A PHILOSOPHY
AND METHODOLOGY FOR IMPLEMENTATION
OF THE POLLUTER PAYS PRINCIPLE

WRC REPORT NO 793/1/99

By | Taviv, C Herold, S Forster, J Roth
& K Clement



A PHILOSOPHY
AND METHODOLOGY FOR THE
IMPLEMENTATION OF THE POLLUTER
PAYS PRINCIPLE

FINAL REPORT

Prepared for the

WATER RESEARCH COMMISSION

by

I Taviv and C Herold
of
Stewart Scott Inc

and

S Forster, J Roth and K Clement
of

Development Planning and Research cc

WRC Report No:  793/1/99
ISBN No : 1868456129



ACKNOWLEDGEMENTS

This project was funded by the Water Research Commission and entitied
“Development of a Philosophy and Methodology for the Implementation of The
Polluter Pays Principle”.

The steening Committee responsible for this project consisted of the following
persons:

Mr HM du Plessis Water Research Commission (Chairman)

Dr GR Backeberg Water Research Commission

Ms U Wium Water Research Commission (Committee
Secretary)

Mr H Benkenstein Department of Environmental Affairs and
Tourism

Mr P Classen Department of Environmental Affairs

Mr T Coleman Wates Meiring and Barnard

Mr JB Coniin ESKOM

Mr H Cronjé Witbank City Council

Mrs M Drodskie SA Chamber of Business

Mr J Easton Envirocover

Mr A Goosen ESKOM

Mr P Gunter Amcoal

Mr P Herbst Department of Water Affairs and Forestry

Ms K Ireton Industry and Environmental Forum

Mrs E Koch Department of Environmental Affairs |
Environmental Resource Economics

Mr WV Lesufi Department of Water Affairs and Forestry

Mr L Lioyd ) District Council

Mr J Maré Department of Water Affairs and Forestry.
Northern Province Region

Ms J McCourt Chamber of Mines

Mr A Mkhabela Witbank City Council

Mr E Mostert IEF

Mrs H Mthimunge Department of Environmental Affairs and
Tourism

Mr N Opperman SA Agnicuttural Union

Ms G Pech Mpumalanga Province

Ms N Qonggo Department of Environmental Affairs and
Tourism

Mr V Titi Environmental Development Agency Trust

Mr CL van den Berg Department of Water Affairs and Forestry:
Directorate of Water Quality Management

Mr J van der Department of Water Affairs and Forestry.

Westhuizen Directorate of Water Quality Management

Mr L van Greuning Highveid District Council

Mr J van Loggerenberg  Witbank City Councyl

Mr JA van Rooyen Department of Water Affairs and Forestry.
Directorate of Planning

Dr HR van Viiet Department of Water Affairs and Forestry:
Institute of Water Quaiity Studies

Mr F van Wyk Rand Water Scientific Services

Mr M de Fontaine Rand Water Scientific Services

Mr H van Zyl Olifants River Forum

Mr C Williams EPE

TUINBSRVIMMUZICOMMONWRCPFPPyesport¥inal TOC2 doc - 18029



The financing of the project by the Water Research commission is acknowledged
gratefully.

This project was only possible with the co-operation of many individuals and
institutions too numerous to mention.

The authors therefore wish to record ther sincere thanks 1o the following
organisations:

Amcoal Mines

Department of Environmental Affairs and Tourism

Department of Water Affairs and Forestry:
Directorate of Water Quality Management
Directorate of Hydrology
Directorate of Planning
Northern Province Regional Office
Institute of Water Quality Studies

INGWE Mines

Rietsprut Mine

Wates Meiring and Barnard

Witbank City Council

WNBSRVZMMU COMMONWRCPPPP veport Finad TOC doc - 1870239



Table of Contents
List of symbols and abbreviations ..........c.ccccimiimmmimsiimmissssscesmmessssnsssssssasssrssss x
CHOBRIEY ooosciivacsindintrirssmsp Rl astd S o R oS o ns S s A S es e daa i 4eoaeon x
DRSS BRI st st i O R T SIS E-1
1. INTRODUCTION......cccommnsronsanns 11
1.1 Background . .14
12 Objectives of the research . A st 141
13 |mwmdtmwmamw ....... . 12
1.4 Structure of the report e o, T
2. The philosophy of the PollumPrlnclplo 21
21 Whypoluersdonotpaylorwmm PR o 2-1
2.1.1  Pollution: a negative externaiity .... NN NG NN TR 2-1
212 Why externalities are notlrnemdi.wd ............................ Wt . 2-1
22 ﬂwphdmﬂualmnadufalpohmmm ................ 2-2
23 Theobpctmsdapolkﬂmchmsym ....................... 2-2
231 Introduction .. A 2-2
232 Whalaslheophmallevololpohdion? ..................................... ARG 2-3
233 The deterrent objective............ AP o PR R ICTT 2-4
234 Therevenue OBJBCIVE ....................ccoevveemisriesronmessesssrmmessnnee 2-4
24 What mustthe polluter Pay FOr? ... ......iiiiiiiiisaeminirminsi casiaasas 2-4
3. International experience with pollution control 31
s SR UUIRUEE. - LR R ST I % 31
32 Thecommandmdcontrolapproam ........................................................... 341
321 Overview. . .. T O GBI st 3-1
322 Thocmo!theUModStms E———— POE— 3-1
323 ULmitations of oomnwadandcwlrd‘mwnes R PAITORNERENR 7
SRE:  CONDMMINY o v 100 L A AL N P I IS Feth 35
33 lm«natmdexpcmncethPPP VNN AN VARV 35
XY ORI i it R M RO T AR 35
332 H:‘slon'calbackgrmmd ....................... . S — SP—— 35
333 China. .. . i L s e M S A RS (T 3-8
334 Eastern Europe OIS W OO RPN )|
335 France. TP v AP PR ORI Do PO Hiisiess iRkl ol 39
336 Gemany S NI ai S or e S NSRS VL PE . 3-11
DXL St KR il sl e LTS e rbrrerres 3-12
339 TheNefheﬂands S ——— — 3-13
3310 UK EnglandandWales ......................... 3-13
34 Keylessomfrommmabondupoﬂmwthpoﬂwoncomol.., " 3-14
341 Minimisation of Government intervention ... ... ATRRVIERV %
342 Efﬂcrencyolpolluuonchalyos ...... S R RPN 3-15
343 Designingcharges............... ..., P —— 3-15
344 Revsnuedrsmbmon ........ i 0
345 Appl:cab«yo!ovarsoasaxmmeforthecasem ................ 3-16
4. Pollution control in South Africa......ccinen = e 41
4.1 History of pollution COMIOL. ... ..o i : 41
$.1.1 Introduction ............c.ccccvicauninns = A SNV T et ariatle, - |
412 TheWaler Act of 1856 ... o eisisissasssssssiseiins 41

WNBSRVZWMMUICOMMONWRCPPPPrapotF inahTOC2 doc - 180299



413 The command and control’ aspects of the Water Act ... ................. 41
4.1.4 Providing subsides for pollution control.. ... QDD ~-
415 Later ammendments of the 1956 Act S ratabitpbosonisssssibiiiionis AR
416 PPPimplementation in South Africa..... ... IR
417 TheRecewmngorOuaMyObpdms(RWOO)w vty AT
42 The direction of South African water poliution control 4.3
421 Background . 43
422 TheDEA&?‘mmaum andrhclPC&CONNEPPpmoossu .......... 4-3
4.23 The waler law review process 4-4
424 The water tanff policy review process P 4-4
5. limitations of waste charge systems ... R |
51 Introduction. SIS i ARSI o
52 Charoesfornon-pomad\ms ............................................... — 5-1
521 Problems with establishing causahty for non-point sources ... 5-1
522 Incentives to convert non-point discharges to point discharges ... 52
53 Establishing the total value of the poliution damage. ... ... ... .
54 Finding a balance between developmental and environmental needs .. ... 5-5
6. CASE STUDY CATCHMENT 6-1
6.1 Selection of case study . . P TIO CEPLPTY PPOTCRT RN CRTNIC DRy .
6.11 Selection olsludycardnnom ......... v PO PP SRt KIS 6-1
6.1.2 Selection of poliutant of interest SRR BBECONS] *
613 Selectionof studyperiod............... ... ot e SRSl 6-1
o o AN R R O A XA R ARSI AN -
63 Monitonngdata. . .. AP TS RO AR D . 2.
8.4 Water quality STAIUS . .. ... ... s ... 85
BT IO i iossicoverrenaniiierpunsasetaments i ipamason, UTSUPRIIVIORUINONIN .
652 Domestic and indUSHNal WBIEH USE..........................cocovviivmiisiiremissemnes 6-10
66 Pollutionsources . ............. T TR AT FNTPPWINON . 5
661 Pointsources ... e S s 6-12
662 Releases. . L LR O S PR AL PG SIS USSON A TN CooWoso w5 L.
663 Musesowes : EDUPOTPIRNRPUp e, . L -
6.7 Backgroundpomnwmlefbumwmwu PSSRV HVCUeIt =0 |
6.7.1 Introduction .. ... s isriiisssvsrrieinss SV ID
672 Backgromdswphafeloads aiaty i S T I
6.73 Inter-basin waler transfer. . : RO T e, ¢
6.8 Comparison of polIUtION SOUMCES ... ... ...cooiiiiiiiiirminimmsnsinissssssssnsisans 6-21
7. Estimation of the externalities of poliution in the Witbank Dam Catchment
....... ’ e 71
TF ORI o i AL et s e o L et L b LS A AN s 71
7.2 Estimation dtbecostofimpodsonmum RINONUREEUNONRRE VNPNNOMP )
R I T T - N s O NS Y T 7-1
.22 AOICURIIE: i ivsisrisbimninas B e S et sk hadtrs 7-2
7.24 INCUSIHHSI CONSUMEBES ... ..ooovviiviirorisisiosiin i etbiatsssass RRRIEENROAN 7-4
7.25 Summary of the COSIS 10 WaIBI USETS..... . ......iiiiicisimmios 7-5
7.26 Limitations of the cost estimate ... .. ... AN PR s 7-5
7.3 Estimation of pollution abatement costs . BB A T
7.31 Introduction ... . A ——— 7-6
732 WMBostwmtoolabamnlcous TR UMDY RER RIS (.
7.33 Treatment costs as a proxy of abatement COSIS. .........ccoocovivvinnn. 7-6

WNBSRV2MMU\COMMONWRC PFPPuepont'Finaf TOCZ doc - 180299



734 The cost of on site stream desalinisation : 7-7
D S ONIIRIINORE cociooinsris b oo paidrreiatis R s i sl Chond po——
75 Em:mtommmmmwom lcommnl 7-9

7.5.1 Histoncal background.... P P 7-9

752 Detennmmglhempac:cosfsolpolmm 7410

753 Impact costs versus abatement costs. . o & b |

754 Cmsequcncesolfhovictmdpdkdmbeoommapo&der v 712
7565 Cmsequencasolamtmbemmvaresponm!ampmm

...... ‘ 712

756 Lasson.s : il o N 5 K
8. Design of a pollution Charge SYSIOM ..........cwwemmremsmrmmmssssmmmmsssiessssssmsmmesssss 8-1
8.1 Objectives of the system . asadiss " 81
82 mmdammm 8-2
821 Overview. 4 W 82
822 Admmistrathhamos(AC) .................................. ORI
B2 e Load CHNDE WD) s ilieaad o Ol N s il i i s 8-4
824 Non Compliance Charge (NCC) ...... O BRI I it .. 56
83 Cabubﬂonofpo&bmchmmmwoamm ............. .87
831 Methodology ... ARSI . =
832 Cawammaanmmclmye S - .
833 cmmamewmmm . 812
834 Calczdamganon-oampnrmdlm(NCC) . 815
B35 DiscussSion of the réSUlIS...............cooceiiivivveiiiiiiiiitiismseeriinns = 8-16
84 Lmnabomomtepropouddwgosym . B-18

85 mmmmmwmmmwmmomm 8-19
851 Other options for determining non-point source poliution charges . ... 8-19
852 ledWawmmMMMMwm

.................................................................... . 8-21

9. Fmofmcnuu 91
91 Overview.. .. ... AT DY T LYt G o SN A S Stz UR L8 ST LBSED 0. 91
92 Gomnlmna I SN I I R S T IR ettt 81
93 Options. . . AR ot rtah oM VR A v 92
931 Overview. .. AR O
932 Relwnmgmvenuostothoganerdﬁscua .............................. e D2

933 Funding the water management control and monitoning system . . 9-3
934 Financial compensation for negative impacts of poliution ... e 93

935 Financing research and policy development...................... Maieisssotords 5-4
9.3.6 Financing environmentally benign projects.......... e e RN 9-5
937 Subsadcsmgmeusao!polutbncorwdormdtmdmmsmamdogy
838 Remues!mNCC ........ SRR I — S 9-7
10, lmplcmonhﬂouohpolluﬂonchmomhm 101
10 1 Potential impact on investment and other economic policies.. . RS, (¢ %
10.1.1 General L S P O AT A AR OS N  WA S ERASVS 2 10-1
1012 Cmststmywnhothoromnsdmmlcm WESSTANE, |1 |
101.3 R:skalmwnentmlgrwan ........... R ——_—— croniaine T
102 lnwtutional upocu ............................................................... . 10-6
S T I s it il i Midaddsitiamilemb ot S s S kAN AMA A (N i . 10-6
1022 DepannmrtolWatorMairsandmey A i TP
1023 Waler Boards .............cccoooeeevuerieree . R S R =R 10-8

WNBSKVIWIUZ\COMMONWR CPPPPrepotFinah TOC2 doc - 1840256



102 4 Catchment Management Agencoes (CMAs)

10.2.5 Local authorities ...

103

Implementation issues

1031 Penallies .
10.3.2 Addtional mplemmamn :ssuas

104

Phasing in of poliution charges ..

10.4.1 Introduction

1042 Phase 1

1043 Phase 2

1044 Phase 3

1045 Phased . -
104.6 Concluding remark

11. Conclusions........

1M1
112
13
114
115
1186
17
18
119

10-8
10-9
10-8
10-9
10-10

10-11

10-11

. 10-11

10-12
10-12
10-12

. 10-12

14

Philosophy of the PPP . .
Overseas expenence ...

Pollution control in South Africa ...
Witank Dam catchment - thecosestudym

Charge system model ...
Likely mwnofromchargosym

1110 Fate of revenues

1M1
12. Recommendations

12.1 Implementation of a charge system for the Witbank Dam catchment ...
12.2 mmmdamwmmmommommwmm

123
124
125

128 Pollution charges as part of the water management ... ... ...

Needfwconsdtaﬁoh .

1141

- 114

11-2
11-2

e § L
113
114

114
114
11-5
15

121

Monitaring of economic effects .................
Extension to other pollutants and catchments .
Method of dealing with old pollution sources.....

121

L1241

e 122

List of Figures

Figure 2 1 The determination of the optimal level of pollution in terms of
the “poliuter pays’ principle.

Figure 6 1. lonic composition at stations B1H018 and B1H005

Figure 6 2. Sulphate concentrations in the catchment
(1980/91 and 1995/96 hydrological years)

Figure 6 3: Estimation of diffuse pollution from mines

Figure 6. 4. Flow-weighted background sulphate concentrations

Figure 6.5 Pie chart of total load distribution at station B1H005

WINBSRVZMMUZVCOMMONIWRCPPPPvepartFnahTOC2 doc - 18000598

R S
122

12-2

6-7

6-17

6-20

6-23



v

List of Figures Page

Figure 7.1 Bar chart of relevant costs 7.9
Figure 8.1 Pollution concentrations and charges tested in the Witbank Dam

catchment 88
List of Tables Page

Table 3.1 Water Effluent Charges for Eastern Europe (source REC. 1995) 3-10
Table 6.1. Management Units description 6-2

Table 6.2: Availability of continuous flow and water quality grab sample
Data from DWAF 63

Table 6 3. Water Quality Management Objectives 6-5

Tabile 6.4: Companson of annual sulphate loads for 1990/91 and 1995/96
hydrological years 6-8

Table 6.5 Annual and seasonal sulphate loads for 1995/96 condttions 6-9

Table 6.6 Irmigation abstractions from each Management Unit 6-9
Table 6.7 Raw water supply to Witbank purification plant (MI) 6-10
Table 6.8 Raw water abstracted by mines 6-11
Table 69 Summary of poliution source loads 6-14
Table 6.10.  Pollution generation potential for coal mines 6-16

Table 6.11 Variation in hypothetical suiphate and TDS concentrations in
Witbank Dam 6-21

Table 7 1 Estimated annual mineralisation costs for irrigating with
poor water quality (R/ha) 7-3

Table 7 2: Summary of salinisation costs (R million) 7-5
Table 7.3 Treatment costs for achieving water quality objectives (R million/a) 7-8

Table 8.1 Pollution charge bands 8-2

WINBSRV2IMMUR'COMMONWRCPPPPrepon FinaiTOC2 doc - 1800296



vl

List of Tables Page
Table 82 Minimum stafl requirements for mondonng in the Witbank Dam

catchment 8-9
Table83 Estimated capital costs of charge system 8-11
Table B 4 Estimated operating costs of charge system B8-12
Table 8.5 Estimated catchment Administrative Charge 8-12
Table 81 Overview of options for spending revenues from pollution charges 9-9
List of Boxes Page
Box 3.1 Environmental Regulations, Cost of Abatement, and

Regional Growth 3-6
Box 32 OECD ‘poliuter pays' pnnciples 37
Box 33 What happened when the polluter didn’t pay in Papua New Guinea

317

Box 4.1 Pricing strategy for water use charges 4.5
Box 5.1 Environmental valuation techmques 54
List of Appendices
Appendix A Maps

A1 Base map of The Witbank Dam catchment

A2 Water quality monitoring points

A3 Imgated areas

A4 Pollution sources
Appendix B.  Bibliography
Appendix C.  Notes on the calculation of administration costs
Appendix D Printout of the mode!

WNBSRV2MMUZCOMMONWRCPPPPYepontF mad TOCR doc - 150298



List of symbols and abbreviations

AC - administration charge

BAT - best available technology economically achievable

BOD - Biological Oxygen Demand

BPT - best practicable control technology currently available

Co - Water Quality Objective defined as concentration at a control point
CAC - Command and Control (see Glossary)

CMA - Catchment Management Authority

coD - Chemical Oxygen Demand

CONNEPP - Consultative National Environmental Policy Process

DEA&T - Department of Environmental Affairs & Tourism
Dsd - Diffuse source differential

DWAF - Department of Water Affairs and Forestry
EC - electrical conductivity

ECU - European Currency Unit

EEA - European Environmental Agency

EPA - US Environmental Protection Agency
EPE - Economic Project Evaluation (PTY) LTD
HPM - hedonic pricing method

1&APs - Interested and Affected Parties

IPC - Integrated Pollution Control

LDO - Land Development Objectives

MAP - Mean Annual Precipitation

MAR - Mean Annual Runoff

MEls - Million Inhabitant Equivalents

MU - Management Unit (see Glossary)

NCC - Non-Compliance Charge

NRA - National River Authority

WINBSRVZMMUZ\COMMONWRCPPPPreportFinah TOC2 doc - 1802/9%



Oc - optimisation coefficient

OECD - Environmental Committee of the Organisation for Economic
Co-operation and Development

PPMR - Potential Polliution Mobilisation Rates

PPP - Poliuter Pays Principle

RWQO - Receving Water Quality Objectives

SABS - South Afncan Bureau of Standards

TOL - Total Diffuse Load

TDS - Total dissoived solids
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Glossary
Abatement cost - cost of returning water to its onginal or acceptable qualtative state

Catchment (as defined in the National Water Act, Act No. 36 of 1998) - In relation to a
watercourse or watercourses or part of a watercourse, means the area from which
any rainfall will drain nto the watercourse or watercourses or pant of a watercourse,
through surface flow to a common point or common points.

Charge - includes a fee. price or tanff which might be imposed under the National
Water Act, Act No. 36 of 1998

Command and control - this 15 the term usually applied to legisiative or regulatory
approaches 10 resource management.

Compliance monitoning point — @ monitoring point which is used to determine the
contribution of poliution from a certain source. For a point source it is usually a point at
the end of the pipe or any other point just before the point where effluent is
discharged. For diffuse sources a number of compliance points are needed These
points are usually defined after negotiation with the poliuter as part of the licensing
procedure.

Control monitoring point - a point at 3 MU's downstream end for which water quality
guidelines can be determined in order to ensure downstream fitness of use

Earmarking - is the allocation of a share of public revenues for a specific range of
functions or the assignment of revenues generated by specific taxes.
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Externaities - activities whose full cost or benefit is not incorporated into an economic
decision, hence they lead to sub-optimal social allocation Infernalisations of
externalities thus involves fully incorporating these costs and benefits into the decision

process.

Fixed cost - capital and operating costs which are unaffected by volume of production It
1s also called customer cost

Intergenerational equity — the capital (including natural resources) that should be
maintained between generations

Management Unit - a nver reach with a control point at it's downstream end and a

number of compliance montoring paints, for which water quality guidelines can be
determined in order to ensure downstream fitness of use

Marginal costs - (long and short run) a marginal cost is the increase in the total costs
caused by increasing its output by one extra unit,

Pollution (as defined in the National Water Act, Act No. 36 of 1998) - the direct or
indirect alteration of the physical, chemical or biological properties of a water resource
S0 as to make it
(a) less fit for any beneficial purpose for which it may reasonably be expected
to be used, or
(b) harmful or potentially harmful -
0] to the welfare, health or safety of human beings,

(i) to any aquatic or non-aquatic organisms;
(i)  to the resource quality, or
(v)  to property
Poliution charge = waste water charge = effluent charge = emission charge

Regular point source - source of poliution, which discharges a consistent amount of
poliution throughout the year. such as from a sewage work. It is distinguished from a
release (see below).

Release - an irreguiar point source, such as spillage or controlied release from a dam,
or mine dewatering. Its discharge ranges from near zero during dry periods to quite
high values during wet periods.

Scarcity - the situation which arises when demand for any given commodity outstrips
the supply of that commaodity

Sustainability — this concept captures the view that there is 3 need to treat
environmental protection and continuing economic growth as mutually compatible
rather than as necessarily conflicting objectives.

Sustainable waler resource use  occurs where, with effective management and
allowing for temporal rainfall and runoffirecharge vanability, the rate of resource
withdrawal, consumption or depletion is always equal 1o or exceeded by the rate of
resource repienishment, while maintaining certain selected and agreed characteristics
of the resource (e.g. water quality, biological diversity, degree of resilience to external
disturbance or change).
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xi

Waste waler charge - a charge for three categores of water use as determined
according to the section 21 of the National Water Act. Act No. 36 of 1998

e ‘discharging waste or water containing waste into a water resource through a
pipe, canal, sewer, sea outfall or other condut,

e disposing of waste in @ manner which may detrimentally impact on a water
resource,

e disposing in any manner of water which contains waste from, or which has been
heated in, any industrial or power generation process’
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E-1

EXECUTIVE SUMMARY
Introduction

The initial response of governments around the world to environmental issues relied
on the Command-and-Control (CAC) approach. This generally involved prescribing
to industnies the technology or processes that must be used However, after years of
implementing such systems the experience of many countries began 1o indicate that
the CAC approach often falled to provide cost effective and efficient solutions for
environmental management The problems with the CAC approach eventually gave
nse to a new approach to environmental governance provided by the discipline of
environmental economics. This approach suggested that it was possible for flexible
economics-based measures to achieve acceptable levels of environmental benefit
with simpler administration and lower control costs. In the context of pollution control
this approach became known as the "Poliuter Pays Principle” or the PPP as it s
referred to in this report. Numerous studies have shown that the PPP concept has
been widely used to design poliution or emission charges. In the water quality
management field such charges are referred to as "waste water charges™ In this
report the terms “poliution charge’ and ‘waste water charge” are used
interchangeably.

The use of economic measures for environmental management is particularly
attractive for the South African situation, which has elements of both the first and
third worlds. As a developing country South Africa cannot afford expensive
environmental regulatory systems Such systems need to be self-sufficient and so
must generate their own revenue. At the same time, South Africa has a reiatively
well developed infrastructure and level of knowledge and skills. These two factors
mean that the introduction of a waste water charges system to improve water quality,
warrants consideration and investigation.

The objectives of this research programme are as follows
* to present the philosophy for the implementation of the PPP,

e to conduct a case study for the design of a waste water charge system,
determine the optimum level for pollution charges and define the extent and fate
of revenues;

* 10 identify the most sutable institution/s to administer the poliution charges
system. and

* to make recommendations regarding options for implementation

Philosophy of the PPP

Extensive research into the philosophy and practical application of the polluter pays
principle revealed that the concept is being widely used to design poliution charges
and has proven to be successful in many cases

The six philosophical pillars upon which a poliuter pays system stands are

e The ethics of the ‘poliuter pays principle’ derives from the universal moral
principle that, all other things being equal, we ought not to cause harm to others

« Sustainable economic development, which involves an ‘inter-generational
social contract”, which requires this generation to act as the steward of
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E-2

environmental resources, so that the interests and needs of future generations
are met

Everybody has an equal right to use environmental resources Pollution
charges systems protect this nght

Current generations need to optmise economic efficiency for future

generations PPP systems provide an opportunity 10 optimise the choice
between emission treatment and cleaner process technologes

Introducing a PPP system requires an extensive consultation process and the
participation of regulators. poliuters and parties affected by poliution

PPP implementation encourages polluters 1o stay below prescribed standards,
resulting in @ maximisation of environmental benefts or environmental
efficiency.

Overseas experience

There is a general trend to combine CAC based systems with systems which utiise
fiscal instruments such as PPP based pollution charge systems An extensive
examination of the overseas expenence is descrnbed in section 33 and the key
lessons are summarised balow

If polluters in developing countries do not pay for their pollution, the impact of the
poliution is felt most by those who are dependent on environmental resources for
their livelihoods such as the rural poor communities

Less developed countnes which undergo structural transformation have an
advantage when implementing PPP based systems because the resistance 1o
new systems is less extreme than in more developed countries where current
systems are highly entrenched.

The implementation of a PPP system can be poltically problematic if public
sactor enterprises have significant interests in polluting industries and are thus
both referee and player.

Experience from other developing countries indicates that the most common
problem in implementing pollution charge systems is the shortage of skilled
personnel. However, this problem is even more pronounced for CAC systems

Pollution charge systems must automatically be adjusted for inflation

No waste water charge system for diffuse poliution was found However the
theoretical discussions found in the literature recommend encouraging poliuters
to convert their pollution discharge from non-point source to measurable point
source Higher charges for non-point than for point source discharges would
provide an incentive for such an action

Only one waste water charge system dealing with suiphate poliution was found.
This is the system utilised in Poland, where the waste water charge on saline
mine effluent is the largest contributor to total revenue collected in water
management The charge has been in effect since 1970 and has been increased
a few times since then The latest charge published is 24 3 ECUA of sulphate for
19893, which is about 60 RA inflated to 1997 prices
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E-3

Pollution control in South Africa

South Africa has previously relied on a number of systems based on the CAC
approach While this has been effective in certain instances, there is a need for a
system which relies on economic incentives rather than regulatory supervision and
which is self-funding Since 1984 South Africa's legal and policy framework has
evolved such that it is now suitable for the introduction of PPP based systems

Witank Dam catchment - the case study area

The Witbank Dam catchment and the poliutant sulphate were selected for a case
study of poliution charges as they were in accordance with the objectives of the
sludy

As much information as possibie was collected about the catchment Some attempts
were made to improve the quality of the data, however to bring all the data up to the
necessary quality was far beyond the scope of this study. The monitoring and data
collection systems will have to be modified at some stage to support a charge
system in this catchment

Once the information had been coliected and analysed it was processed to provide
the following input into the poliution charge model:

» the assessment of the monttoring data was used to determine the monitoring
costs that form a part of the Administrative Charge (AC),

* the water qualty status was used as an input to caiculate the exceedance of the
Water Quality Objective (Co) that determines the Non-Compliance Charge
(NCC),

* the water use data was utiised to estimate the impact cost that determines the
catchment Waste Load Charge (WLC); and

e the pollution sources were charactensed to calculate the WLC for individual
poliuters.

The AC, WLC and NCC are the main components of the charge system that is
described below

Impact and abatement costs

The costs in this study have been calculated for two water quality regimes in the
Witbank Dam catchment: the 1980/91 and the 1995/08 hydrological years. These
two years represented different hydrological conditions - one of the driest and one of
the wettest years in the last decade The impact cost considered was only the direct
financial cost and not the full cost to society of the impact of poliution. Another
imitation was that only water users within the study area were considered It was
found that the impact costs vary widely between wet and dry years

The abatement costs were assumed o range from cost of treatment at the source to
the cost of treatment at a point of use. These values were compared with abatement
cost estimated in earbier studes

It was concluded that the direct impact cost is very small when compared o
abatement costs.
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Charge system model

From an examination of international expenence and the case study at Witbank it is
concluded that poliution charges are a viable water quaity management tool for
South Africa to implement

The model that has been developed for implementing poliution charges in the
Witbank Dam catchment is essentially a framework model intended to demonstrate
the practical application of the system. No model is perfect. although models such
as this are intended to eventually achieve a degree of ‘perfection’ which is
acceptable to both poliuter and society as they are implemented and modified with
expensnce.

The model takes into account relevant lessons learnt from an extensive terature

survey and also proposes new solutions to local problems, which are not as yet
addressed elsewhere.

It 1s successful in satisfying all the following design objectives

* Net revenue must be equal to or axceed local direct impact costs of pollution
o Implementation costs should be minimised

o A deterrent to polluters from excessive and harmful pollution is essential.

¢ A deterrent to non-point source poliution should be provided

e Charges must be reasonable, justifiable and must not promote economic
deciine

¢« The model must be simple and flexible.

The proposed system arrived at during the course of the research is a combination
of cost covering charges and an incentive system. It includes the following three
main components

Administration Charges (AC) - Adminisiration costs are incurred because poliuters
want to use surface water systems to dispose of waste, and society wants such
actions 1o be monitored, controlled and paid for These costs must be specific to the
charactenstics of the administered area and be paid in full by polluters in that area.

Waste Load Charge (WLC) - This apples to all effluents when the concentration at
the control point exceeds the impact level (Ci) The WLC is charged per ton of
poliutant load discharged based on the impact cost.

Non Compliance Charge (NCC) ~ the NCC is a penaity charge. which is levied on
waste discharges when the concentration at the control point exceeds the Water
Quality Management Objective (Co) for a particular pollutant

The model calculates the different types of politant loading from each individual
source and the charges payable. The calculations made in the spreadsheet model
are only a demonstration of the model capabilities as they have some limitations.

This model was developed assuming that its implementation will be undertaken in
phases. It provides input for the first phase and each succeeding phase should
include further model development based on feedback from the previous phase.
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Likely income from charge system

The proposed system is expected to generate a revenue of R3.05 milliorva to RS 15
million/a for the first year of implementation Although this revenue is less than the
estimated cost of pollution for the first few phases of implementation, the full
recovery could be achieved within four years The phased approach for system
implementation is suggested.

Comparison with CAC system

The implementation of the charges system to complement the oid CAC approach
should reduce state expenditure on water qualty management because of the
following

« It might be possible for the DWAF 1o use some monitoring equipment instalied
for the charge system.

o The system should minimise monitoring costs to the regulating authonty,
because polluters will have a strong incentive to carry out comprehensive
monitoring themselves In particular there should be no need for compliance
monitoring with only spot checks at complance points being required.

e Use of NCC and penalties will simplfy control systems and minimise
enforcement costs (e.g. the cost for legistative procedures).

The charge system will definitely provide poliuters with an incentive to reduce their
poliution without limiting their choice of an optimum economic solution. Pollution
prevention by utilising better water management practices will become a first option
for the minimisation of the WLC paid by polluters. This option is the most effective
and economically viable first step for improving overall water quality in the
catchment. The use of a Diffuse Source Differential is an incentive that eventually will
minimise non-point source contributions

Choice of model algorithms

Extreme care was taken in developing algonthms for the charge calculations and
impiementation procedures to ensure that charges are reasonable and justifiable. A
need to prevent charges from promoting economic decline was stressed

Finally, the simplicity of the model was paramount. Numerous possibilities for
improving the mode! are available, although some will make the model more
complex and therefore should only be introduced at 3 later stage f it becomes
certain that the increased complexity is justifiable and necessary.

Fate of revenues

The spending of any revenue arising from the collection of charges should be linked
1o reducing the impact costs of poliution and should aim for maximum impact. Where
possible double or even triple dividends should be achieved

Treating revenue from poliution charges like other taxes and returning it to the
general fiscus is problematic and contravenes the transparency requirement of the
PPP._ It has been rejected as an option in the review of South African water laws.

One of the first priorities is the implementation of the system for pollution monitoring
and control, and the administration of the charge system Following this, revenues
should be used to mitigate against negative environmential impacts, to implement
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measures o improve water quality management or to fund research and
development and national water quality policy mitiatives

Excess revenue ansing from penaltes should be spent on subsidies to a number of
groups, from companies needing to invest in new pollution control technologies to
under-serviced communities to provide for environmentally sound santation The
clean up of past pollution can also be subsidised from this revenue

A combination of uses for charge revenue s the most appropriate and s hkely to
yieid the highest overall dividends

Need for consultation

The success of a charge system depends on the presence of two features an
effective incentive to reduce, manage and monitor pollution by the poliuter, and
acceptance by the poliuter of the poliution charge system inclusive of #s design and
methodology. Whilst this particular model achieves the objectives of model design
as described earlier, its success will also depend on consultation and understanding
between the system managers and the polluters. This aspect is outside of the scope
of this project, but appropnate recommendations are provided in section below.

Recommendations
Implementation of a charge system for the Witbank Dam Catchment

It is recommended that sarious consideration be given to the implementation of a
sulphate pollutbon charge system in the Witbank Dam catchment. The model
proposed under this project is simple to apply and effective in achieving the design
objectives. Its implementation should bring a twofold benefit of improved
environmental control with reduction of implementation costs to government and
society  With time it may have a further benefit, when revenues from the charge
system are spent on water quality enhancing measures, which also have a welfare
benefit (e.g. sanitation)

From overseas expenence it was found that in introducing such a system 1t is better
to test it in one area in order o evaluate public reaction and determinate its
effectiveness. The Witbank Dam catchment seems 1o be a good choice for an
introductory impiementation

Acceptance of a charge system for the Witbank Dam catchment

It is important that the design of a waste water charge system, the information used
as an input and the underlying assumptions are accepted by all affected parties A
charge system which is open to dispute in any way is uniikely to yield any revenue
whatsoever Moreover, it would most likely burden society with additional costs such
as those incurred through the appointment of specialists and lawyers.

The specific issues, which have to be considered and accepted by 18APs include,
but are not restricted to the following points:

« Institutional arrangements for the effective administration of waste water charge
systems must be finalised by government. It is recommended that such systems
be initiated by the DWAF and that a catchment forum be used for negotiation
among stakeholders Ultimately, a catchment management authority should
administer the system
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« The best method for allocating total diffuse load to known non-point sources has
to be selected in consultation with the I8APs

« The appropniate level of monitoring must be determined. The monitoring and
auditing of poliuters are components of the administrative cost of the waste
water charge system Hence, a decision regarding the design of control and
compliance monitoring systems should be taken

« All algorithms and all input data used in the proposed model must be discussed
with 18AP's and accepted, including procedures for determining the direct
financial cost of pollution

« The more in-depth investigation of possible negative socio-economic effects of
the charges on industry was suggested by the Chamber of Mines

e This study has paid insufficient attention to the disbursement of the revenues
generated by the waste water charge system. This needs to be investigated
further, agreed upon by all parties, and guidelines drawn-up prior to introduction
of a charge system generating a significant revenue surplus

Monitoring of economic effects

It is essential to the successful running of the system that the economic effects and
environmental effectiveness of the charges system are closely monitored during
each stage The CMA should respond quickly enough to such indicators to ensure
that appropriate charge levels are maintained.

Should it be decided that a pilot waste water charge system be introduced in the
Witbank Dam catchment, it is important that s introduction is gradual and closely
monitored as the threshold charge (i.e. the charge at which polluters start to reduce
discharges due to the cost involved) remains unknown

Extension to other pollutants and catchments

As this study focussed on only a one single catchment and only one water quality
parameter, it is imperative that further studies be conducted to extend the charge
system to include other poliutants. Priorities should be set for this extension, based
on the results of the classification of the water resources. The prionities for
impiementing the charge system for other river catchments will be an outcome from

the same process.

The procedure for determining the direct financial cost of current polluton on
downstream water users is still lengthy and imprecise. Clear guidelines need to be
developed to streamline this procedure before the charge system is applied in other
catchments

Pollutants that have a clear economic impact, such as salinity or salinity related

parameters could be the first prionty for the charge system implementation In cases
when no clear economic impact cost can be determined a combination of AC and

NCC charges might be utilised
Method of dealing with old pollution sources

The control of backlog pollution was beyond the scope of this project. but it is
recommended that the cost of water pollution control measures from abandoned
mings be included as one of the revenue uses This activity will relieve the
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government of the financial burden caused by past poliuters, improve water quality
for water users and provide present polluters with an additional assimilative capacity

Pollution charges as part of the water management

Any charge system that is introduced should form part of a Water Management Plan
(WMP) for the catchment Both the charge system and the WMP should anse from
the establishment of an appropriate CMA The CMA will be responsible for
determining the water quality objectives, water allocation for the catchment and other
components of the WMP that are also needed for design of the charge system The
WMP must be developed in close co-operation with all I&APs

The current project provides a basis for further development of water related
legisiation. The implementation of the new national water pricing proposals must be
dovetalled with waster water and environmental charges 50 as not to undermine
incentives or distort prices It is strongly recommended that the findings of this
project be used for dealing with issues such as pollution prevention and financial
provisions for CMAs.
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1 INTRODUCTION

1.1 Background

The initial response of governments around the world to environmental issues relied
on the Command-and-Control (CAC) approach. This generally involved prescribing to
industnes the technology or processes that must be used However. after years of
implementing such systems the experience of many countries began to indicate that
the CAC approach often failed to provide cost effective and efficient solutions for
environmental management. The problems with the CAC approach eventually gave
rise 1o a new approach to environmental governance provided by the discipline of
environmental economics, This approach suggested that it was possible for flexible,
economics-based measures to achieve acceptable levels of environmental benefit
with simpler administration and lower control costs In the context of poliution control
this approach became known as the "Polluter Pays Principle” or the PPP as it is
referred to in this report. Numerous studies have shown that the PPP concept has
been widely used to design poliution or emission charges. In the water quality
management field such charges are referred to as “waste water charges” In this
report the terms “poliution charge” and ‘waste water charge” are used
interchangeably.

The use of economic measures for environmental management is particularly
attractive for the South Afnican situation, which has elements of both the first and third
worlds. As a deveioping country South Africa cannot afford expensive environmental
protection systems. Such systems need to be seif-sufficient and so must generate
their own revenue. Al the same time, South Africa has a relatively well developed
infrastructure and level of knowledge and skills. These two factors mean that the
introduction of a waste water charges system to improve water quality, warrants
consideration and investigation

The Water Research Commission (WRC) began to investigate the subject of
economic instruments for water quality management several years ago through a
project entitied “The Application of Economics to Water Management in South Africa”
(WRC, 19893) A follow-up project entitied “The potential for the use of economic
instruments to protect the quality of water resources in South Africa” (WRC, 1996)
was completed These studies analysed the full range of economic instruments which
could be utlised and simulated an application of polluting permit trading using the
Witbank Dam Catchment as a case study

This project follows on from the past research, but specifically focuses on the

philosophy of the PPP, modelling the implementation of waste water charges in a
specific catchment, and examining implementation issues associated with such a

system
1.2  Objectives of the research
The objectives of this research programme were as follows:

* To present the philosophy for the implementation of the PPP

¢ To conduct @ case study in order to design a waste water charge system,
determine the optimum level for a pollution charge and define the extent and fate
of revenues.
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o« To dentify the most suitable insttution's to administer the pollution charge
systems

« To make recommendations regarding options for impiementation

1.3 Interpretation of the objectives and approach

The authors have interpreted these objectives as 1o investigate the theoretical basis
for the Polluter Pays Principle and to examine a hypothetical, yet realistic South
African case study of implementing a water pollution charge system. In doing so,
appropriate Institutions for implementation must be identified and some other
implementation issues examined The two last objectives of the research project were
interpreted as pertaning primarily to the case study, although some of the institutional
and implementation findings have a strong generic flavour.

