32615-9536

United States of America

Scientific Sofrware Group
P O Box 23041
Washington D.C,
20026-3041

United States of America
(Fax: 091 202-6206793)

Steffen, Roberson and Kirsien
P O Box 55291

Northlands

2116

South Africa

(Fax. +27 11-8808086)

Stewart Scou Inc.

P O Box 784506
Sandion

2146

South Africa

(Fax: +27 11-883 6789)

Information cn Models
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Sugar Association: Experiment
Station

Private Bag X02

Mount Edgecombe

4300

Tennessee Valley Authority

Water Quality Department

311 Broad Street

Chattanooga

TN 37402-2801

United States of America

U.S. Army Engineers / U.S.
Environmentl Protection
Agency

Municipal Envirommental

Research Laboratory

Cincinnati

Ohio

United States of America

US Army Engineer Waterways
Experiment Station

US Army Corps of Enginesrs

3909 Halls Ferry Road

Vicksburg

MS 39180-6199

United States

US Salinity Laboratory
4500 Gieawood Drive
Riverside

Ca 92501

USA

Water Research Commussion
P O Box 824

Pretoria

0001

South Africa

(Fax: + 27 12 331-256%)

Water Svstems Research
Group

University of the

Witwatersrand

Private Bag 3

WITS

2050

(Fax: +27 11-403 2062)

Information on Models

313

WATERTEK (Durban)
P O Box 17001
Congella

4013

South Africa

WATERTEK / EMATEK
P O Box 320
Stellenbosch

7600

South Africa

(Fax: +27 2231 $33086)
or +27 2231 75142)

WATERTEK (Pretoria)
P O Box 393

Pretoria

0001

South Africa

(Fax: 427 12 8414785)

APPENDIX F



314

Procadures 10 Assess Elfluent Discharge Impacts © I3t Edition

Other models relating to water resources

APPENDIX F

The following additional models were identified, but there was insufficient
information available to include them in the tables of detailed descriptions.

The models in the first group have been developed, or applied, locally and
contact organisations for these models are listed in the previous section.

s [nstream flow requirements of rivers, contact person: Dr. JM King,
Freshwater Research Unit, University of Cape Town

CRAM: Cawchment resources allocation model, FORESTEK, CSIR

®» CMS: Carchment management systems, FORESTEK, CSIR

®  Water Use From Forest Canopies, P Dye, FORESTEK, CSIR

» Hydrological model, E Painting, (diffusion model), BOUTEK, CSIR

» PEM: Phosphorus Export Model, simple model 10 simulate the
accumulation, wash-off and transport of phosphorus from a non-point
source dominated catchment, WATERTEK, CSIR

s Phosphorus Budget Model, WATERTEK, CSIR

s Chlorophyll Concentration Model, predict mean anmual chlorophyll
concentration from mean annual phosphate concentration,
WATERTEK. CSIR

* RORB: Monash University Model: a single event flood model, Institute
for Water Research, Rhodes University

» HYMAS: Hydrological Mode! Application System. All the madels used
by the Institute for Water Research, Rhodes University, are packaged
as an integral part of HYMAS, which includes routines for parameter
estimation, time series data manipulation, model sewp and running
and results analysis,

The following models were developed overseas, but local results have not
been published. The contact person for more technical information 1s Bruce
Wilson. Minnesota Pollution Control Agency, (612) 296-9210. Orders should
be placed at NALMS office, One Progress Bivd., Box 27, Alachua, FL
32613:

Information an Models
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EUTROMOD v. 2.4: Spreadshest for watershed and lake assessments,
version includes northern and Midwestern lake (US) refinements, As-
Easy-As-Shareware versicn 2.4 is requirad to run EUTROMOD,

- & CNET.wkl: Implements empirical models for predicting eutrophication

kifomuon on Models

and related water quality conditions in reservours, spreadsheet,
requires Lots 1-2-3 v. 2 or higher.

s LRSD.wkl: Designed for statistical evaluation of lake / reservoir
sampling program designs. Assumed monitoring objectives include
estimation of the long-term mean at a station and/or detection of a
step change in the mean between two time periods, spreadsheet,
requires Lotus 1-2-3 v, 2 or higher.

s  PONDSIZ.wkl: Workshest to assist engineers and planners in designing
wet detention ponds for water quality control. Design concepts are
derived from US EPA"s Nationwide Urban Runoff Program and other
studies, requires Lotus 1-2-3 v. 2 or higher.

s PONDNET.wkl: Worksheet for routing flow and phosphorus through
networks of detention ponds, requires Lows 1-2-3 v. 2 or higher,

A variety of modelling software is also available from the Scientific Software
Group in Washington, D.C. The annual publication Environmental
Engineering, Water Resources: Software and Publications supplies
information on the latest available software packages, especially in the
groundwater field. Prices range from $30 to $205. Some of the models are
also available free of charge from the USEPA. A number of publications,
mainly on groundwater related topics are also available from the Scientific
Software Group.

Many of these models are available either as exrended memory (EM) versions,
which require a 386 or 486 machine with minimum 2 MB RAM. a math co-
processor and hard drive. or as PC versions, which only require 640K RAM,
a math co-precessor and hard drive.

The available software packages include the following water quality relared
models:

Mixing zone expert system:

®* CORNELL MIXING ZONE EXPERT SYSTEM (CORMIX). Can be
used for analysis, prediction and design of agueous toxic or
conventional pollutant discharges into diverse waterbodies. Version
2.10 combines CORMIX! - for submerged single point discharges,
CORMIX2 - for submerged multipors ciffuser discharges and
CORMIX 3 - for buoyant surface discharges, into 3 single
comprehensive system for modelling diverse types of agautic pollutant
discharge into all types of receiving water bodies, including streams,
rivers, lakes, reservoirs, estuaries and coasial waters. Available from

APPENDIX F
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CEAM, Athens, Georgia - contact person T Barnwell, E-mail address:
BARNWELL@atherns.ath.epa.gov,

On catchment modelling:

HYDROLOGY SYSTEM (EDSC). Designed primarily for hydrologic

analysis of both simple and complex drainage basins, this model can
be used as 2 tool for determining runoff from various historical and
synthetic storms and in modelling flood control measures such as
detention basins with various outlet structures,

s SWMM: Storm Water Management Model, is a U.S. EPA model for

analysis of quantity and quality problems associated with urban
runoff. All aspects of the urban hydrologic and quality cycles may be
modelled including rainfall, snowmelt, surface and subsurface runoff,
flow routing through the drainage network, storage and treamment.
Statistical analyses may be performed on long-term precipitation data
and on output from continuous simulation.

