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LIST OF DEFINITIONS

Note: The following definitions are not necessary universal due to the varying interpretations

and understandings of the specific technical words or terms. In this document the foliowing

specific words or terms are intended to have the meanings provided, and should not be

confused with other interpretations or understandings of the meanings of the words.

Affected
Attenuation

Average

Contaminated

Dry weather flow
Effluent

Filtrate

First Flush

Affected means that the water quality has been altered.

A flood attenuation facility is @ dam with no long-term storage. Flow

enters the dam, and is stored temporarily while continuously releasing

flow. The purpose of a flood attenuation facility is to reduce the peak
flow event.

Arithmetic mean; A value arrived at by adding several guantities

together and dividing by the number of these quantities.

Contaminated means the water gquality has been altered, but

the fitness for use may not necessarily have been

compromised.

Fiow occurring independent of a storm event (precipitation).

Effluent is defined as a liquid of manmade origin, as a result of the

following processes:

(i} Take water in;

(iiy Putting it through a process;

(iii} Discharging it as an effluent. Effluent should be qualified as
being contaminated or uncontaminated. The degree of
contamination is of importance.

A filtrate is produced when water percolates through a matrix, and

water insoluble components present in the water, are removed from

the water into the matrix. This term essentially therefore implies a

positive change in the quality (improvement) of the source water.

This is a loose term for contaminated storm water during the first run-

off period of a rain event. The term should rather not be used, asitis

undefined in terms of quality, quantity or period of occurrence and

because it could mean different things to different people. itis a

function of many variables.

9550 ISCOR VANDERBIJLPARK STEEL - SURFACE WATER SPECIALIS TREPOR?'; VS/SR/027
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Fitness for use

Ground water

Impacted

Leachate

Median

Peak Filow

Percentile

Ferched watler
fabie

Poliuted

Process water
Return Period

Fitness for use refers to the suitability of the water o be beneficially
ufifised for humans or the environment over the long term, as
determined through toxicological investigations. The filness for use s
associated with a specific user of the water.

This term refers to ali water that occurs below the surface, The
surface could either be the naturai ground ievel, or a man made heap
or dump.

A water source is termed to be impacted when it has been influenced
by an external influence. it may be impacted in terms of volume or
guaiity.,

A leachate is produced when water percolates through a matrix and
water soluble components present in the matrix, dissolve into the
water. This term essentially therefore implies a negative change in
the guality (deterioration) of the source water.

The median of a specific data set is the 50-percentile value of that
data set

The maximum flow during a specific storm event. The flow relating to
the peak of the flow hydrograph for a specific storm event,

The k-th percentile in a given data set is that data value that refates to
the k/100 entry when the data set is ordered in ascending order, The
value where k percent of the data points in a data set fall below the
specified value. '
A perched water table occurs at a higher elevation than the general
(regional) ground water table in an area, and usually resuits from clay
fenses, or other impermeable layers, occurring within the upper
weathered or transported zones of the geological profile.

The term poliuted refers to the degree of contamination where the
fitness for use of the water has been compromised, The water is no
longer fit for beneficial use. Water can only be regarded as polluted if
the fimit value / criteria / standard specified for the water quality
parameter is exceeded,

Effluent water

The return period refers to the statistically determined recurrence
interval of a specific storm event, i.e. a recurrence interval of one

event every fifty years is termed {0 have a retumn period of 1.50.

9980 [SCOR VANDERBIJLPARK STEEL — SURFACE WATER SPECIALIST REPORT - NS/SR/
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Seepage - Seepage refers to the flow mechanism of a water, in the sense that it
describes the ouifiow / through-flow of water from / through a matrix
(associated with a low flow rate). It can occur on surface, for instance
in the form of leachate seeping from a dump or stockpiie (surface
seepage, toe seepage), or it can occur below surface (ground water
seepage, base flow) for instance into a trench, canal, streambed, etc.

Storm water - Storm water is defined as surface water resuiting directly from
precipitation.
Surface water - Surface water refers to all water that occurs on the surface of the

earth. Water in a dam / holding facility is therefore also classified as
surface water.
Wet weather flow

Flow that occurs during or afier a storm event, directly resulting from
the siorm event.

Zero Effluent - The term ZED is defined by the proponent to indicate a state of the
Discharge (ZED) Works wherein no effluent is discharged from the site durning dry
weather conditions. Per definition therefore, the following statements
can be made:
{) The term ZED refers to effluent water only, i.e. it does noi

refer to storm water.

() It refers {o dry weather flows only, i.e. storm water discharges
during rain events do not make you non-compiiant to ZED.

(i) Unpoliuted siorm water may still be discharged from site while
the site is ZED compliani.

{iv) The definition of unpoliuted is as above, and is linked to a set
water quality objectives.

(V) ZED refers {0 water flowing over the site boundaries only, 1.e.
if water is pumped into a dam and stored on-site instead of
exiting the site, this situation does't imply non-compliance in
terms of ZED.