The approach taken to this research has been o gather relevant matenal from other
countries regarding the philosophy behind the PPP and where possible the
experience of other countries in implementing pollution charge systems. Gathering
material on the experience of other countries proved to be quite an onerous task The
reason being that very few countries have published detalled investigations into their
charge systems, despite the fact that there are many such systems some of which
have been in place for many years This may be because they are unwilling to publicly
acknowiedge the objectives of their charge systems and thus whether the objectives
are being met.

Once the philosophical basis of the PPP was established, the theoretical case study
for the Witbank Dam catchment was conducted. This Involved designing a set of
charges and modelling them according to actual data from the Witbank Dam
catchment. During this stage of the project, stakeholders in the catchment that would
be affected by such a charge were informed of the project and given the opportunity to
make inputs,

The final stage of the project involved identifying issues relevant to the actual
implementation of such a system in the Witbank Dam catchment Issues such as
appropriate institutions to best administer such a system, the fate of revenues and the
potential economic impact of the charges were examined. The identification of
appropriate institutions included those organisations best able to administer a
pollution charge system on an agency basis.

Throughout the research, the Steering Committee, DWAF and stakeholders in the
Witbank Dam Catchment were consulted and kept informed about progress

1.4  Structure of the report
This report is structured in the following way:

Chapter 2 presents the philosophy of the Polluter Pays Principle and provides an
essential policy foundation for the introduction of poliution charges.

Chapter 3 briefly summarises the international expenence with various pollution
control approaches over time More specifically t documents the move towards the
PPP and the introduction of poliution charges in a number of other countries. The
lessons learnt from this process are noted

Chapter 4 examines the background to water poliution control in South Africa in the
context of both water resources managemant and integrated environmental
management. By highlighting issues such as the policy review of water tarifis and the
general trend towards economic and self-financing approaches to environmental
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management, this chapter provides the iegal foundation for the introduction of waste
water charges in South Africa

Chapter 5 broadly considers the imitations of a waste water charge system More
specifically it considers the typical problems that would be encountered with non-point
poliution, the economic justfication for pollution charges, and striking an acceptable
balance between the need 10 encourage economic development and the importance
of improving and protecting the quality of the nation's scarce water resources.

Chapter 6 presents the case study of the Witbank Dam catchment It focuses on the
problem of sulphate pollution, most of which enters the drainage system by way of
non-point poliution from upstream coal mines. It contains a description of the available
data for the study period and explains how it should be processed to prepare an input
into the waste water charge system

Chapter 7 contains an estimation of the direct cost impacts of sulphate poliution for
the Witbank Dam catchment. It covers agricultural, domestic, municipal and industrial
water users It also estimates costs of abatement, including the costs of treating
sulphate-rich water 10 acceptable standards

Chapter 8 looks at the hypothetical design of a waste water charge system
specifically for Witbank Dam It introduces a model to simulate the application of
charges and different options for estimating contribution of non-point source pollution.
The modelling results for different poliution loading scenarios (wet and dry
hydrological years) are aiso presented.

Chapter 9 considers the fate of the revenues generated by the hypothetical
application of a waste water charge system in the Witbank Dam catchment, and how
these might be used to indirectly compensate downstream water users, improve water
quality generally in the catchment, and to reimburse the administrators of the charge
system.

Chapter 10 takes the Witbank Dam Case Study further by examining the practical
aspects of implementing a waste waler charge system This examination includes the
possible impact on investment and considers the various institutional options. The
way of phasing in of the charge system is proposed

Chapters 11 and 12 offer some conclusions on the research study and make
recommendations for further work
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2. THE PHILOSOPHY OF THE POLLUTER PAYS PRINCIPLE

21 Why polluters do not pay for their externalities

2.1.1  Poliution: a negative externality

By definition, the process of production involves the transformation of one good or
service into another. By-products formed duning the process of production that are
passed on to third parties and affect their welfare are known as externalities. For
example, if a house improves in value as the neighbourhood improves, and nothing
specific has been done o improve the house, then the household owner has
benefited from an externality

Unfortunately, many externalities decrease the welfare of the third party Consider the
steel mill upstream of a riverside holiday resort that discharges toxic by-products into
Here a cost is imposed on the riverside holiday resort, which in the absence of
contrary legislation, the stee! mill is not obliged to pay, even though it is a result of its
production process. In such instances poliution is a negative externality

2.1.2 Why externalities are not internalised

subsequently over-grazed and has been badly damaged

In the long run all the residents in the area have lost as a result of this situation, as
over-grazing will eventually lead to soil erosion. Why then did residents pursue this
policy of overgrazing and not regulate their resource? The simple answer is that the
short term benefits accrued to the individuals involved, whereas the long term costs
will be borne by the whole community and indeed the greater society. In other words,
there was an incentive for a group of individuals to act, as individuals, in maximising
the benefits to themseives without considering the costs and benefits of over-grazing
to other parties.

As with the steel mill in the previous example, the mill accrues the benefits of its
production, but much of the cost is passed on 10 another party. It can do this because
the environmental resources, in this case water, are treated as free goods - as
commonage, they do not have a price. Alternatively in some countries where they do
have a price, the price does not reflect the true opportunity cost of the environmental
resource.

If an individual benefits from a particular action by one unit, and the costs of the action
are less than one unit, then in the short term it is economically rational for the

' In this instance commons referes to an area of open acess with no rules reulating access and usage of
the arca
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individual to continue with that course of action. Howaver, it 1S ethically indefensible
for the individual to derive full benefit without beanng the cost of his actions

2.2  The philosophical principles for a pollution charge system
There are six philosophical premises for the pollution pays principle.

Ethics: The ethics of the ‘poliuter pays principle’ derives from the universal moral
principle that. all other things being equal, we ought not to cause harm 1o others At
present most of the costs related to pollution are bome by society. Implementation of
the PPP shifts the responsibility for environmental costs to the poliuter and adjusts
pricing systems to reflect more true costs of production.

Equality: Everybody has an equal nght to use environmental resources. A pollution
charges system can protect this right by ensuring for example that parties polluting
water at the upper reach of a river are responsible for compensating, n some way,
parties using polluted water lower down the rver.

Sustainability: The notion of sustainable economic development requires that at any
point in time the present generation has a responsibility towards meeting the likely
needs of future generations. When examined in the light of environmental concerns,
this requires the present generation 10 act as stewards of environmental resources. It
is up to the current generation to institute systems and safeguards that ensures these
resources are available to and able to be used by future generations.

Economic efficiency: Economic efficiency is improved when the systems of
production are adjusted so that the social benefits (comprising both the benefits of
economic activity and the benefits associated with a protected and functional
environmental resource base) are maximised To maintain economic efficiency, the
sustainability of both the economic activity and the natural resource base on which it
relies, must be ensured. PPP systems provide an opportunity to optimise the choice
between economic and environmental needs and between emission treatment and

cleaner process technologies.

Transparency: The PPP should be introduced via an extensive, consultative process
and the participation of all affected parties, generally - regulators, polluters and parties
affectad by poliution (poliutees).

Environmental efficiency: Unike the CAC approach, implementation of the PPP
encourages poliuters to stay below prescribed standards, resulting in the
maximisation of environmental benefits (see Box 3.1)

2.3  The objectives of a polliution charges system

2.3.1 Introduction

The theory behind polluters paying pollution charges s that they must pay for the
costs incurred as a result of their pollution. However, if poliuters were to pay the full
costs of their pollution, the impact would be severe enough to cripple many
economies. The aim is thus to reach an optimal level of paoliution. In practice, charges
are generally levied to induce polluters to modify their behaviour (deterrent objective)
and to generate revenue to cover some of the polluter's externalities (revenue
objective)
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2.3.2 What is the optimal level of poliution?

As indicated, the optimal level of pollution is @ key feature of the PPP. Some people
would argue that the optimal level of polliution should be zero, however this could have
disastrous economic implications. The PPP approach requires that some kind of
compromise be reached between the polluter and society (whose interests in this
instance are generally represented by government) The dual objectives of this
compromise are to find a level of poliution where the costs of the pollution are
bearable to society and where the costs of using the resource, for example clean air
or water, are bearable to the poliuter. In theoretical terms this paint is referred to as
the optimal level of poliution. It is not an actual level of poliution that can be readily
quantified, but rather a conceptual level. It is a level of pollution, which both industry
and society can live with. It is represented in Figure 2.1 below

Cost of pollution

MCR MCP
Marginal Casts Marginal Costs
of Reduong of Pelvton
Polluton (damage coats)

(control costs)
c.

Quantity of pollution

Figure 2.1: The determination of the optimal level of pollution in terms of the
“polluter pays" principle.

Figure 2.1 indicates that as the quantity of pollution increases so does the Marginal
Cost of that Pollution to society or damage costs When the Marginal Cost of
Reducing pollution is plotted, it can be seen that the more money spent on control the
less pollution there is. Where the two curves intersect is the point where control costs
are equal to damage costs, point Q*. This quantity of poliution represents the optimal
level of pollution that industry can maintain if the money spent controlling pollution is
to be equal to the costs of the damage caused by the pollution. At Q1 the costs of
poliution control exceed the damage done by pofiution In other words the money
spent is greater than the benefits gained from an improvement in environmental

s
point at which industry can continue to produce goods and the production of those
goods with a reasonable level of environmental qualty, which will maximise the
welfare 1o society. In other words this optimal point is where a country or region can
afford to trade-off economic growth with levels of pollution
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2.3.3 The deterrent objective

lnorderforasmmtomeeudctmmlobhdm @ trial and error approach can be
utiised This involves starting with relatively low charges and increasing them
regularly until they are high enough to provide sufficient incentive for poliuters to
minimise their discharges Further details on how this can be implemented are
provided in chapter 8

2.3.4 The rovenue objective
Pollution charges can aiso recover some of the costs imposed by the discharge on
various parties. Revenues could be used for a range of purposes in keeping with the
polluter pays principle including

» Monitonng polluters and aperating the system of charges.

« Finance for new or upgraded treatment works

« Catchment water quality management

« Indirect subsidisation of victims

« Cross subsigies 10 assist other poliuters to reduce thesr pollution effect.

« Cross subsidies for reducing poliution backlogs, (e.g. abandoned mines).

The state already spends some revenue on defending and preserving the integrity of
its environmental assets Pan of this defensive expenditure is normally borne by the
taxpayer. However, over and above this, the state requires additional funds to monitor
poliution and lo prosecute those polluters who break the law. This requires a
guaranteed source of revenue A charge system based on the PPP can provide this.

24  What must the polluter pay for?

The relationship described below indicates the costs that the poliuter imposes on

society as a result of water pallution

Crommpscr =  Casesn* Cousar* Craiect * Coppont

Where

= Total cost impact of poliution on society.

Cagmen = Costs to government of monitoring and policing pollution.

Covect = Direct costs of poliution on downstream water users.

Chadenct = |ndirect costs to the economy

Comesr = Opportunity cost of water which has been polluted, |. e. the cost of not
being able to use the water for a particular purpose.

It would be nice If the victims of poliution were compensated for the complete cost of
the impact In reality, no country has a system in which polluters pay the whole value
of the externality  Aside from the practical difficulties of always establishing the total
value of an externaity, forcing poliuters to pay for the total costs of their externality
would sometimes cause enormous economic upheavals Similarly, the victims of
poliution are most probably consumers of products, the manufacture of which causes
pollution. Hence full compensation may not always be warranted

o
£
i
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Consequently, the PPP generally only aims to recover a portion of the full costs of
pollution. Theoratically, this portion should correspond to the optimal level of pollution
In practice, we have no way of knowing where this s However, the assumption is
made that if all the Cgm. COsts and a portion of the Cp,. CoSts are recovered from the
poliuter in order to meet the deterrent and revenue objectives of the system, then
investment will not be discouraged nor economic growth affected.
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3. INTERNATIONAL EXPERIENCE WITH POLLUTION CONTROL

31 Overview

This section presents an overview of some of the expenences of other countries with
poliution control systems and draws out several lessons, which are relevant for South
Africa. In terms of the command and control approach, the United States has been
singled out as a case study and some key issues with the approach have been
explored. In terms of the Polluter Pays Pninciple, the expenences of several countnes,
and the main lessons they leamed, have been presented.

3.2 The command and control approach

3.2.1 Overview

The first attempts of most countries at controlling poliution involved direct intervention
into the production processes that were generating pollution. This often invoilved
technical prescriptions as to how a good or service should be produced. This early
system of pollution control has come to be known as the ‘command and control
approach. As with definitions of ‘polluter pays’. there are a wide variety of definitions
of ‘command and controf. However, the common thread in definitions is that
‘command and control' regimes involve direct government (local, regional or national)
intervention in the production process to reduce poliution. The history and limitations
of ‘command and control' are most clearly Hlustrated in the experience of the United
States (US), largely because they have introduced one of the world's most ambitious
water pollution control initiatives. The next section focuses on the history of water
poliution control in the USA and it is based on extracts from Tom Tietenberg's
*Environmental and natural resource economics” 1992

3.2.2 The case of the United States

3.2 2.1 Initial legisiation

The first federal legisiation dealing with discharge into the nation's waterways
occurred when Congress passed the 1899 Refuse Act Designed primarily to protect
navigation, this Act focused on pieventing any discharge that interfered with using
rivers as transport links. All discharges into a river were prohibited unless approved
by a permit from the Chief of the US Engineers.

Most permits were issued to contractors dredging the nvers, and dealt mainly with the
disposal of the removed material. This Act did not cover other pallutants until 1870,
when this permit program was rediscovered and used unsuccessfully as the basis for
federal enforcement actions

3 2 2 2 The Water Pollution Control Act of 1948

The Water Pollution Control Act of 1948 represented the first attempt by the federal
government to exercise some direct influence over what previously had been a state
and local function. This was a hesitant move, since it reaffirmed that primary
responsibility for water poliution control rested at state and not at federal level.
However, it did provide federal government with the authority to conduct
3 2 2.3 Amendments to the Water Poliution Control Act passed in 1956

The first hints of the current approach to pollution control are found in the 1956
amendments to the Water Pollution Control Act. Two impartant provisions in this Act
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were, firstly, federal financial suppon for the construction of waste treatment plants,
and secondly, direct federal regulation of waste discharges via a mechanism known
as the Enforcement Conference.

The first of these provisions envisaged a water poliution control strategy based on
subsidising the construction of waste treatment plants. Municipalties could recewve
federal grants to cover up to 55% of the construction cost of sewage treatment plants
This lowered the cost to the local governments of constructing these facilities, and the
cost 10 users since the federal government contribution was a grant, rather than a
loan. The fees charged to users did not reflect the federally subsidised construction
portion of the cost. The user fees were set at a low rate, but high enough to cover the
unsubsidised portion of the construction cost, as well as the operating and
maintenance cost

The mechanism created by the 1958 amendments to enforce the regulation of
discharges was the Enforcement Conference. Under this approach, the designated
federal control authorty could call for a conference to deal with any interstate water
pollution problem, or it could be requested to do so by the govemnor of an affected
state. The fact that this authority was discretionary, not mandatory, and that the
control authority had little means of enforcing any decisions reached. meant that the
conferences simply did not achleve the intended results

The 1956 amendments initially envisaged a relatively narrow federal role in the
regulation of discharges Only poliuters contributing to interstate poliution were
included but subsequent laws broadened the coverage By 1961, discharges into all
navigable water were covered by the Act

3.2.2.4 The Water Quality Act of 1965

The Water Quality Act of 1965 attempted to improve this process by establishing
ambient water quality standards for interstate watercourses and by requiring states to
file implementation plans  The plans forthcoming from states in response to the 1965
Act were vague and did not attempt to link specific pollution standards on discharges
1o the ambient standards The fact that these standards bore no relationship to local
ambent levels made them difficult to enforce in the courts.

3.2.2.5 Recent Legisiation

An air of frustration regarding pollution control pervaded Washington in the 1970s. As
with air pollution legisiation. this frustration led to the enactment of a very tough water
poliution control law. The 1872 Act called for the achievement of two goais: “that the
discharge of pollution into navigable waters be eliminated by 1985", and "that
wherever attainable. an interim goal of water quality, which provides for the protection
and propagation of fish, shellfish, and wildiife and provides for recreation in and on the
water be achieved by June 1, 1983 " The stringency of these goals represented a
major policy departure.

This Act introduced new procedures for implementing the law. Permits were required
for all discharges (replacing the 1899 Refuse Act, which, because of its navigation
focus, was difficult to enforce) Permits wouild be granted only when the discharges
met certain technology-based poliution standards. The ambient standards were
completely bypassed as these poliution standards were uniformly imposed and
ignored local water conditions.

According to the 1972 amendments, the poliution standards were to be implemented
in two stages. By 1977 industrial discharges were required to meet pollution
limitations, based on the "best practicable control technology currently available”
(BPT). In setting these national standards. the US Environmental Protection Agency
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(EPA) was required to consider the total costs of these technologies and therr retation
to the benefits received. but not to consider the conditions of the particular waters into
which it was discharged. In addition, all publicly owned treatment plants were to have
achieved secondary treatment by 1977 By 1983 industnial discharges were required
1o meet pollution limitations based on the presumably more stringent "best available
technology economically achievable” (BAT), while publicly owned treatment plants
were required 1o meet pollution limitations which depended on the "best practicable
waste treatment technology *

3.2 2.6 Subsidies

The system of subsidising municipal water treatment plants, introduced in 1856, was
continued in a slightly modified form by the 1972 Act. Whereas the 1565 Act allowed
the federal government to subsidise up to 55% of the cost of construction of waste
treatment plants, the 1972 Act raised the ceiling to 75%. The 1872 Act also increased
the funds available for this program. The 1977 amendments continued this regulatory
approach, but with some major modifications. This legislation drew a more careful
distinction between conventional and toxic pollutants, with more stringent
requirements placed on the latter, and extended wirtually all of the deadlines in the
1972 Act.

For conventional pollutants a new treatment standard was created to replace the BAT
standards. The pollution limitations were to be based on the "best conventional
technology.” and the deadiine for attaining these standards was set at July 1, 1984 In
setting these standards. the EPA was required to consider whether the costs of
adding the poliution control equipment were reasonable when compared with the
improvement in water quality For unconventional pollutants and toxic wastes (any
poliutant not specifically included in the list of conventional pollutants), the BAT
requirement was retained but the deadiine was extended to 1984,

The date for municipalities to meet the secondary treatment deadiine moved from
1877 to 1983 Industrial compliance with BPT standards were delayed until 1983 or
whenever the contemplated system had the potential 10 be applied throughout the
industry.

The final modification in the 1977 amendments involved the introduction of pre-
treatment standards for waste being sent to a publicly owned treatment system
These standards were designed to prevent discharges that could inhibit the treatment
process and to prevent the introduction of toxic poliutants that would not be treated by
the waste treatment facility. Existing facilities were requued to meet the standards
within three years of publication, while facilities constructed later would be required to
meet the pre-treatment reguiations upon commencement of operations

3.2.2 7 Conclusion

US water pollution control policy relied on permits that were based upon meeting
certain technology based pollution standards.

The 1972 Act based the poliution standards on the technologies of poliution control
available to each industry. The enforcement of this proved to be a monumental task
for the EPA. The EPA was required to take into account

‘the age of equipment and facilities involved the process employed, the
engineering aspects of the application of vanous control techniques,
process changes. non waler qually snwwonmental impact (including
energy requirements) and such factors as the Administrator deems
appropriate” (Tietenberg, 1992).
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Studying the technology of each and every polluting industry's technology as well as
the availlable water pollution control technology was an enormous task.  Setting
standards couid not be compieted and the deadlines for publication were continually
shifted. As soon as they were published they were challenged in court

The standards were also set without regard for specific ambient poliution levels at
particular sources. in other words, poliution standards were set without regard for the
specific tolerance of the water body Into which they were disposed.  Establishing the
specific tolerances of each water body was an immense undertaking

The US policy of ‘command and control” focused on technology requirements rather
than the ultimate aim of achieving clean water lronically, CAC retarded the
development and adoption of new water poliution control technology. When faced
with a range of possible technologies, industry in the US often chose the specific
equipment cited by the EPA (Tietenberg, 1992) If anything went wrong and the
industry was taken to court, they would argue that they used the same technology as
that specified by the EPA when it determined the standards.

Industry also tended to keep the same technology until the standards were revised.
The US technology based water poliution control legisiation actually provided an
incentive for the maintenance of obsolete water pollution control technoiogy

3.2.3 Limitations of ‘command and control’ regimes

3.2 3.1 Enforcement

Properly enforced ‘command and control' regimes are expensive for both regulator
and regulated Regulators require a large number of highly trained staff with
knowledge of the different types of pollution, industry-specific technology, and
production processes. Industrialists are required 1o adopt technology stipulated by the
regulator, irrespective of the cost implications.

In terms of enforcement, "Command and Control” regimes require the constant
monitoring of industry to ensure that state stipulations are being followed. When the
legisiation stipulates regular maintenance of pollution control or other pollution
causing equipment, the regulator is forced to gain an understanding of that piece or
range of equipment in order lo ensure that it is well maintained.

It is the reguiator more than the poliuter, which must pay to keep abreast of industry

developments. Stipulating technology requirements also holds the inherent danger of
exposing the legisiator to litigation arising from claims made by down stream users

3.2 3.2 Hampers compelitiveness

There are numerous aspects of the command and control approach which hamper the
competitiveness of fims Prescribing technology s likely to reduce the
competitiveness of a firm as regulators are concerned with pollution control, and not
the needs of particular industrial operation or plant.

There is generally a time lag between recognising appropriate technology and
incorporating it into legisiation and regulations. Often technology has changed by the
time legisiation is amended Entrepreneurs know their production process and
technological requirements better than a regulator as they are constantly working with
it. As such, they are usually in the best position to select the most appropriate
technology. The correct incentive will encourage them to decide on technology which
is environmentally sound and most appropriate for their business.

A further inefficiency of the system is that regulators are open to corruption, as
suppliers vie to have their technologies specified
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3 2 3.3 No incentive to reduce pollution levels to below the minimum standard

*Command and Control” systems do not provide any incentive to reduce pollution
levels below a prescribed standard Box 31 provides an example of how the
imposition of command and control approaches can actually result in an increase in
poliution

3.2.4 Conclusion

The ‘Command and Control' approach was a useful step in the evolution of water
quality management that showed the potential to solve a range of problems In the
case of toxic pollutants, 'Command and Control' approaches are the only viable
methods of pollution control However, ‘Command and Control’ methods tend to be
cumbersome, inefficient and not always just The deficiencies of the '‘Command and
Control' approach has fuelled the development of economic incentives such as
pollution charges based on the ‘polluter pays pnnciple’

3.3  International experience with the PPP

3.3.1 Overview

This section examines the history of the development of PPP and the interational
experience with the implementation of water quality management systems based on
the polluter pays principie. While the study s not primarily concerned with sewage
treatment facilities, some experience with such systems has been included
Unfortunately, there is limited information relating to the implementation of poliuter
pays based systems. Specific details about the strengths and weaknesses of systems
in China, Eastern Europe, France, Germany, Korea, Netherlands and the UK are
presented followed by key lessons from international experience

3.3.2 Historical background

Environmental degradation has been recognised as a threat to humanity for several
decades. The Polluter Pays Principal (PPP) was developed In response to an
increased awareness of the need for environmental management. It also fits soundly
within a philosophical framework of justice, equality, environmental sustainabiity and
protection (see section 2.2)

In 1964 A Kneese in his publication “The economics of regional water quality
management” stressed the advantages of an approach to poliution control which used
economic incentives and the PPP. The Environmental Committee of the Organisation
for Economic Co-operation and Development (OECD), also recognised the
importance of the PPP and started to promote . In 1975 the OECD's research
culminated in the publication - “The Polluter Pays Principle: definition, analysis and
implementation” Its guiding principles are set out in Box 3.2 According to this
publication the PPP was defined in the following way - "Polluters should bear the
expenses of preventing and controlling poliution to ensure that the environment is in
an acceptable state”

Although the PPP had been accepted as a general principle, for a long time it played
a very minor role in environmental management and legislation, which was dominated
by @ Command and Control (CAC) approach.



Box 3.1 - Environmental Ro{;hbﬁom, Cost of Abatement, and Regional Growth

Could the USA’s Clean Air Act be causing an increase in poliution? Does it affect the
location of industries in the United States? These are questions addressed by
economist, Robert Crandall, in & study done for the Brookings Institute The non-
degradation policies of the Clean Air Act require all new industnal and electrical
utilies to install stack gas scrubbers to prevent sulphur oxide emissions from being
discharged into the atmosphere. No new plant is allowed to enter an area if o
decreases the air quality there. These regulations add to the capital and operating
costs of new concerns and may influence their location decisions

Other regulations in the Act require all fossil-fuel burning facilities to reduce the
percentage of their emissions to the maximum amount possible, Each plant must
mnmﬂnsmpuw«agedommmmudlmoﬂhemuuevelofdmharge

types of coal - coal with a high sulphur content in the East (Appalachia), and low-
the West (Colorado and Montana) Power plants and other facilities
the East burn eastern coal for the obvious reason that it is cheaper than
wommcoal(hrgetyduetonmpomﬁmcosu). Plants located in the East are
old, and are thus exempt from the requirement that they must install

Crandall argues that air quality, memmlobwemmmumtm

barrier to entry Requ‘rmoqunlporwugeabawnemwmemtalmonof
scrubbers regardiess of the amount of emissions that would be generated inhibit firms
from seeking cost-minimising methods of abating pollution  If existing firms face less
restrictive environmental regulation than new entrants, markets may become less
competitive and pollution emissions may rise.

Robert Crandall in "Clean Air and Regional Protectionism”, the Brookings Review, pp
17-20.




37

Box 3.2 - OECD 'polluter pays' principles

1. Environmental resources are in general imited and their use in production
and consumption activities may lead to their deterioration When the cost of
this deterioration is not adequately taken into account in the price system, the
market fails to reflect the scarcity of such resources both at the national and
international leveis Public measures are necassary to reduce pollution and
to reach a befter allocation of resources by ensunng that prices of goods
depending on the quality and/or quantity of environmental resources reflect
more closely their relative scarcity and that economic agents react
accoraingly.

2. In many circumstances, in order to ensure thal the environment IS in an
acceptable state, the reduction of poliution beyond a certain level will not be
practical or even necessary in view of the costs involved.

3. The principles to be used for allocating costs of poliution prevention and
control measures 1o encourage rational use of scarce environmental
resources and to avoid distortions in international trade and investment is the
s0 called “polluter pays’ principle”. This principle means that the environment
is in an acceptable state In other words, the costs of these measures should
be reflected In the costs of goods and services, which cause pollution in
production and/or consumption. Such measures should not be accompanied
by subsidies that would create significant distortions in international trade and
investment

4. The principle should be the objective of all member countries, however, there
may be exceptions or special arangements, particularly for the transitional
periods, provided thal they do not lead to significant distortions in international
trade and investment

Almost two decades later. at the UN Earth Summit in Rio, 1992 an international
declaration on the environment was made Principle 16 of the declaration accepted
the PPP and stated

"National authonties should endeavour to promote the internalisation of environmental
costs and the use of economic instruments by taking into account thal i principie the
polluter should bear the costs of pollution with due regard to the publc interest and
without distorting international trade and investment”

The wording of this principle was very similar to one stated in the OECD pubiication in
1975

in similar fashion the European Community Council adopted "The Euroregion
Environmental Chapter” in 1993, which stated six major principles

The fourth principle pertained to the PPP and read as follows

"organisations or individuals responsible for threals or damage to the
environment should bear cost of prevention or cleaning up”

By the 1990's the PPP was accepted as a pnnciple and most governments had
realised that the use of economic and fiscal instruments had to constitute an
increasingly important part of an overall environmental management approach
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The inttial implementation of the PPP in water management was quite imited. It was
first used to recover some of the costs for sewage treatment in the USA The Federal
Water Poilution Control Act amendments of 1972 required agencies receiving Federal
construction grants 10 establish a system of user charges. It was designed to ensure
that each discharger paid a proportionate share relative to the amount of the pollution
discharged. Similarly, in 1983 the European Economic Community ratified the use of
the PPP for cost allocation (prevention and carrying out of pollution control measures)
by local authorities. More serious impiementation has only started in the 80s

3.3.3 China

3.3.3 1 Description

China introduced a system of poliution charges in 1979 (O'Connor, 1996) The
charge is levied on both the quantity and the concentration of discharges. The system
was initially introduced on an expenmental basis in Suzhou city and was gradually
extended nation-wide. In principle, the charges are 1o be set at a level shightly above
the average operating costs (including a depreciation factor) of pollution control
facilities, to encourage broad comphiance with standards. The charges cover a range
of parameters, with higher charges levied on more toxic pollutants

Until 1988 revenues were largely allocated as grants to subsidize pollution control
measures, but since then there has been a shift towards a greater reliance on loans
The revenues are deposited in an earmarked, local, envircnmental fund, managed by
a designated bank. Roughly 80 per cent of the revenues are then lent or given to
enterprises for poliution control investments. The loans are extended only to those
enterprises that have paid charges

The remainder of the revenue goes 1o environmental agencies to finance the capital
and operating costs of the charge program, e g. the purchase of monitoring equipment
and analytical instruments and the hiring and training of additional staff. Charge
revenues were a major source of financing for pollution control investments: from
1982 to 1986, they accounted for almost 30 percent of pollution control expenditures
in the steel industry. During tha! period the industry’'s rate of compliance with
discharge standards rose from one-third to 60 percent.

Charges however, are not corrected with inflation, which is a weak point of the
system. In addition, environmental officials at the local level are often amenable to
influence by industriaists intent on avoiding the charge According to O'Connor
(1996), one of the greatest weaknesses of the scheme is that state enterprises are
permitted to pass on the charge costs in higher prices or entitied to a tax rebate to
offset the charge. Consequently, they have little incentive to improve efficiency. A
strength of the system is a fourfold system of penalties for serious violations of
standards.

The charges described above are for non-comphance. Additionally, Shanghali Water
Board introduced a constant waste water charge based on the volume of the effluent
(WRC, 1996). This charge is the samae for all types of effluent and the revenue is used
for the operation, maintenance and renovation of the sewage system

3.3.3.2 Features of the system

* There is a fourfold system of penalties for serious violations of standards

« Charges are not corrected for inflation

e At the local level, environmental officials are amenable to influence by
industrialists intent on avoiding the charge
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« State enterpnses have little incentive to improve efficiency as they are permitted to
pass on the charge costs in higher prices or entitied to a tax rebate to offset the
charge

3.3.4 Eastern Europe

3 3.4 1 Description

Eastern European countnes have recently begun a transformation process of both
political and economic structures. They face a myriad of complex and often conflicting
priorities between social and economic reforms  privatisation actwvibes and
environmental protection In order for their goods and services to be accepted by the
European Union and the USA they need to harmonise their legisiative and institutional
frameworks with those of their main trading partners. Consequently they are
presently investing heavly in the development of a system of enwvironmental
management In 1993 their enviranmental spending exceeded $2 4 billion

Bulgaria, the Czech Repubiic, Hungary, Poland and the Slovak Republic have had
charges for sewage treatment for decades. Bulgaria has had them since 1951 and

from 1991, these charges were significantly increased. and it is expected they will
increase further. The Czech Republic, Hungary, Poland and Siovak Republic have
implemented waste-water charges on a limited base,

Table 3.1 provides a summary of available information about pollution charges in
some Eastern European countries

Although most of the charges are quite low (in the Czech Republic they represent
about 30% of the abatement cost), only part of the imposed charges are collected. In
Romania, an essential part of the imposed charges is not being paid, due to
insolvency among enterprises The charges are not adjusted for inflation and do not

have strong political support The Czech Republic and Slovak Republic have a charge
for TDS (Dissolved inorganic salts), but no further data is available

Poland is an exception to this. It collects significant poliution fees estimated to be
almost 0.5% of GDP_ Fees for atmospheric sulphur dioxide emissions account for
most of this. The largest contributor to waste water charges revenue in Poland is the
charge on saline coal mining water. Poland was the only country, found to charge for
this type of pollution,

In Hungary there are plans to introduce a water effluent charge However, draft
legisiation is only in an early stage of preparation at present

3.3 4.2 Fealures of the system

o Introduction of pollution charges system can be done as part of social and
economic reform

e Sulphate and chioride poliution from coal mines can be controlied by pollution
charges.

¢ Revenue is distributed between national, regional and local funds.

3.3.5 France

3 3.5.1 Description

Waste-water charges were introduced in 1870 (RIZA, 1995) From 1893 the following
pollution parameters were considered: suspended solids, organic matter (BOD and
COD), soluble saits, acute toxicty (caiculated on the basis of LD50 experiments on
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total phosphorus,

halogenated

hydrocarbons and heavy metals (arsenic, lead, nickel!, chromium, copper, zinc,
cadmium and mercury)

Table 3.1: Water Effluent Charges for Eastern Europe (source REC 10085,

Country | Charge Base and Rate Revenue Revenue Spending
Czech « BODS 1983 378 Revenue goes to SEF, a |
Republic ; Million ECU * | National Fund, which |
« Undissolvable substances . colated |
'« Evident alkalinity and acidity !
-« Dissolved inorganic salts
The charge can be levied on
enterprses.
Poland « BODS 1993 599 36% to National Fund
« 1863 4285 ECUN Million ECU | 54% to Regional Fund
« COD 10% to Local Fund
+1993. 244 8 ECUN ;-;ldtm&salm
i mining waters
o Suspended soiids (chlondes and sulphates)
«1893:38 4 ECUN
« Heavy metals (fotal mass) 90% to National Fund
«1993 44111 ECUA 10% to Local Fund
e Chioride and sulphate ions
«1993: 24 3ECUN
Romania | Suspension + substances in 1993 . na. 5% to Water Funds
solution 0 46 ECUA 95% to WIA**
Oxygen consuming
substances 1 86 ECUR
The charge can be levied on
enterprises.
Slovak « BOD5 1993. 7.79 | Revenue goes to SEF, a
Republic e Undissolvable substances Million ECU National Fund, from
o Cnidaian where projects are being
substances supparted with respect to
¢ Alkalinity and acidity water protection,
o Dissolved inorganic salts
Slovenia 2 40 ECUIE (for 1994) 1993 49 Revenue goes 1o the
Emissions are caiculated Million ECU | 9eneral state budget
through some elements on the
basis of calculating the factor
E (population equivalent).

*ECU. European Currency Unit
** WIA: no description of this fund was available

deployus Thodsdmwmydemandlhat
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measured If the actual poliution load is equal to or higher than estimated, then the
cost of measurement is born by the discharger, otherwise by the Agency

When a waste treatment piant has been installed the industry is awarded a purification
bonus, which is deducted from the gross poliution fee (World Bank, 1995)

Revenues are spent on grants for water poflution control investment (50%), loans to
finance water poliution control (30%) and bonuses for communal waste water
treatment (20%)

3 3.5 2 Features of the system

¢ Some of the revenues from charges are used to subsidise the building of
treatment works. The number of treatment works has increased substantially
since the system was implemented

« There has been a significant improvement in water quality since the system was
introduced

« The system became more effective when charges were increased and the level of
organic pollution has subsequently decreased.

3.3.6 Germany

3 3.6.1 Description

Before 1990, East Germany used a system that combined wastewater charges with
effiuent standards (the charge was levied on a discharge exceeding fixed effiuent
limits). However there is no information on the wastewater charge system after
unification

The charging system for the former West Germany has been effective since 1981
(RIZA, 1995). It is the only known system with a clearly stated incentive purpose. The
following poliution parameters are considered for direct discharges. organic matter (as
COD), toxicity to fish, inorganic nitrogen, phosphorus, halogenated hydrocarbons and
heavy metals (lead, nickel, chromium, copper, cadmium, mercury and their
compounds),

Similar to Belgium and France, unit poliution is calculated based on pollution loads of
the above parameters and multiplied by a tariff to obtain the waste water charge.
When the concentration in an effluent exceeds the value declared by the discharger
the charge is raised proportionally. If the concentration of pollutants is lower than the
minimum standards specified by federal authonties then the charge is reduced by half.
It can also be reduced by 75% if the discharger uses a treatment plant that meets the
requirements of the federal authornity for a particular economic sector. Furthermore,
the payment of charges is waived for three years prior to @ planned extension of
wastewater treatment equipment with a discharge reduction of at least 20%. A
hardship clause provides the possibility of exemption if considerable adverse
economic effects are expected (OECD, 1989)

The municipal user charge for discharge into sewerage is based on costs for
collection and treatment and no general rules for their calculation are available

Both direct waste water charges and user charges are used for financing water
poliution control and for the construction and management of treatment plants.

3.3 6.2 Features of the system

* There is a system of discounts for reducing effluents by more than the minimum
standard For example there is a 100% discount on the charges if the discharge is
lower than half the minimum effluent standard.
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« The incentive effect for most firms s stll low because the current average
treatment cost is still around four times the cost of the average charge burden
Thus there s little real incentive to reduce poliution discharges

3.3.7 South Korea

3 3.7.1 Description

A non-compllance emission charge system was introduced in the early 1980s
(O'Connar, 1996) Initially, the charge could be levied only if the poliuter continued to
violate standards after having been issued an improvement order  Since 1586 the levy
has been automatic, once emissions exceed the permitted level The charge is based
only on poliutant concentrations. It varies with the location of the facility. the duration
of excess discharges and the number of previous violations

The weakness of the system is that the charge rate has histoncally been set rather
low, in some instances falling below the operating costs of a poliution treatment
facility. Therefore poliuters often do not operate their treatment plants to their full
potential as to do s0 Is sometimes more expensive than the charge. If non-compliance
fees are set at proper levels they do discourage the violation of standards. However,
they do not reward the minimisation of emissions. Moreover, the use of poliutant
concentration alone as the basis for the fee can encourage dilution without any
reduction in total pollution load Thus, there have been discussions In Korea on
shifting to a straight emission charge thal would tax all emissions, not just those
above the standard, and would combine concentration with poliutant quantity in the

charge formula.
3 3.7.2 Fealures of the system

o The charge was introduced by an administrative act. and as such could be
implemented with @ minimum of delay

e The charge rate has historically been set rather low. in some instances falling
below the operating costs of a pollution treatment facility. Polluters therefore
make no effort to minimise emissions.

e The use of concentration alone as the basis for the fee can encourage dilution
without any reduction in total pollution load.

3.3.8 Malaysia

3.3.8 1 Description

In the mid-1970s the government introduced a permitting system for palm-oil mills
which incorporated features of an effluent charge in that the licensing fee could be
varied according to the quantity of waste discharged (O'Connor, 1996) The rapid
expansion of paim-oil production during the 1970s, caused this industry to be the
largest source of water pollution in the country. The system was built on effluent
standards which were phased in over four years. The gradual phase-in was designed
to give industry time to construct treatment faciities and acquire experience in
operating them. The government also reserved the right to grant a partial or full waiver
of the effluent-related portion of the fee to those mills conducting research on new
treatment methods. By 1989 the pollution load was less than one per cent of its level
at the inception of the programme, despite the fact that paim-oil production was at a
record high. The costs to industry were mostly internalized, since they could not be
passed on to consumers in a highly competitive world market whereas individual mills
exerted considerable marke! power over neighbouring growers.

In practice, the licensing fee consisted of two parts. a flat administrative fee and a
variable effluent-related fee
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3.3.8.2 Features of the system
« Gradual phasing in of the system

o Waiver of charges for research contnibution
* Use of two-tier fee: flat administrative charge and a variable effiuent-related fee
« Internalisation of poliution costs without impact on consumer costs

3.3.9 The Netherlands

3.3 9.1 Description
The Netherlands has one of the oldest and mos! complex pollution charge system
(RIZA, 1995) which was introduced in 1970

The following pollution parameters were originally considered organic matter (BOD
and COD), reduced nitrogen and heavy metals (lead, nickel, chromium, copper,
cadmium, mercury and arsenic) The government planned to include chionnated
hydrocarbons as of 1 January 1996,

The charge is equal to the number of pollution units muitipied by the tanff and s
applied for direct and indirect discharges. Different tanffs are used for discharge into
state and non-state controlled water bodies and sewers For State controlled water
there are two levels of charge a lower charge for discharge into saline water and a
higher one for discharge into fresh water.