On groundwater modelling:

- IFDMOD (Integrated Finite Differences Model), simulates three-
dimensional groundwater flow,

FLOWPATH, by Waterloo Hydrogeologic, is a two-dimensional steady-

state groundwater flow and wellhead protection analysis model for the
calculation of hydraulic heads, groundwater velocities, time-related
pathlines, capture zones, water balances, and steady-state drawdown
distributions. It is based on the finite-difference formulation allowing
for the simulation of confined, leaky, or unconfined flow in
heterogeneous and anisotropic porous media. It allows for irregularly
spaced grids. Groundwater pathlines, travel times and velocities are
calculated using the particle tracking method.

FLOWCAD, by Waterloo Hydrogeologic. is a two-dimensional transient-

state groundwater flow model for the calculation of time-variant
hydraulic heads and drawdowns. [t is based on the finite-difference
formulation allowing for the simulation of confined. leaky, or
unconfined flow in heterogeneous and anisotropic porous media.

FLONET, by Waterloo Hydrogeologic, is a rwo-dimensional cross-

sectional steady-state groundwater flow model. It computes
potentials, streamlines, and groundwater velocities in a vertical section
through a confined or unconfined aquifer, The model is based on the
dual formulation of potentials and stream functions developed by Dr.
EO Frind of the University of Waterloo.

AQUIFEM was developed by the Ralph M Parsons Laboratory for Water

Resources and Hydrodynamics, located at the Massachusens Instituze
of Technology. The model performs analyses of two-dimensional
horizontal groundwater flow. It can model anisotropic, heterogeneous,
phreatic or confined, leaky or non-leaky aquifers under transient or
steady-siate conditions.

Information cn Modeis
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SWIM is a menu-drivea set of programs that allows the user to simulate
soil-water balances using numerical solutions of the basic soil-water
flow equations. SWIMEY is the simulations program. It employs
recently developed numerical techniques for solving the soil-water
flow equation. Within the limitations of Richards’ equation, a user caa
simulate infiltration, redisribution, deep drainage. simultaneous
evapotranspiration by up to four types of vegetation, transient surface-
water storage and runoff.

MODFLOW: a recent implementation of the USGS model, *A Three-
Dimensional Finite-Difference Ground-Water Flow Model®, by MG
Mc Donald and AW Harbaugh. This model represents flow in one,
two or three dimensions in confined and unconfined aguifers under
steady-state or transient conditions. A local contact for information
on the mode! is the Instirute for Water Research, Rhodes University.

MODPATH is a 3-D particle tracking program for use with MODFLOW

MODFLOWP is the USGS program for estimating parameters of a
transient or steady-state, three-dimensional, groundwater flow model
using nonlinear regression. Any spatial variation in parameters can be
defined by the user,

PROCESSING MODFLOW (PM) is a graphical processor that integrates
MODFLOW and MODPATH.

MODLOCAL is used to construct local MODFLOW models from an
existing regional MODFLOW model. A number of additional utility
packages for MODFLOW are also available.

MOC: USGS "Computer model of two-dimensional solute transport and
dispersion in ground water”, by LF Konikow and JD Bredehoeft. The
model is applicable to steady swte or transient flow and is based on 2
finite-difference grid. The aquifer can be heterogeneous and/or
anisotropic. The mode! allows the specification of injection or
withdrawal wells and of spatially varying diffuse recharge or
discharge. Other utility packages for MOC are also available.

MOCDENSE: USGS "A Two-Constituent Solute-Transport Model for
Ground Water Having Variable Density”, developed by WE Sanford
and LF Konikow, This mode! sunulates solute transport and
dispersion of either one or two constituents in groundwater where
there is two-dimensional, density-dependent flow. The model
simulates flow in a cross-secsional plane, Constituents are assumed 10
be conservative, and density and viscosity are a function of
concentration only, Other utility packages for MOCDENSE is also
available.

APPENDIX F
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e HST3D: USGS “A Computer Code for Simulation of Heat and Solute
Transport in Three-Dimensional Ground-Water Flow Systems”, by
KL Kipp. The mode! simulaies groundwater flow and associated heat
and solute transport in three dimensions. It is primarily intended for
analysis of flow, heat and solute transport in the saturated zone of a
groundwater system with variable or constant density and viscosity.

® INTERSAT is capable of solving one-, two- or three-dimensional models.
It can mode! heterogeneities near a well, heterogeneous anisotropy,
well-bores, and allows the user to determine numerically complex type
curves for heterogeneous formations. The model includes the
WATER-BUDGET PACKAGE, which allows the user to examine
water budgets in a user-defined rectangular cubic region, and the
SURFACE-WATER PACKAGE, which allows the user to specify the
domain or area for a surface water feature. It also includes the
EVAPOTRANSPIRATION PACKAGE for interactive data entry of
evapotranspiration data.

s [NTERTRANS: a three-dimensional solute-transport model which uses the

particle tracking technique in simulating contaminant advection and
dispersion. A MODFLOW conversion utility program, CONMOD, is
included with INTERTRANS, which converts MODFLOW output
(permeabilities, heads, node locations) into INTERTRANS input
format.

s MODRET: an interactive program for analysing infiltration from

stormwater retention/detention ponds in unconfined aquifers,
MODRET was developed utilising the USGS groundwater flow
model, MODFLOW. The model assumes a homogeneous and
isotropic unconfined aquifer system. Pre- and postprocessors are also
included in the package.