(Vi) Storage of water on site is governed by separate conditions in
the water permit.

(vity  ZED refers to surface water only, i.e. ground water movement
off-site is not included under the ZED definition for iscor
Vanderbijipark Steel, but managed through separate water
permit conditions. '
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EXECUTIVE SUMMARY
The surface water specialist study report was conducted for the IVS site and the surrounding
receiving environment in order to obtain an understanding of the infiuence of surface water

emanating from the works on the receiving environment.

The baseline description for surface water starts with an evaluation of the basic input
parameters for surface water being rainfall and water intake to the plant, both of which can end
up as surface water run-off or effluent discharge from the works. A comprehensive study was
done on rainfall data obtained from weather bureau, statistical data, rainfall records kept by IV3
as well as the data obtained from three continuous rainfall monitoring stations, installed on the
site for the duration of the study period.

The rainfali analysis showed that rainfall during the year of analysis was exceptionally high and
that the year could hardly be regarded as an average rainfall year over the longer term.
Statistical analysis done on the rainfall data indicates that the highest runoff volumes are
associated with the maximum rain events recorded over 24 hours, but that the peak flow events

are typically related to peak storm events of 1 to 2 hour duration.

Correlation between the rainfall and evaporation data indicates that the IVS site has a negative
water balance, meaning that on average more water will be evaporated from the site than the
rainfall that will be discharged onto the site.

After an evaluation of the meteorological data, an assessment was made of the environment
prior to the Works' construction. The IVS site is situated on high topography, and on a local
watershed which divides the site into an eastern and westermn catchment. To the west surface
water drains into the Rietkuilspruit which discharges into the Rietspruit, while the Rietspruit in
turn discharges into the Vaal River at Loch Vaal upstream of the Vaal Barrage. The eastern
catchment drains towards the Leeuspruit which drains directly into the Vaal River east of
Vanderbijipark. The Works obtains its water for process purposes from one of two sources,
namely the Vaal Dam situated upstream in the catchment of the Vaal River, and the Vaal River
itself to the south of Vanderbijlpark. Water qualities obtained from the Vaal Dam are relatively
good, while water abstracted from the Vaal River varies in quality over time but is generally
pOOr,

An assessment of the local environment (the Works and surrounding areas) indicates the

division of the Works into an easterly catchment and a westerly catchment. Only fwo surface

water outlet points exist on the site. Water from the site is predoffiinantly dischargéd through
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the Rietspruit Canal to the Rietkuilspruit in the west. Dry-weather flows from the Leeuspruit side
are captured and pumped back to process or towards the western discharge point. This means
that tfreated effluent is only discharged towards the west. During wet weather conditions
discharges to the eastern Leeuspruit catchment occur often. Most of the North Works surface
water runoff is discharged towards the east, while the South Works stormwater channels drain
predominantly towards the west.

An evaluation of water quantities and qualities discharged into the westem catchment was
performed. An assessment of the flow volumes discharge towards the west indicates that
aimost 76 % of water discharged originates from process while the other 24 % emanates from
rainfall. The runoff rate from the western catchment amounts to 36 % of total rainfall failing onto
the catchment.

Water quality analyses at the western discharge point were evaluated utfilising three data sets.
These include the bi-weekly grab sample monitoring data sampled in the Rietspruit discharge
channel {point RS7), water samples collected by a continuous sampler installed at the western
discharge point from the site, as well as data from the continuous analyser situated in the
discharge channel feeding the Rietspruit canal. Indications from the analysis show that the
plant is generally capable of complying with the requirements of the water license for most the
parameters tested under control until the achievement of ZED in 2005. Elements that are
difficult to control are typicaily fiuorides, sulphates and iron. Storm event analyses were
performed to determine whether water qualities improve during rain events after the initial first
flush is captured. Indications are that water qualities discharged post ZED should be of
relatively good quality however it is difficult to pre-empt the water qualities that would probably
result from rainfall discharge after ZED when the process water component is eliminated.

Similar analyses for water quantity and quality were performed for the Leeuspruit discharge
point at Frikkie Meyer weir. Results from this analysis indicate a run-off factor for the eastern
catchment in the order of 32 %, while the volume discharged over the weir is estimated at about
9% of the total rainfall that fell within the catchment. Water qualities measured for water
discharged over the weir were evaluated. These results indicated that a number of elements
exceed the water qualities as stated in the IVS water license. Some of the exceedances occur
as a result of very strict standards being set in the water license. It was recommended that
standards set for these parameters be re-evaluated and more reafistic standards be obtained
for discharge water to the Leeuspruit in accordance with what can normally be expected in

o
I

surface discharge resuiting from rain evenis.
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A number of elements though exceeded the realistic standards set in the water Iicense%pecific
reference is made to iron, suiphates, caicium and magnesium. A search for the source of these
elements in the discharge waters was fraced back {o groundwater seepage emanating from the
Steelserv slag handiing area in the south-eastern comer of the plant. Management measures
o eliminate this source have been proposed. it is recommended that the primary source of the
contaminated, which is the siag area, is either removed and rehabilitated or upgraded o
eliminate the further spread of pollution.