Charges for medium size industrial discharges differ from the charges imposed on
large industries and communal treatment plants. For medium size plants the charge is
calculated using coefficients related to the use of raw matenals by a particular
industry, the number of employees, and the volume of effluent. For large discharges,
monitoring s compulsory for determining poliution loads and calculating charges.
Discharges from communal treatment plants to state water are given a 15% charge
reduction (30% in 1985 and 50% in 1996). Communal plant discharges into non-state
water are free.

The charge revenues are sufficient for the construction and operation of communal
and inter-communal sewage treatment plants, with a smaller share being used to
finance water quality programs and subsidise poliution control initiatives by industry

3. 3.9.2 Features of the system

« The system appears to have had a strong incentive effect. Poilution decreased by
50% between 1969 and 1975 and another 20% by 1980

« The initial charges were comparatively the highest in Europe. This level of charges
may not be appropriate for all stuations, particularly not in countrnies with
significant development needs

3.3.10 UK: England and Wales

33101 Description

The first poliution charge system was introduced for trade effluent and implemented
by regional water authonties (RIZA, 1995). In 1990 the water sector was privatised
and private water companies levy the charges They also started to charge
households via the water bills. A charging system for direct discharge was introduced
in 1992 in England and Wales (Scotland and Ireland only have systems for charging
for discharges into sewers) It was formerly administered by the National River
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Authority (WRA) of the State. which has since been incorporated into the National
Environment Agency

Charges are calculated to cover administrative costs. The annual charge for each
source is calculated based on critenia, (volume, content and type of receiving water)
Mhavobeen?mnnlobuws!omm”mw Volume is divided into 8
bands from 5 m’/d to 150,000 m’/d with factors from 0.3 to 14.0. The receiving water
is divided into ground, coastal, surface and estuarial with factors from 0510 1.5 The
contents division 1S quite complex and depends on both the type of effiuent and the
presence of a large number of poliutants

Industriai effluent charges for discharge into sewers are based on treatment and
conveyance costs, and are calculated from volume, COD and suspended solids
concentrations. Households are charged according !0 a rateable value, except a
minority of houses with metered water consumption

It is interesting to note that revenue from households was £2.3 billion for 1992/3
compared to revenue from industry of £146 million for 1992/3 and the revenues of the
then National River Authorities of £40 million (1994/5)

The biggest weakness of the NRA charge system is that charges are not related to
actual poliution load or to the concentration of pollutants in the discharge The
charges are also too low to provide an incentive for poliution reduction

33102 Features of the system

e There is a high charge collection rate from households, this may be bacause the
water service is privatised and households pay a pollution charge along with their
regular water service payment

* NRA charges are not related to actual pollution load, or to concentration of
poliutants in the discharge.

34 Key lessons from international experience with pollution control

3.4.1 Minimisation of Government intervention

The US experience with the CAC approach for pollution reduction, which involved
prescribing technology. is generally acknowledged as a case study in government
inefficiency and ineffectiveness This is not to say that all CAC type programmes are
the same. However, a key factor in whether the system is effective is the role that
government plays. As long as government is regulatory and facilitative and not
prescriptive the system has a good chance of being efficient. As soon as government
begins to take on responsibilities for which it has no competence or mandate and
which it is the job of the private sector to do, problems arse The business of
government should be regulation and enforcement, which is their mandate and what
they are best suited to do. Their business should not be trying to make decisions for
business about what technology or process is most appropriate in manufacturing or
production; this should be left to the private sector This same premise can be applied
to numerous sectors and the shortcomings of the CAC approach highlight how
important it is to poliution control.

On the other hand, economic instruments on their own are insufficient for the control
of pollution and they should complement and not replace CAC. An example is a case
involving highly toxic pollutants that should be banned. In this instance it has been
shown that it is necessary for government to play more of an interventionist role, in
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order to avoid endangernng the public. In such instances the CAC is usually @ more
appropriate control mechanism

3.4.2 Efficiency of pollution charges

International experience began to prove that the introduction of emission charges did
not discourage industry or reduce industrial output and growth, but in many cases
encouraged efficiency which in turn can improve competitiveness as well as provide a
source of revenue In Germany for example poliution charges raised a modest ECU
135 milhon per year In most cases it also resulted in an improvement in |
water quality. In the Netherlands, oxygen-demanding waste decreased from 25 MEls
(Million of Inhabitant Equivalents) in 1975 to 8.7 MEIs in 1990. In France in the Artois-
Picardie Basin industrial water poliution fell by 45% between 1974 and 1984 as a
result of the introduction of emission charges In both countries manufacturing output
grew during the same perod In France between 1975-1986 organic pollution
decreased by 35% and toxic discharges by 50%, while industrial output increased by
20%. Similarly in Germany the volume of industrial discharges declined by 14%
between 1977 to 1987, while industrial production grew by 14% (Renzetti and
Dupont, 1995) These achievements are nol imited to developed countries. Malaysia
also had success in the effective implementation of poliution charges (see section
338).

From experience with effluent charges, it was generally found that in order to make
charges effective in poliution control, at least 60 to 80% of the total charge should be
related 1o the quality/quantity of the discharge (Katko, 1992) e that administrative
fees should never exceed 40% of the total charge

Ambwdstudmcompmoosbofpolbhonreduwonmreguhﬂmorm
economic instruments concluded that “these studies generally show that there are
substantial economic gains from using a policy instrument which would efficently
allocate emission reduction between poliuters rather than the type of ‘equa
abatement’ rule which frequently results from command and control regulation” ( EEA,
1986).

3.4.3 Designing charges

In order to meet the principles of a polluter pays system the charge should provide an
incentive for polluters to change their behaviour There are a number of positive
changes that a system can encourage including. poliuters reducing their discharge
from previous levels, poliuters reducing their discharges to below standard levels
and/or pre-treating waste before discharging it. The following features offer incentives
for polluters to take such actions:

* Charges related to the quality and quantity of discharges
« Charges that are higher than the cost of treatment or abatement.
* Discounts on charges for discharging less than the standard

In the introductory phase. it is better to keep charges relatively low to give firms time
to adjust A maximum time limit for this period should be set, communicated to
affected firms and adhered to. Local experimentation provides a less risky way of
testing public reaction to the effectiveness of the system In this way it can be fine-
tuned before an attempt is made to replicate it at the national level

Many of the systems make distinctions between different pollutants according to their
toxicity The charges are higher for more toxic poliutants
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Automatic penaltses make the system more effective and efficient It also minimises
legal procedures and makes the system more cost effective. One of the ways of
using penalties s 1o include two components in the charge system - an effluent
charge and a non-compliance charge

Use of concentration in the effluent charge determination could encourage effluent
dilution. To avoid this the charge shouid take into account the total ioad of effluent
and the price of water in the area

A final important feature of a charge system is that it should keep pace with inflation
Without this, the incentive effect is reduced each year as inflation effectively
discounts the charge The inflation adjustment should be built into the system so that
such increases do not require changes to legisiation and regulations.

3.44 Revenue distribution

All of the international pollution charge systems examined are self-financing. A system
that does not place a strain on the general fiscus is an attractive feature of any
pollution control system, particularly in South Africa, where there are many pronties
competing for central government finance In additon, a system that s seif-financing
is more likely to operate efficiently as there is a very small loop between revenue
generation and spending, wmusfeweroppammmlundmtobesmon
alternate and remote functions and administration. Interested parties, as
poliuters, are also able to monitor expenditure and ensure accountability

An important lesson from international expenence was that revenue collected should
be earmarked only for activities related to water quality management and should be
distributed through appropriate local, provincial and national funds. In several cases,
attempts were made 10 make the pollution charges system more revenue neutral by
subsidising pollution control investments. In such systems only enterprises that pay
poliution charges may be subsidised

3.4.5 Applicabllity of overseas experience for the case study

@ The expenence of other countnes particularly less developed nations, has been
that the shortage of skilled personnel is a major issue This holds true
despite the fact that poliution charges usually require staff with less technical
skills than the CAC approaches that involve the prescription of technology or
technological requirements. These types of CAC systems tend to require staff at
the level of chemical engineers, while poliution charges systems tend to require
technicians with some economic skills. It is envisaged that it will be possible to
find personnel with the appropriate skills to run a pollution charges system in
South Africa.

S Developing countries undergoing structural transformation have an
advantage, because the resistance 10 a new system is not as extreme as in
developed countnes where previous control systems can be highly entrenched
On the other hand there is more danger of probiems related to transparency and
the inappropriate diversion of funds.

S  Implementation of the system could be politically problematic if public sector
enterprises represent a significant presence in the polluting industry. This can
cause a conflict of interest and it is not as efficient as for private enterprises.
Political transparency is essential as # s a commitment to the true
internalisation of costs as opposed passing # on 1o the consumer.
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S It was also found that government research institutions play a major role in
collecting and disseminating information on pollution control technologies to
local developing industry

S  Although non-point pollution is significant in South Africa, there are few charge
systems for diffuse source water pollution ??SF what charge systems for
diffuse pollution are avadable, you mentioned nothing in previous sactions
Please add references mentioned by Dr Backeberg However theoretical
discussions in the literature recommend that poliuters be encouraged to convert
their poliution discharge from non-point source 1o measurable point source
Higher charges for non-point than for point source discharges provide an
incentive for such action

2  Only one waste water charge system dealing with sulphate poliution was
found This s the system utilised in Poland, where the waste water charge on
saline mine effluent 1s the largest contributor to the total revenue collected in
water management. This charge has been in effect since 1970 and has been
increased a few times since then The latest published charge s 24 3 ECUA of
sulphate for 1993, which is about RE0 adjusted to 1997 prices.

S The possible consequences of polluters not paying fully for pollution,
particularly in less developed countries should be noted In developing
countries those who are dependent on the environment for their livelihoods (e g
the rural poor) tend to be most affected by poliuters not paying for the damage
of their pollution When livelihoods are threatened drastic action is often taken
Box 3 3 examines such a scenario in Papua New Guinea (DEAT 1994b)

Box 3.3: What happened when the polluter didn't pay in Papua New Guinea

Bougainville is one of the largest copper mines in the worid, which had been managed by the
Australian CPA Lid for 17 years before its closure in 1981. The mine is situated in the North
Solomons Province, where the first rebellions started in 1988. Prior to these rebellions there
had been serious land conflicts in the area between the local people, the miners and the

government.

Between 1978 and 1387, the national government received 57 5% of all cash benefits of the
Bougainville mine Provincial government received 4 8% and landowners received 14%
Although the national government spent thesa revenues for the benefit of the nation in general,
it was actually the local people who suffered the social costs of the mining. According to a
consultancy repor. the land surrounding the mine was otally devastated, the walercourses
were heawvily poliuted and forests were damaged. In addition, the poliution affected the health
of the local peopie. The miners paid the province (95%) and/or landowners (5%) an average
of 5 miflion kina per year in compensation and royalies However, neither charge revenues
nor these compensation payments were distributed fairly.

In 1979, local people set up the Panguna Landowners’ Association (PLA) and created & fund
1o finance compensations CPA was 1o put money into the fund. Afer years of turbulent
management, the PLA escalated their demands. In 1988 they insisted that the natonal
government turn over to the landlords its 20% share ownership in the mine as well as 10 bilkon
kina in compensation for past damage. No one took these demands seriously. This fed o a
rebellion, which resulted in the destruction of property, the ciosing of the mine and the deaths
of at least one hundred Papua New Guineans. The country lost the source of 40% of its

foreign exchange earnings and local people had to go back to agniculture on damaged land

This avent was not the result of a rebellious spirt but that of economic hardship. The
government refused to recognise that the local people were enduring senous hardship as a
result of environmental degradation and poliution from the mine and that they needed to be
compensated for their loss
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4 POLLUTION CONTROL IN SOUTH AFRICA

4.1 History of poliution control

4.1.1 Introduction

Like many countries at the turn of the century, South Africa had no legislation in place
to combat poliution, and prevailing surface water quality probably did not warrant such
measures. The first legisiation with a poliution control component was the Public
Health Act of 1919, which prohibdted the discharge of sewage into public streams
(DWAF, 1986). Ironically #t was not problems with pollution per se that promoted this
first major piece of South African anti-poliution legisiation, but the fear of water
shortages caused by unusable water

The Water Act of 1956 made provision for the compulsory purification of pollution by
the user to specfied standards in a manner that would make # available for reuse
The anti-poliution component of the 1956 Act was motivated by concern over the re-
use of water, rather than the costs of pollution

4.1.2 The Water Act of 1956

The Water Act of 1956 sought to control poliution through a number of mechanisms.
It made provision for the:

* Punification of pollution resulting from the use of any water for industrial
purposes, which does not meet prescribed standards”

and the development of defined standards

Section 21 of the Act introduced poliution standards for different poliutants. It required
all polluters to return water 1o streams with levels of pollutants not exceeding the
standards determined by the South African Bureau of Standards.

Section 23 of the Act allows for pollution levels to exceed the prescribed standards
under certain conditions, but obtaining permission for this is a lengthy process. It
requires consultation with the SABS and Department of National Heaith, and
ultimately depends upon the issue of a permit by the Minister of Water Affairs
Without this permit, the discharge of pollution is a criminal offence.

4.1.3 The ‘command and control’ aspects of the Water Act

In keeping with the early poliution control regulation world-wide, Sections 12 and 24 of
the Act seek to control the production process in order to reduce discharges of
poliution into water courses (solid waste disposal sites are controlled by the
Environment Conservation Act) Section 12 of the Act requires any industrialist
considering establishing a water intensive industry to obtain permission from the
Department of Water Affairs. In effect this gives the Department the right to veto the
use of specific technology

Section 24 makes provision for the Minister to

‘prohibit or restrict the manufacture, marketing or use of any
substance that in his opinion might cause waler pollution, or subject
such manufacture, marketing or use lo such conditions as he may
deem fit" (DWAF. 1986)"
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4.1.4 Providing subsidies for poliution control

In order to assist with the cost of water treatment, the 1956 Act makes provision for
subsidies 1o be granted to anyone in respect of the costs incurred in the construction
of water works, including sewerage treatment works. At the Minister's discretion the
subsidy can amount to as much as one third of the total cost of the construction. In
1982, the Browne Committee recommended that subsidies be paid 1o local authorities
for the construction and improvement of sewage works. However, this was of little
assistance to poorer local authorities because in order to obtain a subsidy the
authority had to contract a plethora of consultants to assis! it in making a submission -
the cost of which was often prohibitive. As such, the subsidy tended to go to more
weaithy municipalities that did not necessarily need the subsidy The subsidy
represents a radical difference to the notion of ‘polluter pays’. as it comes from the
general fiscus, at the expense of the taxpayer

4.1.5 Later amendments of the 1956 Act

Prompted by concern over deteriorating waler qualtty, the Act was further amended in
1982 This amendment dealt with issues of eutrophication resulting from rapid
urbanisation and the attendant solid waste problem. Despite these changes, the Act
retained its ‘command and control’ approach,

At the time of the 1984 amendments concern was expressed over the poor effluent
quality emerging from those municipal treatment works which had received subsidies
for upgrades. This raises questions about the effectiveness of subsidies and indicates
weaknesses in the ‘command and control’' approach

4.1.6 PPP implementation in South Africa

PPP has been partially implemented in South Africa in the form of municipal sewage
effluent charges. The first charge recorded was in 1920. By 1952 the Industrial
Effiuent by-laws were gazetted (Kardachi, 1997a). Since then a wide vanety of
formulae have been developed and implemented by different local authonties around
the country. Unfortunately many are “illogically designed, have no sound basis and
totally inadequate in meeting PPP” (Kardachi, 1997b). At the moment the WRC has
funded a project. the “Review of industrial effluent tariff structures in South Africa and
guidelines on the formulation of an equitable effluent tanff structure”™ It suggests that
the unit charge should never be less than the cost of water purchased from the
authorities. This principle may be useful in the caiculation of pollution charges

4.1.7 The Receiving Water Quality Objectives (RWQO) approach

The 1956 Water Act introduced poliution standards for different pollutants. Section 21
required all poliuters 1o return waste water to the stream of ongin of the water supply,
with levels of poliutants not exceeding the standards determined by the South African
Bureau of Standards

Officials recognised that while the setting of general and special standards was
relatively simple to apply, and to audit administratively, t was too inflexible. As a result
some water resources may not be sufficiently protected. while others could be over-
protected. Hence, the DWAF moved towards the Receiving Water Quality Objectives
(RWQO) approach as a means of managing water quality The Department also
embraced the Poliuter Pays Principle as a key concept in its policy. However, to date
the problem of reconciling this principle with the RWQO approach has not been
resolved.
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The first goal in the RWQO approach tried to achieve reductions in the concentration
of problematic effluent quality variables to the levels at which there would be no
adverse impact on waler users or the environment. The reaksation of this ideal is
practically and economically unattainable. The second goal was to imit the impact
while, the third goal was to ensure that acceptable water quality limits were not
exceeded This last goal is achieved by the application of strict penaities for non-
compliance. The degree of application of the ‘poliuter pays principle’ les in the area
between the ideal and the maxmum allowable Imits, where pollution taxes or
emission charges provide an incentive to reduce impacts

The application of RWQO involves determining the water quality needs of each and
every downstream user.  This aliows for the caiculation of threshold criteria, beyond
which any further discharge of pollution will impact negatively on downstream users
These limits are converted into specific poliution loads and allocated to polluters by
means of a Waste Load Aliocation (WLA) in such a way that the total discharge does
not exceed the RWQO. In theory, this approach ascertains the point at which the

impact ceases to be negiigible

This approach assumes that no impact whatsoever is a reasonable goal and this does
not take into account the prevailing economic condtions. Additionally. once the
RWQOs have been set and a permit issued, the polluters have a free nght to use the
anvironment for waste disposal up to a specfied level There is no incentive for them
to further reduce their pollution or to optimise their poliution discharge in terms of
costs and benefits In short. the current RWQO approach conflicts with the PPP

Implementation of the poliution charges system resolves this problem and provides
the necessary incentive to reduce pollution. In addition, it may also allow for a higher
WLA, where it is proved to be cost effective, rather than reduce the WLA to the levels
required by the RWQO It aiso offers the advantage of providing revenue that can be
used for funding water qualty control activities, for minimising the impact of
deteriorating water quality and for indirectly compensating the victims of pollution.

The pollution charges system fits well within the general principles of the DWAF's
policy of RWQO because it provides a flexible way of catering for different water
quality conditions and user needs in individual catchments

4.2  The direction of South African water pollution control

4.2.1 Background

The political transition in South Africa has spurred a transformation of the policies of
many government departments. The Department of Water Affairs and Forestry has
embarked upon & process of reviewing many of its policies and guidelines. There are
a number of relevant policy initiatives underway - the water tanff policy, the water law
review and the water quality policy formulation This project only cover the application
of waste water charges to point and non-point poliution discharges into the stream.

4.2.2 The DEAALT initiatives and the IPC & CONNEFP processes

In recent years, South Africa has recognised the potential for the use of economic
incentives for environmental management The President's Council Report on a
National Environmental Management System (1981) devoted just a few sentences to
the subject, and the conclusion was that "in theory the combination of incentives and
standards is better than standards alone, but in practice there are still major difficulties
fo resolve” It was also mentioned in the national report prepared by the Departiment
of Environmental Affairs & Tourism (DEAST, 1992) to the UNCED conference in Rio



de Janero. Alongside many of other recommendations, a suggestion was made to
investigate the use of economic incentives,

From 1993, the DEA&T started to publish a senes of reports on Environmental
Resource Economics and also began to organise workshops and seminars 1o
disseminate knowledge and promote participation. This research investigated the
need for a new economic approach and provided a kst of requirements for its
application Several aspects of environmental economics in South Africa have been
investigated particularly the apphcation of emission charges (see DEAST, 1983 and
DEA&T, 1994a)

A report by the EPE in 1995 concluded that the hkely market for tradeable pollution
permits in South African catchments was probably too "thin®, e too few traders and
too few transactions to result in market-related prices, and that the most appropnate
economic instrument was pollution charges,

A national holistic policy on Integrated Pollution Control (IPC) was initated by the
DEAAT in 1994 in co-operation with other departments and & broad range of
industrial and other role players. The Water Qualty team of the IPC considered
economic instruments and concluded that poliuters should pay for the right to use the
waste assimilative capacity of the stream and that the revenue should be retained by
an authority or agency to be used to fund other environmental actions and projects.

In 1895, the DEAA&T launched a wider process entitied the "Consultative National
Environmental Policy Process (CONNEPP) designed to develop a new Environmental
Policy. The IPC and CONNEPP were thus linked and from then on worked in paralle!
A Green Paper was published in October 1996, followed by a White Paper in July of
1887 Environmental charges and incentives are inciuded as one of the pro-active
regulatory measures, but no further details are provided

4.2.3 The water law review process

A process of legal reform in the water sector has been under way since 1994 Its aim
is to replace existing legisiation with a new Act, which incorporates the policy
objectives of a basic water supply to all and central government stewardship of water
resources. The water law review process developed a range of fundamental principles
for managing South African water resources. In April 1996 a set of draft principles was
released, which have since been accepled through a process of public consultation
Principle DS provides clear support for the poliuter pays principle It states that:

“ Waler quality management options should include the use of economic
incentives and penalties fo reduce pofiution. In the case of waste disposal,
this may be achieved through the ‘polluter pays’ policy.”

The report of the Control & Enforcement Team (DWAF, 18971), which formed a part of

the Water Law Review process, also discarded the option of tradeable pollution
permits and concentrated on pollution charges

Several important water Acts have been published recently These included the
National Water Act, which was signed by the Pesident on the 20 August 1998 It
states the following with regard to charging for waste discharges

4.2.4 The water tariff policy review process

Water tanffs in South Afnca are presently being reviewed by a team established by
the Minister.  The tariff review process Is not yet complete, but it is important that the



4-5

authority charged with implementing poliution charges take cognisance of water tariffs
because of the potential for conflict

Box 4.1 - Pricing strategy for water use charges (souce Natonal Water Act. Act No. 38 of
1968)

56 (1) The Minister may, with the concurrence of the Ministry of Finance, from time to
time by notice in the Gazetle, establish a pricing strategy for charges for any water
use within the framework of existing relevant government policy

(2) The pncing strategy may contain a strategy for setting water use charges -
(a) for funding water resource management, including the related costs of -
(k) gathering information,
(i)  monitoring water resources and their use,
(iv) oornrolingwawmourou;

including the of waste and the
v) PM dmm“ ng discharge of w.

(vi) water conservation.
(5):The pricing strategy may provide for a differential rate for waste discharges,
taking into account -

(a)m-dwadaﬂmcsofhmw
(b) the amount and quality ofiti

(¢) the nature and extent of tife on a water resource caused by the
waste discharged, ol S

(d) the extent of permitted deviation from prescribed waste standards or
management practices; and

(e) the required extent and nature of monitoring the water use

For example, f municipalities are given a credit for returning clean water 1o its source
and then charged for the pollution load in the water, they will have an incentive to
offset the credit against the waste charge This may have unanticipated outcomes for
water quality as the incentive to reduce pollution is compromised.
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5. LIMITATIONS OF WASTE CHARGE SYSTEMS

51 Introduction

Before one can institute a system of waste charges the relevant authority must be abie
to identify who caused the poliution and precisely how much of it. This is a necessary
condition for any charge system based upon the PPP - if # cannot be demonstrated that
an organisation or individual is discharging pollution, then they can not be asked to pay
for it. So the proof of causality is one of the main limitations of the waste charge system

The second major limitation s related to the problem of valuation (in particular the
placing of monetary value on environmental goods or the impacts of environmental
quality changes). Aithough valuation techniques are theoretically well founded there are
limitations to the economic measurements of sustainability, the valuation of human lfe,
biodiversity and cultural, historical and aesthetic resources

The last imitation is the perceived conflict between environmental and developmental
needs However, this limitation applies to any environmental regulation.

5.2 Charges for non-point discharges

5.2.1 Problems with establishing causality for non-point sources

In order to establish who caused the poliution, it is important to understand the
mechanisms of pollution discharge Poliution is discharged either through point or non-
point sources. Point source discharge refers to poliution that is a measurable discharge
through a specific discrete poliution: for example - the discharging of sewage into the
sea through a single pipe.  Non-point discharge, on the other hand, refers to pollution
that is not discharged at a specific point and thus cannot be measured with reasonable
accuracy, an example of which is nitrate, which leaches through the soil and into water
as a result of the use of fertiliser. Poliution from non-point sources is also referred to as
diffuse source pollution

Activities that often lead to non-point source pollution, include

agncuflture,

mining;

commercial forestry,

construction,

land-fill sites;

urban development,

Industries where wastes are discharged through evaporation, irrigation and other
methods, which may cause diffuse pollution, and

« atmospheric emissions leading to the deposition of poliutants

Attributing causality 1s usually simpler in the case of a pont source discharge. However,
a point source discharge may consist of the discharges of more than one poliuter for
example, shared poliution pipelines and storm water outiets In these cases attributing

specific causality is problematic uniess factory edge monitonng exists.
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Ideally a poliution charge system must place the onus for accurate measurement of
discharge on the poliuter As long as there are regular audits of systems, this
encourages poliuters to ensure that their equipment Is accurate, lest they pay too much
Chapter 8 explores possible mechanisms that can achieve this

One pollutant that demonstrates the problem with non-point source pollution is organo-
phosphate poliution resulting from agricultural activity. A catchment will usually have
hundreds of farmers, all using organo-phosphate pesticides While it 1s possible to
establish the quantity of organo-phosphates in a particular water body, it may be difficult
to determine and agree on the contribution of each individual farm_ In this case, the leve!
of poliution is closely associated with the input choices and management practices of
individual farmers. Thus in order to establish how much a particular farmer is polluting
the following information will be required:

¢ the brand of pesticide the farmer bought and its chemical charactenstics,

« land preparation methods employed;

« the types of crop grown,

* how the pesticide was mixed and applied,

o the timing of the apphcations;

e where it was applied, | & proximity to drainage systems,

o what the weather conditions were at the time of application, | e wind speed,
rainfall and temperature. and

o the specific physical endowments of the farm, the geology, hydrology and soll
types.

Even with this supposedly “perfect” set of information, the process of estimation is still

complex, uncertain and controversial Therefore, estimating an individua! farmer's

contribution to the organo-phosphate levels is virtually an impossible task even for highly

developed, weaithy countries This problem could be partially solved by levying a charge

on organo-phosphate pesticide. However, this may not provide sufficient incentive to
reduce usage.

In Britain this problem also caused a heated debate around who was causing nitrate
poliution, which finally degenerated into political controversy Because the process of
nitrate leaching in the soll was so under-researched, scientific data was mustered by all
sides 1o boister their claim that they were not the polluters

5.2.2 Incentives to convert non-point discharges to point discharges

A charge system needs !0 apply to both point and non-point sources simultaneously in
order to discourage the polluter from converting point to non-point and vice versa If a
charge is placed only on point sources, without a concomitant charge on non-point
sources, the poliuter may have an incentive to conven the discharge to non-point.

Typical examples of the conversion of point source discharges to non-point source
discharges can be found In situations where:

o effluent is imigated on pasture, giving rise to a diffuse return flow compnising
concentrated poliution.
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« effluent is led into evaporation ponds but the evaporate residue is allowed to dry and
be dispersed by the wind. and

« the poor control of poliution streams (pipelines, dumps and dams) resulting In
significant poliution leakage into the environment

In most cases (except in the case of atmaspheric pollution). when the locality and the
size of a non-point source are known it is possible to determine its contribution by
monitoring the stream upstream and downstream of the diffuse source. The difference In
the measured loads would be the contribution of this source. This methodology is
applicable only when one poliuter is responsible for an activity along particular stretch of
the river, as often happens in mining However, if 3 number of polluters share the land
draining to the same stretch of river, it would be impossible to separate the contribution
of each poliuter using this approach Furthermore it is not always possible to separate
the contribution of non-conservative poliutants that decay in the environment Then the
only way to estimate an indwidual contribution is by relating production, consumption,
spatial extent of activity or other relevant combination of source charactenstics to total
poliution load measured.

5.3  Establishing the total value of the pollution damage

While it is feasible to establish the cost of cleaning up pollution, it is much more difficult
to assess the cost of its damage to the environment. This problem is closely related to
the problem of giving a monetary value to the environment

Methods for valuing the environment have only begun to evolve in the last 30 years.
Two broad approaches to evaluation exist (Tumer et al, 1994)>. demand curve
approaches and non-demand curve approaches.

Demand curve approaches value the environment in terms of people's preferences for
environmental goods and services. Non-demand curve approaches are more variable

and look at the actual cost of potential damage, the cost of restoring damage etc. The
methods for valuing the environment are outlined in Box 5.1

There are myriad assumptions that go into valuing the environment. Given the
assumptions that underpin the various valuation techniques. different techniques will
yield different values. There is no local or globally accepted best method of valuing the
environment

Aside from problems with the practical process of attributing a monetary value to the
environment, some theonsts would argue that the entire process is flawed and that in
attempting to place monetary values on the environment we are making a category
error. A category error is an error made when one uses the wrong yardstick to measure,
compare or evaluate.

Sagoff in his book “The economy of the earth” (1988) argued that questions surrounding
the value of the environment are of an ethical and political nature and are appropriately
sorted out through a process of public debate

* With the exception of the human capital approach, all the examples of techniques are excerpted
from Tumer ef al 1994 pp 114 t0 1273
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Box 5.1 - Environmental valuation techniques

There are two broad methods of valuing the environment. We can either place a value
on environmental goods and services directly, or we can infer a value for environmental
goods by assessing demand for those goods and services. The former approach is
referred 1o as a nondemand curve approach, and the latter as a demand curve
approach.

1. Non Demand curve approaches

The dose response approach seeks to quantify the increased risk of iliness or death to
plants or animals due to pollution

The replacement cost method looks at the cost of restoning an asset to its pre-pollution
state.

The mitigating behaviour approach guantifies the cost of remedial actions taken by
victims of pollution.

The opportunity cost method is a technique, which does not attempt to give an
environmental evaluation, but is a useful method for setting a benefit benchmark.

2. Demand curve approaches

There are two basic kinds of demand curve approaches. The first approach attempls to
elicit consumers stated preferences for environmental goods for example through the
use of a questionnaire. The second approach attempts to reveal the demand for
enviconmental goods by looking at what goods Individuals purchase which are
necessary 1o enjoy associated environmental goods - these are also termed revealed
preference methods

Revealing consumer preferences

The assumption underlying the travel cost method is that the amount of money that an
individual would be willing to pay to visit a site e.g. petrol costs, entrance fees, would be
indicative of the value they attach to that site,

The hedonic pricing method (HPM) looks at the way in which the price of a resource,
usually housing. is affected by the presence of an environmental resource e.g a park

The final mathod of revealing environmental values indirectly is known as the human
capital approach (Winpenny 1991: 51). This approach looks at the cost in human
terms of environmental degradation

Eliciting consumer preferences

Perhaps the best known of all evaluation technigques is the willingness to pay (WTP)
technique, which involves asking people how much they are willing to pay to preserve an
environmental asset

Comerstones of environmental policy in US (Clean Air Act 1870 and Clean Water Act
1872) exphcitly prohibited the weighting of costs against benefits in the setting of
environmental standards (Copper & Oates 1982)

Even if we were to accept the validity of environmental vaiuation techniques, valuing the
environment takes considerable time, effort and skill The techniques are new and still
evolving. and very few South Africans are trained in them All the techniques require
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some degree of estimation, and as a consequence lay themselves open 1o contestation
by polluters In general, it 1s very difficult to quantify the total cost of poliution; in South
Africa, with its low levels of human capital, it will prove extremely difficult.

54  Finding a balance between developmental and environmental needs

Mos! industnes and many government authonties percewve PPP as a danger to the
economy in general and to development in particular Expenence from other countries
does not support this perception (see section 3.4 2)

The communication between the research team and the polluters during this project
culminated in the following positive statement made by the South African Chamber of
Mines after a draft of the report was distributed in September 1988,

“The mining industry supports the use of an optimal mix of regulatory mechanisms 1o
achieve sound environmental management, and consequently supports the Polluter
Pays Principle as one of these mechanisms. Internalising costs related to environmental
management is an important approach in placing a real value on lmited natural
resources, and this is promoted by the implementation of the Polluter Pays Principle. It
could also serve as a viable decision-making tool for industry on regulatory authorities.”

Furthermore, the Chamber of Mines calls for caution:

“The implementation methodology is therefore of the utmos! importance, and needs (o
take into account the current economic realities within which industry in South Africa is
operating. The possibiity of job losses and other negative socio-economic effects cannot
be discounted, should excessive financial burdens be placed on industry. The report
does not adequately address these realities and the necessary influence of these on the
model. "

This recommendation was incorporated in the chapter 12 of the final report
Implementation of pollution charges should support the principle of sustainability, but in
countries with development needs like South Africa, the competition for resources is very
intense  As a result political decisions can be influenced by development needs before
environmental needs. According to Maines, 1895 "there is no chance that humans will
put their interest on a par with the interest of animal and non-sentient things”™
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6. CASE STUDY CATCHMENT

6.1 Selection of case study

6.7.1 Selection of study catchment
Witbank Dam catchment was selected as a case study for the following reasons

o It is a heavily poliuted catchment where novel approaches to water quality
management are worth considenng.

« Itis located at the headwaters of the intensively utilised Olfants River catchment
Since it 18 a headwater catchment, it is possible to distinguish between the
contribution of natural background salts and the contnbution of local pollution

« This catchment is one of the largest sources of sulphate and chionde pollution in
South Africa

« There are many pollution sources with varying characteristics in the Witbank Dam
catchment,

e More importantly, this catchment has been extensively studed and this
information is available for use in developing different options for waste water

charges.

6. 1.2 Selection of pollutant of interest

Sulphate was selected as an ideal pollutant for waste water charge system
simulation for the following reasons:

« Itis one of the more significant poliutants in the catchment

o Most of the monitoring performed in the catchment includes suiphate
measurements.

« Sulphate poliution emanates from both point and diffuse sources.

« A management programme with water quality objectives for sulphate has already
been developed and accepted.

« Sulphate is a relatively conservative poliutant which responds favourably to mass
balance modeliing.

Sulphate is consistently proportional to salinity and the linear regression parameters
for this relationship were estimated, while salinity impacts were studied in-depth and
have the most measurable economic effects. Therefore, both salinity and sulphate
pollution are the most suitable candidates for waste water charges, provided the link
between pollutant and economic impact can be clearly defined Consequently,
charge calculated for sulphate was based on the economic impacts estimated for
sulphate's contribution to salinity.

6. 1.3Selection of study period

Water quality varies with seasonal and long term hydrological changes. As
hydrology vanations can be quite extreme and the resulting pollution loads have
similar wide variations, #t is important to take them into account in the calculation of
waste water charges. Fortunately the most comprehensive monitoring programs for



6-2

the Witbank Dam catchment were carried out in the 1890/81 and 1995/6 hydrological
years which represent one of the driest and one of the weltest years respectively in
the last decade This 15 advantageous because it provides us with the opportunity to
test the charge system design for a wide range of hydrological conditions

6.2 Catchment description

The Witbank Dam catchment 1s descnbed in more than 20 reports (see TPG&P
reports and WMB reports in Appendix B) Summansed relevant information from
these is provided in the following sections

The main streams of the Witbank Dam catchment are the Upper Olifants River and
its tributary the Steenkoolspruit (see map in Appendix A 1) For the purpose of water
quality management, the catchment was divided into nine Management Units (MUs)
Their charactenstics are given in Table 6.1 According to WMB (1865c¢), a MU “is a
niver reach with a control point at it's downstream end and a number of compliance
monitoring points (preferably not exceeding seven), for which water qualty guidelines
can be determined in order o ensure downstream fitness of use”

Table 6.1: Management Units description (source Table 21 WMB 16067¢)

~ Management River Monitoring Points Area (km) = MAR
Unit (million m")
1 Trichardisprut B1H006 107 54 166
[~ 2 Rietspust B1H028 354 13 1458
3 Koangspeut B1H020 13778 500
‘ Boesmanshranssprut B1H030 12403 462
5 Saamatersprut B1H029 320 1266
- Noupoomsprst B1HO10 80 65 335
i 7 Lower Steenboolspru B1H021 80550 | 2978
Upper Steenkoolspruit B1HO17
8 Upper Olfants River B1HO18 1260 46 4556 |
) Ofdants River 81H00S =
" Witbank Dam 81R001 3862 77y
" Tweetontensprut B1HOA1 sEREInll
TOTAL T nes 12210 |

These stations are presented on the map in Appendix A2 Note that the station
number appeanng on the map is only the last two digits of the DWAF's code (e.q
station B1H018 is marked as “19")

To fit the above definition more accurately, the boundaries of some MUs were
redefined in 1995 (WMB, 1995c) by increasing the size of MUS and MUS8. and
subsequently reducing the size of MUS. In this way the Tweefonteinspruit monitoring
station, B1H031, became part of MUS. The map in Appendix A-1 shows the
corrected new MUs

It must be observed that the WMB reports, from which the information used in this
chapter was derived, were written for a different purpose. For this reason the
information derived does not always fully meet the needs for developing the poliution
charge system In particular such system requires that water quality data is available
and sampled at the bottom of every defined MU, This was not always found to be the
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case, which might be due to the inability to find suitable weir sites Some of the
problems encountering in this regard are described below

Some post-1995 reports, still refer to the old MU boundaries (see Table 6.1 above
which was extracted from the report published in 1997) Even with the new
boundaries, there are no control points for MUS, MU7 and MU8. The map in
Appendix A-1 indicates that station B1H021 shown in Table 6.1 as the monitoring
point for MU7, can not measure total pollution in this MU as there are sources of
poliution between this station and the downstream boundary of the MU7. Similarly.
B1H031 does not represent the full load at MUS, and station B1H018, which is the
control point for MUB, represents only background conditions and does not monitor
any pollution occurring in this MU

There are some inter-basin water transfer schemes, which deliver water 1o the
catchment, but only one of those, the Usutu-Vaal Government Water Scheme,
affects the river flow (see section 6.7 3) Other schemes provide water directly to
large water users, without any discharge into the river system

The water quality requirements of, and the water quality status for each MU are
described in the following sections

6.3 Monitoring data

As the calculation of waste water charges is based on the results of monitoring, it
was extremely important to assess what data is available and its associated qualtty.

Only the monitoring data from the stations registered by the DWAF was examined.
The data available in the Hydrobank at the Directorate of Hydrology, DWAF is
summarnsed in Table 6.2

Table 6.2: Availability of continuous flow and water quality grab samples data
from DWAF.

Station Flow Water Quality

B1H005 18721 1-present 1979111 - present

B1HO0S No data 1882110 - present

B1HO17 1989711 - present 1990/1 - present
BT 1989/11 ~ present 199175 - present

BIHO19 199073 - present 19905 - present

B1H020 1900/3 - present 1990/5 - present

B1H021 1990111 - present 199077 - present

B1H022 1968173 - present | 199074 - present

B1H028 No data { 1990/4 - present |

B1H029 No data | 1995/10 - 19067 |

B1H030 No data 1995/10 - 1906/7

B1HO3 No data 1990/4 - 1006/9

BIRDOTW 1953 - present | 19721 - presant
Comparison of Tables 6.1 and 6.2 demonstrates that pollution loads could not be
estimated for MU, MU2, MU4, MUS and MUG as no flow data is available for the
monitoring stations of these MUs. is @ Crump wer at B1HO06, which was

There
calibrated, but the DWAF does not record regularly water level at this point. The weir
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is only used on certain occasions when data is collected to estimate how much water
Majuba Power Station releases for abstraction

In addition to the DWAF data. two reports were used extensively as a source of data

e WMB, 1992a "Oifants River Catchment Region 8100 - Water quality status on
the basis of 1990/81 monitoring” Report No. 1503/511/1/W to DWAF. Directorate

of Water Quality Management

e DWAF, 1997c "Upper Oiifants River Basin® Description of the water quality
monitoring program for the 1995/8 hydrological year”, Report No WQOM
B100/00/0267

These reports were prepared by WMB for the DWAF

The first report describes the most comprehensive monitonng program ever
executed in the Witbank Dam catchment. Three types of monittoring stabons were

operated during the 1990/81 hydrological year

o existing weirs where the DWAF measured flow continuously, and water qualty by
means of grab samples (see Table 6 2), and

e six continuous conductivity monitoring stations which were installed at B1HO05,
B1H017, B1H018, B1H019, B1H020 and B1H021 (see Appendix A.2). and

» weekly flow estimates and water qualty samples which were collected at 56
locations for each identifiable point of effluent discharge and in each natural
drainage course upstream and downstream of the discharge point

It was found that the annual load calculated from continuous data differs significantly
form the annual sulphate loads calculated from weekly grab samples. According to
Table 6.1 (WMB, 1992a) the differences were about 85% for two out of the five
stations (B1HO17 and B1HO0S). This illustrates the importance of using high
frequency flow and water quality sampiing to caiculate loads at niver stations

Most of the available data for loads is based on weekly sample data. Hence, it was
decided to use weekly data for all stations and exclude continuos data, to obtain a
valid comparison between different stations and between the two study penods.