* FLOWTHRU is based on a two-dimensional anisotropic vertical section

through water bodies which are long in the direction perpendicular to

the direction of regional groundwater flow, The model was developed

specifically for shallow lakes, but can also be applied to wetlands,

rivers, streams, canals, channels and drains. It is mainly used for:

® determining the depths of groundwater capture zones near shallow
water bodies, and

® as an educational tool, to visualise flow patterns near surface
water bodies.

® FEMSEEP: a groundwater flow and contaminant transport mode! based

on the finite-element method with a particle tracking algorithm. The
major compenents of the model include groundwater flow, advecuve
transport, and advective-dispersive transport. It's capable of solving
steady and non-sieady flow and solute transport in a two-dimensional
horizental plane, a vertical cross-section, or three-dimensional
axisymmetric system. The aquifer can be confired, unconfined, or
leaky. The model is specifically suited for local groundwater
investigations and aquifer remediation projects. It can be used for
designing extraction, injection, and recharge systems, and for
predicting the performance of the system.

Information on Models
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AQUA solves rwo-dimensional groundwater flow and transport equations.
The model is designed to solve such problems as groundwater flow
with nonkomogenecus and anisoopic flow conditions, and steady-
state and transient transport of contaminants and heat with velocity-
dependent dispersion, convection, decay and adsorption. It allows for
a large number of pumping and injection wells and areal variation of
leakage and infiitration.

SEEP/W analyses geotechnical engineering seepage and pore-water
pressure dissipation problems. The formulation makes it possible to
consider analyses ranging from simple saturated steady-state problems
to sophisticated saturated/unsaturated time-dependent problems.
SEEP/W and CTRAN/W must be used together,

CTRAN/W models contaminant transport through soil and rock. Simple
problems, such as tracking particles in response to the movement of
water, or complex ones, such as analysing processes involving
diffusion, dispersion, adsorption, and radioactive decay, can be
solved. CTRAN/W and SEEP/W must be used together to analyse
contaminant transport. SEEP/W computes the water flow velocity,
water content, and water flux. CTRAN/W uses these parameters ©
compute the contaminant migration.

MOTRANS: Numerical mode] for multiphase flow and transport of
multicomponent organic liquids. It is a finite-clement model to
simulats the flow of water, dense or light non-aqueous phase liquid
(NAPL) and air, and transport of up to five partitionable species in
two-dimensional vertical section through saturated and unsaturated
zones in Cartesian or radial co-ordinates.

VENTING is an interactive program to estimate hydrocarbon recovery
from the unsaturated zone by vacuum extraction.

SOILPROP is a program 1o estimate unsaturated soil hydraulic propertues
and their uncertainty from particle size distribution (PSD) data.

SPILLVOL is a program to estimate areal hydrocarbon distributions and
integrated volumes from well fluid level data,

SPILLCAD is a program for hydrocarbon spill site assessment and
remedial design evaluation,

MULTIMED: Multimedia Exposure Assessment Model, 1sa U.S. EPA
program which simulates the transport and transformation of
contaminants releaced from a waste disposal facility into the
multimedia environment. Release to either air or soil, including the
unsaturated and samrated zones, and possible interception of the
subsurface contaminant plume by a surface plume are included in the
mocel.

PESTRAN: Pesticide Transport, is a U.S. EPA program for evaluating
the transport of organic pollutants through soil to groundwater.

AFPPENDIX F
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BIOPLUME Il is a U.S. EPA model of two-dimensional transport of

¢issolved hydrocarbons under the influence of oxygen-limited
biodegradation. Three sources of oxygen are provided: mnitial
dissolved oxygen in the unconfined aquifer, natural recharge of
oxygen across the boundaries and vertical exchange of oxygena from
the unsaturated zone,

® SWIFT/486 is a three-dimensional model to simulate groundwater flow,

heat (energy), bring and radionuclide transport in porous and fractured
geologic media. The primary equations for fluid (flow), heat and
brine are coupled by fluid density, viscosity and porosity. In addition
to transient analysis, it offers a steady-state option for coupled flow
and brine.

On estuarine modeiling:

®  AQUASEA is a program to solve tidal flow problems in estuaries and

coastal areas, wind-driven lake circulation, harbour oscillations, and
problems involving transport of mass, heat and suspended solids,
The mode! is based on the solution of the two-dimensional shallow
water equations including bed resistance, wind stress, Coriolis force,
and non-linear convective terms. The transport model includes
sources, decay, and convective and dispersive transport,

On biodegradation:

s BIOID is a one-dimensional modelling code which simulates

biodegradation and sorption in contaminant transport.  The package
serves as an educational wol for understanding the relative importance
of various physico-chemical and biochemical processes,

Information on Mocels
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AFFENDIX G:
General and Special Standzrds

GOVERNMENT GAZETTE 18 MAY 1984 NO 9228
REGULATION No. 991 18 May 1984

REQUIREMENTS FOR THE PURIFICATION OF WASTE WATER OR
EFFLUENT

By virtue of the powers vested in me by section 21(1)(a) of the Water Act,
1956 (Act 54 of 1936) I, Sarel Antoine Swrydom Hayward, in my capacity as
Minister of Environment Affairs and Fisheries, hereby prescribe the following
requirements for the purification of waste water or effluent produced by or
resulting from the use of water for industrial purposes.

1. SPECIAL STANDARD:

Quality standards for waste water or effluent arising in the carchment area
draining water to any river specified in Schedule | or a tributary thereof at
any place berween the source thereof and the point mentioned in the
Schedule, in 50 far as such catchment area is situated within the territory of
the Republic of South Africa.