intemal surface water management has been described in the document and the specific
relationship between process waters and surface waters addressed. To this exient proposais
have been made to separate process from surface waters as much as possible and to dedicate
infrastructure such as dams to either contain process effluence for treatment or re-use in the
plant, or to keep specific dams for surface water purposes only. Contaminated surface water
captured into such dams wouid become process water as soon as it is abstracted from such
dams. Simiarly groundwater abstracted from borehoies becomes process water the moment it
is pumped out of the ground. Surface water monitoring infrasfructure will have to be extended,
and will play a major role in the management of surface waters on the site,

Analysis of waters within the receiving environment was performed for the
Rietkuilspruit/Rietspruit Canai/Rietspruit System, which indicated surface water contamination
within the Rietkuilspruit upstream from the confluence with the Rietspruit Canal. Evaluation of
the results and integration with the source characterization and ground water specialist studies
indicated a possible groundwater source entering the Rietkuilspruit whereby the water quaiities
in the spruit are compromised. A further dilution analysis between the Rietkuilspruit and the
Rietspruit indicated that the guantty of water in the Rietspruit downstream of this rivers
confluence with the Rietkuilspruit is approximately 4.3 times greater than the flow in the
Rietspruit Canal. As far as water quailities are concemed, the flow from Rietspruit Canal
increases the EC value in the Rietspruit by approximately 33.7 %. This situation wili change
significantly at ZED in 2005.

As far as the risk assessment is concerned, risk determinations were performed for human
heailth and the environment for water discharged to the Leeuspruit as well as to the Rietsprut
Canal Risk assessments were aiso done for water qualities in the Vaal River as well as in the
Rietspruit, both upstream and downstream of this rivers confiuence with the Rietkuiispruit. The
risk quantification for the Rietspruit Canal and Frikkie Meyer weir discharges indicate that there
i1s a potential unacceptable risk to boih human health and t?xf_n ez‘svironmer;t. The risk
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assessments for the Rielspruit and Vaal River flows indicate that there is an acceptable nsk to
both human health and the environment in these fiows.

Management objectives proposed include several site specific objectives. These focus on the
need for a single water discharge standard for runoff water onginating from rainfali over the site.
internal management objectives include the separaﬁbn of process water and surface water
throughout the CPA white surface water within the CRMF must be managed intermnally. Two fo
three discharge poinis are envisaged for the CRMF. Runoff water emanating from the CRMF
will be separated as either contaminated and uncontaminated surface waters. The
uncontaminated portion will be discharged directly to the receiving environment. Management
measures proposed 10 obtain the objectives are mostly included in the Master Plan integration
document and drawings and specifically include the cleanup and rehabilitation of many areas
within the CRMF as weil as the bunding and containment of process waters inside the CPA.
Cost estimates for the proposed infrastructure are all included in the integration document as

part of this Master Plan report.

g% ‘“\?; O
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1. INTRODUCTION

Iscor Vanderbijipark Steel was established during the 1840's when the development of the Vaal
Triangle area as a heavy industrial area was stated for development The area of
Vanderhiilpark was chosen as the ideal site due to its siting away, but draining towards the river
systern as well as due to the abundant availability of water in the nearby situated Vaal river, and
the upstream constructed Vaal Dam. This dam was constructed during 1931,

Iscor Vanderbifipark has produced stesl ever since. Technological changes and expansion of
ihe plant has taken place on a continual basis. Environmental issues were of limited concern
during the early days of the plant operations. During the 1880, Environmental Legislation and
awareness was raised and more information hecame available on the effects or impacts of the
activities on sites like 1scor on the environment,

Various studies had been commissioned by VS to address certain aspects n certain areas of
the works and attempts were made to limit the impact and hetter the situation from an
arvironmental viewpoint.

Craring 1999, lscor Vanderbijipark Steel decided to commission a holistic environmental
managemsnt investigation with the view of developing a Master Plan for environmental
managemant of its works in years to come,

This report forms part of a series of baseline study reports compiled in terms of the holistic
Master Plan concept and forms the basis of the measures proposed for improvement of the
situation of 1scor Vanderbiiipark. This specific document is termed the Surface Water Specialist
Report and deals with surface water aspects on and around the site. In terms of the holistic
approach within which this study was conducted, the information supplied in this document
needs to be read in conjunction with and in cortext with the other specialist study reports
forming part of the Master Plan documentation.