The second report concentrated only on the major monitoring points and
unfortunately no measurements were repeated for the estimation of pollution source
contributions. Two points were added as control points for MU4 (B1HO30) and MUS
(B1H029) from the beginning of hydrological year 1895 The data collected at these
major points was used o provide a comparison between the water quality dunng the
dry and wet years of the study period

Adequate monitoring data for point sources could not be extracted from either report.
Nor was the monitoning data found to be sufficient for estimating the contribution of
diffuse pollution sources and loads for @each MU for the study penod

Therefore most of the analysis camied out in this study refers to station B1HO0S,
controlling the biggest part of the catchment. This station was chosen because it has
most comprehensive data available. Most of the data processing for this station was
done by WMB, but some additional calculations were done by the authors.

It must be stressed that all the calculations made as part of this project are only for
the demonstration of the proposed charge system and should not be interpreted as
an accurate assessment of the catchment situation. More comprehensive monitoring
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data will have to be utilised for the implementation of a waste water charge system,
and a more detaled study 1s necessary to optimise this monitoring system. However,
for the introduction of the charge system the totai monthly catchment poliution loads
can be calculated with reasonable accuracy from a mass balance of Witbank Dam

6.4 Water quality status

The water quality situation in the catchment has been assessed regularly and
compared with the water quality management program objectives. The management
objectives consist of 50 percentile and 95 percentile values which are based on the
results of the WITSIM model simulation and guideline suiphate concentrations (see
Table 6 3)

Table 6.3: Water Quality Management Objectives (source table 73 VWME 1560)

MU River Water Gudeune Management Objectves
Quality Concentration (mg SO1)
Control Point {mg SO/ 50 95

jis j == | percentile
=4 Trichardtspruit B1HO06 kT3 | 24 34|

=g Rietspruit ~ B1HO28 200 1 70 | 120

37 [ Koringspruit [ B1H020 1 620 1200

4 Boesmansprut B81H030 — | 830 1450

§ | Saawatersprui BIH029 | 200 I 220 390

8 | Naauwpoortsprut B1HO19 | — | 280 380

7 Steenkoolspruit B1HO21 200 70 80

| 8 Upper Olifants B1HO05 200 ; 110 170

{8 [ Offants " B1R0O1 200 I— 84 155

The sulphate poliution in the catchment changes the water qualily composition
drastically from the headwaters of the catchment to its downstream point (see Figure
6.1). The sulphate contribution increases from 8% of TDS to the most dominant ion
with a contnbution of 57% The salinty increases threefold between B1H018 and
B1HO0S.

Figure 6 2 indicates the changes in sulphate concentrations for all major stations.
The concentrations of the 50 and 95 percentiles are similar to the 1990/91 and
1995/96 hydrological years respectively. The change in concentration through the
system is so dramatic that in order to present it graphically two scales were used -
one with lighter colours for low poliution (below 280 mg/l) and one with darker colours
for high pollution (below 2400 mg/). It is interesting to note that even for the
background stations, B1HO17 and B1HO06, the sulphate concentrations on
occasions exceed the water quality management objectives
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Upper Olifants River (BIHO1Y)

(TDS concentration = 2385 mp/l)

Lower Olifants River (B1HO0S)
(TDS concentration = 943 mg/'l)

Cci Ca

Figure 6.1: lonic composition at the B1H018 and B1H00S5 stations in milliequivalents/l (source Figue 4 form DWAF 19970
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The catchments that are heavily affected by poliution are Tweefontein,
Boesmankransspruit, Naawpoortsprut and Koringspruit For all of these the 85
percentiles for both years exceeded the management objective (except for the
Koringspruit where the situation improved in 1995/96) Although the concentrations
just below Witbank Dam (at B1H00S) are not as high as in the upstream tnbutaries,
they also exceed the objective for both years. The situation at this point improves in
1985/06, but concentrations in the dam are still increasing as a result of the higher
contribution from the Boesmankansspruit and the Naawpoortspruit in 1885/96

When annual sulphate loads are compared (see Table 6 4) it is clear that during the
wet year of 1995/96 the sulphate loads were signfficantly higher at all the stations
than during the dry year of 1990/91,

Table 6.4: Comparison of annual sulphate loads for 1990/91 and 1995/96
hydrological years (source: Table 9b,DWAF, 1997¢).

Monitoring 1980/1991 19095/1996
Olifants River at Wolwekrans (B1H005) 10232 72106
Boesmankransspruit (81H030) | : 21848
“Upper Steenkoolsprutt (B1HD17) 546 | 2019 |
Lower Steenkoolspruit (B1HO21) - 9671
‘Noupoortspruit (B1H019) 1526 1 6855

" Olifants River at Middelkraal (B1H018) 963 3985

" Koringspruit (B1H020) 932 2696

A closer look at these data reveal that for all of the stations except the
Noupoortspruit, more than 90% of this load is exported during the wet summer
conditions (see Table 6.5). The seasonal variation in the Noupoortspruit s different
because this catchment has a relatively low natural runoff and flows are dominated
by effluents.

Another way of looking at the pollution impact is to present loads in terms of Vkm®
(see Table 6.5) From this comparison it is obvious that the most polluted catchment
is the Boesmankransspruit which exports 187 vkm® of sulphate, followed by the
Noupoortspruit, while background conditions contribute anly 4 to 5 Vkm® of sulphate
During the drier 1980/91 hydrological year, the poliution loads dropped significantly
and the background contribution ranged between 0 95 to 1.05 t/km’ of sulphate

6.5 Water uses

Present and future water uses are descnbed in detail by WMB (1893a) The water
uses considered are imigation. domestic and industrial. Natural or environmental use
is not addressed. However, for this particular study there is no need to take it into
account, as sulphate in these concentrations is not a limiting factor for environmental
water use. It must be stressed that sulphate poliution can have an indirect impact on
environmental use by decreasing pH, therefore acidity must be considered as an
ecological imiting factor where high sulphate pollution exists Salintty as such and its
other ionic components (in particular sodium and chioride) may also pose problems
for certain environmental use.
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Table 6.5: Annual and seasonal sulphate loads for 1995/96 conditions(source:

Table 83, DWAF, 19¢7¢).

= Monitoring Point Total SO, | Sulphate | Summer Winter
Load export SO,load | SO, Load
(ton/km*) (ton) (ton)
Lower Olifants River upstream of 72 106 18 65415 6 891
Witbank Dam (B1H005) ' | '
L Boesmankransspruit (B1H030) 21549 187 20 531 1017
Upper Steenkoolspruit (B1H017) 2019 5 1833 186
Lower Steenkooispruit (B1H021) 9671 7] 87 566 |
Noupoortspruit (BTH018) 6 855 78 4590 24371
:Upwms River (B1HO018) 3685 P 3668 16
" Konngspruit (B1H020) 2 696 20 2424 283
i
tTom 118 881 - 107 439 1 essJ‘
Note: the sum of totais for summer and winter differs from the annual total, but no explanation for this
could be found n the report
6.5.1Irrigation

The Witbank Dam catchment 15 part of a highly productive dry land agricultural
region. Maize is the most common crop cultivated in the area and its cultivation is
practised on 82 500 ha (24% of catchment area). However only 0.6% of the
catchment area is under irigation. An estimated 2040 ha are irigated at the
headwaters of the Olifants River and its tributaries (see Appendix A 3) Imgation
water is drawn from river and farm dams. The irrigation abstractions for each MU are

given in Table 6 6
T::b 6.6: Irrigation abstractions from Management Units (source: Table 5.1, WMB.
1993).
MU River = —lrr;-lmnbwmno‘m‘
pa)
1990 2000
1 Trichardisprut & Rietfontein Dam 0.00 019
l 2 Rietsprst & Rietsprut Dam | 318 ‘ 1.18
e Koringspruit & Birkpan Dam 000 | 038
s ~ Boesmanshranssorut & Douglas Dam 0.00 077
5 Ew&mm 098 1.08
6 quumm 1[ 0.00 | 040 |
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The area exploted by agriculture continues to shrink as coal mining expands A
recent project by BKS (BKS 1997) identified irrigated area by satellite images and
showed that the earlier WMB estimates are probably overastimating the actual areas

6.5.2 Domestic and industrial water use

There are several towns in the case study catchment, but only Witbank abstracts
water from the catchment river system (from Witbank Dam) The water abstracted is
purified before supply for domestic and industrial use. Table 6 7 provides information
on the amount of water delivered to the purification plant for calendar years 1994 to
1996

Table 6.7: Raw water supply to Witbank purification plant (MI) (source Wibank City
Council. private communication)

Parameter 1994 1995 1996
Annual average 22582 23696 25039
Monthly max 2245 2230 2563
Monthly min 1456 1842 1771

Fochydmlogcalywwesme 245 Mm® was abstracted for purification and about
44Mm of this was supplied for industrial use. Domestic use for this year was 20 1
Mm’

A pipeline to supplement Middelburg's water u?piymwnhmkoamwas
constructed in 1987 It is planned to pump 8.2 Mm® /a for the next 10 years after

which the allocation will be increased However, during the study period under
consideration, 1990/91 and 1995/96, this pipeline did not yet exist

The biggest industrial complex in the Witbank area, the Highveld Steel and
Vanadium Corporation, absttacts water from Witbank Dam. For hydrological year
19951960bom594Mm of water was abstracted directly Themimmummonthly
abstraction was 0 41 Mm’ and the maximum monthly abstraction was 0.6 Mm®

Many coal mines abstract water directly from the river or dams for domestic and
industrial use This data s available in the earlier report (WMB, 1990) and is
swnmmethabbs.a About half of this water was utilised for domestic use,
which was about 4 1 Mm’ /a. The values values provided seem to be high considering the
number of the people working on the mine. This was quened with WMB who
confirmed that these earlier figures are an overestimation and that abstractions by

MU _ _ River Irigation abstraction (10° m’
pa)

1950 I 2000

7 | Steenkoolsprut & Dwars-in e Wegsprut 528 | 305 |

8 | OWantsrvier & Springbokspru | 082 ‘ 0 98 1

T [ow | o

TOTAL | 1026 897
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coal mines could be neglected. No better data could be obtained Furthermore, the
reported information confiicts with the latest data provided by the Witbank City
Council, which gave the amount of water delivered to the Landau mine as 4700 m’/d
This is more than double the value given for 1990 (see Table 6.8) These values
require checking before they are used in any water management system

Pollution sources

Considerable effort was made to compie the most comprehensive description of
pollution sources in the catchment for the two years considered (1990/91 and
1995/96) The same twa reports, which were used for examining monitoring data (1.e
WMB, 1992a and DWAF_ 1997¢ - see sechon 6 3) were utiised for this purpose

The known pollution sources are presented on the catchment map in Appendix A 4
Table 6.8: Raw water abstracted by mines (m’/d) (source WMEB, 1950

MU Colliery Abstraction Point | Abstraction | Domestic
(m?(d) Use (m"/d)
“MUZ | Rietsprutt Rietsprut Dam 2740 1970
MU4 las (Douglas Douglas Dam 506 0
Section) !
MUS | Phoenix Phoenix Dam 1100 783
Phoernix Manetta Dam 2880 1600
(Steenkool Sprust)
‘F Tweefontein Tweefontein Dam or 500 492
' Olifants River of
springs .
| Kieinkopje Olfants River 2170 | 1302
' | Witbank " Saawater Dam 345 305 |
Consohdated
MUE | Greenside +Wnbankoam 1800 1290
e l —
SA Coal Estates Witbank Dam |
Landau
1800*
MUB |Transvaal | Oiifants River 564 564
Navigation |
" New Clydesdale Olifants River 460 288 |
| MUS | DuhvaOpencast | Oifants River 80 -
Services
Douglas (van Dyks | Olifants River 2773 1973 |
Section)
Douglas (van Dyks = Steenkool Spruit 2882 -
Section)
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Table 8.7

In this study point sources are defined as being effluent from a regular source of
pollution, which discharges throughout the year, such as a sewage works This is
distinguished from discrete releases, which are irregular point sources, such as the
spillage or controlled release from a dam, or from mine dewatering

As expected in a study of this nature, there were contradictions in the data extracted
from the different reports. An attempt was made to find explanations for these but
stopped short of more in depth investigation. This study's objective 1s to design a
waste water charges system and therefore exact values of pollution loads are not
that important, as they are only used to demonstrate how the system works
However, all significant problems related to the data were noted by the researchers
and, where pertinent, they are discussed in the report

6.6.1 Point sources

A summary of the pollution load from point sources is given in Table 69 The
information for 1990/91 was available for all the sewage works of municipalities,
mines and power stations. For 1985/96 only the data for municipal sewage works
was available. Unfortunately, this data is not based on measured results, but had to
be interpolated from predictions made for the year 2000, and seems Iinaccurate The
biggest point source is the effiuent from Witbank Sewage Works, which contributes
almost half of the total load emanating from point sources. The sulphate
concentration in its effluent was given as 108 mg/l (see Table 52, WMB, 1993),
which is significantly lower than the concentration in the raw water supply. Therefore
this value was replaced by the average sulphate concentration measured in Withank
Dam during the 1995/96 hydrological year, ie. 160 mg/l. For the sewage works,
where the estimate for 1985/96 was lower than the value measured for 1580/91, the
1990/91 value was accepted for 1995/86. No further attempt to improve the accuracy
of the data was made as the sewage works contribute a relatively small part of the
total poliution load. The reason for this is that sulphate concentration in sewage
effluent is usually much lower than in mine releases, and effluent volumes are

relatively low too,

As suggested by WMB (WMB, personal communication, 1987), it was assumed that
sewage works for mines and power stations contributed the same load in 1995/96 as
in 1990/91, except for Blinkpan Colliery, which closed down Although it was felt that
this assumption is inaccurate, a more in-depth investigation is clearly beyond this
study brief.

MU Colliery Abstraction Point | Abstraction | Domestic |
(m¥d) Use (m*d)
MUS | Douglas Olfants River 1173 768 |
(Wolwekrans |
Section)
Riverside Oifants Rver | 745
i TOTAL = 22618 11335
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6.6.2Releases

Reasonable data on pollution loads from releases was only available for the 1990/91
hydrological year (see Table 6.9) The data available for the 1995/96 hydrological
year consisted of just two figures provided in by the DWAF (1897d). These figures
were based on the analysis of the available mine water discharge records. However
these records were not presented in the DWAF report. The information provided was
as follows:

e Release from Kleinkopje Colhery - 6922 t/a.
« Release from other mining operations - 15604 t/a

Therefore, it was decided to use information collected during the program of
controlled releases conducted during the summer of 1996/57 (DWAF. 1897d) This
information is summarised in Table 6.9,

One of the releases during 1990/91 was extremely large (ie. the release from
Landau Colliery into the Noupoortspruit) This load was estimated at 11842 tons of
sulphate, while the rest of the releases during that year were only 3167 tons. This
looks very high when compared to the controlled releases dunng the summer of
1996/97 This release was evidently a result of the dewatering of Landau Colliery
The suiphate concentration of this underground water was very high, with a 50
percentile of 2000 mg/l (see Table 5.9 in WMB, 1993).

The 1995/86 hydrolocical year was one of the wettest years on record and mines
accumulated large volumes of poliuted water. As a result, the available storage
facilities were not able to contain all this water and uncontrolled seepage and
decanting occurred durnng the summer and the following winter season.

This caused a progressive deterioration of water quality in Witbank Dam, and the
salinity level reached an all time high in October 1996 Therefore an experimental
scheme of controlled releases during high flow conditions over the period December
1996 to March 1997 was implemented. The monitoring of these releases included
dally measurements of the electrical conductivity (EC) and water levels at B1H00S5,
B1HO019 and B1HO030 Additional weekly grab samples were collected at regular
sampling sites (see section 6.3). During the 1996/97 summer the biggest contributor
to sulphate load was Kleinkopje Colliery, which released 3680 t of sulphate, followed
by Middelburg Mining Services, which released 1023t

6.6.3Diffuse sources

The only data available on diffuse sources was that collected during the monitoring
program of 1680/91 (see Table 6 8). In general, the estimation of poliution loads from
diffuse sources is quite complicated, as it can not be measured directly. In this area it
is particularly complex, because some mines are located so close to each other that
it is possible that seepage from one mine can go through the area of the other mine
before reaching the stream Some of the mines discharge to several streams, which
are located in more than one MU, and this makes estimation of pofiution loads more
complicated.

Research was done to examine the pollution generation potential from different types
of coal mines for the Middelburg catchment (WMB, 1995b). As no such research is
available for the study area and the Middelburg catchment is quite similar to the
Witbank Dam catchment, it was decided to utilise the above results for this project.
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Table 6.9: Summary of pollution source loads (tons/annum).

MU | Mondoring Points Pollutant Sources Short Poin T Offuse
names ':"!ﬁ' —% sources '
19901 | 10058 | 19001 190677 | 1990/1
i nichardtspruil (B1HO0B) | Trichardl Town, Sylerfontein Tow a7 arar
i Collery Sy 133
2 Rietspruit (B1H028) Matia 1.2.3 Colbery, M1, 1340 77
M2 & M3 58 58* (alt)
Rietspeuit Opencast Mine « R s40 | a2n
Sewage works Row 81| 250"
Knel Colliery (p) K 102 | 53475
Matla Power Station (p) M
Knel Power Staton(p) K 2652
3 Konngspruit (B1H020) Komat: Fower Staton Koips) 212 | 2127 | 489
Douglas Colliery ™ (4] 3535 167 3
(partialty) + sewage works Dsw 28| 328"
Koomfontein Colliery Ko 2530
Goedehoop Colliery G 3360 790
Blinkpan Colkery BI 412
(Mﬂ“q;m Blsw 149 00 &
I Dougtas Colliery D 3535 1673
(B1HO30) Middeiturg Mining Services Mi 1023
| Duhva Power Station Dps 605
| Duhva Opencast Dsg 1208
I Speehkfontein Colliery
s r'gunnmw South Witbank Colliery W Za
(61H029) Arthr Taylor Colliery AT
{(B1HD31) (partially)+sewage plant Psw | 3467 | 340"
Tweetonten Colliery ¥ 887 105
Kieinkopie (partially) < 3680
Sondagsviel Colliery We
- Witbank Cons_ Colbery — ==
3 ‘Noupoortspruit (B1H019) | Witbank Town Wew | 2186 | 34544
Greenside Colivery Gr 1188 | 682
Landau Coltiery L 11842 | 829
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names (regular) "™ Lo sources '
199041 | 189856 | 19601 199677 | 19501
7 Lower Steenkoolspruit Kinross town Knsw | 722 | 722"
{B11021) Kriel Towns Kew 482 | 482"
Upper Steenkoolsprut Kriel Township Kisw 0 3285
(BIHO1TY) Albion Collery Al
Kriel Collvery K
Phoenix Collery (partally) ]
ATCOM Colliery
A
B Upper Oifants River Transvaal Navigation Colbery + ™ 1750 |
(B1HO18) sewage works TNsw Me | 4"
New Clydesdale Collery NC 419 2
Kieinfontesn Collery Kf
defunct) Se
Olfants River (81H005) | v
Withank Dam (B1R001) Wolwekrans Collory w
Riverside Colliery R
Sewage Works 3 Sp:’ 351 ) 351" i
qu 5875 | 150098 | 10384 | 85956

me report, No 1503/511/1W, Table 5 10 pp. 30-32 (WMB, 1992)
“ From WMB. report No. WQ B100/000/01/93 Table 5.2, p 46 (WMB, 1983)

- From WMB, report No: WMB 3608/1496/1/W, Table 5 2(d). (WME, 19974)
Almmotmoctmldlm:«mwhmom)
ommmsmmwumwmmmum prvate communication)
Mnmmemm 56
me repart, No 1503/5111/W, 941 (Wma, 1932)
™ Assume that sewage plants did not change (except Bliinkpan which closed)
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The above study concluded that the pollution load can be estmated if at leas! three
factors are taken into account, namely:

e mining technique,
« mined area, and
¢ pollution control measures implemented

The last factor is the most complex, and it was deciged to use it in a very simple way
and only for open-cast mining. The decision was to divide collieries into three
categories: poorly rehabiltated, adequately rehabilitated and well rehabilitated It was
found that the management of open-cast mining changed considerably over a period
of ime

if no information on rehabilitation levels s avadable, it can be assumed that the
above three categones can be divided according to the age of the mine So, mines
that started to operate before March 1982 fall into the first category, between Apnil
1982 and December 1993 - into the second category, and after December 1993 -
into the third category. The poliution potential factors are summarised in Table 6 10

Table 6.10: Potential Pollution Mobilisation Rates (PPMR) for coal mines.

“Type of mining Control measure " Poliution potential
(t SO/hala)
Board & pillar 0.15
High extraction 07
Opencast mining Poorly rehabilitated 50
Adequately rehabiitated 36
Well rehabilitated 15

These factors were used to share the available assimiative capacity during the
Controlled Releases Scheme in 1996/97 Although most of the mines had started
operation before December 1993, and some of them even before March 1982, it was
decided (without explaining the reasons) to apply a uniform factor of 1.5 tha/a for all
open-cast mines. In order to venfy the applicability of this estimate, the calculated
pollution potential loads were compared with the monitoring results (see Figure 6 3)

In the first instance Figure 63 shows that the data base is deficient. with only
Tavistock mine having data for all three release and diffuse pollution conditions under
consideration. Moreover, estimates of diffuse source contributions are available only
for the dry 1980/91 hydrological year. Secondly, the potential pollution contribution is
often lower than that from the sum of observed releases and diffuse inputs The
reason for this could be that the average potential pollution load represents the
pollution during average climatic conditions, and therefore would underastimate the
load during a wet year. Also a mine could accumulate polluted water for more than a
year before releasing it
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Figure 6.3: Estimation of diffuse pollution from mines.
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An examination of the data for controlled releases revealed some further conflicts.
For example, the open-cast area of Rietspruit mine used for calculations of the
potential load was 2519 ha, while according to the latest information from the mine it
is only 1700 ha (Rietspruit Mine Services, personal communication, 1987)

The potential poliution loads were also compared with excess mine water
accumulated during 1995/96 (see Table 3a in DWAF, 1997d). This comparnson
demonstrated that dunng wet years the calculated loads are underestimated for the
larger mines, but overestimated for the smaller mines

The overestimation is acceptable, because excess water is only part of the polluted
water generated by a mine. Unfortunately, for three mines. which accumulated the
largest excess -~ Kleinkopje Middeiburg Mine Services and Matla, the potential
poliution loads were underestmated. This underestimation was quite significant, 1 e
569% and 191% for Kleinkopje and Matia mines respectively

Again, no attempt to improve the quality of the data was made as it is beyond the
scope of this study Taking into account the above-mentoned considerations it is
suggested that the caiculated potential pollution loads may not be suitable for
estimating diffuse loads from each mine directly. But they could be used for allocating
the total diffuse load estimated from the monitoring at control points to individual
mines

The estimate of total diffuse source contributions was made for 1995/96. According
to the DWAF, (1897d) the sum of background and diffuse source pollution
contributed by the Upper Olifants River (at B1IHD0S) was 49 047 t of SO, After
subtracting the background contribution, estimated in section 6.7, the total catchment
diffuse source load was calculated to be 32 338 { of sulphate. As the releases during
that year were also very high (22 526 t - see section 662), it explains why the
sulphate concentration in Witbank Dam reached it highest ever level in the 1995/96
hydrological year

6.7 Background pollution and interbasin water transfer

6.7. 1 Introduction

As background load contribution could be higher than 20% of the total load (see
section 6.8) it is important to estimate it as accurately as possible. Unfortunately this
estimate was only available for the 1980/91 year, so additional data processing had
to be done in order to determine this contribution for 1995/96. To confim our
calculation the estimation for 1990/91 was repeated using the same type of data and
the same method of calculation as was used to calculate 1995/06 values. Our
estimate for 1990/91 (2 130t) was close to but slightly iower than the WMB estimate
(24401)

6.7.2Background sulphate loads

During the extensive monitoring of 1980/91 the total sulphate load entering Witbank
Dam from the Upper Olifants River was estimated to be equal to 10 232 t Most of it
was contributed by major poliution sources such as mines, power stations and
sewage works, while 23% of the load was defined as the hackground contribution
This contribution consisted of the following'

o natural weathenng;

¢ atmospheric deposition. and
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« agricultural pollution.

it was bebeved that atmosphernc deposition was probably the biggest of these (WMB,
1992a, p 44) To check this statement the atmospheric deposition over the catchment
was estimated using recent measurements of SO, concentrations in the air and SO,
concentrations in the rain The result was 15 874 t of sulphate for a year with average
climatic conditions, At first sight this seems high compared to a total background
contnbution of only 2 440 t/a However most of the atmospheric deposition s
transported through the soil profile and is thus partly adsorbed There s a lag effect
of a few decades before the deposited pollution reaches the surface water (see
WRC, 1997). Consequently, only a relatively small part of deposited sulphate is
thought to be contributing to current poliution in the surface water However in view
of its potential farge long term contribution, further investigation of the impact of
atmospheric deposition on this catchment is recommended

No other estimates of the background contribution of sulphate could be found in the
available Iterature Therefore, it was necessary to estimate it for the purpose of this
project.

There are two monitonng stations that appear 1o represent background conditions —
B1HO18 on the Upper Olfants River and B1H017 on the upper reaches of the
Steekoolspruit. Examination of the measured water quality revealed significant
differences between these stations, with sulphate concentrations being consistently
higher at B1HO17. Another unexplained phenomenon is that although sulphate
concentrations increased shghtly between 1990/91 and 1995/66 at B1H018. they
dropped drastically in the same penod for B1HD17. The above findings render the
data questionable, but further investigation was beyond the scope of this project, so
the data was used without any correction

The first step in estimating the total background contribution involved calculation of,

monthly flow-weighted average sulphate concentrations using flow and water quality
data at these two stations. These concentrations are depicted in Figure 6 4

Although the maximum monthly value looked unrealistically high in 1990/91 (1412
mg/l), the rest of the values seem to be reasonable as are the annual averages of
18.2 mgA for 1990/91 and 210 mg/l for 1995/86. Therefore these results were
accepted without further correction The monthly concentrations were multiplied by
monthly flows coming from the Upper Olifants River to the Witbank Dam (through
station B1HO0S), and the resuiting annual loads were 1 975 t and 16 494 1
respectively. It is clear from these figures that the most important factor affecting the
background load is the runoff, which can change the load by an order of magnitude.
The unrealistically high maximum monthly concentration in 1990/91, mentioned
earlier, did not have any significant effect on the annual load

Ancther way of estimating the background contribution is to determine the likely
vanation in the Witbank Dam water qualty assuming that there are no poliution
sources In the catchment and that the variation in the sulphate concentration is a
function of the hydrological variation only This estimate was necassary in order to
evaluate the impact on those water users who are affected by the deterioration of
water quality in Witbank Dam. It was used in estimating the cost of damage given in
Chapter 7. The deterioration could be expressed as the difference between the
above hypothetical background conditions and present conditions in Witbank Dam

The measured water qualty vanation in Witbank Dam was expressed as a ratio
between the average and 95 percentile value
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A slightly lower vanaton was assumed for hypothetical background concentrations
(part of the measured vanation is attributable to changes in pollution contnbution)

The ratio between sulphate to TDS at both stations (B1HO17 and B1HO18) was
calculated and found to be very similar. The average of these rabos was applied to
estimate the variation in hypothetical TDS concentrations in the dam The results of
the calculations are presented in Table 6.11 [SS(L12)

Table 6.11. Variation in hypothetical sulphate and TDS concentrations in
Witbank Dam (assuming zero pollution).

e

Hydrological years Average 95 percentile
SO, TDS SO, TDS
1990/91 (dry) 182 1583 267 | 2089
1995/6 (wet) 21.0 1826 309 241.0
6. 7. 3Inter-basin water transfer

Of those inter-basin water transfer schemes which deliver water 1o the study
catchment, only the Usutu-Vaal Government Water Scheme affects the catchment
flow pattern. The objective of this water scheme is to provide high quality water to
Matla power station. This transfer scheme delivers water from Grootdraa Dam in the
Upper Vaal catchment to Trichardsfontein Dam From there # |s released to
Rietfontein Dam and then pumped to Matia. Although this transfer affects mainly the
river reach between Trichardsfontein Dam to Rietfontein Dam, some of the
Grootdraal Dam water spills and therefore affects the rest of the Witbank Dam
catchment (see Appendix A 1).

Unfortunately, no estimate of this impact was found in the lterature and an attempt
had to be made to calcuiate it.

Accurate calculation of the sulphate load contnbuted by the water transfer scheme
requires a proper mass balance of all incoming and outgoing flows from
Tnchardsfontein to Rietfontein Dam. This mass balance should include the balance
of both dams, releases from the Trichard sewage works and releases and diffuse
source contribution from Syferfontein colliery. However such detailed information
was unavailable The only data that could be used was extracted from the DWAF's
Hydrobank database on flows and water quaiity at B1H022 (Trichardsfontein Dam)
and a few values for 1990/91 at Trichardsfontein Dam and Rietfontein Dam WMB,
(1992a)

The above data was used to caiculate monthly and annual loads feaving
Trichardsfontein Dam for the study period. As most of this water s released to be
delivered to Matla power station it was assumed that only 25% of this load s spilled
downstream from Rietfontein Dam. Final estimates of the contribution of the inter-
basin water transfer were 155 V/a and 214 Va of suiphate which are quite small, but
still a noticeable addition to the total load.

6.8 Comparison of pollution sources

All of the above information was put into perspective by graphically presenting it as a
pie chart (see Figure 6.5). It is important to note that the background coniribution to
total load grew from 13.6% in a dry year to 22 8 % in 3 we! year. The diffuse source
contribution to the total load decreased from 59.4% in the dry 1990/91 to 44 7% In
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1995/96. However, in absolute terms the diffuse load increased almost 4 imes - from
8 596 t/a in the dry year of 1980/81 to 32 339 ¥/a in the wet year of 1995/96. This
demonstrates the pollution generating and loading potential of rainfall-runoff
processes. The observed increase in the percentage background sulphate
contribution during the wet year could in part be attributable to the nature of sulphate
Sulphate is known to behave differently from TDS, In that background concentrations
tend to rise during wet years, when TDS concentrations fall (WRC, 1897) The
sparse quality data could also reduce the accuracy with which sulphate loads were
calcuiated from the two background stations
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Figure 6.5: Pie chart of total load distribution at station B1H005.
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7. ESTIMATION OF THE EXTERNALITIES OF POLLUTION IN THE WITBANK
DAM CATCHMENT

7.1 Overview

It is essential 1o consider impact and abatement costs as they are measures of the
externalites associated with pollution Impact costs measure externalities from the
perspective of water users, while abatement costs measure externalities from the
perspective of water polluters. The cost of water pollution control measures to
minimise ar to prevent pollution could not be estimated This cost depends on the
management practices and specific charactenstics of mining and auxiliary activities
as well as on geohydrological properties of a mined area This cost can only be
estimated by the mines and it is usually lower than the treatment cost. Therefore for
the purpose of estimating the upper range of abatements costs the treatment cost
has been used.

The costs were estimated for sulphate’s contnbution to salinity. Most of the data for
the impact cost is only available for TDS or EC Thus the costs were adjusted for
sulphate concentrations, assuming a linear relationship between TDS and sulphate
values, as suggested by WMB (DWAF, 19974d)

The methodology utilised to estimate the direct financial cost of impact and the total
catchment cost for the study area are presented in this chapter. This cost estimate is
used in Chapter 8 to demonstrate the capabllities of the proposed model for
caiculation of the poliution charge The estimated abatement cost Is used to
determine the upper range of this charge

7.2 Estimation of the cost of impacts on water users

7.2.1Background

It was originally intended to use the impact costs estimated by Wates, Meiring and
Barnard (DWAF, 1997b). However, these costs were found to be inappropriate as.

o they were estimated for a hypothetical level of sulphate concentration, while
in this project it has to be done for a more realistic situation during the study
period.

o Dbetter ways of determining some of the costs have been identified;

e more accurate data has been collected for this study, and

e certain assumptions had to be replaced.

The costs in this study have been calculated for two water quality regimes in the
Witbank Dam catchment. the 1990/91 and the 1995/96 hydrological year. These two
years represented different hydrological conditions - one of the dries! and one of the
wettest years in the last decade respectively The water use for both scenanos was
assumed to be the same as that estimated for 1995/96 This was done in order to
compare the impact cost of different water qualities on consumers using a constant
level of consumption. The more recent year (1995/06) was selected because most of
the required information was available for that year and represents recent conditions
quite accurately

All calculations were corrected to 1997 prices. The water use for each type of user is
descnbed in section 6.5

L \COMMON'WRCPPPPusportiFmalchapiersd-Tnew doc - 110159
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7.2.2Agricuiture

The aforementioned report (DWAF, 1897b), did not include the cost impact on
irngators in the Witbank Dam catchment. Although these impacts are relatively minor
for the sake of compieteness. agricultural impacts have been included in the present
analysis of costs

When considering the impacts on agriculture of a decrease in water qualty there are
two possible courses of action - either an attempt can be made by the imigator 1o
restore crop yields, or a loss of yield can be accepted. Later in this section these are
referred to as scenanio (i) and (i) respectively. Both courses of action incur costs
The acceptance of a loss of yleld with subsequent compensation s undesirable and
should not be encouraged, since it might serve as a subsidy and lead to fow
productivity.

A better alternative may 1o try to improve the overall productivity of the affected
farms. There are a number of measures, which can be implemented to achieve this
includes increasing the leaching fraction, providing antificial drainage, using higher
yielding cultivators and improving general management. Some improvement 10 water
management can probably also be achieved via education Other measures may
require some indirect subsidies

Irrigators demanding direct compensation from polluters would have to prove and
quantify the impact, identify the cause and culprit. In this regard it must be noted that
the payment of a waste water charge by a polluter may not protect that poliuter from
legal damage claims brought by the victims of poliution. Payment of the waste water
charge is not a licence or permit allowing poliuters to impose direct negative financial
impacts on downstream users with impunity. However such a charge system should
create the opportunity for introducing mitigation measures rather than opting for
lengthy, expensive and possibly inconclusive litigation. If claims are made by victims
of pollution, managers of charge systems would be faced with three options:

increase charges to reduce poliution levels,
provide financial assistance o the poliuter to reduce poliution levels. or

provide financial assistance to the ingator to heip him/her cope with a poorer water
qualty.

The impact on irrigation farming becomes noticeable when TDS concentrations rise
above 600 mg/l. From sections 6.4 and 65.1 and from the map of irmgated land
distribution in Appendix A 3 it can be deduced that the only affected urigated areas in
the Witbank Dam catchment are in the lower reaches of MU7. According to a recent
BKS project (BKS, 1997) the irrigatad land in MU7 is 1305 ha. As no better data
could be found an assumption was made that 80% of irrigated land s located in the
Lower Steenkooispruit (conservative estimation from the map) Then the affected
area should not be more than 1044 ha, Information of the typical crop distribution in
this area was provided by BKS.

For the purposes of these caiculations, cost factors for imgating with poor water
quality have been extracted from the Lower Vet River study (DWAF, 1997)). It has
been assumed that the cost factors for water quality with 3 TDS of 600 mg/! can be
used for both years (18980/91 & 1995/96) as concentrations above 600 occur for both
years in this area.

|, COMMONWRCFPFPYwpamFraichagtenss-Trew doc - 1101594
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Table 7.1: Cost factor (R/ha) (source: Table F.4, DWAF, 1997j).

“Scenario Potatoes | Maize Lucerne Pasture
i 404 266 272 0
i 613 95 56 |0
Grop distrbution(%) | 30 8 3 158

Impact costs for the present range of crops were calculated for scenarios (i) and (i)
and were estimated, using above mentioned cost factors, to be R0.16 million/a and

R0.20 milion/a respectively For both scenarios, irmgating potatoes accounted for
most of the cost (for scenano (ii) about 95% of total cost). The rounded value of R0 2

mitlion/a is used for further calculations.

7.2.3Household consumers

The impact on household users was calculated by using cost factors determined in
the latest report by Urban-Econ (WRC, 1996b). It assumes that the cost is zero to the
householders when the TDS concentration is equal or lower to 200 mg/l. Unit costs in
R/manth/household are provided for three types of households suburban, township
and informal at a TDS concentration equal to 500 mg/l It was suggested in the report
that for TDS concentrations above 200 mg/, the cost changes linearly with TDS, and
can be calculated by the following equation:

. y (T2
Cr= Com

where: T - the TDS concentration,
Cr  -thecostat TDS =T, and
Ce - the cost at TDS = 500 mg/l.
The sources of the data used in the calculation were as follows:

o The number of households for the above dwelling types provided by the
Department of the Witbank City Council (personal communication) were 14 100,
50 000 and 9 000 respectively

* The C, values denved from the above-mentioned WRC report for each type of
dwelling were 49.4, 64 0 and 30 7 R/month/household respectively.

o The monthly TDS concentrations at Witbank Dam were calculated from DWAF
Hydrobank data.

The impact cost to offices and the large prison in the Witbank area were calculated
using different approach and added to the cost to household consumers. Application
of the above mentioned unit costs for the mix of households for the Lower Vet River
(DWAF, 1997)) resulted in an average unit cost of 0.2494 ¢/m’ per 1 mg/l increase in
TDS above 200 mg/l (adjusted to 1997 pnces) This factor and the values of
consumption by the main users provided by Witbank City Council were used o
calculate the impact cost for offices and the prison.

The final costs (after adjustment to 1997 prices) were R3 08 million for 1990/91 and
R7.26 million for 1995/96 water quality conditions.

L \COMMONWRCPPPPeportF nalchapterss. Tnew doc - 110156
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7.2 4industrial consumers

Three types of industrial consumer were considered sensitive wel industnes.
intensive wet industries and dry industries which are affected only as consumers of
water for human consumption. The cost to Eskom (Duvha Power Station) is

discussed separately

o The first group mcludes Highveld Steel and Vanadium (HS&V). HS&V's water use
was 5936 Mm’ for 1995/96. The unit cost determined for the Iscor Steel Works at
Vanderbijlpark (see Heynike, 1987) was used After adjusting to 1997 costs and
assuming that additional costs would start to be incurred after TDS concentrations
rose above 200 mg/ (original Heynike calculations were based on 300 mg/l), the
unit costs come to 0.371 o/m’ per 1mall increase in TDS. This is almost 49%
higher than the unit cost for the domestic consumer, which seems reasonable
The total cost to HS&V was calculated at R1.40 milbon for the 1990/91 water
quality scenario and R3 32 mullion for the 1895/96 water quality scenarno

Examining the costs of water treatment can test the accuracy of the estimate
above. HS&V use certain chemicals for its water treatment. The one that is most
directly related to sulphate problems in the water supply is a corrosion inhibitor
From sketchy information provided by HS&V, it seems that the use of this
chemical escalated quicker than the water consumption The cost of the use of
this chemical increased from R 1.17 milion in 1992 to R2.01 million in 1985 The
quantity of anti-scalants required is also dependent on the water quality of the
feed water. The cost of their use by HS&V in 1995 exceeded R3 million. Although
these figures do not represent the direct cost of the water quality impact on
HS&V. they suggest that the proposed estimates are of the comrect order of

magnitude.