1.1  Colour, odour or taste:
The waste water or effluent shall not contain any substance in a
concentration capable of producing any colour, odour or tisie,

1.2 pH: '
Shall be betwesn 5.5 and 7.5.

1.3  Dissolved oxvgen:
Shall be at least 75 per cent saturation.

1.4  Typical (faecal) coli:
The waste water or effluent shall contain no typical (faecal) coli per (00
millilitres.

1.5  Temperature:
Shall be a maximum of 25 °C ,

General and Special Standerds APPENDIX G
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1.6  Chemical oxygen demand:
Not to exceed 30 milligrams per litre after applying the chloride
correction.

1.7  Oxygen absorbed:
The oxygen absorbed from acid N/80 potassium permanganate in 4 hours
at 27 *C shall not exceed S milligrams per litre.

1.8  Conductivity:

1.8.1 Not to be increased by more than 15 per cent above that of the intake
water.

1.8.2 The conductivity of any water, waste water or effluent seeping or
draining from any area referred t in section 21(6) of the
aforementioned Water Act shall not exceed 250 milli-Siemens per
metre (determined at 25 °C) .

1.9  Suspended solids:
Not 10 exceed 10 milligrams per litre,

1.10  Sodium content:

Not 10 be increased by more than SO milligrams per litre above that of the
intake water,

1.11  Soap, oil and grease:
None.

1.12  Other constituents:

1.12.1 Constituents:

Maximum concentration in
milligrams per litre

RSt IR (B'CP) & o v v v vimaininisve vaisienisesn Nil
Freeand salineammonia (as N) . ... .o v v v v ronnornss 1.0
RIS U N ol i w g sl n a5 S e e Bl s A 1.5
RENEDIC SR AR | aa diale)s e e oo ne: o el laireTe) MaTa a1 (040 A4 0) DY 0.1
BONUE RIS I o 000 5700000 066100100, 07 50 QAN S 6 00 TWI 7 & 5 TS 0.5
OO O i S e a e e aial e 18 s e 1a A MieTe s a0l 0.05
CODDRE GG s a8 e (o) e e o e are e 1R (1o (o Bl midser oy 0.02
Phenolic compounds (asphenol) . ........c0vveveaerann 0.01
ST A R A AR R A SR S G PR RPN F oy S 0.1
Scluble orthophosphate (as P) . ... v v v v vvv i ivn v nvann 1.0
IRUB TR | a0 avacs e r0b! AT IS i S S S - S 6 9 B2 88 0.3
Mangnan¥e (a8 M) <o oivensann s smisnaaaiaaalalsanes 0.1

General and Special Standards
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Cyanides (a5 Cn) . .. ittt e e e e e e 0.5
Sulphides (35 S . . ... .. .. ... e ey, 0.05
Fluoride (35 F) - . - o i et e e e s e e 1.0
ZINC (A8 ZN) o i v v e e e e e e e 0.3
Cadmium (s Cd) .. ... . e e, 0,05
LT IR Doy e e 0,02
Selenmium (45 S@) .« . . e e e 0.05

1.12.2 The wasie water or efflueat shall contain no other constients in
concentrations which are poisonous or injurious o trout or other fish
forms of aquatc life.

2. SPECIAL STANDARD FOR PHOSPHATE:

Waste water or effluent arising in the carchment area within which water is
drained to any river specified in Schedule II or a tributary thereof at any
place between the source thereof and the point mentioned in the schedule, in
so far as such catchment area is situated within the territory of the Republic
of South Africa shall not contain soluble ortho-phosphate (as P) in a higher
corcentration than 1,0 milligram per litre,

3. GENERAL STANDARD:

Quality standards for waste water or effluent arising in any area other than an
area in which the SPECIAL STANDARD is applicable, as described ia

paragraph 1.

3.1  Colour, odour or taste:
The waste water or effluent shall not contain any substance i a
concentration capable of producing any colous, odour or wste.

3.2 pH:
Shall be berween 5.5 and 9.5,

3.3  Dissolved oxygen:
Shall be at least 75 per cent saturation.

3.4 Typical (faecal) coli:
The waste water or effluent shall not contain any typical (faecal) coli per
100 millilitres.

3.5  Temperature:
Sha!l be a maxunum of 35 *C .

General and Special Standaros APPENDIX G
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3.6  Chemical oxygen demand:

Not to exceed 75 milligrams per litre after applying the chloride
correction.

3.7  Oxygen absorbed:
The oxygen absorbed from acid N/80 potassium permanganate in 4 hours
at 27 °C shall not exceed 10 milligrams per litre,

3.8  Conductivity:

3.8.1 Not to be increased by more than 75 milli-Siemens per metre
(determined at 25 °C) above that of the intake water.

3.8.2 The conductivity of any water, waste water or effluent seeping or
draining from any area referred o in section 21(6) of the
aforementioned Water Act shall not exceed 250 milli-Siemens per
metre (determined at 25 *C).

3.9  Suspended solids:
Not to exceed 25 milligrams per litre.

3.10 Sodium content:

Not to be increased by more than 90 milligrams per litre above that of the
intake water,