This document addresses numerous issues relaling to surface water specifically and one could
easly loose track of the issues under discussion in the document  For this purpose a
comprehensive index has heen compiled and the reader is encouraged 1o use the index as a
site map throughout this document,

Although much good information has been gathered and assessed during the study period, this

document will not claim to give all the answers to every aspect of surface water issues on the

i
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site. However it is deemed that sufficient information has been acquired to get a proper
understanding of the characterization and the operations on the site to make proper
recommendations on how issues should be addressed in future. It must however be born in
mind that surface water management is a highly variable aspect changing drastically over the
short as well as long term of investigation. The information studied for this baseline study report
was based on one years gathered information and cognisance should be taken thereof that
weather pattems, flow volumes and qualities could drastically vary for different periods of similar
investigation. This investigation or baseline study therefore gives a basis of understanding
surface water aspects on the site, however continued monitoring and interpretation of such
monitored resuits will need to take place if a long term managed environmental plan is {o be
effectively introduced, impiemented and managed over the longer term.

1.t  Background

During 1999 Ockie Fourie Toxicologists (OFT) were appointed fo perform the Environmental
Master Plan Study for iscor Vanderbijipark Steel. Van Renssen & Fortuin Consuiting Engineers
(VRF) were subsequently appointed by OFT as sub-consuitants to assist in the specialist fields
of surface water, geo-techmical investigations and land capability assessments. This report
contains the findings of the surface water investigation.

A Pre-Master Plan study was performed during Aprit 2000, wherein all available data,
information, reports and maps apperiaining to surface water were reviewed. The review was
done to determine what information was available as obtained from earlier studies, which could
be used in the Master Plan study that was to follow. In addition a gap analysis on the available
information was then done to determine the areas where information was lacking which needed
to be further investigated. The gap analysis was a determination of what additional
investigations were needed in order to have a comprehensive understanding of surface waters
within the Works' perimeter as well as in the receiving environment. This gap analysis formed
the recommendations and scope of work for the Master Plan investigation.

This document constitutes the baseline study for the surface water component of the Master
Plan process. Other specialist studies which form part of the Master Pian investigation are
those compiled for:

» Geology

» Ground water

»  Soils

» Source characterisation
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» Eco-terrestrial {plant and animal life}
* Aqualic ecosystem

s Air quality

* Archaeology

s Noise

* Aesthetics and sensitive landscapes
» Land use and Land capability

» (Seotechnical conditions

*  Socio-economic

* Social

* Process water

+ Regulatory requirements

» Public consultation.

The objectives, measures and preliminary feasibility appertaining {o the Master Plan are
contained in an integration document {document number. IVS/MP/005) which is accompanied
by a book of plans (document number. IVS/MP/002) and which forms the summary of the
measures proposed, as determined for each discipline in an integratied manner.

This document, fogether with the other discipline baseline studies, as well as the above
mentioned integration document are summarised into the Master Plan summary report
(documeni number. IVS/MP/001), which forms the overarching summary of the study
conducted,

1.2 Approach & Methodology

When a surface water study of this nature is undertaken, it is above all necessary to understand
the sources of water coniributing to the system under investigation. An in-depth understanding
of all the sources and especially the rainfall source is a requirement due to its variability spatially
and temporally. A whole section in this report is therefore dedicated fo the understanding of
rainfall patterns over the site before runoff and water flow on- and out of the site is considered.

The approach of water flow within the study area was done on an outside-in approach, whereby
the receiving environment was taken as the outer boundary limit of the investigation. In terms of
this approach, the following entities were identified as being possible receptors of impact due to
the activities of the Works on the surface water environment; ‘
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-

The rivers and streams downstream of the area under investigation.

Theoretically, surface water bodies impacted upon by activities that have taken place on a
site would have an impact within their receiving water bodies all the way downstream to
where the water enters the sea, and even in the sea. Due to dilution effects and chemical-
and biological processes taking place within aquatic systems, the effecis of the impacts are
known to diminish over distance away from the source. in the case of this study, the limit of
the investigation was taken to be in the Vaal river. All streams and rivers from the site up to
the Vaal river were therefore evaluated in terms of their impacts within this study.

The fand adjacent to and downstream of the site area.

Polluted surface water emanating from the site could flow over the adjacent land
downstream of the site, whereby the sife could get contaminated. The area to be
investigated under this category however could only include areas in catchmenis
downstream of the site boundaries and only up to where these waters would enter a stream
of river. These areas were delineated and the possible impacts of surface water on them
evaluated.

The land falling within the cafchment upstream of the site.

Areas upstream of the site could not possibly be impacted upon by surface waters unless
there is evidence that such areas were imgated from within the Works., The upsiream
catchment does however influence the amount of uncontaminated water that could reach a
downgradient stream while this water could get contaminated as it enters the site. Areas of
such description therefore need to be taken into account in the surface water study.

Any areas contaminated on surface by aclivities historically performed by the Works

Where areas are known to have been imigated with water emanating from the site, these
areas could affect surface water qualities downstream even after such practices have seized
to take place. Such areas would therefore also be regarded as the receiving environment
and have been included in the study.

The approach fo the study was further to monitor all the points on the perimeter of the site
where water could possibly exit from the Works. This was done to be able to evaluate the water
batance of the site as well as to determine the ‘source’ quality of the water that could have an
effect on the receiving environment.