« The second group inciudes the remainder of the industries in the Witbank area
As no information was available for them # was assumed that their unit cost was
equal to an average between the unit cost for domestic users and for sensitive
wet industries  The water use for this group was 4 455 Mm” for 1995/96_ The total
cost to this group was caiculated to be R0.88 miflion for the 1950/91 water quality
scenario and R2.08 million for the 1995/96 water quality scenario.

e The third group included coal mines, which use most of their water for offices.
change houses and hosteis. Some of the water is used for coal washing. but this
use Is not sensitive to salinty level and was therefore ignored The quantity of
water used for domestic purposes was extracted from the water system diagrams
provided in WMB, 1990. Difficulties related to utilising this information for this
purpose are detailed in section 652

No information on the quality of the abstracted water couid be obtained Therefore
the water quality at the nearest upstream monitoring station was used. The total cost
to coal mines was caiculated to be R1.32 milion for the 1990/91 water quality
scenario and R1 48 million for 1995/96 water qualty scenario

The cost of Increasing the salinity of the water supply to Duvha Power Station was
estimated by WMB (DWAF. 1997b) as R150 million for both scenarios. This is the
capital cost of providing water from Rietfontein Dam rathes than the Witbank Dam.
Eskom was approached several times and requested to provide relevant information
regarding their costs as a result of low quality of the water in Witbank Dam but no
response was recelved.
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Due to the complexity of the situation, an additional case study was conducted and
presented in section 7.5. To represent the situation in the study area for 1995/966 the
cost of the blending option was adjusted to 1997 prices, which resulted in a value of
RO 63 million. As no data was available on the impact of the water quality in Witbank
Dam on the cost of the blending option, the same cost was used for both the 1990/91
and 1995/96 water quality scenancs It must be stressed that this cost is not truly
representative of the full cost to Eskom and it may increase in the future if there is
insufficient water for Duvha from the Komati system

7.2.5Summary of the costs to water users

Although the costs of pollution 1o water users were calculated independently to the
WMB study. and different assumptions and input data were used, the overall results
were very similar (DWAF, 1987b). The estimate of the impact cost on the municipal
water distribution network calculated by WMB was therefore accepted for this study
In any case, this cost is the lowest of all and any variation ansing because of different
methods of calculation is likely 1o be insignfficant The 1995 WMB estimates for
municipal use were adjusted to 1997 prices. This resulted in values of R0 23 million
for the 1990/91 scenano and R0 47 million for 1995/96.

A summary of impact costs s provided in Table 7.2 The impact cost to the domestic
water users is significantly higher than the cost for any other water user group. This
conclusion is identical to the conclusion reached by the Urban-Econ (WRC, 1996b)
and the WMB studies (DWAF, 1897b).

Table 7.2: Summary of impact costs.
Water users I Cost (in R million 1997 prices)
- Water quality scenario 199091 199596
HTQMOn 0.20 0.20
Domestic 308 726
HS&V | 1.40 332
| Other industrics Y 088 208
Coal mines A | v 1.32 = 1.48
Municipal network A 023 0.47
Eskom [ 0.63 i 0.63
Total 1.72 - 1544

7.2 6Limitations of the cost estimate

in the above section only the direct financial costs were considered and not the full
cost to society of the impact of pollution, which can be estimated from the following
relationship (see explanation in section 2 4)

Cow = Caomn + Cor + Cos + Cop * Cie
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For some of the impacts the available data is insufficient to determine even the direct
financial cost In particular, the cost for Eskom could be an underestimation

The calculation of the indirect economic costs is very compiex and although attempts
were made to estimate them (WRC, 1996) their estimation was beyond the scope of
this project. However, what s clear is that the full economic cost will generally be
significantly higher than the direct cost

Certain types of impacts on the environment, such as biodiversity, are virtually
impossible to express in agreed, financial terms and were therefore excluded from
the calculations. The estimation of the opportunity cost (i.e the cost of not being able
to use good quality water), which is extremely complex, was also excluded

A further imitation i1s that only water users within the study area were considered
Upon examining the available information it became clear that a more detailed study
would be necessary to investigate the impact of poliuters in the Witbank Dam
catchment on water users downstream. Other consultants are presently carrying out
this investigation for the area downstream of Loskop Dam, but the results are not as
yet available. The additional /mpact on users, such as Kruger National Park and
farmers in Mozambique, may in fact be considerably higher than the impact cost
estimated for the study area

7.3 Estimation of pollution abatement costs

7.3. 1introduction

There are several different ways that the abatement of pollution costs can be
calculated. This study focuses on estimating costs ranging from treatment at th
source o the point of use, as a proxy.

The cost estimates provided in the following sections are ball-park values. They are
only an indication of the lkely abatement costs In most cases, both capital and
operational costs are prowded, but to faciitate comparison, the capital costs were
converted into capital recovery costs and added to the operational costs. A net
discount rate of 10% and twenty years working life were assumed for the calculation
of capital recovery cost. All the costs were adjusted to 1997 prices.

7.3.2WMB estimate of abatement costs

According to WMB (DWAF, 1997b) to achieve a water quality objective (Co) of a
sulphate concentration of 300 mg/l in Witbank Dam would require the mines in the
area to spend about R56 million (capital and operating cost for 1995) This is
equivalent to R65.4 million in 1897 prices.

No explanation was provided on how this cost was derived. Furthermore, the Co for
Witbank Dam in the 1993 report is 155 mg/l (see Table 6.3) Hence, WMB's estimate
base on a hypothetical objective of 300 mg/l should be construed as a conservative
estimate of abatement costs

7.3.3Treatment costs as a proxy of abatement costs

Treatment costs are the costs of the treatment of all poliuted water contributed by
mines. A particular example investigated for the purposes of this study was the
treatment of the poliution from abandoned mines, which is the responsibility of the
DWAF  The Brugspruit Pollution Control Works were built in 1986 near Witbank to
collect and neutralise ackd mine drainage. The capital investment was R26 million
and operating costs are R1.476 million/a. Every 3 to B years new siudge lagoons
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have to be built which cost another R2 milon. If capitai costs are converted into
capital recovery costs and the operating costs added, the total annual cost comes to
R5.16 million. This expense is only for the collection and neutralising of acidity It
does not include reduction of TDS or sulphate concentrations.

The remaval of sulphate is more expensive than the neutralising of acidity. According
to the latest estimate (WRC. 1998) the minimum cost of desalination is RS 7/m® of
polluter water. This includes the cost of brine disposal and it combines operational
and capital costs. The unit cost can also be expressed in R per unit of load (t of
sulphate) The resulting unit cost is about R3585 per ton of sulphate This cost is
based on a sulphate concentration of 1580 mg/l in the poliuted water, If the feed
water has a lower sulphate concentration then to process one ton of sulphate a larger
quantity of the poliuted water has to be treated. This would caost more since the total
volume treated affects the pnce. Since the assumed concentration of 1580 mg/l
represents the upper part of the range of possible values the aforementioned
treatment cost will be considered to be a minimum unit cost

For the 1995/86 hydrological year, total annual treatment cost for mine releases,
calculated from the above unit cost, was found to be R80 7 million/a and R196 7
million/a for all non-point load (releases + diffuse During that year, the total load
contributed by releases and diffuse sources was 54 B65t, while annual waste load
allocation estimated for mines for 2000 is 8945t (see WMB, 1993). Assuming that all
diffuse poliution was contributed by mines and that the waste load allocation is
enforced, the mines would have to treat all surplus discharge of 45 920t of sulphate.
This would cost them R164 6million/a (excluding the cost of converting the diffuse
polilution into point source so it can be treated). This value is assumed to represent
the upper range of potential cost of treating pollution at source.

The cost of treating all water, which was released by mines during summer 1996/97,
comes to R37.2 million (assuming that 6.531 Mm’ of water was released - see
DWAF, 1897d). This means that the mining industry effectively saved at least R37 2
million, when the DWAF approved to release the poliuted water According to the
Chamber of Mines (personal communication, 1998) the implementation of the
controlled release scheme had a triple benefit:

o industry achieved significant cost! savings, whilst at the same time the water
quality objectives for the catchment were achieved,

* the cost savings were passed on to the shareholders. government (in the form of
taxes) and to electricity users,

« the cost savings enabled South Africa to remain competitive in the international
market and to earn foreign exchange. To a certain extent, this offsets some of the
effects of the current harsh economic situation.

7.3.4 The cost of on site stream desalinisation

This method of abatement cost estimation involved identifying control points where
the water quality exceeded the management objectives and then estimating the costs
of diverting part of the stream, treating t and discharging the higher quality water
back into the stream to achieve the desired water quality.

Numerous assumptions were made to armve at estimates An attempt was made 10
take into account the water quality and management objective at the relevant point,
the monthly flows and the optimisation of the desalination plant. However, because
such a significant amount of data processing was necessary and some data from
1990/91 was not available, only the costs for 1995/96 conditions were estimated
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Calculations were based on data from four points.— three main monitoring stations
upstream of Witbank Dam (B1H019, B1HO30 and B1HO0S) and one at the dam It
was assumed that water, which was abstracted from the dam by Witbank treatment
plant, is treated to meet the required Co. The annual costs (sum of capital racovery
costs and operational costs), calculated using the unit cost of RS.7/m™ are presented
in Table 7.3

Table 7.3: Treatment costs necessary to achieve water quality objectives.

Station Cost(R million/a) i
B1HO19 568
B1H030 1409 1
i B1H005 3095
B B1R0O1 108 ]
=t

In order to achieve adherence to the water quality objective at three main control
points - BIHO19, B1H030 and B1H00S, controlling inflow into Witbank Dam, the total
annual cost of side stream desalinisation was estimated as R510.2 milhon. This
would implicitly result in achieving the Co at Witbank Dam. The option of accepting
the high sulphate concentrations at the upstream control points and treating a portion
of the Witbank Dam water, sufficient to guarantee that the average sulphate
concentration does not exceed 155 mg/l would only cost R10.8 million.

7.4 Conclusion

It is clear from the data presented in this section that treating water after discharge is
much more expensive than treating it before it is discharged. The cost of treating all
water entering Witbank Dam to the level determined by Co would cost R510.2
million/a compared to the cost of R184.6 million for treating the mine's polluted water
s0 that the waste load allocation is enforced.

The cost of treating water abstracted from Witbank Dam (R10.8 million/a) could be
compared to the cost of pollution to water users. The impact cost includes cost to
domestic users, municipal network and industries others than HS&V. This impact
cost of R9 8 million/a (see Table 7 2) is close 1o the R10 8 mullion of treatment cost It
should be noted that even by achieving the Co at Witbank Dam, some economic
costs will still be incurred by users. This is because the management objective of 155
mg/l of sulphate is equivalent 1o a salinity of 328 mg/ TDS (using the linear
refationship between sulphate and TDS as suggested by WMB (DWAF. 1987d)),
while the impact cost begins at a TDS of 200 mg/

Some of the costs discussed above are presented in Figure 7.1. It can be concluded
that the direct impact cost is very small when compared {0 abatement costs.
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Figure 7.1: Comparison of total catchment costs (R million/a).

7.5 Eskom's sensitivity to poor water quality in the Witbank Dam: a comment

7.5. 1 Historical background

The sensitivity of Eskom to poor water quality in Witbank Dam can be traced to a
number of factors, the most significant of which is the vuinerability of its ‘flagship
power station - Duvha, to elevated TDS levels in the Dam. Ostensibly, the station
was designed around a water quality, which prevailed prior to the current level of
mining and mine-related poliution that exists today in the Witbank Dam catchment
Moreover, the current level of coal mining in the catchment is to an extent a product
of the construction of the station and its subsequent demand for local coal. Indeed, it
is understood that some of these mines were ‘tied’ mines in which Eskom had a
stake. Prior to the mothballing of Komati Power Station, in the upper part of the
Olifant’s catchment, mine water discharge from the adjacent Blinkpan Colliery (where
the power station practised underground wet ash disposal), also contributed to
elevated TDS and suiphate levels in surface water.

The design of Duvha Power Station was also somewhat inflexible to vanations in
intake cooling water quality, if the zero-effiuent discharge status of the station was to
be maintained. In other words the station could accept a poorer water quality but this
would result in fewer cycles of concentration in the cooling water system, more
frequent blowdowns. more frequent make-ups and surpius effluent that could only be
discharged to the surface water system. Thus the ‘no action’ consequence of poorer
water quality in Witbank Dam, assuming the integrity of Duvha was not to be
infringed in any way, was increased cooling water demand and a quantity of saline
effluent which was beyond the absorption capacity of the power station's ashing
facility. The station would also incur additional costs in the treatment of comparatively
smaller quantities of demineralised boiler feed water as a result of higher TDS
concentrations in the intake water,

In the late 1980's a senes of options to resolve Duvha's water supply problem were
investigated by a joint working group of both Eskom and DWAF The options
included:

L \COMMONYWRCPPPPrspot'F na‘chapletshh. Tnew doc - 110189



7-10

o Blending Witbank Dam water with Komati River water drawn from Eskom's
dedicated water reticulation system in the area; (capttal cost R2milion at 1989
prices).

¢  Modifying Duvha's cooling water system to render it more ressient to poor cooling

water quality, (capital cost between R23.7 and R47 6million at 1889 prices
depending on modifications 1o all or half of the cooling water system)

* A dedicated pipeline supply of better quality Grootdrai Dam water taken from the
Rietfontein Dam in the upper Olifants catchment, (capital cost R35 8 miliion at
1989 prices)

« The desalination and subsequent re-use of surplus blowdown water from Duvha.
(capital cost: R40.8million at 1989 prices)

The costs were calculated assuming the worst case scenario for water quality in
Witbank Dam of sulphate concentrations of 150 mg/l. In the last few years the water
quality was significantly worse than this (the average for July to December 1996 was

267 mg/).

Due to the mothballing of Camden and Komati power stations, surplus Komati River
water became available in Eskom’s pipeline distribution system Consequently, it was
decided to proceed with the blending option and to introduce one of the remaining
options only when blending proved no longer adequate. Eskom paid for the blending
option whilst DWAF wrote-off a portion of the unrecoverable costs of the Nauwpoort
Pumping Station (built by DWAF to supply Duvha with water from the Witbank Dam),
due to the reduction in its use

7.5.2Determining the impact costs of pollution

The first question that needs to be examined is whether the anticipated impact costs
at Duhva, regardiess of how unlikely it would be for such impacts o be permitted.
should be used as a basis for determining how much the polluter should pay. In other
words. what would be the ‘no-action’ impact costs of Duvha Power Station using
poliuted water from Witbank Dam as was onginally intended? Such costs could be
considered in two ways: the cost of operating the cooling water system without any
surplus blowdown and the cost of operating it with surplus blowdown

Presumably, the cost of not producing surplus blowdown and allowing the lifespan
and effectiveness of the cooling system to be negatively impacted, together with the
ability of the station to produce electricity, would be extremely high However, this is
not a cost that is likely to be incurred given the responsible management that exists
at Duvha, the value of the assets at stake, and the cost of reduced power supplies to
the nation

The alternative ‘no-action' option for Duvha Power Station would be to protect the
assets of the power station and maintain power supplies by producing surplus
biowdown to be discharged to the Olifants River. Assuming that the discharge occurs
downstream of Witbank Dam (it would be self-defeating for Eskom to discharge
effluent into the dam from where its water supply is drawn) the following costs could

be expected.

e The cost to Eskom of a pipeline from Duvha to a pomt where the effluent would
flow 10 the river below the dam.

* The incremental cost of additional make up water
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e The cost to downstream water users of the additional poliution

The combination of these three costs may represent a more realistic impact cost of
Eskom abstracting more poliuted water from Witbank Dam

7.5.3Impact costs versus abatement costs

The next question that must be answered is whether abatement costs can be used
as a proxy for poliution impact costs in this instance [n other words, if the victim of
pollution decides to treat their water supply to a level where they can use it withou!
any pollution impacts, can the cost of abatement be used as an indicator of the
impact of poliution? This is a common practice in other countries and is often
adopted as a more practical method of estimating impact costs given the
complexities associated with direct and indirect impact assessment. However, In a
developing economy it is suggested that abatement costs can only be used as a
substitute for impact costs in situations where the vicim has the capacity and
resources to implement abatement measures.

In situations where both impact costs and abatement costs can be calculated, usually
the lowest cost should be used for pollution charge calculations. In Eskom's case it is
probable that the impact costs of pollution are far higher than the abatement costs
that might be incurred by Eskom to combat the effects of pollution regardiess of
whether surplus blow down is generated or not. Whilst it is not always the case that
abatement costs are lower than impact costs it is nevertheless important to know
which to use when both are available.

Guidance on this issue can be found In macro-economic policy. As economies
develop and grow, resources are placed under increasing pressure - thus requiring
that resource utilisation becomes more efficient. If pollution charges were based
exclusively on impact costs and the compensation of the victims of pollution via direct
or indirect means, a constant efficiency in the use of resources would be entrenched
and any incentive on the part of the victim to increase that efficiency would be
undermined. In the case of irmgated agriculture, it is preferable, for both the farmer
and the national economy, if the farmer leamns to produce the same yield with poorer
quality water, rather than compensating him/her for a reduction in yield. Similarly, it
is better for Eskom to adapt to the poorer quality water of Witbank Dam rather than
receive compensation for having to use it. This does not mean that the victim cannot
be compensated in some way for introducing adaptation systems, but rather that
compensation should not be a reward for reduced, efficiency or productivity,
regardless of the reasons for such a reduction.

Adaptation also brings with it a number of other benefits. most notably increased
resilience to changes in the resource base and sometimes reduced consumption of
resources. In the case of Duvha, several of the adaptation measures result in a
reduction in the net demand for water. It is therefore reasonable to expect the State
to require the victims of pollution to base their impact costs on the least cost of
abatement assuming that abatement measures are viable feasible and less than the
direct impact costs.

7.5.4Consequences of the victim of pollution becoming a polluter

Most water users are also water polluters. Thus the situation can anse whereby a
victim of water pollution might claim some form of direct or indirect compensation
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from polluters and at the same time also pay pollution charges for their own waste
water return flows. The creation of excess blowdown would make Eskom a poliuter
and liable for paying a poliution charge. However, Eskom may be inclined to point
out that their status as a poliuter has been imposed on them by other polluters and
the failure of the State to adequately control such poliution. They may also point out
that their effluent discharge comprises excess pollution from the mines which they
are merely routing more quickly through their cooling system so as not to incur any
damage, and then returning it to the Olifants River from whence it came They may
even point out that the pollution load abstracted is far less than that which is
discharged back to the river, the difference being the saits that are ‘locked’ into the
ashing system. In other words, as a net reducer of pollution in the calchment they
may claim that they are entitied 1o a rebate and not a charge

How does an economist deal with such a convoluted situation? The answer is to
kaep the pollution charge system simple and not complicate it with other issues. but
rather deal with the other issues through dedicated pricing systems. For example, in
the event of Duvha discharging an effluent, they must pay the required charge
irrespective of what circumstances led them to discharging that effluent. If they feel
financially disadvantaged as a result of the poor quality of the water supply then they
must seek compensation from upstream polluters, possibly via the system through
which they purchase water For example, they might seek a discount on the price of
the water as a result of a reduction in its quality - as with any impaired goods that are
purchased. If the supplier of the goods (in this case DWAF) is not in a position to
afford a reduction in the price of water it supplies to Eskom, then it must in turmn seek
compensation via the poliution charge system. Thus a situation could arise whereby
the DWAF seeks to subsidise the discounted cost of supplying poor quality water in
the catchment from pollution charges, thereby establishing a market for water which
incorporates a quality component

Although this may seem an ideal solution, it should be realised that it only works
insofar as the demand for water does not exceed supply under the prevailing pricing
system. Once, water becomes scarce in the catchment users will be prepared to pay
more for it regardiess of the quality. The cost of purchasing scarce water and of
treating it to the required quality represents the willingness of each water user to pay
for water in the area. Once that threshold Is exceeded the user must consider
relocating to a place where water is more affordable in terms of the viabilty of the
business.

7.5.5Consequences of a victim being indirectly responsible for the pollution

It could be argued that Eskom is partially responsible for the pollution in Witbank
Dam by virtue of the fact that their demand for local coal has a profound effect on the
development of mines in the area and that they even have a stake in certain mines in
order to ensure the supply of coal to the power stations In such circumstances some
might argue that Eskom automatically forfeits its status as a victim of pollution and
that any costs of pollution incurred by them shouid be met internally.

Resource economists would be unlikely to agree with this viewpoint and once again
would prefer to reduce the complexity of Eskom's relationship to the causes of
poliution to more simplistic cascading pricing mechanisms For example, if a coal
mine is required 10 pay a charge for the poliution it discharges. then the price of its
coal to Eskom should reflect that additional cost regardiess of whether Eskom owns
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all, a part, or none of the mine in question Eskom would then be expected to pass
that pnice increase on fo the consumer as a better reflection of the true price of
electricity inclusive of the externalities associated with its production

Similarly, investments by Eskom, which stimulate local mining deveiopment, cannot
be held responsible for the externalities associated with that development Such
externalities are the responsibidity of government who need to create a reguiatory
environment (ether through command and control systems or market based
Instruments) which ensures the adequate internalisation of the externalities

It must be remembered that it is not Eskom's responsdilty to internalise the
externalities associated with the life cycle costs of a unit of electricity It is Eskom’s
job to produce electricity at the lowest possible cost within the prevailing regulatory
system, be it a national or an international system. If the degree of that internalisation
is inadequate to meet national environmental objectives, or the critena laid down by
overseas governments for the importation of SA's goods, or the emissions targets of
global warming agencies, then it is the regulatory system that is at fault and not
Eskom.

7.5.6Lessons

The above case study highlights a number of iessons concerning the imposition of
pollution charges in a complex multi-poliuter system, which though alluded to in the
previous sections of this report, were discussed here in terms of the actual situation
in the Witbank Dam catchment. These lessons are summarised below for the sake

of brevity and understanding

1. Pollution charge systems must be kept simpile and confined exclusively 1o the act
of poliuting. No attempt should be made to complicate the system or introduce
mitigation measures on behalf of polluters who maintain that their situation is
different. In such instances financial relief should be sought through alternate
mechanisms. No one other than the polluter can be held responsible for their
poliution and thus the poliution charge

2. The estimation of the impact costs of pollution, assuming a ‘no-action’ scenario is
an unrealistic method of assessing impact costs for pollution charge setting
purposes and one which can unfairly prejudice the poliuter.

3 If the impact costs of pollution are difficult to estimate or unacceptably imprecise,
then abatement costs should be used in those situations where abatement is
4. Abatement costs should not be used as an estimate of the impact of pallution in

situations where the victims have neither the capacity nor the resources to
implement abatement measures.

Where both abatement costs and impact costs exst. the lessor of the two should be
used for pollution charge calculations provided a significant diference exists between
them. However, it is preferable to use abatement costs wherever possible as this
encourages adaptation.
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8. DESIGN OF A POLLUTION CHARGE SYSTEM

8.1  Objectives of the system

In additon to adhenng to the Polluter Pays Principal, any mode! for impiementing
pollution charges must be practical and fair. Mindful of this, the following objectives
were set for the modelling of a pollution charge system

1. Net revenue-generating potential. In keeping with the Polluter Pays Principal,
poliution charges should not impose a8 cost upon society. Indeed. the charges
should alleviate at least all of the costs the society currently incurs for the
management of water quality and the control of pollution in the area of application
(i e defensive expenditure in the Witbank Dam catchment).

2. Net revenue must be related to the direct impact costs of pollution. According
to the PPP there should be a direct link between revenue generated and direct
impact costs Although ¢t will not always be desirable to directly compensate water
users for the costs associated with poliution, it has been demonstrated that it is
important for the economy 10 be adequately reimbursed for the costs imposed by
the pollution through indirect means.

3. Minimised implementation costs. There s always the nsk with self-funding
bureaucratic systems that implementation costs will be uncontrolled and that that
such costs are met via progressive tariff increases. Three factors will generally help
to minimise the implementation costs of a charge systems: a simple design,
minimal opportunities for disputes and challenges, and effective deterrents against
abusing the system and dishonesty in the provision of information.  The latter, (ie.
penalties) are not a part of the model but are discussed later in the report.

4. Deter polluters from excessive and harmful pollution. As indicated earlier it is
neither feasible nor economically wise 1o attemp! to eradicate all poliution
However, the charge system must be capable of being used to encourage a
gradual reduction of pollution to achieve agreed water quality goals.

5. Discourage non-point source pollution. The charge system must possess clear
and effective incentives for converting non-point source polfiution to point source
pollution by means of improved on-site management of waste water and intensified
monitoring of the quality and quantity of all point and non-point source discharges

6 Charges must be reasonable, justifiable and must not promote economic
decline. It is the purpose of the charges to provide an economic offset, which is
proportional to the costs imposed by pollution It is not the intention of a charge
system 1o affect the viability of industry - except in situations where the external
social costs of the industry clearly exceed the economic benefits. Hence, when
increasing poliution charges to achieve a significant deterrent effect it must be
remembered that poliuters may only be able to achieve a portion of the desired
reduction demanded and that further reductions may only be possible through the
partial or full closure of the industry. This is where the economic optimal level of
poliution becomes an issue in determining pollution charges, and where it is
important for poliuters to have recourse to an independent adjudicator should they
feel the charges are unfair or economically harmful (see section 10 3.2)
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7. Flexibility. The charge system must be flexible enough to take into account all of
the above objectives, but still be simple to manage. Possible variations should be
taken into account upfront and catered for in the basic structure

8.2 The design of a generic charge system

8.2.1 Overview
The proposed charge system is a combination of cost covering charges and an

incentive system, because both factors are essential It includes the three main
components described in Table 8.1

Table 8.1: Pollution Charge Components

cw Type of Applicable to Determining the charge
ENT charge
ADMINISTRATI | Fixed charge | All actual and potential Charge based on
ON CHARGE in Ria poliuters, regardiess of | recovering the full cost of
whether they discharge | administering the system,
(AC) any effluent. Including monitoring.
WASTE LOAD | Fixed rate in | All effluents when the Charge per ton of poliutant
CHARGE R/month | concentration at a control | load discharged - intended
point exceeds the impact | to create an effective
(WLC) level. deterrent to poliution.
NON Variable rate | All effluents, when the Penalty charge per ton of
COMPLIANCE | in RW/month, | effluent concentration or | pollutant load,
CHARGE nsing the concentration at a on the level of exceedance
arithmetically | control point exceeds the | of Co and the toxicity of
(NCC) of Water Quality the discharge.
exponentially | Management Objective
with (Co).
increasing
concentration

The following sections provide an explanation of the different charge components.

8.2.2 Administration Charges (AC)
8.2.2 1 Catchment Admimistration Charges (AC)

Any system of pollution monitoring, identifying poliuters, determining impact costs and
collecting discharge information, sending out accounts receiving payments, and
recording data and transactions incurs significant costs These costs are referred to
as administration costs and will be incurred by the mstitution administering the
poliution charge system. According to the National Water Act, Act 36 of 1998 such a
charge "may be made by and are payable to the relevant water

institution” (section 57.2). In the interests of consisiency and as a result of the policy
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directions of the DWAF, we will refer 1o the administenng institution as the catchment
management authonty (CMA)

Administration costs are incurred as a direct result of industry wanting to use surface
water systems as a means of disposing of waste, and society requiring that such
actions be monitored and controlied. As it is industry, which benefits from this
privilege, it is unfair to burden society as a whole with these costs. Such costs must
be paid for in full by the poliuters in that area and the charge system must relate to the
specific charactenstics of the relevant catchment In order to implement a system of
pollution charges there must be the equipment, staff and financial capacity to:

* collect sufficient data to monitor levels of pollution from point and/non-point
sources

» purchase, operale and mantain the necessary equipment to carry out these tasks;
and

¢ calculate and administer the collection of charges.

The first two items determine the needs of a water quality monitoring system required
to estimate poliution charges Such monitoring system has four key objectives:

* to monitor whether the charge system is having any impact on water quality.

* to establish whether the pollution loads disclosed on a voluntary bas:s by the
poliuters balance with independently monitored data by carrying out spot checks
on individual poliuters,

¢ 1o monitor streams at control points, and

¢ to monitor the background contribution and loads transferred from other
catchments

The costs associated with meeting these objectives are significant part of the
administration costs

It is generally problematic to develop an administrative charge based entirely on the
costs associated with administering a waste load charge system as the same
administrative structure s used for general water quality management. In addition. if a
number of pollutants are included in the charge system, the caiculation of their
charges will require use of the same administrative structure, control and compliance
monitoring points and information support etc. The estimation of the AC later In this
Chapter is an indication of the likely costs and can be used to compare the relative
significance of the AC with the WLC and the NCC. In reality, the AC might form part of
the charge for the water resource management levy, as defined in section 56.2(a) of
the National Water Act. Act No.36 of 1998 In this case it would be estimated
according to the National Water Pricing Strategy as a part of the CMA's Water

Management Plan

It is important that the CMA be transparent in the determination of the administrative
charge. It would be unfair and unacceptable to burden polluters with the cost of
maintaining an inefficient or bloated bureaucracy, or indeed an over diligent pollution
monitoring system. The CMA should publish annual accounts showing a breakdown
of its running costs and giving a projection of the expected running costs for the next
year. Polluters, and the general public, should be afforded the opportunity to
challenge such accounts and should be able to refer unvesolved objections to an
arbitrator or Ombudsperson
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8.2.2 2 Administration Charge (AC) for an individual source

The procedure for calculating the AC for an individual poliuter needs to be considered
at length. It would be unfair to divide it amongst individual polluters according to their
pollution load. This is because the total administrative cost is not proportional to the
pollution load and therefore the individual AC should not be proportional to the
discharge The simplest approach is to divide the catchment AC equally between all
pollution sources in the catchment. To make it fairer, diffuse sources should pay more,
because they generally have more compliance points and more auditing has to be
done by the CMA. Another approach is to divide the polluters into cerfain categones,
e.g small medium and large and to make the individual AC higher for larger sources
Sources could also be categonsed 1o priontise basic human needs and to redress the
resuits of past discrimination, In this case sewage works treating effluents for a
previously disadvantaged community would pay only a nominal AC

In a case where a Water Management Plan for a catchment is available and the
catchment is divided into Management Units (MU), then it is practicable to split the AC
between MUs, The total projected annual running costs for the CMA to administer the
charge system (excluding the cost of auditing compliance points) could be estimated
for each MU and the cost per MU allocated to polluters upstream of each control
point. Individual poliuters should aiso pay an additional fee, which is proportional to
the number of their compliance monitoring points that the CMA is required to audt
This way a poliuter with several waste discharge points, which has to have a number
of compliance monitoring points. would pay a higher AC than a poliuter with just one
discharge monitoring point

The list of options is long and intermational experience indicates that an AC can be
either very simple or extremely complex, depending on circumstances and needs. In
South Africa the AC will be determined in accordance with the National Water Pricing
Strategy, which is in the process of being prepared.

8.2.3 Waste Load Charge (WLC)
8 2.3 1 Introduction

A Waste Load Charge is paid by every poliuter located upstream of a control point
during the months when the concentrations measured at this control point exceed the
impact level (i e. when pollution reaches the level that causes measurable damage to
the water users in this catchment). The charge for an individual poliuter is equal to
Waste Load Charge Unit (Rton) multiphied by the load contributed by this individual
poliuter. The WLC Unit is equal to the total direct impact cost to the users of the
catchment divided by the total load contributed by poliuters in the catchment. This
applies in a simple case when the loads contributed by each polluter are known, The
options for calculating WLC in more realistic situations are presented below.

The function of the WLC is two-fold: firstly to recover a portion of the costs associated
with the discharge of a pollutant-containing waste. and secondly, to deter polluters
from excessive poliution. It is proposed that the maximum revenue obtaned from all
WLC payments in 3 catchment shouid not exceed the direct impact costs (Cp,) of that
pollution on downstream water users. An incentive mechanism should also be built
into the charge to encourage poliuters to convert as much of their effluent as possible
from diffuse source 1o point source
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8.2 3 2 Connection batween effiuent concentration and WLC

The water quality point where the WLC becomes payable is debatable, and several
options exist

« One option 15 to charge the polluter for the total pollutant load discharged
regardiess of the effluent concentration, even if the concentration of that
pollutant is so low that it actually improves the quality of the receiving water The
logic behind this approach is that the charge is being levied on the quantity of
poliutant discharged in load form, irespective of whether it s associated with a
large quantity of water or a small quantity of water This option also discourages
poliuters from attempting to store fresh water on-site for later use in diluting waste
to below a specified WLC starting concentration. In terms of the PPP this option
enjoys limited support in that the discharge of an effluent which improves the
quality of the receving water is unlikely to exent a cost impact on downstream
water users.

« Another option would be start the WLC at the receiving water's background or
pristine concentration of the poliutant. In this way the WLC would be levied
only on waste discharges, which cause a deterioration In the qualty of the
receiving water.  This approach would certainly enjoy the full support of the PPP
However, the practical determination of the background level could pose a
problem, and again polluters may adjust the concentration of their waste using
fresh water in order to avoid payment.

« A third option would be to apply the WLC at a point of impact concentration,
(concentration that causes a negative impact on downstream users) The
simplifying assumption can be made that the charge would only be payable on
effluents of a concentration which exceed the maximum no-impact levels of
downstream water users Again determining what the maximum no-impact level
for a pollutant could be problematic and contentious. This approach does not cater
for the changing nature of a waste stream over time in large catchments,
whereupon evaporation and water quality detenoration/dilution may occur

In summary, while the PPP theoretically supports the starting of the WLC at either the
background concentration or the point of impact, the practical application of the PPP
in a user charge system would probably require that the WLC is applicable to all
wastes regardiess of effluent concentration. This approach is also the only one, which
can be implemented for non-measured diffuse sources.

8 2 3.3 Use of Diffuse sowrce differential (Dsd)

A differential in the charge between point and non-point source s suggested as a
means for creating an incentive for the more effective control of diffuse sources. This
coefficient should be high enocugh to make it worthwhile for industry to minimise
diffuse pollution. The “Diffuse source differential” (Dsd) could be determined from
monitoring costs. If diffuse source poliution were measured with acceptable accuracy,
by adequate monitoring upstream and downstream of the source, then this source
would pay the same charge as an equivalent point source pofluter (the Dsd coefficient
is equal to 1.0). This measure not only reduces the charge for the polluter, but also
helps to separate its contribution from the other diffuse load contributors and to avoid
paying for other poliuters.

The ultimate purpose of the differential charge is to provide the polluter with an
incentive to physically convert the diffuse source into a point source. This could be
done by building cut-off trenches around the source and draining them all through one
(or a few) measured outlets. A range of technical options exist for controlling non-point
source poliution The advantage of the suggested charge system is that it gives
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industry an incentive to control their poliution without any limitation on how to achieve
this control. It allows them to find the most economic solution, suitable for their
specific conditions and circumstances

8.2 3 4 Use of revenues

Use of the revenue generated by the WLC to directly compensate other water users
for the adverse affects of pollution must be minimised Direct compensation could
result in endless litigation over what individual water users might be entitled to.
Rather # should be spent indirectly in the catchment for water guality improvement
measures such as building new water treatment works or upgrading existing ones,
improving sanitation, and tackling those pollution problems where the offending party
cannot be located (e g abandoned mines). A portion of the WLC revenue may aiso
go towards offsetting the costs of higher level authorties involved in water quality
management This could be justified by the fact that the cost impacts of pollution go
far beyond the boundary of the catchment in which they first occur  Expenditure on
aspects such as water quality policy development. water quality research, and
national data storage would all be acceptable in terms of the PPP

8.2.4 Non Compliance Charge (NCC)

The NCC is a penalty charge that is levied on waste discharges when the
concentration at control point exceeds the Waler Quality Objective (Co) for the
particular pollutant There are two instances, in which it can be introduced. Either
during the later phase of the implementation of a charge system, if the introduction of
full WLCs still does not improve water quality to the desired level (phased approach),

The NCC could be levied on a monthly basis and is justified by the PPP in two ways.
Firstly, it can assist in recovering indirect costs, which the WLC can not do. Secondly,
discharges that cause pollution in excess of the Co for a catchment or area are
assumed to exert a significant and unwanted cost impact on other water users. Thus
the purpose of an NCC is both to recover some of the significant indirect costs of
pollution and to deter polluters from imposing impacts from their activites on other
water users and penalise those that do so.

For these reasons it is proposed that a catchment-specific NCC be levied at vanable
rates based on the degree to which concentration at control point exceeds the Co, as
determined by the CMA or a higher authority. The CMA may decide to make the
variable aspect of the rate anthmetic, | e. the rate increases in equal proportions as
the poliutant concentration nses. In situations where the pollutant is highly
problematic, an exponential rate increase may be employed

A decision should be made regarding which sources are levied with the NCC and
which are exempt. It would be fair that this charge is only applied to those sources
that discharge effluent with a concentration above the target concentration for that
area. However, as the effiuent concentration s unknown for unmeasured diffuse
sources, it is suggested that t be assumed that all these sources discharge at
concentrations higher than the target value. This is not ideal since the concentration
for some of them might be below Co, but it will provide another incentive to poliuters
to quantify their contribution,

So. the NCC could be pad by the individual polluters that discharge effluent at
concentrations higher than the Co for this area or that do not measure their discharge.
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The NCC would only be levied during months when the concentrations at the control
point exceed Co. The NCC unit charge (Ron) is higher than the WLC unit by a factor
decided upon by the CMA and may change annually according to circumstances. This
factor should be proportional to the level of exceedance at the control point

Another approach might be to introduce a surcharge on monthly discharge retumns
that reflect a particularly high pollutant concentration. This would be tantamount to a
sliding scale - “the more you poliute the more you pay”. The concept has merit for
those poliutants, which impose a disproportionately high impact at higher
concentrations, |.@ toxic poliutants, and in this context it is often employed in other
countries, However, it 15 unnecessary ta apply it to the concentration of less toxic
pollutants. For pollutants such as sulphate, it would be better to adopt a sliding scale
based on load, or load per unit area of mining operation In this way those mines
which make no attempt to curb poliution would be penalised by a higher than normal
tariff. It would also avoid the situation whereby @ mine discharges a very small
amount of highly concentrated waste water which has very little impact on catchment
water quality but incurs a high poliution charge due o a concentration based
surcharge.

Revenues from the NCC are difficult to determine because of their vanable nature.
Furthermore, it is not possibie to set the NCC to be equivalent to or less than specific
costs impacts, because the NCC might have to be quite high to be an effective
deterrent. For this reason, it is proposed that the NCC be a revenue neutral charge,
which is placed in a separate fund This fund could be utilised to provide partial
subsidies for selected poliuters to help and encourage them to improve the quality and
sophistication of their waste treatment systems The extent of the subsidy award
would of course be determined by the availability of funds in the NCC account, which
would in turn be determined by the frequency and extent of discharges in excess of
the Co. If a CMA were found to be frequently levying NCCs, it would be an indication
that there are relatively severe pollution problems in the catchment. Revenues from
the charge could therefore provide the financial resources to tackle those problems.

8.3  Calculation of pollution charges for the Witbank Dam catchment

8.3.1 Methodology

A model has been developed to demonstrate how a poliution charge system might
function in the Witbank Dam catchment. It is both simple and flexible It has the
potential to become more site specific and thus more complex. However, such a move
would depend upon the availability of information and the cost-effectiveness of
collecting and using that information. To some extent this is an issue that can only be
resolved through application and feedback.

A spreadsheet model was developed to determine the WLC and the NCC charges for
the Witbank Dam catchment (see Appendix D) The features of the model are as
follows

1 The model caters for the individual sources that are known to poliute the Witbank
Dam catchment and takes into account ther poltion loads and ambient
concentrations

2 It caters for both point and non-point source poliution A facility exists for setting
different charges for point source and non-point source poliution.