3.11 Soap, oil or grease:
Not to exceed 2.5 milligrams per litre.

3.12 Other constituents:
3.12.1 Constituents:

Maximum concentration in
milligrams per litre

RESRl ChIOTING (RR CR" o s a5 a'are a60 6000 0¢ o &0 0, muloto o e 0.1
Freeand salineammonia (@S N) . ... ccccivanarvnnnnsss 10,0
O O ] 25 3 i3 o a e 7a fava VA n O W e Bt S e ST B P19 a ass 0.5
BOIORE ). i o SR eV e A AR S S e el g 1,0
Hexavalentchromium (35 Cr) ... ccvenvovrvaarronesns 0.05
Tol oMM (A Cr) . ils i os s sissalaaiaamedine niae e 0.5
COPDEPAAB ) oo i oinimnai-arain s soriseoms s-aaie eiay o) on und 1.0
Phenolic compounds (asphenol) . ... .. vevveniaann 0.1
L B PR (e e ol S e a T W R 31 0 e e e e w v 9 v R a8 0.1
Cynides {88 CO) o c i vivis s oia slaieesie n o s soemaeniseses 0.5
SUDBMSE MBS «.c.ovv oo vrominimip 095 34/5 0 m 95088 K 1 0.8 1.0
FRIGETEEE) o aaa1 0l d i e aa et (a2 S BAEIE I oo bru vavaYa 6 K e N 1.0
TR G TN, osiivnialaiase e s ain e S S iace ! alataIs m ey B 5.0
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Manganese (s M) .. .orvvinvrnrrarsrsasrssnnonssns 04
Cadmium (35 Cd) - . .covvninnianrnransnstinnsnnnn. 0.03
Memcury(asHg) . ... .--c it iaiaiianaan, e, 0.02
Seleniuen (33 S€) .- . -:.ccranansanrarairr st .n.- 0.05

3.12.2 The sum of the concentrations of the following metal shall not excesd

1 milligrames per lire: Cadmium (as Cd), chromum (as Cr), copper
(as Cu), mercury (as Hg) and lead (as Pb).

3.12.3 The waste water or effluent shall contain no other constituents in

concentrations which are poisonous or injurious to humans, animals,
fish other than trout, or other forms of aquatic life, or which are
deleterious to agricultural use.

4. METHODS OF TESTING:

All tests shall be carried out in accordance with methods prescribed by and
obtinable from the South African Bureau of Standards. referred to in the
Standards Act, No. 30 of 1982, as listed in Schedule il

NOTE:

General and Special Standards

(2) Further information and elucidation may be obtainable from the
Director-General: Environment Affairs, Private Bag X313, Pretoria,
C001.

(b} Government Notices R.553 of 5 April 1962, R.969 of 22 June 1962

and R.1367 of 1 August 1980 are hereby withdrawn.
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SCHEDULE 1

CATCEMENT AREAS WITHIN THE TERRITORY OF THE
REPUBLIC OF SOUTH AFRICA IN WHICH WASTE WATER OR
EFFLUENT MUST BE PURIFIED TO COMPLY WITH THE SPECIAL

STANDARD
Division or district
1. HoutBay Riverto tidal water ........... Cape
2. EersteRiverwotidalwater ............. Stellenbosch
3. Lourens Rivertotidal water . ........... Stellenbosch
4. Steenbras River to tidal water . .......... Caledon
5. Berg and Dwars Rivers to their confluence . Stellenbosch
6. Linle Berg River to Vogelvilei weir . ...... Tulbagh
7.  Elands and Sonderend River to their confluence Caledon
8. - Witte River to confluence with Breede River . Paarl, Wellington,
Worcester, Tulbagh
9.  Dwars River to Ceres divisional boundary ... Ceres
10. Olifants River to the Ceres divisional boundary Ceres
11. Helsloot and Smalblaar (or Molenaars) River to
their confluence with Breede River .. . ... .. Paarl & Worcesier
12. Hex River to its confluence with Breede River . Ceres & Worcester
13, Van Stadens River to tidal water . ........ Port Elizabeth
14. Buffalo River from the Ciskei border to where it King William's
enters the King William's Town municipal area Town
15. Swart Kei and Klipplaat Rivers to their Tarka, Queensiown
IO o (0'is'a 0 < vais ava el aa e h IS T and Cathcart
16. Bongola River 1o BongolaDam . ........ Queenstown
17. Kubusie River to the Stutterheim municipal :
DODDUEEY'  onaie/o v 0 00,008 650709 5/5 b n ere)e Sttterheim
18. Langkloof and Kraai Rivers to their confluence  Barkly East
19. Liule Tsomo River 1o the Transke: border . St Marks
20. Xuka River to the Elliot district boundary . Elliot
21. Tsitsa and Inxu Rivers to their confluence . Maclear, Mount
Fletcher, Tsolo and
Qumbu
22, Mvenyane and Umzimvubu Rivers to the Matatiele, Mount
AR DORIET: o v v vv s vv v b0/e 6099/ 0 Currie and Mount
Ayhit
23. Umzimhlara River to the Transkei border . Mount Currie
24. Ingwangwana River to its confluence with Umzimkulu, Mount
RN BRI .o o ivs 5 aia0mivivin WV ST B Currie, Polela and
Underberg

General and Special Standarcs
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Division or district
25. Unuimkulu and Polela Rivers to their confluence Underberg and
Polela
26. Elands River w the Pietermarizburg-Bulwer
IORIBTON: 5o n e e e tel s i BN AT I Impendie
27. Umtamvuma and Weza Rivers to their
U RS R S e R S S Bizana and Alfred
28. Umkomaas and Isinga Rivers to their confluence Impendle, Polela
and Underberg
29. Lurane River to its confluence with the
CHOEORINNE-FINIE. oa ie/e)é o aare s s e netash Polela
30. Simundjwana Spruit to its confluence with the
UDRAMIEE: RIVEE. o acaivoiens s aoivieson® Impendle
31. [Inundwini River to the Polela district boundary  Polela
32. Inkonza River to the bridge on the Donnybrook
CROIRIMOB COME. -5 (o757 o652 winow) o wrip0, w (@1 o AT B Polela and [xopo
33. Umlaas to the bridge on District Road 334 on
e EErn MIEYOOIS oo iiieraa wislaeerele e el Richmond
34. Umgeni and Lions Rivers to their confluence . . Impendie and Lions
River
35. Mooi River to the road bridge at Rosetta . ... Estcourt and Lions
River
36. Little Mooi and Hlatkula Rivers to their
DRI | T s ol arala et o et e To T4 Estcourt
37. Bushmans River to Wagendrift Dam .. .... Estcourt
38. Listle Tugela River and Sterkspruit to their
confluence .......cccecsoancsoarnns Estcourt
39. M'Lambonjwa and Mhlawazem Rivers to their
COTRIEIEE" o o10/070'> anisr wu K48 01TV 0,0 Bergville
40. Mnweni and Sandhiwana Rivers to their
CORPMICEE. 30 0005 5 0- 00 0w e & 4 € a0 oiWio; 5y Bergville
41. Tugela River to its confluence with the Kombe
OPIUIE". 510 o /b, s o0 e o MW nina f-oca s 07, 5i0r0 Bergville
42. Inyamvubu (or Mnyamvubu) River to Craigie
L R T N I Umvori
43.  Umvoti River w the bridge on the Seven Oaks-
BIRVIRETONE o053 s v aiaidie s i ol Umvoti
44.  Yarrow River to its confluence with the Karkloof
RENEE 630 050146 278 oponoro. s v raru) oelalo ok mieTs Lions River
45. Incandu and Ncibidwane rivers to their
SORRUBIRE i s ad sinie dvi/suianie;bes Newcastle
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55.