Once the water quantities and qualities at the perimeter were known, the approach was to

determine the sources of the surface waters within the site perimeter. To this extent, a number
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of monitoring poirts within the site were identified and commissionad in order to obtain the
meuired dats.

Once data had been collected, interpretations were done of which the results are described in
this report. Impact and risk assessments could thereafter be done, Finally the results fead (o the
setting of objectives for fulure management of suface waters on the site and measuras 1o be
implemented in order o oblain the objectives have heen proposed,

The surface water measures and objectives were then combined with the other disciplines in an
inmegration process where affer the Master Plan emerged,

1.3 Legal Requirements

Various legsl, guideline and policy documents were reviewad as part of the Master Plan procass
to ensure that the surface water baseling studies support the varous regutatory processes and
legal requirements. The following table presents the documents that were reviewed as part of
the baseling studies for the surface water mvestigation, as well as a brief summary of the
requirements  specified within these documents (specifically refering 1o suface water
requirements),  The documents that are specifically applicable o IVB are contained in
Appendix 1. These include the current Waler Licence 10016047, the preliminary reserve
determination and the expired Permit Exemplion 19988

Vanderbijlpark Steel Water Licence; 10018047 in terms of the National Water Act, 1998,

" {App 1 8) IVE must compile & Master Plan by 31 December 2002,

) (App 1 103 IVE must submit quartery progress reports 1o the Director : Water Quality
Managament;

) (App 1:12.1)  The Master Plan must result in a drastic reduction in water abstraction for
use in ndustrist purpose, _

» (App 2. 1.1 IVE must hold back and tread wastewsater and polkited stormwaater,

» (App 2:1.2) IV must develop plans to separate stormwater and process water and
treat such where necessary,

) (App 4101 IVE may discharge 11 680 000 mP pa of industrial wastewater with a
maximurs of 32 000 m®fday until December 2005,

) (App 4103 No wastewater or poliuted stormwater may leave the sie at the
Leseusprut;

) (App 4:1.2.2)  IVE may only discharge stormwater resulling from & storm everd larger
thian 1:100 years and such discharge must meet quaiity rez'q";"“ B
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. {App 4: 1.2.3} VS must design a managementi system {0 comply with 4. 1.2.2 before
end December 2002,

. {App 4. 2.1.2) Water quality specification for water discharge uniil December 2005,

» {App 4: 2.2.2) 1IVS must model water discharge at L.eeuspruit as part of the Master Pian.
Water quality parameters for discharge setl in ihis paragraph;

. {App 4: 3.1) No contaminated stormwater may leave the site;

. {App 4. 3.4) Uncontaminated area runoff must be diverted away from the site;

. {App 4: 4.1.1) Flows leaving the sife at Rietspruit canal must be measured;

) {App 4. 4.2.1)  Daily composite sample of water discharged at Rietspruif canal must be
analysed for specified parameters;

. {App 4: 4.2.2) Hourly grab samples must be taken during discharge at Leeuspruit and
analysed for parameters specified;

) (App 4. 4.2.3) Grab samples must be taken weekly for specified points in Rietspruit and
Leeuspruit and analysed for specified parameters;

) {App 4. 7) Grab sampling points in Rietspruit and Leeuspruit are listed;

. {App 4. 10.4.1) Master Plan must indicate how to terminate disposal of wastewater {0
Rietspruit and how to minimize intake water;

) (App 4: 10.4.2) Master Plan must indicate minimization of ieachate from unlined dams;

) {App 4 10.4.3) Master Plan must indicate plan to phase out evaporation dams;

. (App 4: 10.4.9) Master Plan must indicate timeframe for implementation of actions and
ptans;

. (App 5: 3.1.2) Dams on site must have freeboard of 8.8m minimum;

. {App 5: 3.2) Dams must be provided with furrows or trenches around o prevent
storfnwater ingress into dams;

. {App &: 8} Sumps must be operated such that they will never overfiow;

Application for Disposal Site Permit under Section 20 of the Environment Conservation

Act, 1989.

. {A.2.c) A number of alternative sites must be considered when selecting a new waste
site;

. {B.9.a) A waste site may not be within a 3000m radius from the end of an airport /
landing strip;

. (B.9.b) A waste site must be situated outside the 1:50 year fiood line;

. (B.9.d} A waste site may not be situated within 5 km of a water source;

. {(B.9.n) A waste site may not be situated within 100m of a source of surface water,

. (B.9.1) A waste site may not be situated within 1 km of a wetland;
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{B.10.p) indicate the wettest 6 months of the year (Nov ~ Apr or May — Oct);

{B.10.c) Wettest wet season for 10 years; Total A-Pan evaporation for 6 months;
{B.12.a) Detailed location of waste site {(including special features);

{B.13.a) Expected iifetime of the waste site;

{B13.b) Type of waste and estimated daily quantities;

(B15.b) Dimensions of the disposal site in Sl units;

{B156.c) Indicate the total volume availabie for the disposal of waste on the site;

{B.15.d) Indicate the fotal volume already used for waste disposal;

{C.19.a-h) Topocadastral map (1:50 000} indicating a 5 km radius, the disposal site,
existing residential and industrial areas, possible future development, routes in fransport
of waste, other disposal sites, zoning and land use of surrounding areas, 1:50 year flood
lines;

(C.20.a-e) Plan (1:50 000 and 1:10 000) indicating 1km radius, boundaries of disposal
site, springs, dams, excavations and water courses, use of surface water, 1.50 year flood
lines;

Aide Memoire for Industrial Use and Disposal. Department of Water Affairs and Forestry.