3 It provides an algorithm for allocating the totai diffuse load estimated from
monitoring at the control point to known sources This algorithm is the most
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complex part of the model A few vanations for dstrbuting total diffuse load
amongst individual mines are suggested and demonstrated in section 8.5.1

4. It provides an algorithm for calculation of the Dsd.

5 It allows determination of an introductory level of the WLC for the 1* phase of the
implementation
The calculations in the proposed model are based on the concentrations measured at

a control point. The relationship between these concentrations and the charge
components is presented graphically in Figure 8.1

Components of the total
catchment charge (million R/a)
Non - Complance
harge
CC)
Waste Load
ge
WLC)
Administative
harge
AC)

Ci Co Tmax
Concentration at control point (mg/1) - —

Figure 8.1: Pollution concentrations and charges tested in the Witbank
Dam catchment

The vertical axis represents the components of total catchment charge in million R per
year. Every pollution source (excluding those that are too small or insignificant to be
registered) has to pay the administration charge (AC). This charge should be constant
for any pollution condition in the catchment and is therefore depicted as a horizontal
line.

The horizontal axis depicts the poliutant concentration at the control point. The three
levels (Ci, Co and Cmax) define the boundanes for application of different
components of the charge Ci is the concentration at which pollution starts to affect
water users (according to the SA Water Quality Guidelines (DWAF, 1998) this is the
upper value of the “No effect range” or “Target range”), Co is the Water Quality
Objective for the catchment and Cmax is the maximum allowable concentration
These concentrations are usually determined as a part of the Water Management
Plan and based on the user water quality requirements in the catchment. If the
catchment is polluted to the degree that the poliutant concentration at the control point
exceeds Ci, then in addition to the AC the WLC has to be paid. When the measured
concentration Is higher than Co then in addition to the AC and WLC the NCC is
justified. The charges are only sufficient while concentrations remain below Cmax
Thereafter, the CAC approach should be utilised to halt unacceptable poliution.

Calculation of the AC is the same for both wet and dry hydrological years and is
unrelated to poliution loads Therefore it was not calculated in the model spreadsheet.
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The model calculates the different types of poliutant loading from each indwidual
source and the charges payable. The waste load charges are determined on a
monthly basis, although some of the factors are calculated on an annual basis only In
the demonstration model the NCC is calculated on an annual basis, aithough in
practice it should be based on the monthly flow-weighted concentrations st a control
point and would be payable on a monthly bas:s.

8.3.2 Calculating an administrative charge

8 3 2 1 Human resource requirements

It is estimated that a relatively small staff contingent will be required to carry out the
necessary tasks, It is envisaged that staff members with only part-time obligations to
the pollution charges system in the Witbank Dam catchment will be in the full-time
employ of the responsible authority They will spend the remainder of their time on
other water quality monitoring or permitting tasks.

There may also be periodic requirements for more staff when the programme s first
being set up or ff difficulties are encountered. The number of staff should grow or
shrink according to the number of poliuters and pollutants. There will also be some
need for back up services in dealing with legal issues, should they anse and possibly
when responding to poliuter queries. The minimum human resources requirements
envisaged for the study area are presented in Table 8.2 The estimated annual cost of
this staff component is R183 000 The calculations for this estimated cost are
recorded in Appendix C.

Table 8.2: Minimum staff requirements for monitoring in the Witbank Dam
catchment.

Basis U Task '
Water Pollution | Full-time Taking of samples 260
Control Officer - and recording data pe==0
Principal Water | 2 person day per | Data processing and 104
Pollution Control | week analysis and liaison
Officer with authorities and
z poilutants
| Administrator 1.5 person day Data processing and 78
| per week general administrabion |

8 3.2 2 Equipment and faciities required
Equipment and facilities will be required to undertake the following tasks:

s Monitoring water quality in Witbank Dam, at the downstream boundary of each
Management Unit (MU) and at background statons This should capture the
overall level of pollutant entering and leaving sach MU. It is suggested that the
monitoring includes measunng continuous flow and EC and regular water quality
sampling analysis (twice weekly in winter and once a waek in summer),

e Spot checks. The administenng authonty will undertake random spot checks of
poliuters in the catchment This will involve regular sample collection at every
compliance point. The data gathered by the authorty will be cross-checked with
poliuter reports and followed up if there are discrepances.
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o  Monitoring the levels of poliution being discharged by specific poliuters. While
each polluter will ideally have its own set of equipment for monitoring its discharge,
temporary monitoring points will also be set up by the authority. This will involve
the use of a mobile auto sampler, which will monitor the discharges of one poliuter
al a time The levels of poliution, which the poliuters in that area report to the
administenng authority, will be cross checked with the data gathered in the same
area by the authorites This equipment will be instalied in points where spot
checks can identify discrepancies between the levels reported by polluters and
those measured by authorities

In order to carry out these tasks three key pieces of equipment will be required The
equipment is fairly basic and will measure continuously flow, conductivity/salinity and
levels of pH. In terms of the information it gathers, # will also be useful In future

poliution charge systems concerned with other poliutants

The existing monttoring system is inadequate for the implementation of a charge
system (see details in section 6.3) WMB (1993a) provided the requirements for a
legal compliance system, which differs in emphasis to a polluter pays system For a
charge system, which is intended to place the burden of monitoring on the poliuter,
the proposed legal compliance monitoring system is excessive However, it is used in
part here to demonstrate the cost of monitoring.

As a minimum requirement it is recommended that three weirs be added at MU4
(Bosmanskrans), MUS (Saaiwater) and MUB (Upper Olifants) in order for proper flow
measurements 1o be taken For water quality monitoring the continuous samplers at
all 8 control points are sufficient (one for each MU except MUS, which is controlled by
Witbank Dam, where weekly samples are taken at the outflow). Two background
stations are suggested.

It is expected that due to wear and tear on equipment and the development of more
sophisticated systems, instrumentation will have to be replaced periodically. A typical
replacement period of around ten years is generally accepted for weirs. It is proposed
that this period be reduced to five years for monitoring instruments, because of the
general incidence of damage 1o and loss of this kind of equipment

Travelling will also be required in order to collect samples and check equipment. An
average distance of 50km per site has been estimated The cost of checking and
collecting instruments to be calibrated has been factored into the cost of a service
contract for the equipment

Other equipment such as computers, office furniture and office space is required for
the administration of the system. Two personal computers with appropriate software is
more than enough for the tasks {o be completed, along with a printer and sufficient
office space for three staff members. Taking into account the rapid development of
computer industry a replacement period of five years is assumed, for converting
capital costs into annual capital recovery cost.

8 3.2 3 Total system costs

The main expenses associated with the implementaton and operation of a polluter
pays system include:

e captal expenditure on monitonng stations;
* capital expenditure on instrumentation,
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* operational expenses for data collection and analysis, manpower and associated

expenses

e auditing of information provided by the poliuter,
* management, administrative and support expenses associated with the above,
and

¢ office equipment and office space.

Tables 8 3 and 8 4 provide an overview of these expenses estimated at 1997 prices
and based on the following assumptions.

¢ The onginal 1994 prices utilised in the WMB, 1993a report have been brought up
to 1997 using an average inflation rate of 9% per annum,

o Existing infrastructure will be utilised as far as possible

Some of the capital investments and operational expenses may coincide with
expenses that are already incurred or will be incurred for permitting and controlling
water quality according to existing regulations and the new National Water Act, Act
No. 36 of 1998 It is however not possible to determine to what extent these expenses
will coincide at thus stage A conservative view has therefore been taken and all
expenses associated with compliance monitoring have been included in this analysis.

Table 8.3: Estimated capital costs of charge system.

Capital costs (R)

Control points and background stations

Number of weirs

Cost per weir

Total costs for
welirs

R 228 000|

R 684 000|

Number of
instruments

Cost per
Instrument

Total costs for
instrumentation

10

R 25 000|

R 250 000|

Total costs of control points

Auto samplers

Number of auto
samplers .

ey

3

Cost per
instrument

Total cost for
instrumentation

R15 000

R45 000

Total costs of auto samplers

‘Computers & auxiliaries

!rNumbof of computers

Cost per computer

| 3

R15 000

Total costs of computers & auxiliaries

Total capital costs

R45 000

R1 024 000
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Table 8.4: Estimated operating costs of charge system.

Annual operating costs

Item Units | Quantity/annum | Rate per unit Total per
(R) annum

Sample analysis samples 1528 310 473680
Travelling km 78 400 0,51 39 980
Independent annual person 100 500 50 000
audit hours
Calibration of person days 5 1940 9 700
Instruments
Maintenance costs person days 2 15840 3680
Office space square m 132 360 4750
Total annual operating expenses 582 000

8 3 2 4 Catchment adminstrative charge (AC)

The total annual AC for the catchment is assumed o be equal to the total annual cost
of administering the charge system_ It is caiculated by converting capital costs into an
annual capttal recovery cost assuming 10% interest and replacement perods as
stated above. Then it is added to the cost of staff and operational costs This
calculation results in a value of about R 966 000 for the Witbank Dam catchment.

Table 8.5: Estimated catchment Administrative Charge.
" Capital recovery cost | Cost of staff Operational AC

costs

~ R201 000 R183 000 "R582 000 R966 000

The estimated catchment AC can be transiated into a unit charge by dividing by the
total load. For 1990/91 the resulting unit charge is R40 0 per ton of sulphate and for
1895/96 it is R11 B per ton of sulphate. These are relatively low charges even for dry
years These values are used for determining an introductory value for the WLC in
section8333.

Calculation of administrative charge for an individual source could not be performed
as the methodology for this calculation still has to be negotiated dunng preparation of
the Pricing Strategy

8.3.3 Calculating a waste load charge (WLC)

8 3.3.1 Introduction

The main assumption of the model was that the total catchment WLC should be equal
to the direct impact cost to water users The methodology for determination of this
cost is described in section 7.2

For the purpose of the WLC caiculation a diffuse source 15 defined as a source with a
non-measurable amount of poliution. So. for the WLC account, the sources should be
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separated into measured and unmeasured sources. The first category Includes point
sources and the diffuse sources that have comprehensive monitoring sysiem
sufficient for accurate estimation of their contnibution

It must be stressed that the concentrations in the discharge do not determine the WLC
directly. The combination of discharge charactenstics and the hydrology in the
catchment determine the concentration at the control point In the case of the Witbank
Dam catchment, the WLC s implemented only when this concentration exceeds that
level at which water use is affected and the damage cost 10 water users can be
determined Hence, the controlled releases scheme (Similar to that executed during
the wet 1996/97 hydrological year) can still be implemented provided the damage
costs are met If the cost 1o the users resulting from these releases 1s zero then the
polluters would not pay an additional Waste Load Charge

8 3 3 2 Allocation of diffuse load to individual sources

The following approach was used for calculating the diffuse (non-measured sources)
of pollution for the Witbank Dam catchment

1. The total catchment sulphate load was calculated from the sulphate concentration
and flow measurements at the control point,

2 Point sources and releases for the Management Unit (MU) upstream of the
control point were estimated from monitoring data,

3. The contnibution of background loads (and water transfer. f necessary) was
estimated by using monitoring data at background stations,

4. Total diffuse load for each MU was calculated by subtracting both (3) and (4) from
the total load.

The total diffuse load estimated in Chapter 6 was used as input into the model This
calculated Total Diffuse Load (see TDL in Appendix D.1) was allocated to known
diffuse sources An algorithm was developed to do this allocation based on the
method accepted by poliuters and regulatory authorities for sharing the avaidable
assimilative capacity dunng the Controlied Releases Scheme in 1986/87 This method
has already been descnbed in section 663 and the Potential Pollution Mobilisation
Rates (see PPMR in Appendix D 1) for each type of mine (J) were provided in Table
6 10. Areas of mining operation at each mine (i) of specific type (j) were provided by
the DWAF (personal communication, 1997)

The Total Potential Mobilisable Pollution for the whole catchment was calculated from
this input data (see TPMP in Appendix D 1) The diffuse load from each mine was
then calculated by multiplying the potential lcad by a correction coefficient equal to the
ratio between TDL to TPMP as follows

Ld, = PPMR ~A » rl'm-'

IPAP
This correction ratio for the Witbank Dam catchment was equal to 2 3, which means
that the corrected load was higher by 230% than the diffuse load estimated from
PPMR. The reason for this large overestimation is that 1995/96 was an extremely wet
year. while the PPMR factors are based on average hydrological condtions It could
also mean that other sources which were not accounted for in the kst of known

WINBSRVIMMUDNCOMMONWRCPPPPUepomF maliRepchS-new doc - 17 (059



B-14

diffuse sources, may be significant contributors to the total load. If the latter s true it
indicates that a more comprehensive register of diffuse sources should be compiled

Additional methods of allocating the total diffuse load to known non-point sources are
discussed In section 851
8 3.3 3 Introductory level of WLC

Firstly, the unit WLC (WLC, expressed in R per ton of suiphate load discharged by
polluters) was calculated as follows.

WILC = o Total catchment WLC
') point source loads+Dsd e« diffuse loads

Where Dsd is the Diffuse source differential (see explanations in section 82 3 3).

The first objective of the charge system was to create a financial incentive to minimise
affuse source pollution through comprehensive compliance monitoring for all diffuse
poliuters To achieve this the total catchment differential in the diffuse pollution
charge (WLC): (Dsd-1) - Y diffuse load) should be equal to or bigger than the cost of
such a monitoring system. Many simplifying assumptions regarding montoring costs
had to be made to calculate Dsd (see Appendix D 2) Therefore its calculation is still a
rough estimation and has to be improved when more data on monitoring costs
becomes available It was found that in order to create a financial incentive 1o monitor
diffuse pollution Dsd should be equal to at least 2.4 for 1990/91 (which means that
non-measured sources would pay almost double compared to point sources) and 1.5
for 1995/96 (see calculations in the Appendix D.2). To simplify the model, the same
Dsd value was applied for both years It was decided that it would be sufficient to use
a lower Dsd of 1 5 for the first phase. The reason is that most of the polluters might be
motivated to monitor in order to separate their own contribution from the catchment
diffuse load to ensure that they do not pay for contributions from other unregistered
sources. The determination of the optimal Dsd should be investigated further when
more data is collected The value of Dsd could also be adjusted periodically in the
light of the actions taken by polluters to measure diffuse sources.

The waste load unit charge (WLC)) was calculated from the equation above using the
initial Dsd value For 1990/91 the resulting WLC, was R268 per ton of sulphate, while
for 1995/96 it was R136 per ton of sulphate. This difference is explained by the
variation in the hydrology of the two years.

In addition to Dsd, the optimisation coefficient (Oc) for a phased implementation was
introduced. The Oc used in the WLC calculation is simply a cost multiplier to reduce
charges to optimal values in a particular implementation phase. This coefficient
determines the percent recovery of the estimated impact cost through the WLC The
intention is to increase Oc at regular intervals until # reaches a value of 10,
whereupon the full value of the WLC is apphed and full recovery of the direct financial
impact cost is achieved .

For the first implementation phase two criteria were used to determine the WLC The
first criterion is that a unit cost of at least R60 per t of sulphate pollution from mine is
accepted as a minimum charge (see section 23.4) This criterion was chosen to
ensure that the objective of economic viability 1s adhered to. A minimum charge of 60
RA is based on coal mining in Poland where the economy is also in transition and
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competition on the global market is more important than national environmental
priorities. If this charge is considered oo low to be efficient in Poland (REC, 1995) it is
probably suitable for determining the lower range of charges in South Africa
However, this conclusion should be reassessed if the mining industry provides
sufficient proof that the proposed minimum charge s too high for the local situation

The second criterion deals with the effectiveness of the system According to Katko
(1992) the fixed part of the charges should cover not more than 20-40% of total, while
in order 10 be effective the rest should be a volume based charge. In the proposed
charge system the AC is the fixed part and ranges between 40 RA for 1990/91 to 12
R/ for 1995/96 with an average of about 26 R/ (see section 8.3.2 4) Then WLC was
calculated assuming that the WLC component must be 60-80% of the total This
results in a range of WLC, between 38 Rt and 104 RA with an average of R721

The closer to the minimum the WLC is sel, the less effective the system will be
Therefore, an average cost of 72 Rt based on the second critenon was chosen as the
initial estimate of the unit WLC.

The resulting optimisation coefficients (Oc), which produce initial unit charge are 0.27
for 1990/91 and 0.53 for 1995/96 (see Appendix D.3). This means that if the first year
of implementation is dry. the proposed recovery of the impact cost might be only 27%,
and if the year is wet, it might be as high as 53%

Although in our basic demonstration model (see Appendix D) most of the calculations
were done on an annual basis, in a real situation the charges should be calculated
and levied on a monthly basis. Flows and loads have to be caiculated each month
from monitoring data. If for smaller point sources only annual data is available, the
annual data can be divided into equal monthly amounts

8.3.4 Calculating a non-compliance charge (NCC)

In most countries the non-compliance charge s based on the concentration or load of
a point source discharge, when that discharge s above the allowed level However,
this approach is inappropriate for the Witbank Dam catchment because a significant
portion of the pollution is contributed by diffuse sources Thus a catchment specific
NCC has been calculated, which in practice would be set by the CMA For the
purposes of this demonstration model, the NCC was applied when the annual flow-
weighted concentration at a control point exceeded an agreed management objective.

Ideally, the catchment NCC should be equal to the full cost of pollution minus the
direct cost to users in the catchment, which is already taken care of by the WLC. As
was discussed before this ideal is never achieved bacause it is impossible to
determine the full cost of pollution. Therefore a proxy of abatement or treatment costs
was chosen instead as the upper imit for the sum of the NCC and WLC charges. The
determination of this proxy is based on many assumptions and at this stage is only
used for demonstration purposes. The setting of the NCC will in practice be based on
a trial and error process. However a starting point 1s required. This starting point
should be low enough to be accepted and high enough lu be a deterrent. As the NCC
unit charge should be higher than the WLC unit charge (see Figure 8.1) it could be
very high. Therefore, negotiation with I8APs, economic and political judgement are
essential before its implementation
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As the main objective for implementation of the NCC is penalising polluters for
exceeding a given limit, the NCC should be related to the degree of exceedance. The
proposed exceedance factor for a particular control point § 1s expressed as follows:

C, (‘t
"Cl - l+—
Ct

!

Where

» Fex, is factor of exceedance,

o C,is the measured flow-weighted sulphate concentration in control point . and

o Ct, is accepted water quality objective for suiphate concentration at cantrol point |

It i1s suggested that the non-comphance unit charge Is calculated by multiplying WLC,
(in RA) by Fex, If, for a given management unit, there is no exceedance of the
management water quality objective, no sources in that MU should pay any NCC for
that month

To demonstrate the caiculation of the NCC only two MUs were considered ~ MU1
upstream of B1H021 and the MU2 for the rest of the catchment (to B1R001) The
resulting caiculations appear in the Appendix D 4

It was verified (see Appendix D.5) that for the case study the sum of the NCC, and the
WLC, is lower than the minimum treatment cost (used as a proxy of full cost, which
was calculated for non-point sources in section 7.3.3 and is equal to R3585R). This
confirms that the charge system is more favourable for polluters than CAC regulation,
which demands treatment of all poliution above the management objective. However,
this verification is based on very limited data and the NCC should be debated before
being introduced

8.3.5 Discussion of the results

In this section the resuits of applying the model for the case study are discussed
These results have limited value as absolute figures and should be considered only
for demonstrating the model capabdity and for comparing different hydrological
conditions. They should not be used to compare the costs and charges for individual
mines, as there are many inaccuracies regarding data for specific sources For
example, there was no data at all for Kieinkopje mine for 1990/81, which had the
largest release for 1995/86. This omission could distort the calculation of charges for
other mines. The charges as caiculated by the model are summansed in Table 8.6

Table 8.6: Catchment charges calculated by model

Charge components (million R/a)|  1990/91 | 1995/96
ACC 087 097
WLC 7.72 15.44
WLC{phase 1) 208 818
NCC 7.02 1853

~ Total charge 1871 | 3494

~ Total charge(phase1) 3.05 915

The limitations of the data used are noted and further studies are listed in Chapters 10
and 12 The timing for addtional studies is specified. with a clear distinction between
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those that should be completed before the charge system can be implemented, and
others that can be cared out as part of the implementation phases.

8.3 5 1 Estimated AC

The caiculation of the capdal costs for the upgrading of the monitoring system is
based on what the study team extracted from the available reports The price of weirs
should be estimated taking into account site specific conditions. Also the price of
equipment may change More comprehensive planning of the monitoring network is
required before finalising the AC calculation. As most of the compliance monitoring in
a poliution charge system is carried out by polluters, the final decision on the choice of
stations should be made after consultation with polluters

The options for dividing the total catchment AC between individual poliuters should be
discussed and the most acceptable option should be agreed upon by the CMA and

the poliuters.

8 3 5.2 Estimated WLC

As was established in Chapter 6§ much of sulphate poliution is contributed by diffuse
sources. However, the calculation of total diffuse load was inaccurate because of

Mwmmmthea1m1mmwmmammin
water quality. The main shortcoming of this approach is that it makes allocation of
Wbodbmdwbudmbuwm as it lumps the whole catchment
together. When continuous monitoring s established at each control point the
contribution of individual diffuse sources can be caiculated from the load estimated for

Even for regular point sources, the available data was insufficient. In this project the
caiculations were based on rough estimates for 1995/96 (see section 6.6.1), which is

The WLC is assumed to approximate the direct cost of poliution to water users, which
was estimated in Chapter 7. The cost of pollution to coal mines and to Eskom has to

collected All of the costs should be discussed with 1&AFs and modified if necessary.

8.3.5.3 Estimated NCC

The NCC calculated by the model is quite high and should not be introduced in the
first phase of implementation. Before introducing the NCC it should be checked that
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the total charge (1.e. AC+WLC+NCC) does not exceed the direct costs associated with
the optimal level of poliution The optimal point is the point at which the marginal
costs of poliution equals the margmnal benefits, The direct economic benefits of
pollution might be the profits, wages and taxes associated with each of the polluters
The indirect benefits inciude the multiplier effects of coal mining in the area As
neither direct nor indirect benefits are calculable without the close co-operation of the
mines, the marginal benefit cannot be determined Ensuring that the total charge
does not exceed the lotal cost requires this cost to be less than the total benefits of
coal mining in the area Verification of this is important because if the total costs were
to exceed the total benefits then the mining economy of the area would eventually
decline. This potential conflict between development and environmental needs is
unlikely to happen. As charges increase and start to erode the benefits (1 & profits) of
mining, the mining compames will take corrective measures 1o restore margins. Thase
measures will probably include pollution reduction actions. It must be noted that the
overriding purpose of the charge is to control pollution, not mining or any other
industrial activity.

In an attempt to overcome the problem between developmental and environmental
needs, Germany (OECD, 1989) introduced a hardship clause. This provided the
possibility of exemption if considerable adverse economic effects are expected and
helps to lessen industries resistance 1o the charge system However, this approach
should not be adopted as it flies in the face of the PPP by destroying the economic
linkage between commodity benefits and poliution costs. In essence it undermines the
free market principle and opens the way to corrupt practices

8.4  Limitations of the proposed charge system

1 Several requirements for the implementation of the above system could be seen
as limitations. These include

o A significant quantty of data is required including. background poliution, the
point at which the impact of poliution is noticeable, the point at which
management objectives are met and the maximum acceptable level of
poliution, Collecting this information requires the completion of a catchment
study with a resulting water quality management plan. This is however true of
almost every system of pollution control

» The complhance monitoring by poliuters must be set up as a pant of the
catchment management plan The results of compliance mondoring are
absolutely essential for the functioning of the charge system Although

compliance monitoring has not yet been executed extensively under the
existing CAC system, its results will be of assistance for water control,

environmental and other organisations

* Information on the costs of impacts is specific to the application of pollution
charges. A few comprehensive projects aimed at estimating the costs of
salinisation were utiised in this study. However, this information has not yet
been obtained for other poliutants.

o An terative tnal and error process is required over time to find the correct level of
charges. Although this means that the optimal solution will be not be reached
immedtately, the advantage of this approach is that it may prevent costly
mistakes and make the introduction of a new system more politically
acceptable and democratic. To a signfficant exten!, this process also mitigates
the impact of the first two limitations in the long term
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On the whole, the establishment of a pollution charges system does require
extensive ground work, however what is required is not necessanly much greater
than that required for other systems

2 The proposed generic approach to pollution charges tested In the Witbank Dam
catchment, does not address the conversion of pollution from one media into

another and deals with surface water only In order to make this system more
holistic and to cover both air and soil it should cover another two processes.

* Modification of atmospheric deposition through air pollution. such as acd
rain. This impact 18 similar to that of diffuse source poliution and could be
significant for sulphate poliution (see the preliminary estimation in section
67.2).

o Aquifer recharge using waste or water containing waste This process was
not considered as no information on intentional aquifer recharge was
available to the study team

The above two processes have aiready been declared to be “Controlled activities”
by the National Water Act, No. 36 of 1998 (see sechon 37 1) and will require
additional regulations When these regulations are introduced they should be
dovetailed with the charge system

In the Witbank Dam catchment case study, the potential contribution of air
poliution is included as a part of the background load. Further research is required
to account for this contribution. The potential poliution of ground water as a result
of mining activities also has to be considered This should also inciude the
possible impact on surface water from the decanting of poliuted water.

3 There is no control over the revenue collected through application of the WLC and
NCC. These charges are functions of not only the amount of pollution discharged
(which is a charactenstic of the poliution sources and controiled by the poliuters),
but also of the hydrological conditions (that can not be predicted) Therefore. the
planning of revenue disbursement should be flexible enough to accommodate this
limitation. Hydrological and water quality modelling will become an important tool
in financial planning.

8.5  Other possible approaches to calculating the charges for the study area
8.5.1 Other options for determining non-point source pollution charges

8.5 1.1 Coal production levy on coal mines

This involves a charge being levied on each ton of coal produced from a coal mine. It
is assumed that non-point source poliution is proportional 10 coal production and that
mining methods and the pollution content of the coal s constant for each mine. While
this method Is far from accurate, it is easy to levy and as such is widely used
overseas.

8 5 1.2 Mine production ratio estimates

The above method was slightly improved upoen in the aliocation of diffuse loads for the
Water Management Plan developed for the Lower Vet River (see DWAF, 1997, vol 6,
p 11-12) The revised method allocates the total affuse load to individual sources
according to the sum of the two following ratios

e the ratio of current production by @ mine to the zurrent production of all mines in
the catchment. and

VWINBSRV2MMUZ COMMONIWRCPPPPyepatFnaliRenchs. mow do - 1 L0 43



8-20

* the ratio of a mine's total production over the whole life of the mine to the total
production of all mines in the catchment.

This methodology, particutarly the second ratio is especially useful for calculations
involving gold mines with seepage from large surface dumps.

8.5 1.3 Improving calculations based on potential pollutant mobdisation rates

One option is to use the potential pollutant mobilisation rates for distnbuting diffuse
loads among the polluters in an area. Two variations can be considered in making
potential mobilisation rates either site specific or operation specfic These are
considered in the context of open-cast coal mines

An unambiguous method of deriving @ more accurate potential mobilisation rate for
individual mines is to use the sulphate concentration of the coal that is mined Each
mine is usually contractually required to determine the sulphate concentration for each
shipment of coal, generally done by an independent laboratory at the expense of the
mine. If we assume that the sulphate concentration of the coal is roughly proportional
to the potential sulphate pollution from the mine then the mine could be required to
furnish the charge system managers with regular production weighted potential
sulphate mobilisation rates Thus, those mines extracting sulphate rich coal will incur
a greater non-point source pollution charge per unit of area This approach can also
be used as an incentive not to mine high sulphate content coal. It is generally
considered to be the preferred option for the levying of non-point source poliution
charges overseas

Unfortunately, no information on coal sulphate concentrations for the mines in the
study area could be obtained. so this method could not be tested.

Another way of making the PPMR more site specific is to take into account rainfall
variation. The higher the rainfall the higher the mobilisation rate. As average
mobilisation rates represent average climatic conditions, these are proportional to the
Mean Annual Precipitation (MAP) in the area An attempt was made to recalculate
diffuse loads for each mine using site specific rainfall during the study period by using

I.JI_cm). £ 4 Ld' x ‘.BL-.
\ar

the following fotmuh
Where: Ld(cor), is the corrected diffuse load for mine

Ld s the diffuse load for mine | estimated using the avers
mobiisation rate o

Ri is the rainfall measured in the vicinily of mine |

MAR is the Mean Annual Precipitaton i the study area
The corrected loads varied from +4 3% to -16 6% (see Appendix D 6) The probiem

with this algonthm is that during dry months the calculated loads are equal to zero,
while in reality the diffuse source contribution is greater than zero, even Iin winter
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To make PPMR a more site specfic i could be adjusted according 1o other mine
charactenstics, such as a presence of a washing plant that might increase diffuse
pollution as a result of the increased polluted storm-water

8.5 1 4 Use of monthly miring areas

Ancther parameter. which is extremely important in charge calculations, is the mined
area. Mines are dynamic operations, which change in size and type on a continuous
basis. As the model uses the area of specific operations as a basis for calculating the
charge it would be in the mine’s interests to ensure that any changes in the extent of
operations are reflected in the model It is therefore possible for the model to be
modified to Include monthly areas of each mining operation at each mine. When a
mined area is fully rehabilitated and no longer contributes any more to the diffuse
load, it should be excluded from the charge caiculations This could provide a useful
incentive for a mine to properly rehabilitate mined areas as soon as possible so that
they no longer constitute a poliution threat

8.5.2 Incorporation of sulphate concentration into the pollution charge system

During the course of this study it was suggested thal sulphate concentration be
incorporated into the pollution charge system. This is an understandable comment for
several reasons. Firstly, it is pollutant concentration and not load, which imposes
damage costs on other water users. Secondly, the prevailing water quality
management plan for the Upper Olfants catchment uses a predetermined sulphate
concentration for Witbank Dam as its objective and on this basis has permitted
scheduled discharges of sulphate rich mine effluent at times when the dilution
potential of the catchment has been high. Thirdly, it can be argued that if a mine has
invested in sound water quality management and has subsequently accumulated a
volume of reasonable quality waste water capable of being discharged without being
adversely affecting downstream consumers, then why should that mine be further
penalised by having to pay a pollution charge on the discharge of such water? In the
event of a mine imposing a benefit and not a cost on society shouldn't the charge
system reward or credit such behaviour?

The simpie response to these arguments is that yes, concentration can be
incorporated into the charge system However, the practical aspects of such a move
and the associated costs and benefits should first be determined It is aiso the type of
modification that could be considered once a pollution system is installed and under
evaluation At the policy investigation stage it is sufficient 10 note the consequences
and problems associated with the incorporation of pollutant concentration into a load-
based poliution charge system These are descnbed below

Pollution charge systems in place around the world are predominantly load based
This is the simplest and least controversial type of poliution charge The charge is
levied on the dry weight of the poliutant being discharged into rivers and streams.
The presence of water is incidental and has absolutely nothing to do with the charge
other than in the calculation of the pollutant load. The purpose of the charge is to
compensate society for the impact of the pollution and to deter the contribution of the
poliutant to the surface drainage system - regardless of how much, or how little, water
is associated with the poliutant  There are two further points to note in this argument.
Firstly, the water associated with a particular load of pollution is non-conservative, | e
it is prone to evaporation and to extractive use and subsequent discharge of a lesser
volume Secondly. the fate of any particular load of poliution is not discrete, rather it
contributes to the larger pool of poliution and must assume proportional responsibility
for any damage cos!s associated with that pollution Hence each unit of poliution
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shares proportionally in the economic costs associated with the poliution regardiess of
how much water was associated with the pollutant discharge. The polluter discharging
a low concentration has no control over the fate of his poliution load nor can he make
any guarantees regarding the permanence of the water associated with ot
Consequently, in any pollution charge system, which 1s based exclusively on lcad, 1t is
important to compiletely divorce the poliutant from the water, which transports it

A simple analogy s traffic accidents caused by bad driving. The pollutant in this case
is the bad driver, the damage cost is the traffic accident caused by the bad driving,
and the water (s the car the bad driver is dnving. By introducing concentration into the
charge system we are essentially diluting the blame that shouid be placed solely on
the driver by sharing the blame with the vehicle The faster the vehicle (ie the
greater its capacity) the more blame it assumes for the traffic acadent caused by the
bad driving. Such a move would be good for bad drivers (L.e polluters) but ultimately

bad for society

Despite this argument it has to be acknowledged that the discharge of water
containing only a small concentration of pollutant, ie dilution water, can have a
beneficial impact on the poliution status, and hence the poliution impact status, of a
water regime. In keeping with the Polluter Pays Principles it would be incumbent
upon the pollution charge system managers not to charge for the discharge of water
which had a dilution effect. In anticipation of such a situation arising, # is useful to
examine how the managers might respond

Firstly, it is important to note that the proposed pollution charge system is a monthly
one and that any discrete discharge of dilution water would have to be integrated into
the total monthly discharge of waste water from a mine. However, let us assume that
a mine's total monthly discharge of waste water has a beneficial dilution effect on a
river system The easiest form of incorporation would be to caiculate the pollutant
load needed to bring the waste water 1o a concentration where its dilution potential is
zero. This 'negative’ load could then be subtracted from the polluters discharge
returns in subsequent months in much the same way as a tax rebate works. One of
the loopholes of such a system is the purchase of dilution water from a non-polluter by
the mine or the abstraction and discharge of fresh groundwater for the purpose of
dilution. Neither action could be permitted to occur In a water scarce country such as
South Africa, and mechanisms would have to be developed to prevent polluters from
taking such steps As indicated previously, all actions aimed at monitoring poliuters
has a cost associated with & and this cost would have to be compared with the
potential benefits of introducing a load rebate system

Another approach might be o stant levying poliution charges at a predetermined
concentration only. Apart from the impact this would have on essential revenues
required to manage the pollution charge system, it would tend to encourage extensive
‘boundary manipulation’ by pofiuters; ie the manpulation of the timing and
concentration of waste water discharges and associated monitoring records so as to
minimise charge payments. The costs to the system managers of trying to check on
the correctness and acceptability of such manipulation could be considerable.
Consequently, this approach should be avoided at all cost
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9. FATE OF REVENUES

9.1 Overview

Fiscal instruments used for environmental management have considerable potential
for generating revenue by charging for activities that are harmful to society and the
environment and for the injudicious use of natural assets In addition, the process of
levying charges often stimulates a positive change in the behaviour of manufacturers
and consumers regarding environmentally unsound practices and purchases In order
to redress economic distortions arsing from polluting activities, it is essential that the
revenues derived from charges be properly empioyed.

A well designed system of charges and dispersals can also help to reduce the
inefficiencies arising from other forms of taxation It 1s generally accepted by
economists, that taxes result in distortions and inefficencies in resource allocations
because they impose the priorities of government on the system rather than the
priorities of the market. However, it is accepted that to meet certain collective and
individual social needs, taxes are important. A poliution charge, however is not the
same as a tax. This is because the charge system forces companies to internalse
costs, which they are imposing on society The system does not impose a cost on one
party resulting from the activity of another, which is what taxes generally do. Pollution
charges can, in fact, help to reduce the reliance on distorting taxes, if introduced on a

large enough scale

There are some general criteria that should be utiised when deciding how revenues
should be used While ideally these criteria should be adhered to as closely as
possible, it is still likely that day-to-day decisions will be somewhat subjective, and will
probably be based upon whichever need or interest group is perceived as being most
important at the time. This is in essence an institutional issue, as the outcome
depends heavily on who has the final authority to decide on the fate of revenues.
Institutional issues are examined in more detail in Chapter 10

9.2 General criteria

The general critenia for disbursing revenues from pollution charges, should be
adhered to the PPP. The philosophy behind this principle is that polluters shouid pay
for the true cost of their production processes. Shortfalls in this payment are made up
in the form of charges In accordance with the PPP, the spending of any revenue
arising from the collection of charges should be linked to reducing either the costs or
impacts of pollution. In fact it is critical to the success of the incentive mechanisms in
a charge system that this link is visibly maintained. Other criteria include the following

e Charge revenues should be used to cover the administrative costs of establishing
and operating the pollution charges system

¢ Where a direct and unambiguous causal link can be established between pollution
and a negative impact on individuals, priority should go to that individual's
compensation. However this is very unusual and unlikely to happen, More often
the impacts of poliution are more indirect and it is more appropriate to
compensate the economy which has been negatively affected by bringing about a
proportional improvement in the quality of the national resource base (1.e water
quality)

e Whatever fate is decided upon for revenues, their use should result in a positive
environmental and social impact. It would be counter-productive for charges to be
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levied as an incentive to reduce poliution only to be spent on activities that
somehow encouraged envionmental degradation, or the poor management of
natural resources An example of such a stuaton may be the instaliation of
waterborne toilets in an area where there are scarce water resources, or even the
installation of pit latrine systems, where the gechydrology of the area is unsuitable
and as a result ground water is contaminated.

 Revenues should be disposed of in such a way that the maximum benefit s
denved Double or treble dividends are an attractive result of certain uses of
revenues An example of a where a treble benefit is derived is when revenues are
spent on water quality enhancing measures, which also have a welfare benefit
(e.g. sanitation). In this case there is the benefit of a cleaner water source for
users, better sanitation for nearby communities and a reduction of demand on the
fiscus to provide such services.

e If revenues are to be partially spent on subsidies, they must be well designed so
as 10 reach the intended target group and to avoid causing further marke!
distortions or inefficiencies. A good subsidy is well targeted and always applied to
capital costs. never operational costs. In accordance with this principle, it makes
sense that revenues from water pollution charges are spent on activities with a
positive water quality impact, within the same river system in which the revenue
was raised.

In some countries, a portion of revenues is also invested In relevant national and

regional research and the development of water quality management technologies,

strategies and policies The spit of revenues between national and local uses can be
fiexible and changed according to needs In order to avoid haphazard decisions, long
term planning based on national strategic priorities is required in the water sector

Poliution charges could conceivably be used for this and still comply with the PPP

9.3 Options

9.3.1 Overview

There is a range of ways that revenue from pollution charges can be spent. One of the
first priorities is the implementation of the system for poliution monitoring and control,
and the administration of the charge system. This practice is widely accepted in
poliution charge systems in other countries. After paying for the establishment and
operation of the system, revenues could be spent to mitigate against negative
environmental impacts, to :/mplement measures to improve water quality management
or to fund research and development and national water quality policy development
Excess revenue could be spent on subsidies to a number of groups, from companies
needing to invest in new poliution control technologies to under-serviced communities
to provide for environmentally sound sanitation. The clean up of past pollution can
also be subsidised from this revenue

9.3.2 Returning revenues to the general fiscus

Revenues from pollution charges can be treated like revenues from other taxes and
returned to the general fiscus. However, doing so means it is highly unlikely that the
revenues will be used in relation 1o polluting activities anywhere, let alone in the area
where the impacts of the pollution are fell. This is in direct contravention of one of the
key premises of the Polluter Pays Principle, which requires that there be a link
between the spending and levying of charges. The PPF states that fums must know
that they are paying for the costs of their actions, and their actions only. If they are
paying for the actions of others in the economy, then they are likely to treat charges
like other taxes and optimise investment, expenditure and output accordingly This
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option also decreases the hkelhood of victim of pollubon impacts receiving indirect
benefits from the charge system

If a pollution charge were 10 be administered in the same way as a tax, ¢ would also
be problematic since in practice taxes are difficult to increase There are generally
long processes of negotiation involved in making changes to the levels and structures
of taxes, referred to as fiscal drag. To be effective, poliution charges need to keep
pace with inflation and with the amount of pollution. This will be near impossible if
changes to the system are slow and If they are costly. Such rigidity is also
incompatible with an implementation process which supports gradual increases in
charges. This phased process of implementation is followed in many other countries
and is proposed for impiementation in the Witbank Dam catchment Such a process
would be senously hampered if pollution charges were treated in the same manner as
normal taxes.

The fact that the administration of this option 1s problematic and that it contravenes
the transparency requirement of the PPP, have meant that this option has been
unpopular in other countries, and has thus been rejected by the working group
preparing the new South African water laws

9.3.3 Funding the water management control and monitoring system

The establishment of a system to manage the control, monitoring and treatment of
pollution is an important use of charge revenues There is a need for an institution to
administer a charge system and to ensure that levels of poliution are monitored and
charged for accordingly. It makes sense for the costs of this administration to be
funded out of the charge revenues. If polluting firms know that the charges they pay
fund this administration, they are likely to ensure that it is as transparenmt and
accountable as possible It must always be very clear that the reduction of pollution
and mitigation of impacts. rather than the institution itself. is the reason for the
charges. A number of features may encourage this:

e The revenue used for system administration should not be a set portion of the
total charges collected It should rather be a fixed amount, to limit the temptation
of increasing charges in order to expand administrative capacity unnecessarily

e The idea that the charge administering Institution exists to ensure poliution
reduction must permeate its culture and decision making, so as 1o avoid empire
building and the institution existing for its own sake Regular audits of pollution
control improvements, with public scrutiny of the results, would go a long way
towards engendenng such a culture. The use of revenues must be transparent
and should be open for examination by any interested or affected party.