57.

59.

61.

65.
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Ingogo River to its confluence with the Harte
River

--------------------------

Pivaan River to its confluence with
SoemmelkSPUit . .. sscccn et connne

Slang River and the Wakkerstroom to their
CORMIUCHCE . . v v v v vvennnnanmenceas

Elands and Swartkops River 1o their confluence

All tributaries of the Komati River between
Nooitgedacht Dam and its confluence with and
including Zevenfontein Spruit . . .........

Seckoeispruit to its confluence with Buffelspruit

Crocodile River and Buffelskloofspruit 10 their
confluence

All tributaries of the Steelpoort River down to its
confluence with and including the Dwars River

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

Potspruit to its confluence with the Waterval
1 O TR e S SR T R Ve I A T

Dorps River {or Spekboom River) to its
confluence with the Marambanspruit

Ohrigstad River to the Ohrigstad Dam

Klein-Spekboom River to its confluence with the
Spekboom River

Blyde River to the Pilgrims Rest municipal

ooooo

Sabie River to the Sabie municipal boundary . .
Nels River 1o the Pilgrims Rest district boundary

Houtbosloop River to the Lydenburg district
DOMNOIEY. v-v. a1 o0 s ase S 254406058 8/8) 4708 (@

Blinkwaterspruit to Longmere Dam ........

All streams flowing into the Ebenezer Dam on
the Great Letaba River . ........cioiven

Dokolowa River to its confluence with the
POMEE B o7 atere aieve s aa e Vb faalla/(an dla

Ramadiepa River two the Merensky Dam on the
farm Westfalia 223, Letba

Pienaars River and tributaries up to
Bophuthatswana boundary .. ............

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

Division or district

Belfast and Carolina

Belfast and Carolina
Carolina

Belfast and
Lydenburg

Lydenburg,Belfast,
Middelburg,
Groblersdal

Lydenburg

Lydenburg
Lydenburg

Lydenburg

Pilgrim’s Rest
Pilgrim’s Rest
Pilgrim's Rest
Lydenburg and
Pigrim's Rest
Nelspruit
Pietersburg and
Letaba

Pietersburg and
Letaba

Leuba

Pretoria, Cullinan
and Warmbad

General and Specisl Standarcs
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SCHEDULE II

CATCHMENT AREAS WITHIN THE TERRITORY OF THE
REPUBLIC OF SOUTH AFRICA IN WHICH WASTE WATER OR
EFFLUENT MUST BE PURIFIED TO CONTAIN NO SOLUBLE
ORTHO-PHOSPHATE (AS P) IN A HIGHER CONCENTRATION
THAN 1,0 MILLIGRAM PER LITRE

0] Vaal River upstream and inclusive of the Bloemhof Dam;

(i)  Pienaars and Crocodile River upstream of their confluence;

(iif)  Great Olifants River upstream and inclusive of the Loskop Dam;
(iv)  Umgeni River upstream of the influence of tidal water;

(v) Umlaas River upstream of its point of discharge into the sea;
(vi)  Buffels River upstream and inclusive of the Bridle Drift Dam;
(vi) Berg River upstream of the influence of tidal water.