(2.4) Name of nearest surface water waiercourse, water quality {(pH, EC, efc); surface
water use; water authority; presence of wetlands;

(10.1) Hazardous or undesirable constituents within effluent;

(10.2) Size of property; size of open factory area, 24 hour storm event (1:50 year),
storm intensity analysis; volume of runoff from property; volume of runoff from factory
roofs; description of type of containment; method of management;

(12.1.1) Effluent quality in the dams and ponds (pH, EC, SS, COD, NHs, P, E.coli, Heavy
metais);

(12.1.2) Effluent quantity entering dams {daily and monthly);

(12.1.8) Siope of the site;

{12.1.8) Monthly evaporation from each of the dams / ;)oncfs;'

{12.1.7) Positive / negative monthly evaporation rates;

(12.1.8) Size of ponds required {inciuding storage during months of negative
evaporation),

{12.1.9) Situation of the dams / ponds with regards to rivers and residential areas;
(12.1.10) Protection from the ingress of stormwater;

(12.1.12) Presence of plastic liners or bentonite for the sealing of dams;

(12.1.13) Seepage coliection drains and retum pumps;

(12.1.14) L.eakage detection and monitoring system; [
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{12.4.1) Quantity of surface water effluent;

(12.4.2) Annual discharge pattern;

(12.4.3) Name and description of minor catchment;

(12.4.4) Effluent quality analysis (pH, EC, SS, COD, NH;, NO;, P, E.coli, Heavy metals),
{12.4.5) Established use of river,

{12.4.6) Applicable water quality criteria,

(12.4.7) Critical water quality components;

{12.4.8) Name and description of major river caichment,

(12.4.9) Quality of minor catchment before discharge into major catchment;

{12.4.10) Quality of major catchment upstream of minor catchment,

(12.4.11) Quality of major caichment river downstream of confluence with minor river,
(12.4.12) Mean monthly runoff of major catchment upstream of minor river,

(12.4.13) Description of the Regional Water Quality Objectives (RWQO) for the total
catchment;

(12.4.14) Calculated waste load allocations (WLA's) and the effect which the discharge
will have on the REQO (Receiving Environmental Quality Objectives),

Minimum Requirements for Waste Disposal by Landfill. Department of Water Affairs and
Forestry, Second Edition, 1998.

(2.3.1) Due consideration of aliernative landfifl sites;

(2.3.2) Provide a physical separation between the waste and the surface water regime,
together with an effective surface water diversion drainage system,

(3.3.1) Calculate the initial and maximum rates of deposition (IRD & MRD};

(3.4) A leachate management system is required for alt hazardous waste landfills;
(3.4.2) Rainfall and Evaporation data for the calculation of the Climatic Water Balance
(based on the wettest year calculation — see Appendix 3);

(4.4 3000m from an airport / runway, Areas below 1:50 year flood line; Catchment
areas for important water resources; Areas characterised by steep gradients;

(4.5.1) Economy of scale; Access; distance to surface water; importance of surface
water; depth, quality and availability of soil on site; high visibility;

(4.7.2) Soils must be described and classified in terms of type, permeability, depth and
volume available for cover matenal;

(4.7.5) Include 1:50 000 topographical map and 1:10 000 orthophoto map showing
position of site, 1Tkm radius, 1:50 year flood fine, position of dams, springs and water
courses, important roads and transportation corridors, and surrounding land uses;
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(6.2.1) Appropriate topocadasiral date; drainage patierns (annual and perennial),
distance 1o nearest imporfant waler courses, wetlands and rivers; background surface
water quality (if possible), comparison of surface water quality upstream and downstream
of site: uses of water in the sub-catchment; earthworks which affect the natural drainage
systam; sewage works, climatic data;

(6.3.1) Bl profile (quality} and cover (quantity);

(7.8y  Assessment of the environmental consequences of fallure of er}vironmentai
defense measures by the surface waler cordaminant pathway (NB. see figure 11);

(7.5)  Emvironmental impact control report - environmental impact identification matrix
for surface water; response action plan; ultimate size of site, zone of influence;
environmertal managermernt and design principles; environmental protecion measures,;
monitoring strateqy;

(8.2.3) Surface drainage, storm water diversion drains; separation of unpoliuted from
potiuted surface water; containment of polluted water on site iy impoundments; separate
leachate containment, surface water sampling points;