Secure funding provides the opportunity for institutions to resource themselves
adequately for the tasks of measurement, monitoring and charging. This is particularly
important in South Africa, where many existing local structures are weak and there is
a deficit of skills in the public sector

9.3.4 Financial compensation for negative impacts of pollution

In some countries, revenues from pollution charges have been used to compensate
the individual victims of poliution. This is the case in Japan (Tietenberg, 1980), where
a national compensation program has been established to provide reparation to
sufferers of ill health, as a result of air pollution However such systems require an
extremely well-resourced administrative structure to deal with individual applications
and disbursements. South Africa does not presently have substantial resources
available for such a system
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In order for compensation to be rightfully given, causality between the impact on the
affected population and a source, or a number of sources, of poliution must be
established. The beneficanes from charge revenues will not always be in close
proximity to the poliution source and the negative impacts from poliution are often
difficult to link to a local area alone. Acid rain, for example, does not necessanly fall
locally and may be difficult to trace and measure if & falls across large areas It Is
possible that emissions from power stations in Mpumalanga might affect the water
quality in Lesotho. In such instances, it is not easy to argue that revenues should be
used to compensate specific individuals locally The nature of most pollution is such
that its economic impacts are rarely confined by poltical or hydrological boundaries
This is particularly true in South Africa, where an extensive network of inter-basin
transfer schemes transports water across catchment boundanes and major nvers flow
across national boundanes

In addition, instituting a system of direct compensation would, in all likelihood, halt the
disbursement of poliution charge revenues, whilst endless and expensive litigation on
the correct amounts of compensation is undertaken It is conceivable that under a
system of direct compensation the pollution charge revenue coffers could experience
liquidity problems in a similar way to that of SA’s third party road fund

A further consideration is that rewarding victims of pollution for reduced productivity
via direct compensation mechanisms, is an incentive for them make inefficient use of
resources and to enirench low productivity systems. Whereas by recewving
compensation via indirect systems, they will be encouraged 10 adapt to poorer water
quality. By encouraging the victims of poliution to implement adaptation measures,
their resilience to changes in water quality will be increased and their overall use of
water may even be reduced.

Considering the problematic nature of direct compensation in the South African
context, the pollution charge system should not make provision for the direct
compensation of victims of pollution. The only compensation that should occur should
be of an indirect nature to the water quality economy to mitigate against negative
environmental impacts.

The indirect compensation can be in the form of subsidies for new water treatment
plants, better drainage on irrigated lands, sanitation, improved water quality research
and water user education etc For example, water treatment from the polluted Witbank
Dam could be subsidised to reduce the impact of mine poliution on the water users
Some of the above-mentioned options have been further examined in the following
sections.

9.3.5 Financing research and policy development

Ongoing research and subsequent policy development is a comerstone of any new
policy initiative. If the goals of equity, efficiency and maximising benefit are to be
achieved in a poliution charge system then research and review procedures will have
to be instituted.

It is therefore legitimate, appropriate and in keeping with the polluter pays principles
for this activity to be financed from charge revenues Such tasks are best outsourced
to avoid stimulating unnecessary public sector growth Outsourcing will also enable a
flexible approach to funding, which will be necessary as the quantity and nature of
research needed is expected to change over time and from place to place.

Only a small part of the revenues should be diverted to national use The local
research needed for a phased implementation of the system has first prionty Then
the revenues could be used for research of the technical options for mitigation of the
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environmental impacts. It is possible to use the financing of research as an indirect
subsidy, by funding the research conducted by the poliuting firm. However, this should
only be done on condition that the results of the research will help to reduce pollution
not only from this specific firm, but for the whole industry sector. This approach was
successfully applied in Malaysia (see section 32 8)

9.3.6 Financing environmentally benign projects

9361 Overview

It is possible for a fiscal instrument to at least double its environmental benefit and at
the same time to refieve the government of some of the financial burden of welfare
projects. This is the so-called ‘double dividend' feature of fiscal instruments used for
environmental management and it may be achieved by spending revenues on
projects with clear social and /or environmental benefits

It 1s important that the return from such projects is maximised and that any negative
impacts are environmentally benign. With this type of option, the issue of beneficiary
boundaries is also very important. With other options, the beneficianes are more
easily defined, i.e for technology subsidies it is the companies or consumers using
the poliuting technology and for compensation it is the victims of pollution impacts.
With this system the beneficiaries are likely to vary according to who makes the
decision and to whom the decision-maker is accountable

9.36.2 The case for financing basic services

Water services which, include both water supply and sanitation facilities, are critical to
improving health and contributing to the alleviation of poverty. Adequate water supply
is necessary for human survival and a combination of good water supply and
sanitation is a key to reducing the incidence of water-borne diseases and other health
nsks. The health, productivity, employment and capacity of a society can be greatly
improved by effective investment in water supply and santation because the costs of
poor health are high. lll heaith robs people of the ability to generate a livelihood for
themselves and their families. It costs society both now and in the future because it
affects the productivity of the workforce and the learning capacity of the young It also
costs the State, in that it increases the demand on community health care and social
welfare services.

Effective sanitation systems can be installed at a relatively low cost, particularly if
communibes contnibute their labour free of charge A well installed, Ventilated
Improved Pit Latrine is the official choice of the DWAF, for appropriate
geohydrological conditions A current sanitation subsidy of R600 per household is
available, which is intended to be a contribution to a system, not to cover the full costs
(DWAF, 1996d) Even with the subsidy and community contributed labour there will
still be areas where systems are unaffordable to communities.

A sanitation subsidy from pollution charges revenue is an option for reducing overall
poliution trends in a catchment affected by industnial poliution sources. It could help to
improve the quality of water sources and be targeted lowards disadvantaged
communities. It would have a treble dividend in that t would encourage a reduction in
industrial pollution, reduce the polluting impact of community effiuent and decrease
the service provision burden on government Such a subsidy is in keeping with the
Government’s equity objectives in that the more wealihy firms, some of whom have
prospered under the Apartheid system, will be contnbuting 12 upgrade the community.
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9.363 Deckling who will benelit from subsidised basic services

If it 1s decaded that basic sanitation services are to be financed from pollution charge
revenues, consideration needs to be given 10 establishing prionties and critena for
where the revenue is 10 be spent Both the criteria and priorities should be developed
with the involvement of local stakeholders, prior to the implementation of the system

Efforts should be made to ensure that the prionties and criteria are consistent with the
development priorities of the area. This will involve consultation with local government
structures. Where they exist, Land Development Objectives (LDOs). developed in
accordance with the requirements of the Development Faciitation Act, should act as a
guide.

The localites and boundaries for beneficiaries also need to be discussed and decided
on as pant of this process. There may be cases where the communities in the
catchment where charges are collected, are well-served and have their needs met in
terms of the stated prionties. In this instance, it may be appropriate for projects to be
funded which benefit communtties in another catchment, with unmet needs The
possibility of such scenarios would need to be clearly communicated to all interested
parties. This should avoid possible concems that anyone was misled about who the
beneficiaries of revenues were to be

9.3.7 Subsidising the use of pollution control or reduced emissions
technology

Subsidies are a useful mechanism for softening the impact of the ‘moving the goal
posts' syndrome, ‘Moving of the goal posts' occurs when policy changes are
introduced, which have a significant effect on companies that are only part-way
through the life of a major investment. The introduction of environmental charges or
reguiations is a ciassic exampie of this. In such situations, companies may have set
up their operations in complete accordance with the regulations, at the time. Then
years later, when new pollution standards are introduced, they are forced 1o
substantially change their operations with unplanned upgrades. Partial subsidies for
the capital equipment required to meet new regulations can be an effective way to
reduce the impact of these types of policy changes on existing companies. At the
same time, such subsidies should not unduly discriminate against new companies
entering the area, which may have to pay higher set up costs for low pollution
technology than the existing subsidized companies.

There are several examples from other countnes where revenues have been used to
subsidize poliution control technoiogy. In France, revenues from charges were used
as an inducement for the early adoption of poliution control technology, and the
purchase of the necessary equipment. In this case, it could be argued that victims
affected by pollution should have had priority over the firms that pollute However it is
likely to depend on whether compensation for victims or the rapid uptake of
technology is the more immediate priority. Both needs can be met by such a system if
the early uptake of technology s subsidized for a set period of time and after that
revenues are used for either compensation or some other use.

An important lesson about subsidies comes from Sweden, where revenues from
charges were used to subsidize the use of low pollution technology by consumers
(Titenberg, 1990). In this instance, consumers purchasing cars with catalytic
converters benefited from a tax break Cars without catalytic converters were taxed,
while new cars with them were not. In this case, the incentive to buy cars with catalytic
converters proved to be so strong, that the demand for subsidies overtook the
revenue generated from the charges As a result. the government had to step in to
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finance the difference between the subsidy and the revenue Al subsides diston
markets, which 15 why they must be handled with care. The case of Sweden shows

the damage. that can result from poorly designed subsidies

Had this occurred in South Africa, it would have been highly problematic, given the
already stretched national budget and a macro-economic policy of restrained
government expenditure Bearing in mind the experiences of other countries,
subsidies in South Africa should have a limited use of charge revenues and should be
designed according to conservative estimations of demand

9.3.8 Revenues from NCC

The revenues acquired by levying a non-comphance charge (NCC) should be deait
with separately Since the NCC is planned as a penalty to deter exceedance of water
quality objectives. it cannol be planned for. Revenues from the NCC are aiso difficult
to determine because of their variable nature and the fact that the NCC might have 1o
be quite high to be an effective deterrent. Thus it is not possible to set the total
revenues from NCCs equivalent to or less than specific cost impacts For this reason
it is proposed that the NCC be a revenue neutral charge which is placed in a separate
fund from which partial subsidies are given to worthy polluters to help and encourage
them to improve the quality and sophistication of their waste treatment systems. The
extent of the subsidy award would of course be determined by the availability of funds
in the NCC account. Thus a catchment where NCCs are frequently levied presumably
has some poliution problems that need to be addressed. Revenues from this charge
can provide some of the financial resources needed to tackle these problems,

9.4 Conclusion

It appears that a combination of uses Is the most appropriate way to spend charge
revenue and is likely to yield the highest overall dividends Table 9.1 provides a
summary in order of vanous options aimed at upholding the polluter pays principle
and the pre-conditions under which they are most effective

An investigation of the use of revenues for funding the treatment of past poliution was
outside of the onginal scope of this study However, it was found to be an important
need, particularly in the study area Further investigation of the matter is
recommended
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Table 9.1: Overview of options for spending revenues from pollution charges.

Causalty between victim's
suffering and actvibes of
specific polluter’s must be
proven

Options for Sultability Necessary pre-conditions
=
1 Water management It 1s essential that partof the | «  Close monitoring and
control and maonitoring revenues is used o operate accountability should be
and maintain water made possible with regular
management control and audits open 10 public scrutiny
monitonng capacity e Responsibie institution
This use upholds the PPP should receive a set amount
because of the direct link from the revenue collected to
between poliution andg the avoud empire building
funds required to run the
system
2 Indirect This is a good means for | «  Expenditure should be within |
compensation 10 compensating affected the catchment m which
victims parties. It is also in keeping revenues are rassed and
with RDP initiatives should  benefit  parties
aflected by pollution sources
'3 Research and It ' essential for adequate |« Only a small pant of the
policy development water management control revenues should be diverted
and is therefore an to natonal use. The local
appropriate use research needed for a
phased implementation of the
system has first priority Then
the revenues could be used
for research of the technical
options for mitigation of the
environmental impacts.
{4 Environmentatly Can produce a treble |* The link between charges
benign projects dividend in terms of retumns and revenue spenmt s
o beneficianes and maintained
govemment o The users who incurred the
cosis used 10 calcuiate the
pollution charges should
idaally see a benefit from nt
5 Subsidise Subsidies can assist by | o Unless  well  designed |
environmentally making charges more subsidies can cause
benign technology revenue neutral undesirable distortons
6. Direct This is not a recommended | « There must be sufficent
compensation to option in the South African resources for  indvidual
individual victhms context disbursements.
compensation

}
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10. IMPLEMENTATION OF A POLLUTION CHARGES SYSTEM
10.1 Potential impact on investment and other economic policies

10.1.1 General

Among the most important considerations facing the use of economic measures to
manage environmental costs, are possible negative economic repercussions that they
may have Of immediate concem in most instances is the potential impact on
investment, and in the longer term, the impact on other economic policies. There are
two aspects of these concerns that warrant examination.

e« Whether the economic measures dovetal with other elements of economic policy.
and

¢ The possibie impact on the attractiveness of the area to current and potential
investors.

10.1.2 Consistency with other elements of economic policy

10.1.2 1 South African macro-economic goals

Current macro-economic policy in South Africa, as outlined in the Growth,
Employment and Redistribution (GEAR) strategy has a number of key goals. The
main focus is the creation of 400 000 jobs per annum, the containment of inflation,
and the reduction of the national deficit to 4% of GDP. To reach this deficit
requires a target level of GDP, which has been set al the relatively high level

31

per annum. Meanwhile, the government is taking a tight fiscal stance, trying to
improve South African competitiveness and achieve an improvement in income
distribution There are numerous strategies being employed to meet these goals

g

including departmental drives and a monetary policy programme. It is important
the economic measures being proposed for pollution charges have a level
consistency with the national macro-economic goals and programmes.

=3

10.1.2.2 Job creation

Current policy proposals maintain that industries that pollute will have to pay pollution
charges. It is possible that these charges may reach a level where, in order to remain

One way of achieving this is by building incentives into the charge systems. which
encourage firms to find other ways of reducing their costs, such as investing in more
efficient technology or adjusting their production processes to reduce their emissions
Gains may then reduce operating costs, and reductions in emissions will reduce
pollution charges It can generally be assumed that industry will find the best way to
cut their costs. However, the cost of unemployment to society makes it important to
also encourage firms to find cost saving mechanisms, which do not require staff
reductions.

Where pollution charges are introduced and job losses are unavoidable, it is likely that
there are general inefficiencies in the firm. High levels of poliution and a workforce, of
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which a large proportion can be retrenched, are usually signs that a factory 1S
relatively inefficient. Large-scale retrenchments are usually indicative that the work
force was under-productive and too large for the level of production. As such
poliution charges may act as a trigger for retrenchments and changes in the factory,
but they are rarely the true reason for the changes The polluter pays system can
highlight firms that are fundamentally uncompetitive. Firms that can only absorb the
costs of their pollution by retrenching people, will continue to act as a net drain on the
economy

The introduction of pollution charges may stimulate the creation of new jobs for
controlling pollution. Some jobs will be created within the polluting companies to better
monitor and manage emissions. Specialist external services will also be required to
design, build and support poliution monitoring and poliution prevention systems and
auxiliary services. These jobs will require relatively high skill levels.

In addition to therr incentive effect, which is the main concem in environmental
management, pollution charges can be structured to yield revenue. Before this type of
charge is implemented, it must be determined if the revenue it will raise is consistent
with overall targets for the size of the revenue base of the country.

A variety of revenue options exist, including:

e making the charges revenue neutral by offsetting them with subsidies within the
water management structure or with reductions in other forms of general taxation,
and

e using them as a temporary (and substantially self-liquidating) feature of the
revenue base.

The current trend in terms of tax revenue in South Africa is a move away from broad
based taxation towards a greater number of targeted taxes to meet specific
objectives. In the next year the government plans to introduce sixteen such taxes in a
vanety of sectors. While pollution charges are not taxes they are consistent with the
direction of the national taxation framework.

10.1.2.3 International competifiveness

An important goal of the GEAR strategy, Is an increase in South Africa’s international
competitiveness. Comphance with high standards of environmental regulation is likely
to increase the production costs of South African goods initially. However, over the
longer term it will increasingly serve as a competitive advantage for South African
firms. International pressure for countries to reduce the environmental impact of their
domestic industnes is aiready high, as evidenced by the number of countries involved
in the Kyoto Treaty on emissions reductions. In all likelihood, the pressure to reduce
environmental degradation will continue to increase. This will take the form of both
international treaties and agreements, and the requirements of individual countries.

Many of South Africa’s trading partners are extremely environmentally conscious, if
they perceive that South Africa s paying Insufficient attention to effective
environmental management it could jeopardise export drives. Fruit exports from South
Africa have already expenenced the protectionis! consequences of very high
production standards imposed by importing countries The South African coal with its
high sulphur content has also been penalised on certain markets because of
environmental standards

In a cimate where importing countnes require hgher standards of environmental
responsibility in production, international pressure to reduce environmental impacts is
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increasing, South Africa's competitiveness will be enhanced by having domestic
industries which conform to high standards of environmental management.

In addition. now is the best time for South Afncan exporters 1o absorb higher
production costs, as the weak Rand makes South Africa’s exports attractively priced
to importing countnes. These higher standards of production will pay-off in the long
term

It is worthwhile noting that economic analysis done in the US (Cropper and Qates,
1692) has shown that the introduction of even the most stnct pollution control, add
only 1 - 2 5% of the total cost in most pollution intensive industries. The exception to
this was electrical utilities which could expect a 54% increase. This relatively high
increase can be attnibuted to SO, regulations, which do not exist in South Afnca and
are not likely to be introduced in the near future Unfortunately, information about the
impact of charges on industrial costs is not publicly available for South Africa at

present

10 1.2 4 Inflationary and GDP growth effects

Any economic measures implemented for environmental management will need to
have a minimal, if not zero, detrimental impact on inflation and economic growth. A
poliution charge, which represents an additional burden on firms, may have
inflationary effects. If. however, the introduction of a charge is accompanied by
greater efficiency, then the inflationary effect will be largely absent. Inflationary effects
flow from the Producer Price Index (PPI) to the Consumer Price Index (CP1). Upward
pressures can be the result of numerous factors from increases in the prices of inputs
to new regulations, increases in wages. skills shortages, a weak domestic currency,
monopolies and weak competition. Downward pressure s usually caused by
efficiency gains, increases in mechanisation, a strong domestic currency, competition
and low inflation in exporting countries.

The implementation of a pollution charge system s likely to exert both upward and
downward pressure on the PPl upward pressure as charges increase the costs to
producers and downward pressure as they act as an incentive to make production
more efficient

10.1 2.5 Redistnbution in favour of the poor

One of the goals of the macro-economic strategy is a redistribution of income and
opportunities in favour of the poor. This iIs going to be very difficult if economic
measures are introduced that lower the purchasing power of the poor. Industry will
incur an increase In costs under a polluter pays system. Over time, as the charges
increase. some of these costs may be passed on to consumers. Consumers will ether
pay directly if they purchase the good, or indirectly, through an increase in the price of
products. What s important in terms of opportunities and income for the poor, in
particular is the price of essential tems like foodstuffs and energy.

There are a number of factors, which may limit the effect of price rises on basic
goods. The first is competition. Where a market is competitive, the firms able to
internalise the costs of pollution charges and hold down their prices will have a
competitive advantage. These firms are also likely to be more efficent. In the case
where competition is either weak or non-existent because of a monopoly, government
intervention will be required Electricity is one example in South Africa, where
government intervention may be required, particularly in the case of Witbank. because
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coal is the major input o electricty generation in South Africa. The government will
need to regulate price nises attnbuted to poliution charges in monopolistic sectors

The pollution charges proposed for the Witbank pilot study would initially be relatively
low. As such, it is unhikely at first that the cost of the charges will be passed on to
consumers If they are, consumers are unkkely to feel them because of ther small
size However, over time the charges will increase on an incremental basis If charges
reach the level where costs are going 1o be passed along to consumers, the transfer
will have to be managed very carefully, with possible government intervention, where
there is insufficient competition in the market.

Additionally, it is possible 10 set charges differently for poliution sources which create
poliution in a proft making process, e.g manufacturing and between non-profit
organisations, which provide a service to community, e g municipal sewage works. If
a poor community can not afford the charges, a preferential rate could be used on a
temporary base This rate should be reconsidered regularly

10.1.3 Risk of investment migration

10.1.3.1 Overview

From an intuitive point of view it would seem re able to suspect that the
introduction of economic Instruments, such as pollution charges, may result in
industries and investment migrating to other regions, provinces or even counines.
Logically, there are two conditions, in the context of the current di

could raise this possibility.

e The first condition is that a significant differential exists in environmental
regulation, between South Africa and neighboring states or even between
neighbouring regions.

« The second is that environmental legisiation imposes additional costs of sufficient
magnitude on an industry to give industrialists or investors the incentive to absorb
relocation costs or extra set-up costs in less regulated regions A “threshold”
environmental cost could be envisaged, which could provide sufficient incentive to
tngger relocation or migration.

While these conditions may seem likely to influence the investment location decisions

of firms, international experience demonstrates otherwise. Research to date has

shown that other factors are usually more important to firms when they are deciding
on where (o invest.

The spatial pattern of economic activity is a function of a number of factors. Firms
must generally consider: the location of necessary natural resources - at least water in
most instances; the cost and availability of qualified labour, access to markets, levels
of infrastructure and general security and stability in the area. Most firms also consider
the stringency of environmental regulations although, international research indicates
it is generally not a significant factor in investment decisions. According to Jaffe,
Peterson and Portney (1995) there are two sources of evidence, which can be used to
demonstrate the possible implications of environmental regulations on the investment
decisions of firms. changes in direct foreign investment and the siting decisions for
domestic plants.
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10.1.3.2 Direct foreign investment

According to a study by Wheeler and Mody in 1982, corporate tax rates appear to
have little impact on the investment decisions of multinational firms. Factors such as
access 1o markets and a developed Industrial base carry more weight in a firm's
decision making than the tax regime of a country In so far as environmental
regulations can be considered in the same light as taxation, it can be inferred that they
too will have little impact on the investment decisions of muitinationat firms (Wheeler &
Mody, 1992)

Various international studies have been conducted o examine the relationship
between environmental regulation and investment The studies investigated
investment flows between countries In @ number of industries and tried to establish
whether there were preferences for investing in countries with less stringent
environmental regulations To date, these studies have not uncovered ewvidence to
suggest that firms prefer countries on the basis of the stringency of environmental
regulations. Factors such as labour costs and skills, general secunty and stability in
an area, local by-laws, incentive packages and those mentioned previously. access 1o
markets and a developed industrial base, all have a far greater influence on
investment location decisions As such, investment flight from countries with high
environmental standards to countries with low environmental standards seems
unlikely,

10 1.3.3 Domestic plant location

Analyses of plant location decisions in the Unted States indicates that new
environmental regulations will not cause firms to relocate existing plants or be the
major factor in their decision on where to site a new plant. A number of studies from
the late eighties to the mid-90s examined the sensitivity of firms' plant location
decisions to environmental regulation. While these studies discovered that the
stringency of environmental regulations did have an effect on investment decisions,
this effect was not found to be statistically significant.

10.1.3. 4 Tha case of the Witbank Dam caltchment

For the purposes of this poliuter pays case study, it is critical that the potentiai for
investment migration is clearly understood Witbank is an interesting case because it
onginally attracted investment as a result of its rich coal deposits. For the coal
industry, its investment decisions in the past were essentially made for them by the
location of coal resources This is likely to continue to be the case, although the
mining of coal must remain profitabie and very high poliution charges could still affect
that profitability. It may dissuade firms from investing further in the area or force them
either 1o scale down production or only mine the best grades of coal. Therefore, while
coal mining may be less sensitive to pollution charges than other industries, which can
be established or relocated to anywhere there may stll be impacts on their planning
decisions in the future

A further factor, which must be considered, s local attitudes towards ‘'dirty’ industnes,
such as coal mining and coal generated electricity Most of the population of Witbank
is either directly empioyed by a ‘dirty’ industry or a firm somehow connected to these
industries. In choosing to live in Witbank and be employed in such firms, many of the
people of Witbank have essentially internalised the cost to them of the poliution.
People have accepted the poliution as a trade-off for their jobs. This does not, by any
means, make the level of pollution acceptable. Neither is it a justification for firms to
carry on polluting at the same levels However, it is likely to be currently serving as an
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incentive for ‘dirty’ industnes to locate themselves in Witbank. The fact that polluting
firms are unlikely to encounter local resistance to thewr activities, is an added attraction

to investing in the area.

10.1.4 Conclusion

In terms of the consistency of pollution charges with South Afnca's economic
strategies there is a relatively high degree of congruence, particularly as pollution
charges should result in more internationally competitive firms - a key goal of current
macro-economic strategy. In addition, the weak Rand makes this an appropnate time
for exporting firms to come to terms with and internalise costs, such as pollution
charges In terms of employment, poliution charges may be the trigger for some firms
to retrench, but it is very unlikely that they will be the cause of such retrenchments
Only firms that are inherently inefficient will have to rely on retrenchments to be able
to absorb pollution charges. However retrenchments are not an inevitable
consequence, as the charges will be implemented slowly. giving firms time to increase
their efficiency and offset the impact of the charges on their margins.

International expenence shows that firms are not particularly sensitive to
environmental regulations in their investment location decisions, which indicates that
in all likelihood, Witbank area is not at risk of investment migration_ In the case of the
Witbank area there are other drawcards which, can both attract new investment and
ensure that current levels of investment are maintained. These drawcards include coal
deposits, water resources, the investment that will accompany the Maputo Corridor

development, and the general community acceptance of ‘dirty’ industries

In conclusion, the introduction of pollution charges in the Witbank Dam catchment, are
not likely to have a significant negative economic effect In fact in the long term there
should be positive spin-offs.

10.2 Institutional aspects

10.2.1 Overview

The institution responsible for the implementation and operation of a poliuter pays
system must be financially viable, it must have sufficient capacity in terms of human
resources to undertake the task and it must have the trust of the stakeholders In terms
of its independence and impartiality. The National Water Act, Act no 36 of 1988, puts
this responsibility on to Catchment Management Authorities (CMAs) It is expected
that eventually they will be the bodies that run poliution charge systems in every
catchment in the country. Although the Act has just passed (August 1998), it will take
some time for CMAs to be fully operational and to be able to run pollution charge
systems. As such the DWAF is going to have o play a role in running pollution
charge systems in the interim while CMAs are being established This section
describes the current policy framework that the DWAF is operating within, the role that
it is Iikely to play in pollution charge systems and the role that some other institutions
may also be able to play.

10.2.2 Department of Water Affairs and Forestry

10.2 2.1 Policy overview

The previous structures, which governed the management of water allocations and
water quality were influenced by the prioribes of the apartheid system and as such
served to benefit only a narrow slice of the population Sectors such as commercial
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agriculture, mining and other industries benefited from generous water allocations for
many years, often to the detnment of the domestic needs of the rural, non-white
population The system of management of water resources was run by a centralised
bureaucracy with little local input, With the change in government, the shift in priorities
and a move 1o more co-operative governance, previous structures have had to
undergo significant transformations. The Department of Water Affairs and Forestry is
undergoing @ major internal transformation in order 1o be able to respond to the
pressing water needs of South Africa as far as water supply, water resource
management and water quality are concemed As pan of this recnentation the
Department is increasingly adopting more of a reguiatory and co-ordinating role on
waler resource and water services matters

The key policy paper released by DWAF pertaining to water resource management in
South Africa. is the White Paper on National Water Policy for South Africa Released
in April 1987, this paper is concerned with the management of water resources at a
national level It places water resource management and water conservation firmly on
the government's agenda The paper proposes that certain concepts be formahised,
namely that water s an indwisible national asset and that it be held in Trust by the
national government as custodian The role of the Department as custodian is
envisaged as being a designer and enforcer of regulatory requirements pertaining to
water resource, water quality and waler services.

10.2 2 2 The National Water Law Review

A reformed legisiative framework will be a key pillar to the successful implementation
of the policies and strategies outlined in the White Paper on National Water Policy.
Current legislation does not reflect the rights entrenched in the new constitution and is
inconsistent with the reconstruction and development (RDP) goals of the country. As
such a process of Water Law Reform was set under way in 1994 The new laws will
be based on a set of principles that were developed in a consultative, national
process. These 28 principles are the backbone of the future management of water
related issues Some of these principles refer to nstitutional arrangements, which are
relevant to the implementation of pollution charges.

For example. Principle 23 of the Water Law Principles states that the management of
water resource should occur at a catchment or regional level, where possible and
appropriate, in order for interested parties to be able to participate. In accordance with
this principle functions associated with pollution charges systems should be delegated
to a more local or regional level

Two Acts, which have relevance for poliution charge systems have come out of the
Water Law Review process. the National Water Act and the National Water Services
Bill The National Water Act outlines the role of Catchment Management Agencies
(CMA), addresses national water conservation and water management concems and
the management of water aliocations. For poliution charges systems, the role it
defines for CMAs is particularly important

The Water Services Act is primarily concerned with water services, defined as water
supply services (including basic water supply) and sanitation services (including basic
sanitation) It addresses the functions, powers and interactions of Water Service
Providers, Water Service intermedianes, Water Service Authornties and Water Boards.
The Act provides significant leeway for Water Service Authorities' to engage other

' Ideally water service authorites are local government but whese their capacey is weak DWAF
takes over the role
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bodies as Water Service Providers on a contractual basis to provide certain water
supply services including water quality management. The sections pertaining to Water
Boards, the scope of their operations and their interaction with other institutions are
important for pollution charges systems. The Act essentially allows Water Boards to
participate in activities outside water services (as defined above), as long as their
capacity to undertake their primary function is not threatened and it is responsibly
planned and managed. The activites that Water Boards are allowed to undertake
include providing catchment management services to or on behalf of the responsible
authonties Participating in the operation of a poliution charge system could be
allowed under this provision

10.2 2 3 The role of the DWAF in pollution charge systems

The role of the DWAF in terms of pollution charges systems should be consistent with
the general policy direction of the delegation of functions and the adoption of the
regulatory and co-ordinating roles. Water management at a regional level is currently
carried out by regional DWAF offices. In accordance with its changing role, the DWAF
will begin to delegate the functions of these offices to local, catchment based and/or
regional institutions. DWAF will still retain prime responsibility for these functions, with
other institutions acting as agents on behalf of the DWAF. The White Paper on
National Water Policy clearly states that “Whatever arrangement is introduced (for
water management), it must be clear that it will remain subject to national authority”
(DWAF, 1897i) As such the institutions delegated with the relevant functions will
effectively be agents of the DWAF. It is recognised that an important element of
delegating functions is building the capacity of the institutions to take over such
functions.

10.2.3 Water Boards

Water Boards are agents of the DWAF. By the nature of their activities, several
boards are already involved in water quality management. Those that provide
purification services have significant water quality testing resources. These resources,
along with their experience with water quality management, could potentially be
utilised to operate pollution charge systems in some parts of the country, on a
temporary, agency basis for DWAF. It is suggested that the use of Water Boards as
agents to manage pollution charge systems only be an intenm measure, untii CMAs
are established The reason being that there is a possible conflict of interest in boards
playing an enforcement role with regard to poliution because they are also polluters

10.2.4 Catchment Management Agencies (CMAs)

Alongside the other institutional changes that the national Department has identified is
the ‘possible development of other bodies at national and regional level to carry out
specific water management functions '

Catchment Management Agencies are structures, designed generally to bnng
together waler users in a catchment to negotiate around issues of conflict The types
of issues they are intended to deal with include the allowable amounts of pollution
discharge, where there are significant polluters in the catchment and water
allocations. They serve as a form of self-regulation for catchments.

It is envisaged that the functions carried out by CMAs will be in line with national
policies and standards. While the CMAs will have to be financially self-sufficent, they
will still be answerable to national government. In accordance with the Water Services
Act, national government will also have a role in the design of CMAs and the
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appointment of their management The National Policy makes it very clear that in
terms of governance there will be a careful balance between the interests of
stakeholders in the catchment and the effective management of the catchment

The financial viability of the CMAs will rely on the implementation of new national
water pricing proposais Where CMAs are responsible for poliution charge systems,
revenues may also form part of their financial base

The National Water Act, No 36 of 1998 clearly states that national government shall
support the establishment and promote the functioning of Catchment Management
Authorities (CMAs) as and where conditions permit. While Chapter 7, which deals with
CMAs does not specifically make provision for CMAs to implement poliution charges,
the Director-General may delegate this function to a CMA under section 73

10.2.5 Local authorities

The direct responsibiities of local authonbes, in terms of water, are imited to water
supply. In accordance with the competencies outlined in the Constitution, local
government is responsible for the provision of sufficient, safe water supply to its
constituents. In as far as this responsibility s concemed, local government does not
have a major role in water resource development. However, local government is more
broadly responsible for local development,

Being responsible for local development means that local government must give due
consideration 10 a number of issues including local economic development, local
environmental issues and service provision As such, local government needs to
participate in decisions, which may affect local development. The implementation of a
poliution charge system may have implications for local development and for the
environment and as such requires the participation of local government at least in the
developmental stages In 1997 the WRC funded a project. the “Review of industrial
effluent tanff structures in South Africa and guidelines on the formulation of an
equitable effluent tanff structure” (Kardachi, 1997b). The effluent charges for
discharge into sewers must be dovetailed with the pollution charges for discharge into
streams.

Local government may not need to impiement the overall catchment PPP system but
should be kept updated on a regular basis. It is essential that local government takes
account of PPP charges in setting their own charges to contributers to each water
treatment works. While participation in early design stages and information updates
are important, it is critical that local government remain autonomous from the system
Local government needs to ensure its independence from the poliution charges
authority as it is also hikely to be a poliuter in the catchment.

10.3 Implementation issues

10.3.1 Penalties

Penalties are an essential component of a poliuter pays system However, unike
comphliance oriented systems, they are not intended to be the primary incentive dnving
polluter behaviour The threat of penaities should not be the driving force behind
poliution reduction. Rather penalties in a poliution charges system should be a back
up measure to ensure that all of the poliuters play by the rules They should ensure
that no one poliuter is gaining an unfair advantage because of inaccurate
measurement or monitoring of pollution. They are applied in the following situations:

o failure to monitor point source discharges adequately and accurately,
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o late return of pollution discharge data,

* late payments,
o faisification of data, and

o failure to inform of changes in any parameter used in charge calculations (e g
area of mine)

Penalties need to provide a significant enough incentive for polluters not to Iry to
cheat the system and to pay on time. It is suggested to use the example of the system
in China, which has a time component built in. For each day that the poliution charge
payment is late the charge increases by 1%.

If a firm was found to be reporting inaccurate information t would be important to
discern whether the inaccuracy was a result of accident or intent. The previous record
of the firm should also be taken into consideration

In terms of the size of the penaities, they need to be a strong deterrent to ensure that
firms will not be tempted to try to cheat the system and provide sufficient incentive for
firms to ensure that their monitoring systems are accurate If the firm is a repeat
offender, the penalty should be 100% to 200% of what they owe on top of their
charge. A minimum recommended penalty is 20% to 30% of the charge

A mistake in monitoring results should be penalised, because even f it s
unintentional, it points to inadequate care and maintenance. The penally needs 1o be
high enough to encourage a very high standard of monitoring on behalf of the poliuter

10.3.2 Additional implementation issues

10.3.2.1 Adjusting for inflation

It was learnt from overseas experience that the charge system should have an
automatic inflation adjustment mechanism (see section 3.4 3) This is quite common
for financial tools and does not require any special measures in order to be applied.

10.3.2 2 Recourse to appeal against charges

Charges could either be too low and insufficient to compensate, or oo high and as a
result curtail economic development. In both cases the affected parties should have
an opportunity to appeal At the moment there is no special body that could deal with
such appeals. The National Water Bill, 1997 suggested the establishment of a Water
Appeal Board which would be an independent body for dispute resolution. Although
there is no provision in the National Water Bill, 1997 on how to deal with questionable
charges, it seems that the Water Appeal Board could be ideal for this purpose.

10.3 2 3 Issues to be addressed prior fo implementation of the system

1 Institutional arrangements must be finalised and working relationships with the
polluters should be formed — see discussion on Phase 1 below,

2 The method, which was utilised for allocating tolal diffuse load to known non-point
sources has many limitations. Some suggestions for its possible improvement
have been proposed in Chapter 8 It is suggested that the matter be discussed
with 18APs  Only then should the most acceptable option be chosen
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3 If a decision is taken that addtional monitoring is required. then the new
monitoring system should be optimised and its cost determined

10.3.2 4 issues 1o be addressed dunng phase 1

The following issues will need to be addressed at an early stage of the study. but
need not delay implementation of the PPP

A decision on the need for more than one conirol point and the associate monitoring
requirements should be taken More comprehensive data should be collected for
water use by mines in the study area (see section 8.7 .3.2) and the loads discharged
by point sources (section 87 3.1)

10.4 Phasing in of pollution charges

10.4.1 Introduction

It is important 1o note that a system of charges which is based on information or
ammpﬁa\sthanopentodiwmanywaytsunuwmyewmym
whatsoever. Moreover, t would most likely burden society with additional costs such
as those incurred through the appointment of specialists and lawyers. Therefore the
acceptability of all information and assumptions used for charge calculations by all
affected parties is of paramount importance.

In order to achweve such acceptance the following four processes should be
completed.

» effective participation by the main role players: effective participation occurs where
a participant is placed in a position to be heard, to be understood and to receive
feedback on their contribution;

o effective daecision making effective decision making is possible with a clear
framework where the role and responsibility of participants is clearly defined and
where those responsible for decisions are identified,

o sufficient ime lo facilitate effective participation and decision making. consultation
and participation is time consuming, if participants are cornered or forced into
premature decisions due to time constraints, the system may not be accepted at
the end of the project, and

e adequate technical analysis participation should not become the end in itself - the
plan, which s eventually adopted, must be technically sound, affordable and able
10 be practically implemented.

The project descnbed in this report is a research investigation, which focused on

principles and methodology It provided adequate technical analysis, but did very little

concerning the first three processes. Therefore, it is necessary to complete all of the

above processes before implementing the charge system

It is proposed that the charge system be implemented «n four phases described in
section below.

10.4.2 Phase 1

This phase involves establishment of the charge system and the full recovery of
administrative costs and partial recovery of Waste Load Charges,
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The suggestion of including at least partial recovery of the WLC is based on the
consensus reached by the parties consulted during the project execution. Since the
primary objective of the charge system is to change the behaviour of polluters a link
between pollution charge and pollution level is necessary

If no dedicated institution is established for administering the charge system, the
regional office of DWAF may run the system initially in co-operation with a catchment
forum. This way, a significant partion of the revenue collected inttialty could be used to
establish an administrative institution, such as a Catchment Management Authorty It
must be stressed that the administering of a charge system will be only one of the
functions of a CMA, thersfore the revenue collected from pollution charges would be
only part of the funding used for establishing and operating the CMA

In the catchments where Water Boards exist they may undertake the administration of
the charges, on a {emporary basis untii CMAs are established They have an
advantage in being able to borrow the capital for the first phase from private sources
and repay it from the next phase.

ThedgommforcalwlatmgthocosumwrredbyEskomastheresunoﬂowwmof
quality at Witbank Dam should be developed. This algorithm, together with
methodologies used for calculation of other costs, shouid be negotiated with I8APs
and accepled by polluters and regulators. It should be attempted to complete thus
algonthm development by the end of the first phase

10.4.3 Phase 2

By the conclusion of this phase full implementation of the WLC will have been
achieved. Initially the optimization co-efficient is recommended to be at least 0.5,
increasing up to about 0 75, probably within a year followed by another increment up
to 1.0. These increments should ideally be introduced and monitored for one year
each to determine the effect on pollution levels. A full year is necessary because of
seasonal cliimatic variations

10.4.4 Phase 3

The degree of pollution reduction must be determined and compared with the desired
water quality objectives. Once this is achieved Phase 4 can be implemented. If it still
falls short of the objectives then the investigations regarding the introduction of the
NCC must be planned and carried out The NCC should be introduced in annual
increments similar to that for WLC. It should be monitored and increases stopped
when water quality objectives are achieved Once again the monitoring and review
period needs 1o be one year

10.4.5 Phase 4

This is the status quo phase in which the charges are set at a level that achieves the
required water quality objectives. However, monitoring must remain diligent and on
going as mines open and close on a regular basis. At some point it may become
necessary to re-evaluate the water quality objectives If this occurs the need may
arise to repeat part of Phases 2 and 3

10.4.6 Concluding remark

With the above phased approach, a system of pollution charges could be gradually
introduced thus, permitting polluters adequate time to get used to the charges and to
plan and introduce any pollution control system involving capital expenditure.
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11.  CONCLUSIONS
11.1 Philosophy of the PPP

Extensive research into the philosophy and practical application of the polluter pays
principle revealed that the concept is being widely used to design pollution charges
and has proven to be successful in many cases.