SCHEDULE I

EFFLUENT ANALYSIS : SABS STANDARD TEST METHODS

Reference number

of SABS

ATBORIR - HeE ANE MR - ois vivie dioine e e s on sainbosionin adet 217
INEIIRIE. 7 057 Vi o000 0 A B ra Ty e T V105 54 a3 0 1V 0 10 (9 1S T N 97 85ch {01 418 200
Bacteriological - faecal coliform, ete. . . . ... v i 221
R A S R A AT s Y 3 e Uy I 1 053
ORI 5750577005074 58756 wowt 6l 61 62, S0 A0 562 0050 0 o0 001 ¢ 0] 8001 & 201
CHICHUD TOTEIEER. = 5. vvv o0t u'n 61w (Vo A1 19,60 9.0, 0 /B S14 8 WS &0 216
CHemCAl OXYEEN BRI & i o i vdaaniesise wmes e mvavida e 1 048
CRIIEIE. 55 aTn o575 (a0 W u e ecn TRle & Ve LA wom Y 14187958 (b Is (4 ) w19 i 297 202
CRIGTIRE -=TUERISAE .0 0o v oo oirin uwd ® o REe 6o sh s diys e 1 052
CRIOOIEE S0 5500 0 s e aine biale siaie oiaie s e s el a 1o e o 1054
CRIGIIBNE 1550 e o mrass 4 (MG D2 69 Ky o el e 206
N T T T T et T e o G T T Tl T 198
0 N I R R R P ) B e R 1 057
CODPBT 7o v oo siadiav dinssiviosinialsiomsems su e vv-eesens 203
GG o) o550 0re: 670N 100 ac 6 WS) @ @14 TF oo SR 978 B LT R o 49 204
EOORNIEE: /i AL A e e RN S @ o AT TR A aa et e bbb b s S oa b 205
BEMIAIRE AR av5 510005 5 0w, vl 4 48 TR ST S TR e T e 215
IO - ocater 0 50 ore e POR S0 8 AR MDA $ M L0 9 10ne o B i e Hle s 207
B SR N S AR S e S [T IR T3 e BT () 208
MABNEIRERL oo i i e eiere olE e elmieiaie e lelateivierE @ el e 1 071
IODBRDEIR . oo 0700 000 000 08000 6 e ¢ e AT S 0 BB BAT o a1 e 209
BARTCHEY. (v 0/v:e10/0 0 v/0.0,9n, 5,5 8le siore € a a4 6 s fAnEslesiannlbla 1 059
NI DRI RIS oo s s esaen s ddiewsisiaean e v.ea/es 210
DIEID 5o 0 o 0.5 5:0 0 0 00w ra ) iy A e L A 8T8 (4 B BRTB s €1 WL 219
U BRI o oo v vvias sine s o es wialiaianiiaaaiessuesasd 1 051
OXTEnaDIOIRE oo ass sreaes.eeiadsieiseaisn e e eieaiis 220
Oxygendemand (chemical) . ....... .0ccvvenniinans 1 048
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Oxygendissolved ... ... ... .. .. iuienarnnrrannnsn. | 047
I I
Phenolic compound . - - ... cerrivasenrvrec e 211
Phosphate -ortho ... .....ccove i i innrinnncririranss 1 055
Selemjum L . L e e, 1058
N T T o i o (o 5 ) ) 1 A O G 1 G e e e ) 1 050
Solids -suspended .......... 000000 000000803003 30s 1 045
Ly i i I 212
Sulphide . .. . ... ... I 056
B L A R T 197
R o e 214
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APFPENDIX H:
Selected Extracts from the Water Act

21.  Purification and disposal of water used for industrial purposes and
effluent. -
(1) Any person using for industrial purposes water, including sea water
brought ashore, shall -

(3) purify or otherwise treat the water so used and any effluent produced
by or resulting from such use, in accordance with such requirements
as the Minister may from time to time, after consultation with the
South African Bureau of Standards mentioned in the Standards Act,
1982 (Act No. 30 of 1982), prescrive by notice in the Gazetre
genecally or in relation 1o water used for any particular industrial
purpose, or in relation to water or effluent to be disposed of by
discharging it into any particular public stream or into the sea, or in
relation 1o water or effluent to be disposed of in any particular aréa;

(b) after he has complied with paragraph (a) discharge the purified or
treated water, including water recovered from any effluent, in a
manner and subject to any such requirements as may be prescribed by
regulation under section 26 -

(1) if the water so used was derived from a public stream, into that
public stream at the place where such water was abstracted from
the stream or at such other place as the Minister may indicate;

(i1) if the water so used was sea water, into the sea at the place where
such water was abstracted from the sea or at such other place as
the Minisier may indicate;

(c) furnish the Director-general in writing with such particulars regarding
such use and the disposal of the purified or treated water, including
water recovered from any effluent, as may be prescribed by regulation
under section 26.

(2) Unless the Minister otherwise directs, the provisions of subsection (1)
shall not apply -

(a) in respect of the use of water in any septic tank or French drain
sewerage system which complies with the requirements of any law
applicabie thereto; or

(b) to any person who, in actordance with an arrangement with the
Minister or a local authority, body or person having authority to
undertake the purification, treatment or disposal of water or effiuent,
discharges the water used by him for industrial purposes or the

Sefected Exwacts from the Warer Act APFPENCIX ¥
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effluent produced by or resulting from such use, for purposes of the
purification, treatment or disposal thereof into a canal, sewer or other
conduit controlled by the Minister or the relevant local authoriry,
body or person, as the case may be.

(3) For the purposes of subsection (1) -

(a) water used for industrial, urban or domestic purposes and which is
discharged for purposes of the purification, treatment or disposal
thereof into a canad, sewer or other conduit controlled by a local
authority, body or person having authority to undertake the
purification, treatment or disposal of water or effluent, shail be
deemed to be water used by that local authority, body or person for
industrial purposes; and

(b) effiuent which is discharged into a canal, sewer or other conduit
controlled by a local authority, body or person referred to in
subsection (2)(b) shall be deemed to be effluent produced or which
resulted from the use by that local authority, body or person, of water
for industrial purposes. ‘

(4) (a) The Minister may -
(1) by notice in writing to a person exempt that person. or

(ii) by notice in the Gazerte exempt a person belonging to a category
of persons, on such conditions as may be specified in the notice
from any of or all the provisions of subsection (1) or of a notice
or regulation contemplated therein,

(b) No exemption under paragraph (a) which may result in water or
effluent which does not comply with the requirements prescribed
under subsection (1)(a) being discharged into a public stream or the
sea. shall be granted by the Minister except after consulunon with the
South African Bureau of Standards.

(c) Any person prejudiced by any exemption granted under paragraph (a)
may after written notice to the Minister and in the case of an
exemption granted under sub-paragraph (i) of that paragraph, also 0
the person so exempted, Jodge with a water court an objection against
the continuation of the exemption Or against any matter in connection
with such exemption, and the water court may, afier it has enquired
into and considered the exemption or other matter against which the
objection is lodged, confirm or withdraw the exemption or withdraw
or amend any condition to which it may be subject or substitute for
such condition. or add, any new condition, or make such order in
connection with such exemption as it may deem fit.

(d) If 3 water court in terms of paragraph (¢) withdraws any exemption
granted under paragraph (a)(ii) or withdraws or amends any condition
to which it may be subject or substitutes for such condition, or adds,
any new condition. the Minister shall, by notice in the Gazerre and

APEENDIX H Setecied Extraces from the Water Act
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with effect from the date determined by the water court, withdraw the
notice by which such exemption was granted or, as the case may be,
amend such notice in order to give effect to the decision of the water
court.