(8.4.1) Drains must contain 1.50 year storm; separate unpolivted and poliuted water,
{.5m freeboard,

(8.5)  Outer slopes of dump to have uninterrupted length < 20m,; stormwater canals
must be paved or armoured,

(10.2.2) Waste acceptance and access control;

(11.2)  Determine method of waste site monitoring or auditing,

{11.4)  Monthly audits are applicable for hazardous waste sites, compile auditing
checklist;

(11.5.1) Daily and curmulative records of waste entering the site must be kept, & data
base must be established and maimained; recording of position of all hazardous wasie
{plan and elevation),

(11.5.2) The entire site must be surveyed prior to commencement of waste disposal and
annually thereafter,

(11.5.7) Maintenance programme for rehabiliiated areas;

(13,1} Post cosure water quality monitoring continue for up fo 30 years afler the closure
of & landfil;

(13.2.1) Surface water quality must be monitored upstream and downstream of any
lardfil site in any associated drainage feature,

(13.3.1) Routine detection monitoring ts camed out every six months, and must include at
least total alkalinity, NHa, COD, CL EC, NO,, pH, K, TDS; Additional parameters that
must be analysed for on an annual basis ars Oa, F, Mg, Na, 504
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Reguiations on use of water for mining and related activities aimed at the protection of

water resources. Department of Water Affairs and Forestry, 1999.

» {4.a) 1:100 year flood line; 100m buffer zone around any watercourse;

. (4.b} 1:50 year flood line;

. (6.a&b} Confine any unpoliuied water to a clean water system that can accommodate the
1:50 year storm event, away from any dirly area;

. (6.c&d) Collect all dirty water in a dedicated system that can accommodaie the 1:50 year
storm eveng;

. (6.e) The minimum freebeard of any dam associated with the dirty water system shall
have a freeboard of 0.8m above the full supply level of the facility;

. (8a)  Dams with hazardous contents must be fenced off and waming notice boards
must be erected;

. (8.b} Ensure access control into waste disposal areas;

. 9.1 Appropriate maintenance programme for poliution control measures;

Minimum Requirements for Water Monitoring at Waste Management Facilities.

Department of Water Affairs and Forestry, Second Edition, 1998,

. 6.2) Rainfall for the past 24 hours must be recorded at 08:00 every moming;

) 6.2) The monitoring of evaporation potential from free-standing water is a requirement
for hazardous disposal sites {A-pan or Penman). Note: Penman = f(wind speed, humidity,
vegetation, surface type, season, ime of day, relative humidity, saturated vapour
pressure, temperature),

. 6.2) The quality and quantity of runoff water flowing off a disposal site must be
recorded continuously (when stipulated in the pefmit)j

. (6.3)  Water sources around a waste management facility, within a radius as suggested
by the risk assessment, must be sampted and preserved for chemical analyses;

. 6.3 Flow from fountains and in streams must be estimated. if the potential for
pollution within the region due fo the waste site exists, then continuous recording of flow
and water quality should be done;

. (App C) Sample frequency and preservation should range from several times daily to
weekly;

. (App C) Continucus monitoring of the discharged flow voiume and quality (by the £C
method), is required in instances where poliuted water is disposed of into a public stream;

3
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Minimum Requirements for the Handling, Classification and Disposal of Hazardous

Waste. Deparfment of Water Affairs and Forestry, Second Edition, 1998,

» Refor to Source Charactenzation report by Ockie Foure Toxicologists as part of the
Master Plan shady,

EIA Regulations Guideling Dogurment for the implementation of Sections 21, 22 and 28 of

the Environment Conservation Act,

» (3.2.3. 1) Scoping report — project description, description of environmental issues and
impasts, description of allemaeatives,

. {(3.2.4.1) Plan of stugy for EIA ~ description of environmental issues and feasible
alternatives, additional information; method of identifying and assessing impacts, project
phases (pre-construction, construction, operational, decommissioning),

. (3.2 5.1) Ervirorymental impact report — description of feasible alternatives; assessmeant of
impacts (nature, extent, duration, intensity, probability), significance of impacts, mitigation;

* Appendix 1. Declaration of Interest by Consultant,

A National Strategy for integrated Environmental Management in South Africa.

Discussion Docsument. Department of Environmental Affairs and Tourism.

" (3.2) Assess and integrate all available spatial environmental information to identify
gnvironmertally sensitive zones,

w (4.3 & Fig 3) 1EM procedure for new activities (proposal, authonty review, scoping,
review, BIA, conditions agreemeant, EMP, EMP review, EMF approval),

* (4.4 & Fig4) 1EM procedure for new activities (rigger, desaription of activity, authority
review, scoping, environmental optimisation assessment, conditions agreement, EMP,
EMP review, EMP approval),

Integrated Environmental Management provisions of the National Environmental

Managemeant Act {Act No, 107 of 1998}

» The procedures for the investigation, assessment and communication of the potential
impact of certain activities must infer alla ensure the " .. investigation and formulation of
arrangements for the monitoring and management of impacts, and the assessment of the
effectiveness of such arrangemeants after their implementation ... *,
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Department of Water Affairs Permit 645 N {1987)

» {1 Volumes of water authorised for use for industrial purposes from the Lethabo
weir (10 850 000 m*/annum), Barrage (20 075 000 m*/annum) and Municipality
(6 205 000 m*fannum) are specified (total = 37 230 000 m*/annum};

. ) The Permit Holder shall meter and record the quantities of water, separately in
respect of each source, used monthly and submit a copy of the records to the Director-
General, Water Poliution Controf Directorate, DWAF at six monthly intervals.