The six philosophical pillars upon which a polluter pays system stands are

e The ethics of the ‘poliuter pays principle’ derives from the universal moral
principle that, all other things being equal, we ought not 1o cause harm to others

« Sustainable economic development, which involves an “inter-generational
social contract”. which requires this generation to act as the steward of
environmental resources, so that the interests and needs of future generations are
met

« Everybody has an equal right to use environmental resources. Pollution charges
systems protect this right.

« Current generations need to optimise economic efficiency for future generations
PPP systems provide an opportunity to optimise the choice between emission
treatment and treatments at point of use technologies

* Introducing a PPP system requires an extensive consultation process and the
participation of regulators, polluters and parties affected by pollution

o PPP implementation encourages poliuters to stay below prescribed standards,
resulting In a maximisation of environmental benefits or environmental
efficiency

11.2 Overseas experience

There is a general trend to combine CAC based systems with systems which utilise
fiscal instruments such as PPP based pollution charge systems An extensive
examination of the overseas expernence is described in section 3.3 and the key
lessons are summansed below

* |f polluters in developing countries do not pay for their pollution, the impact of the
poliution 1s felt most by those who are dependent on environmental resources for
their livaihoods such as in the rural poor communities.

e Less developed countries which undergo structural transformation have an
advantage when implementing PPP based systems because the resistance to
new systems is less extreme than in more developed countries where current
systems are highly entrenched.

« The mplementation of a PPP system can be politically problematic if public sector
enterpnses have significant interests in polluting industries and are thus both
referee and player.

 Expenence from other developing countries indicates that the most common
problem in implementing pollution charge systems is the shortage of skilled
personnel However, this problem is even more pronounced for CAC systems

* Pollution charge systems must automatically be adjusted for inflation

VSSI_TECHMMUZCOMMONWRCPPPPrepotFinalRepchd- 1 2new doc - 110159



112

e No charge system for diffuse pollution was found. However, the theoretical
discussions found in the derature recommend encouraging poliuters to convert
their poliution discharge from non-point source to measurable point source.
Higher charges for non-point than for point source discharges provide an incentive
for such an action

* Only one waste water charge system dealing with sulphate pollution was found
This 1s the system utiised in Poland, where the waste water charge on saline
ming effluent 15 the largest contributor to total revenue collected in water
management The charge has been in effect since 1970 and has been increased
a few times since then The latest charge published is 24 3 ECUA of sulphate for
1993, which is about 60 R/t inflated to 1997 prices.

11.3 Pollution control in South Africa

South Africa has previously relied on a number of systems based on the CAC
approach. While this has been effective in certain instances, there is a need for a
system which relies on economic incentives rather than regulatory supervision and
which is self-funding. Since 1994 South Alfrca's legal and policy framework has
evolved such that it is now suitable for the introduction of PPP based systems

11.4 Witank Dam catchment - the case study area

The Witbank Dam catchment and the pollutant sulphate were selected for a case
study of pollution charges as they were in accordance with the objectives of the study

As much information as possible was collected about the catchment Some attempts
were made to improve the quaity of the data, however to bring all the data up to the
necessary quality was far beyond the scope of this study The monitoring and data
collection systems will have to be modified at some stage to support a charge system
in this catchment.

Once the information had been collected and analysed it was processed to provide
the following input into the pollution charge model.

e the assessment of the monitoring data was used 10 determine the monitoring
costs that form a pan of the Administrative Charge (AC).

o the water quality status was used as an input to calculate the exceedance of the
Co that determines the Non-Compliance Charge (NCC),

o the water use data was utiised to estimate the impact cost that determines the
catchment Waste Load Charge (WLC), and

e the pollution sources were charactensed to caiculate the WLC for individual
poliuters.

The AC, WLC and NCC are the main components of the charge system that
described in Chapter 8

The limitations of the pollution loads data are discussed in detail in section 85. In
particular, the estimation of poliution loads from diffuse sources is quite complicated.
In this area it was found 1o be especially difficult. because some mines are located so
close to each other that it is possible that seepage from one mine can go through the
area of the other mine before reaching the stream. In addition, some of the mines
discharge to several streams, which are located in more than one MU, which makes
estimation of poliution loads even more complicated.
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11.5 Impact and abatement costs

The costs in this study have been calculated for two water quality regmes in the
Witbank Dam catchment the 1990/91 and the 1995/96 hydrological year These two
years represented different hydrological conditions - one of the dnest and one of the
weltest years in the last decade The impact cost considered was only the direct
financial cost and not the full cost to society of the impact of pollution Another
imitation 1s that only water users within the study area were considered It was found
that the impact costs vary widely between wet and dry years

The abatement costs were estimated from the costs ranging from treatment at the
source to the point of use, as a proxy

It was conciuded that the direct impact cost is small when compared to abatement
costs.

11.6 Charge system model

From an examination of intermnational experience and the case study at Witbank it is
concluded that pollution charges are a viable water quality management tool for South

Africa to implement

mmodenhalhasbnnmmdfammwummmmm
Dam catchment is essentally a framework model intended to demonsirate the
practical application of the system No model is perfect, although models such as this
are intended to eventually achieve a degree of ‘perfection’ which is acceptable to both
poliuter and society as they are implemented and modified with experience.

The model takes into account relevant lessons leamnt from an extensive literature
survey and also proposes new solutions to local problems, which are not as yet
addressed elsewhere.

It is successful in satisfying all the following design objectives (see section 8.1),

» Net revenue must be equal to or exceed local direct impact costs of pollution

e Minimised implementation costs.

s A deterrent to poliuters from excessive and harmful pollution,

* A deterrent to non-point source poliution

* Charges must be reasonable, justifiable and must not promote economic decline
e The model must be simple and flexible.

The proposed system arnved at dunng the course of the research is @ combination of
cost covering charges and an incentive system and includes the three main
components.

Administration Charges (AC) - Administration costs are incurred because polluters
want to use surface water systems to dispose of waste and society wants such
actions to be monitored, controlled and paid for. These costs must be specific to the
pollution characteristics of the administered area and pawd in full by polluters in that
area
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Waste Load Charge (WLC) - This apphes to all effluents when the concentration at
the control point exceeds the impact level The WLC is charged per ton of poliutant
load discharged. based on the impact cost

Non Compliance Charge (NCC) - the NCC is a penalty charge. which s levied on
waste discharges when the concentration at the control point exceeds the Co for a
particular pollutant

The model calculates the different types of pollutant loading from each individual
source and the charges payable The calculations made in the spreadsheet model
(see Appendix D) are only a demonstration of the model capabilities. The limitations of
these calculations are discussed in detail in section 8.5,

This model was developed assuming that its implementation will be undertaken in

phases It provides input for the first phase and each succeeding phase should
include further model development based on feedback from the previous phase

11.7 Likely income from charge system

The proposed system Is expected to generate a revenue of R3.05 milkon/a to R9.15
million/a for the first year of implementation. Although this revenue is less than the
estimated cost of poliution for the first few phases of implementation, according to the
schedule this objective could be achieved within four years. The suggested phased
approach for system implementation is described In section 10 4.

11.8 Comparison with CAC system

The implementation of the charges system to complement the old CAC approach
should reduce state expenditure on water quality management because of the

following:

e It might be possible for the DWAF to use some monitoring equipment installed for
the charge system.

o The system should minimise monitonng costs to the regulating authority, because
poliuters will have strong incentive to carry out comprehensive monitoring
themselves. In particular there should be no need for compliance monitoring with
only spot checks at compliance points being required

o Use of NCC and penalties will simplify control systems and minimize enforcement
costs (e.g. the cost for legisiative procedures)

The charge system will definitely provide poliuters with an incentive to reduce their
pollution without limiting their choice of an optimum economic solution. Pollution
prevention by utilising better water management practices will become a first option
for the minimisation of the WLC paid by polluters.  This option is the most effective
and economically viable first step for improving overall water quality in the catchment.
The use of a Diffuse Source Differential is an incentive that eventually will minimise
non-point source contributions

11.9 Choice of model algorithms

Extreme care was taken in developing aigonthms for the charge calculations and
implementation procedures to ensure that charges are reasonable and justifiable A

need to prevent charges from promoting economic decline was stressed (see section
8353)
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Finally, the simplicity of the mode! was paramount  Section 8.4 1 discusses numerous
possibilities for improving the model, although some will make the model more
complex and therefore should only be introduced at a later stage if it becomes cernain
that the increased complexity is justifiable and necessary.

11.10Fate of revenues

The spending of any revenue arising from the collection of charges should be linked to
reducing the impact costs of pollution and should aim for maximum impact Where
possible double or even triple dividends should be achieved

Treating revenue from poliution charges like other taxes and returning it to the general
fiscus is problematic and contravenes the transparency requirement of the PPP It has
been rejected as an option in the review of South African water laws.

One of the first pnonties 1s the implementation of the system for pollution monitoring
and control, and the administration of the charge system Following this, revenues
should be used to mitigate against negative environmental impacts, to implement
measures to improve water quality management or to fund research and development
and national water quality. policy initiatives

Excess revenue should be spent on subsidies to a number of groups, from companies
needing to invest in new pollution control technologies to under-serviced communities
lo provide for environmentally sound sanitation. The dlean up of past pollution can
also be subsidised from this revenue.

A combination of uses for charge revenue is the most appropriate and is hkely to yield
the highest overall dividends.

11.11 Need for consultation

The success of a charge system depends on the presence of two features: an
effective incentive 1o reduce, manage and monitor poliution by the poliuter, and
Wmmwammmw,manmm

dosaibodcuﬁu its success will also depend on consultation and understanding
between the system managers and the polluters. This aspect is outside of the scope
of this project, but appropriate recommendations are provided in sections 104 and in
the next chapter
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12. RECOMMENDATIONS

12.1 Implementation of a charge system for the Witbank Dam catchment

It is recommended that serious consideration be given to the implementation of a
sulphate pollution charge system in the Witbank Dam catchment The model
proposed under this project is simple to apply and effective in achieving the design
objectives. Its implementation should bring a twofold benefit of improved
environmental control with reduction of implementation costs 1o government and
society With time #® may have a further benefit, when revenues from the charge
system are spent on water quality enhancing measures, which also have a welfare
benefit (e.g sanitation)

From overseas expenence it was found that in introducing such a system it is better to
test it in one area in order to evaluate public reaction and determinate s
effectiveness. The Witbank Dam catchment seems to be a good choice for an
introductory implementation

12.2 Acceptance of a charge system for the Witbank Dam catchment

It is important that the design of a waste water charge system, the information used as
an input and the underlying assumptions are accepted by all affected parties A
charge system which is open to dispute in any way Is unlikely to yield any revenue
whatsoever. Moreover, it would most likely burden society with additional costs such
as those incurred through the appointment of specialists and lawyers

The specific issues, which have to be considered and accepted by |8APs are

discussed in section 10323 and 104 They include, but are not restricted to the

following points:

e Institutional arrangements for the effective administration of waste water charge
systems must be finalised by government. It is recommended that such systems
be initiated by the DWAF and that a catchment forum be used for negotiation

among stakeholders Ultimately, a catchment management authonty should
administer the system

« The best method for allocating total diffuse load to known non-point sources has
to be selected in consultation with the I18APs.

e The appropnate level of monitoring must be determined. The monitoring and
auditing of polluters are components of the administrative cost of the waste water
charge system. Hence, a decision regarding the design of control and compliance
monitoring systems should be taken.

e Al algorithms and all input data used in the proposed model must be discussed
with 18AP's and accepted, including procedures for determining the direct
financial cost of pollution

« The more in-depth investigation of possible negative socio-economic effects of the
charges on industry was suggested by the Chamber of Mines (see section 5.4)

e This study has pad insufficent attention to the disbursement of the revenues
generated by the waste water charge system This needs to be investigated
further, agreed upon by all parties, and guidelines drawn-up prior to introduction of
a charge system generating a significant revenue surplus
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12.3 Monitoring of economic effects

it s essential to the successful running of the system that the economic effects and
environmental effectiveness of the charges system are closely monitored during each
stage. The CMA should respond quickly enough to such indicators to ensure that
appropnate charge levels are maintained

Should it be decided that a pilot waste water charge sysiem be introduced in the
Witbank Dam catchment. it 15 important that its introduction is gradual and closely
monitored as the threshold charge (Le the charge at which polluters stant to reduce
discharges due to the cost involved) remains unknown.

12.4 Extension to other pollutants and catchments

As this study focussed on only a one single catchment and only one water quality
parameter, ¢ is imperative that further studies be conducted 1o extend the charge
system to include other pollutants. Priorities should be set for this extension, based on
the results of the classification of the water resources. The prionties for implementing
the charge system for other river catchments will be an outcome from the same

process.

The procedure for determining the direct financial cost of current pollution on
downstream water users is still lengthy and imprecise. Clear guidelines need to be
developed to streamiine this procedure before the charge system is applied in other
catchments.

Pollutants that have a clear economic impact, such as salinity or salinity related
parameters could be the first prionty for tha charge sysiem implementation. In cases
when no clear economic impact cost can be determined a combination of AC and
NCC charges might be utiksed

12.5 Method of dealing with old poliution sources

The control of backlog poliution was beyond the scope of this project, but it is
recommended that the cos! of water poliution control measures from abandoned
mines be included as one of the revenue uses This activity will relieve the
government of the financial burden caused by past polluters, improve water qualty for
water users and provide present polluters with an additional assimilative capacity

12.6 Pollution charges as part of the water management

Any charge system that s introduced should form part of 2 Water Management Plan
(WMP) for the catchment. Both the charge system and the WMP should arise from the
establishment of an appropnate CMA. The CMA will be responsibie for determining
the water quality objectives, water allocation for the catchment and other components
of the WMP that are also needed for design of the charge system. The WMP must be
developed in close co-operation with all I8APs

The current project provides a basis for further development of water related
legisiation. The implementation of the new national water pricing proposals must be
dovetaded with waster water and environmental charges so as not to undermine
incentives or distort prices It is strongly recommended that the findings of this project
be used for dealing with issues such as poliution prevention and financial provisions
for CMAs.
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A2 — Water quality monitoring points
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Figure A.2. : Water Quality Monitoring Points







Figure A4. : Pollution sources
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1. Equipment and facilities (weirs)

According to figures from the DWAF, the cost of a weir is R10 360 per running metre
The weirs are estimated to be an average length of around 22m

Thus the total cost of a weir s estimated to be 22 x R10 360 = R228 000
2. Manpower costs

The assumption is made that rates will be the same as for similar positions in the DWAF
These rates include 13" cheque and fringe benefits.

DWAF positions Daily rate
Assistant Water Poliution Control Officer R380
Principal Water Pollution Control Officer R680
Administrative assistant R180

3. OPERATIONAL COST

3.1 Sampling

Assume weekly samples for all 13 instruments and weekly sampling at Witbank Dam -
14°52 weeks is 728 samples Additionally the spot checks at compliance points can be
assumed on a monthly base According to the WMB report (WMB, 1993a), 30
compliance points are required. This is probably an underestimation, as for a few mines
that were examined up to 5 compliance points could be required. Another 30 compliance
points for point sources and releases were therefore added Releases are monitored
only during wet periods, so the number of monthly samples can be reduced to 20
Assuming 70 compliance points means that 70" 12 months = 840 additional samples will
need 1o be collected for spot checks. The total number of samples comes to 1568

Cost for sample analysis was assumed to be R 310.

3.2 Travelling expenses

Taking of 1568 samples @ 50 km per sample = 78 400 km

L \COMMONWRCPPPPrepod Finad REPAPPC DOC - 17T02/98
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AA rate per kilometre (2 litre vehicie) = R 051 for fuel and maintenance; capital
expenditure 1s included in staff fringe benefits (see section 2)

3.3 Calibration of instruments

13 mstruments calibrated once every six months = 26 calibrations per annum

26 calibrations @ 5 calibrations per day = 5 man days (to nearest day)

Calibration contract, including instruments, travelling and manpower: R1 940 per day
Total annual cost of calibration 5 x R1 940 = R8 700

3.4 Maintenance of instruments

13 Instruments serviced once per annum

13 services @ 10 services per day = 2 man days (o neares! day)

Service contract, including equipment, spares and travelling: R 1 940 per day
Total annual cost of services 2 x R1 940 = R3 880,

3.5 Office space

1 Office for full time Assistant Water Pollution Control Officer. 8m*

1 Office part time (20%) for Principal Water Poilution Control Officer: 2 4m*
1 Office part time (20%) for admin support: 1,8m*

Cost of office space @ R 30/m* per month = R 360/m® per annum

Total annual cost of office space 132 x R360 = R4 752.

3.6 Independent audits

An annual water quality data audit will require 100 days at RS00/day equalling R50 000

L \COMMONWRCPPPPUepont FnalREPAPPC DOC - 0217/59
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Appendix D.1: Calcualtion of diffuse loads from mines for 1995/96

Input parameters
TOL: Total difuse load calculsted from monitoring data (1)

PPMR: Potentiad Poliution Mob&sation Rate for mine | of a specific type | (Uhala)

Area: Area of mining aperation at mine | of specific type ) (ha)

Calculated parameters
PMP: Potential Mobiisable Poluton = PPMRIj*Areal) (Va)
TPMP: Tolal PMP for the mine | = sum({PMPI), (ta)
APPMR: average PMP for mine | = TPMP/sum(Aceal)) (Uhala)
PPMRC: Corrected APPMR = APPMR * ratio of TDL 1o sum of TPMPs for all
mines - MUSSMUS*

* Assumption TOL s at BAHDOS which exciudes MU4EMUS - Douglas. Miadelburg & Greensite mnes

Final result

PMPC: Diffuse Icad contnbuted by mine | =PPMRC" totat area of the mne | (Va)

Total difuse load inta= 32339
—m—r%—rml Area | PMP | 1PMP | APPMR | PPMRC | PMPC |

[Kieinkopje  [Opencast 15 1837] 2456
BoardBPiiar | 015 sml 812
MighExtract | 07 0 0
mine total | 2067 0 136 5884
Matla Opencast 15 0 ol
Board8Par | D15 4044 807
HighExtract | 07 484 330
mine total 845 021 D8]  2193]
Iknd Opencast 15 1283 1625
BoardlPdar 015 300
HohExvact | 07 0 0
mine tota) — |28 o8| 18] 5
l'ni-pmn Opencast 1.5 1800
Board&Pillar | 015 153 23
High Extract | 07 ol -
i 2723] 139|333 83|
Opencas: 15 1221 1832
Boacd&Pillar | 015 7863 1148)
High Extract | 07 8 8 . =
total 2087 034 078
15 78 117
BoarddPillar | 015 3874 581
HghExtract | 07 0 o
mae 1otal 018 G4l 81
Iﬁé Opencast 15 243 365
]aouw’u 01§ 1880| 282
MighEstract | 07 173 121 . )
rrune total 768 033 078 1781
Iﬁm Opencast 15 450
Bord&Pillr | 015 53 )
High Ewract | 07 0 0
mne fotal 683 136 315 1584
Opencast 15 1" 1
BoarddPillar | 015 81 572
High Extract | 07 of 0
mine tot ! S88| _015] 0O 1364
Opencast 15 80| 120
Board&Pitar| 015 .mcnh 571
Extact| 07 0 0
[mne tomai - | 1T &1 0y 041 1ﬁi

|
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[Tavistock Opencast 15 226] 399
BoarckPiar | 015 A755 1313
High Extract 07 0 0
rmune 1otal 1652 018 043 3833
Greenside Opencast 15 181 272
and NCC BoardAPilar | 015 REC 580
High Extract 7 867 807
r_mm 1otal | 1458 0.30] 069
Middleburg  |Opencast 15 4580 6870
BoaroAPillar | 015 0 0
MighExtract | 07 0 0
ne total BAT0 1 348] 1593
otal “56641]

M Afcel

TROT90
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Appendix D.2: Calculation of Dsd

Input data

WLC: Price for water users =WLC (rmdlion/a)
Nd: Number of diffuse sources

Mc(1): Cost for one monitoring station (Rimaon)
Lp: Load from point sources (inc releases) (Va)
Ld: Load from diffuse sources (Va)

Calculated
Mc: Monitoring cost=Mc(1)*12*Nd"Ns/10° (R*10%)

Final value
Dsd: (Mc*Lp+*WLC*Ld)/{Ld*(WLC-Mc))

Assumptions:
Ns: Average of 3 stations required for each diffuse source

199071
172

9

8000
15587 0
85956

259

242

19956
1544
15
232286
58587 2
432

154
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Appendix D.3: Calculation of waste load charges.

D.3.1: Calculation of WLC for 1990/91

Input data
WLC: Price for water users(R milion/a)
Load(p): point source load (Va)
Load(r): release load (Va)
Load(d): diffuse source load (Va)
Dsd: Diffuse sources differant:al
OfUwic): Inthal Unit charge

Optimisation parameter
Oc: Optimisation coefficient

Calculated parameters

Uwic: Unit cost =WLC/ Sum{(load(p}+load(r)}*Sum{load(d)*Dsd)]} (R1)
WLC(m): Charge for measured sources =Uwic*[Load(p)+Load(r)]"Oc/12 (R/mon)
WLC(d): Charge for diffuse sources = Uwic*L (d)*Oc"Dd/12 (R/mon)

Final value

WLC: initial monthly total WLC = Sum{WLC(m)+WLC(d)] (R/mon)

Load: Total Load = Load(p)+Load(r)+*Load(d) (1)

Assumption:
Load(m): Load from measured sources = Load(p) + Load(r)

7.72

154

72

0269

267 54

173135
24193

180298
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Table 1: Output from WLC charges spreadsheet (1990/91).

MU Source Load(p) | Load(r) Mdil WLC in Rimonth
m )
1 [Trichard sw 473 284 o| 284
Syferfonten 0 0 of
2 |Matia 58| 134 839 0| 839
Rietspruit 181 548 3403 0 3403'
Knel 102 612 of &2
Matia ps 0 0 0
Kniel ps 2652 1501 0 1591'
7 |Kinross sw 122 0 433 0 433
Kniel sw 482 0 289 of 288
Krielt sw 0 0 0
Albion 0 0 0
Phoenix 0 0 0
ATCOM 0 0 0
8 [Transvaal Navigaton] 384 1750]  230] 16196] 16427
New Clydesdale 0 0 0
Klenfontein 0 0 0
Sealby 0 0 0
3 |Komati 212| 4489 2821 o| 2821
Douglas 328 167.3 197 1548| 174
Koornfontein 0 0 0 0 0
Goedehoop 790 ol 7312| 731
Blinkpan 149 412 137 o| 337
4 |Dougias 1673 o] 1548] 1
Middelburg 0 0 0
Duvha ps 605 383 o| 383
Duvha 1208 ol 11180 111
Speekfonten 0 0
5 |South Witbank 0 0
Arthur Taylor 0 0 0
Phoenix and sw 346] 14e8] 2379] oco016| 22018] 310
Tweefonten 967 592 o| s92
Kiainkopje 0 0 0
Sondagsvier 0 0 0
Witbank Cons 0 0 Q
6 |Witbank 2189 1313 o| 1313
Greenside 582 o| 8312 s
Landau 11842|  a20| 71082| 7672| 78724
8 [Vandyksarf 0 0 0
Wolwekrans 0 0 0
Riverside 0 0 0
Sprngbok and sw 351 823 21| s7es| sarT
Otallexd Landau) S524| 3167 5] 77066| 22530] 71881] 04411
ol O R B B ) B

1802/59



D.3.2: Calculation of WLC for 1995/96

Input data
WLC: Price for water users (R milion/a) 1544
Load(p): point soutce load (Va)
Load(r): release load (Va)
Load(d): affuse source load (Va)

Total releases, excl Kl (Va) 15604

O(Uwic): Intial Unit charge 720

Load (r), KI: Release from Kleinkope (Va) 6822
Optimisation parameters

Oc: Optimisation coefficient 053

Dsd: Diffuse sources differential 154

Calculated parameters
Uwic: Unit cost =WLC/{SumiLoad|p+r)]*Sum]Load(d)*Dsd)]} (R1) 13592

WLC{m): Charge for measured sourcas =Uwic*[Load(p)+Load(r)]*Oc/12 (R/mon)
WLC(d): Charge for diffuse sources = Uwic*Load(d)*0c*Dd/12 (R/mon)
Load(r): Release from each mine / (exc! KI) = Rioad*Load(d)/{Sum{Load(a)}-Load(d) for KI}

Final value
WLC: initial monthly tatal WLC = Sum{WLC(m)*WLC(d)] (R/mon) 581602
Load: Total Load = L(p)*Lir}+L{d} (1) 818158
Assumptions:

1 Distribution of diffuse loads from DIFLOAD sheet
Douglas mined area spit 50/50 between MU3 & MU4
Tavistock group consists of Arthur Tylor & South Witbank mines, assume S0/50 spiit
2. For releases other than Klemkopje mine assume distribution in releases in proportion 1o Load(d)
Load(m): Load from measured sources = Load(p) + Load(r)

ModelWA. Coalclis

180296
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Table 2: Output from WLC c!w!u spreadsheet (1995/96),

Load(p) | Load(r) | Load(d) WLC(m) |WLC(d) |WLC()
N ) 284 o] 284
of 4781 1s843| 2868| 14883 17532
00| 6619] 21831 3971| 20298] 2
250 19064| 63187| 11588] s8482| 700
ool 15574| 51604 9344] 47780| 57104
00 00 0 0
00 0.0 0 0 g‘
728 00 a7 0 437]
482 00 289 0 2689)
320 0.0 197 0 197
00 00 0 0 0
00 0.0 0 0 al
00 00 0 0 0
384 5374 17807| 3455| 16480| 199
00 00 0.0 0 0 0
00 00 00 0 0 0
00 00 0.0 0 0 0
212 0.0 0.0] 127 0 12
28] 10455| 34641 6470 32081
0o| 4887 16195 2932 14888] 17921
00| 4118 13644 2471 12628] 1
00 00] 00 0 0
00| 10455] 34641 6273 32061
ool 48098| 15937.1| 28859] 147499
00 00 0.0 0 0
00 00 00 0 0
00 00 00 0 0
00| S784| 19164] 3470| 17737
00| 5784| 19164] 3470 17737
M6 00 0.0 208 0|
no| a4838| 16031] 2003] 14837
00| 69220| e8838| 41532] &3711
00 00 0.0 0 ow
00 00 00 0 0
3494 00 00| 2097 0
00| 10210 33830] 6126 31310
Landau 00 00 00 0 0
9 andyksdnft 00 00 00 0 0
rans 00 0.0 00 0 0 0
Riverside 00 00 00 0 0
Springbok and sw 0.0 00 00 0 0
otal 702 B| 22526 0| 58587 2 - B42231] 681

Modet'W1LCcalc®s



Appendix D.4: Calculation of Non-Compliance charges

Appendix D.4.1: Calculation of NCC for 1990/91

Input data
Load(p): pont source load (ta)
Load(r): release load (Va)
Load{d): diffuse source load (Va)
Ct: target SO, concentrabion (mg/l) - 50 & 85 pecentiles (mg/l)
C: measured SO, concentraton (mg/fl)- 50 & 95 pecentiles (mg/)

Calculated parameters
Fex: exceedance faclors for 504 95 percenties = 1+(C-C1)yCt and thew average
NC load: Load of all releases and dffuse sources (t/a)
Uwic: WLC unit cost for 1990 (Rt'a)

Final value
NCC: Charge for a source upstream of control pont | (R/a)=Fexi "Unit cost*Ncload

Calculation for 1st control point (B1H021), MUT

Calculation of exceedance factor (Fex)
C(50%) CH50%) Fex(50%) Fex

89 100 1.000 1861
C(85)% Cy95%) Fex{85%)
381 140 2T

Table 3: Output from NCC spreadsheet for 1st control point(1990/91)

MU | Source | Load(p) | Load(r) | Load(d) | NC load | NCC(R/a)

! nchard sw 473 00 0
Syferfonten 00 0

2 Matla 58 1340 1340 66706
Rietspruit 181 5490 548 0 273297
Knel 1020 1020 50777}
Matia ps 00 Oi
Knel ps 2652 2652 132019

7 Kinross sw 722 00 0
Knet sw 482 0 0( 0
Krieht sw 00
Albion 00
Phoenix 00 0
ATCOM 00
Total 1916] 10502 00 1050.2 522799

Assumptions:

if C<Ct then Fex =0

1 comman'wreneep Modul NCCoakcy

267 54

100299



Calculation for 2nd control point (B1R001), MUS

Calculation of exceedance factor (Fex)

C(50%) C50%) Fex(50%) Feox
97 B4 1155 1077
C(95)% CHB5%,) Fex{95%)
116 155 1000

Table 4: Output from NCC spreadsheet for 2nd control point(1980/91)

Source Looqp) Load(r) | Load(d) | NC load Ncqgn)l
Transvaal Navigati 364 17500] 17500] 50441
Kleinfontein 00 0
Sealby 0.0
Komat 212 4489 448 9| 129390|
Douglas 328 1673 1673 48222
Koomfontein 00 0
Goedehoop 780.0{ 7900 227709
Blinkpan 149 412 412 11875
Dougias 167.3 167.3 48222)
Middeiburg 0.0| 0
Duvha ps 605 60.5 17438
Duvha 12080 12080| 3481
Speekfontain 0.0
South Witbank 00
Arthur Taylor 00
Phoenix and sw 346 14660 23790| 38470| 1108855
Tweefonten 987 987 2844
Kleinkopje 00
Sondagsviel 00 0
Witbank Cans 00
Witbank 2189 00
Greenside 6820 6820 19657§I
Landau 118420 8290 126710| 365227
Vandyksdrift 00
Wolwekrans 0.0
Riverside 00
Springbok and sw 351 6230 6230 17957

“|Total ~3050] 13050 3] B5056| 225540 1

! commomiwecppppiMacerNC Cealcs0

18:02/99
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Appendix D.4.2: Calculation of NCC for 1995/96

Input data
Load(p): pont source load (Va)
Load(r): release load (Va)
Load(d): diffuse source load (Va)
Ct; larget SO, concentration (mgh) - 50 & 95 pecentles {mg/l)
C: measured SO, concantration (mgfl)- 50 & 85 pecentiles (mgh)

Load(r): copied from Appendix D 32

Calculated parameters
Fex: exceedance factors for 508 95 percenties = 1+(C-CiyCt and ther average

NC load: Load of all releases and dffuse sources (Va)

Uwic: WLC unit cost for 1995 (Rita) 13592

Final value
NCC: Charge for a source upstream of control point | (R/aj=Fexi *Unit cost*Ncioad

Calcualtion for 18t control point (B1H021), MU7
Calculation of exceedance factor (Fex1)

C(50%) CUSO%) Feax(50%) Fox1
a7 100 1 1.332
C(95)% Cu85%) Fax{95%)
233 140 1 684
Tabie 5: Output from NCC spreadsheet for 1st control t(1995/96)
MU | Source Load(r) | Load(d) | —%:a—
1 Trichard sw 00 00
Syferfontein 478 1 1584 3 2062 5| 373424
2 Matia 6519 21931 28550 516927
Rietspruit 1006 4 63167 £223 1] 1488857
Knal 1557 4 5160 4 6717.8] 1216314
Matia ps 00 0 Ol
Knel ps 00 0.0
7 Kinross sw 00 00
Knal sw 00 00 0
Krielt sw 00 00 0
Albion 00 00 0
Phoenix 00 00 0
ATCOM 0o 00 0
otal 4003 0] 152546 16858 4
Assumptions:

Dougias mined area split 50/50 between MU3 & MU4
Tavistock group consists of Arthur Tylor & South Witbank mines, assume 50/50 spit
For releases other than Kl assume distribution in proportion to Load(d)
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Calcualtion for 2nd control point (B1R001), MU9

Calculation of exceedance factor (Fex2)
C({50% Ct(50%) ex{50% Fex2

154 64 1833 1794
C(95) CyE5%) ex(85%)
272 155 1.755

Table 6: Output from NCC spreadsheet for 2nd control point{1995/96

MU | Source Coad(r)|Load|(d) [ NCC(2) |
8 ransvaal Navigati | 537 4] 1 23181 565250
New Clydesdale 00 00 0
Kieinfontein 00 00 0
Sealby 00 00 0
3 |Komati 00 00 0
Douglas 1045 5| 3464.1| 45086 1099628
Koornfontein 4868.7| 16195| 21082 514072
Goedehoop 4118| 1384 4| 17762 433108
Blinkpan 00 00 0l
4 |Douglas 1045 5] 3454 1| 45096 1099628
Middelburg 4809 815937 1|20746 8 5058978
Duvha ps 00 00 0
Duvha 0.0 00
Speekfontein 00 00
5|South Witbank 5784 19164] 2454 8 6508347
Arthur Taylor 5784| 19164| 24948 608347
Phoenix and sw 00 00 0
Tweefontein 483 8! 1603.1| 20869 508880
Kieinkopje 6922 0| 6883.9|138059 3366476
Sondagsvie: 00 00 0
Witbank Cons 00 0.0 0
6 |Witbank 00 00
Greenside 10210] 3383.0] 4403 QI 1073875]
Landau 00 00
8 |Vandyksdnft 00 00
Wolwekrans o0 00
Riverside 00 00 0
Springbok and sw 00 00
otal 1 ;




Appendix D.5 Summary of charges

Table 7: Total catchment ¢

[Charge components 1_[1995/96 |
ACC 087 097
WLC 772| 1544
WLC{phase 1) 208 818
NCC 702] 1853
Total charge 1571]  34.94
[Total charge{phase1) 3.05 9.15
Unit costs

ACC 399 118
wLe 675 1359
NCC 2976 2285
Total 6050 3782

L \COMMONWRCPPPPREPORTMoceSum

D-12
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Appendix D.6:Calculation of monthly diffuse loads from mines for 1995/96 using rainfall data
Input parameters
TDL: Total diffuse load calcusated from monitanng data
TPMP: Copied from Appenda D 1
MAP: Mean Annual rainfall for the area
Mrain: Monthly ranfall measured at the raintall station hearest 10 mine

Calculated parameters
Load{ad]): Monthly load = TPMP* MainwMAP
Load(cor): Monthly load correctad by measwred vatue = LOAD(ad))"TOUsum Load|ad))

Camparison with PMPC, annual loads from Appendix D1
dif: dfference as result of using rainfall data = (PMPC-sum{Load( cor ) PMPC

TOL= 12318 (calculsied from mondonng data)
MAP= 697
of mmmm”mmmnm

Table 8
F IE wnmmmummmmmumlmmﬁwmw
(USO4/a)
Mrmn e3g] a8l 2980] 1175 24t8] ve8] 574] o00] 00 S| 7| 00| wrzs| 29675 4590 1 3633 TTal 4
I adj) | 2740] 8294 noa:I m:l W6 S0n4| 2461) 00| 00 uzl 30 &) o:] 00 00 o:l 0 a0
2165| @55s5] Bra0] 3980 819t 4c24] 1544] 00| 00| 4ny] 264 0 0 00 0 0 0.0
rnn- usol uzor 258 02 345 1078 1105 o.ol ool ozl 13 8 ool 1207 & usj{ tm:[ 14111 12088] &
Losolady) | 20068! 2006] o7 1| 00| 4207| 14s9| 1510] oo o0 oo t8el 00 0.0 o 0 0 0o
Loadcor) | 60| 228al 3216{ 1106] 3304 neo| 1183 00| ool oo wel oo 0.0) 00 00 0 00| “‘
™ unrual mol wzs‘ Nas| wrs nos oul ooj[ 00} 18] o] s zzzai[ cm:’l 33202 a6t wol
40| 6815 6570 2295 wn 0| Mae] 3s82] oo oo 0o] 434 00 00 00 0 0 o
cor) | 3704l 5383 7s67] 2603] ress| 2730| 2806 00| 00| o0of M3 00 0.0 00 00 0 00
r—m an o3| 1005 288 117s] 2418] 1188] s7e] co| oof 48] 71| ao] wras| 2730 42202 12337 esas| &
) 2sul 7014 10152 4624] 9515 as7s| 2259 oal oq sT1| 279 ool 00 ool o:l oJ a0
Loadicor) | 1986 0018] 8019) 3652 7s16| 3683 1784 o0| 00 451 224 00 0.0 0o 0 0 g0
Mran ays| 1005] 2sso] 7S] 2418 vas] s7e] oo 0o] wes] T ool wr2s] 29886 8287 Wiea] 219 a4
Loadisdy) | 2758 a3s m:sl 807 1] wass| 5127 2477 ool o.:lo:a 20 8 o;] 00 00 o«;l 0 oo
L.-qm 2178| 8sa7| sres| «006] 243 4050 1957 oo| 00| 494] 42| 00 00 00 0 0 00
Mran e38| 1was| 2580] 7S] 2418] e s74] o0 ool asf 71 ool wr2s [TTE 10020 854 7 peaael a2y
Ium u;] 1952 no:l Mas| 24390 qu 579 oq o.:] el 12 oa 0 Q0 oo] 0 0o
Losdicor) | 05| 1543] 2086] 938] w2y o] 457 0ol 00| 116l s o 0 00 00 0 0.0{
NG 638 1S zsul 175 418 nuI sul ogl oﬂ sl 71 o:l wrz:l wrTe 11897 9358 982 3 u:w
Load(adf) | T08| 2ag] 2082] 1303] 2682] 8| 637 o ool 61 79 ¢ 0 00 0 0 00
luu«m uo] 1886 2261 moi :nnk w41 503 o oo] 727 621 oo 00 00| o:l ol oo[
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(USOd/a) (VSOLn)
M 1430 2120] 2980 1025] 3145 w75 105 O 0o o0o] 235 oo] wors 6683 1290 4 019 8740 -1683
Im WY 2002 Wan| 1012 304 wsn w0e1] o o.:l 00 1):} 0 o, 0101 oo t:l 00
Loadicon) | 110.2] 1853 2323] 99| 2452 mas| ses] ool oo| oo ws| o 0 0.0
e8] 1w3s| 28580[ 11785 2418] 118 574 O 00| tasf 71 o um ons 7201 mar 4
& u:[ms ?1IJL ua 205 5 1014 ll:i 0:[ o:l i?JZI 60 o:l Dl lt‘ ol ooi
428] 1209] 1732 7a 102y 708 M 0ol 0O 9 48| 00
Tweetontnn e 12380] 2231 2677 98] 2418 w07 no.sl 0 40| oof wo| o zzts 911 m" nn 897
Fﬁq mimnl 2673 193] 415| 060 103] o0 40] 0o 10.::1 OL L :] [ o l
Load{cor) | 1088 1760 2112] ™4 1m07| s44] 85721 o00f 32| 0o 79 0
Tavsiock 639 193sf 2%80] 1178] 2418] 1es] =74l 0o o0o] s 7 wns 1652 20228 mu 43
P-q mJ 45201 6w60| 2805 ST wAT| T ool 00| M8 no‘ [ [ ’] L 0 l
Loadtcor) | 1205] 3850| 48586 2216] 45631 2241 1ws3| ool ool 273] 134 0
m“rm 1380 2231] 2677 1198] 2418 wro| 08| oo 4o oof wo mss 1458 1 :su 20034 uu) Ty
Load(ady) | 2908| «702] 5641 25018 5006 2255 232 ool B4l oo| 211 l ol J L e
Loadicor) | 2207] 3714 4a56] 19809 4028 1721 1839] o0o0] 67 ool 168 0
r— 639 19348 2880] 1178 2418] 88| s74] oof oo 48] 7 10728 6870 10647 5 8100 ams 43
Load(ady) | 6344] 1921 0] 2561 4] 11665 24005| 11704| 5880 n:] 00| 14a0| 708 l J o] ] 0 ]
. Loadicor) | 5011 15178 20233 @215 1063 9317 4501 0 00j 1137] 557 0
Total | 252553 cuusl 2315.0] mno[ 2
Mool B g