(e} The Minister may at any time -

(1) in the case of an exemption granted under paragraph (a)(i), by
written notice to the person concerned; or

(ii) in the case of an exemption granted under paragraph (a)(ii), by
notice in the Gazerre,

withdraw such exemption or, subject to paragraph (¢) render the
continued validity of the exemption subject to such conditions as the
Minister may then determine either by the imposition of further or
new conditions or by the withdrawal or amendment of conditions then
existing.

(5) Any persor: who contravenes or fails to comply with any provisi;m of
subsection (1) or any condition imposed under subsection (4) shall be
guilty of an offence.

(6) The provisions of this section, except subsection (5), shall bind the

Suate.
[S. 2] amended by 1. § of Act No. 56 of 1961, by 5. 3 of Act No. 79 of 1967 and by s
3 of Act No. 42 of 1975 and substitused by 5. 11 of Act No. $6 of 1984 |

22. Prevention of water pollution - (1) Any person who has control over
land on which any thing was or is done which involved or involves a
substance capable of causing water pollution, whether such substance is a
solid, liquid, vapour or gas or a combination thereof, shall take such steps as
may be prescribed by regulation under section 26 in order o prevent -

(3) any public or privaie water on or under that land, including rain water
which falls on or flows over or penetrates such land, from being
polluted by that substance, or if that water has already been polluted,
from being further poliuted by that substance; and

(b) any public or private water on or under any other land, or the sea,
from being polluted, or if that water has already been polluted, from
being further polluted, by water referred to in paragraph (a) which
became polluted in the circumstances described in that paragraph.

(1A) (2) The steps prescribed under subsection (1), may include steps
which have o be taken on land other than the land contemplated in
that subsection: Provided that such steps may only be taken by
agreement with the owner of "uch other land.

Saelocted Exiracts from the Warter Act APPENDIX M
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(b) Any person referred 1o in subsection (1) who is unable to reach an
agreement referred to in paragraph (3) with the owner of the other
land concerned, shall inform the Minister accordingly in writing,

(c) The Minister may after receipt of such a notice and after such
investigation as he may deem fit -

() if he is convinced that the taking of the required steps on the other
land concerned will be excessively onerous on the owner thereof,
grant exemption from the obligation to take the siep concerned to
the person referred to in subsection (1), and prescribe such other
steps as he may consider expedient under the circumstances; or

(i1) in terms of section 60 expropriate any property on behalf of the
person concerned, or take the right to use temporarily any
property which he considers necessary for the taking of the steps
concerned, as if the expropriation of such property or the taking
of such right is connected with a Government water work.

(d) Any expenditure connected with the expropriation of any propertyror
the taking of any right referred to in paragraph (c)(ii), shall be
recovered by the Director-General from the person referred o in
subsection (1).

[Seb-s. (1A) inseciad by 5. 14 of Az No, 68 of 1987)

(2) (@) The Minister may -
(i) by notice in writing exempt any person; or

(i) by notice in the Gazernre exempt a person belonging w0 a
category of persons,

on such conditions as may be specified in the notice, from the
provisions of subsection (1) or of any regulation contemplated therein.

23. Pollution of water to be an offence. - (1) (a) Any person who
wilfully or negligently does any act which could pollute public or privawe
water, including underground water, or sea water in such a way as 10 render
it Jess fit -

(i) for the purpose for which it is or could be ordinarily used by other
persons (including the Government, the South African Transport
Services and any provincial administration);

(1) for the propagation of fish or other aquatic life; or

(iif) for recreational or other legitimate purposes,

shall be guilty of an offence.

APPENDIX M Selected Exiracts from the Water Act



Procedures to Azzesz £ uent Discharge impeciz » 13: Edition 338

(b) If in any prosecution under paragraph (a) it is proved that the accused
committed any act which could pollute water referred to in that
paragraph in any manner mentioned therein, it shall be presumed,
until the contrary is proved, that the accused committed such act
wilfully or negligently.

C)mmm&snbsecﬁoa(l)shanmapplyinmpecxofmw
performed in accordance with section 21 or 22.

[S. 23 amended by 1. J of Act No. 45 of 1972 and by 3. 4 of Act No 42 of 1975
and substinuted by 5. 13 of Act No, 96 of 1584).

23A. Prevention of pollution of water through farming operations. -

(1) If the Minister is of opinion that the concentration of any livestock or
any substance or the carrying on of any farming operations of any
land is causing or is likely to cause the pollution of public or privawe
water, including underground water, he may require the owner of
such land or the person carrying on such operations to take, at his
own expense and within a period determined by the Minister, such
steps as the Minister may deem necessary for the prevention of such
pollution, and may, if such requirement is not complied with, cause
the required step to be taken and the expenses incurred thereby 1o be
defrayed out of moneys appropriated by Parliament for the purpose,
and may recover such expenses from the said owner or person.

(2) The provisions of section 23(2)(b) and (c) shall musatis mutandis
apply in respect of any steps contemplated in subsection (1) of this
section.

(3) Any person who wilfully fails to comply with 2 requirement of the

Minister in terms of subsection (1) shall be guilty of an offence.
[S. 23A insersed by 1. 3 of Act No. 36 of 1971)

Selectad Extracts from the Water Act APFENDIX H
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Use of the "roadmap™

The "roadmap" shown opposite provides a "quick and easy" method
for navigating the second part of the manual; the description of the
effluent discharge investigation. It combines a summary table of
contents with a graphic view of the basic sequence and relationship
berween tasks in the investigation.

The lefi-hand side of the roadmap shows the various modules into
which the investigation is divided. The modules in the procedure are
further subdivided into one, or more, tasks (shown in square boxes
on the roadmap). The start of each new module and task in the
manual is preceded by a coloured title page.

The roadmap appears at the start of each task in the effluent
discharge section of the manual, with that particular task being
highlighted on the diagram (see the example in the shaded box just
below the top of the roadmap).