National Water Act, Act No. 36 of 1998

. (Section 206)  This section allows the Minister to make reguiations inter alia requiring
that the use of water from a water resource io be monitored, be measured and recorded,
and requiring that the waste discharged or deposited into or allowed to enter a water
resource be monitered and analysed, and prescribing methods for such monitoring and
analysis.

. (Chapter 14)  This chapter deais specifically with “Monitoring, Assessment and
Information”, with Part 1 dealing with the establishment of national monitoring systems of
water resources. it is envisaged that the Minister will establish a National Monitoring
System for water resources as soon as reasonably practicable, with the system providing
for the collection of appropriate data and information necessary t© assess, inter alia:
quantity; quality; use; rehabiiitation; compliance; health of aquatic ecosystems; and the
influence of atmospheric conditions.

Dam Safety Reguiations {GN R 1580 of 25 July 1986)
’ A range of conditions regarding monitoring are imposed on the owner, or other person in
control of a “dam with a safety risk”, by this Regulation.

Requirements for the Purification of waste water and effluent {GN991 in GG 8225 of 18

May 1984, as amended)

. {4) All tests carried out in accordance with methods prescribed by and obtainable
from the South African Bureau of Standards, or in accordance with a method approved by
the Minister or an official of the Depariment of Water Affairs and Forestry.

Procedures to Assess Effluent Discharge Impacts, Department of Water Affairs and

Forestry & Water Research Commission, South African Water Management Series, 1995

. {pg. i} These procedures must be followed to assess the impacts of effluent discharges
on the quality, and therefore the fitness for use, of the receiving water bodies;

. (pg. i) Public participation is a requirement for any application to discharge effluent;
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» Py, »x) Roadmap of Effiuent Discharge investigation;

» (py. 24) Effluent discharge investigations follow from the same fundamental philosophy
as the Integrated Environmental Management (IEM) process,

v» {pg. 58 Selection of the boundary of the study area,

» (pg. 63) Determine sources of impact on the water quality;

] (pg. 70) Determine waler uses in the catchment,

» {po. 77y Water Quality Requirements ~ see pg. 80, Most important set of information is
BA Waler Guuality Guidelines (DWAF),

] {pg. BO) Bee BA Water Quality Guidelines (DWAF) to determine the constituents of
CONCET,

» (pg. 91) Key water guality constituents are listed,

» {py. 92y Determining water qualities during low flows 1s very important;

] (pg. 107) Hydrological characterstics determine receiving body assimilative capacity,

* (pa. 109) Classfication of streams, stream flow characteristics, flow-duration information,
stresmflow modais,

» (pa. 121) Analyse water quality upstream and downstream of potential discharge,

¥ (pa.124) Ascertain lirsitations and statistical characteristics associated with the data;

] (pg. 131) Estimate effects of non-point sources (.9, groundwater intrusion),

» {po. 136} ** Industry as a source of non-point source pollution,

] {po. 138) Atmosphenc deposition;

" (Po. 144} Modeling of nor-point source impacts,

» (pg. 153) Raintall erosivity and intenstity,

» (po. 158-180) Effects of geology, soils and vegetation on surface water quality,

* (pg. 1851823 Bystem modeling process — water guality and hydrological modeis,

» (pg. 212) See Proposed Table of Contents for Effluent Discharge Investigation Repors,

¥ (pg. 220y The uncertainty in the results should be assessed relative to the amount of data
collected,

» {po. 220) Produce document describing sampling and analysis procedures, as well as
data storage, retteval, analysis and reporting procedures,

» {pa. 221) Compliance Monitoring Manual (DWAF, 1891},

] (pg. #21) Compliance statistic which forms upper confidence fimit 15 85 percentile (2
minimum of 20 observations are required to estimate the 85 percentile),

» (pg. 221) Computer program, COMPLY,

» (pa. 245) The median, maximum, minimum and 98 percentile values, as well as the water
guality standard shouid be indicatad in the tabular report,

» (pg. 270 - 320} Summary list of avalable water quality and hydrological models,

H
i
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14 VAN RENSSEN & FORTUIN

Resource Directed Measures for Protection of Water Resources, Department of Water
Affairs and Forestry, 1989
Not applicable - the responsibility of defermining the environmental reserve for a specific

catchrment is the responsibility of the Deparimeni of Water Affairs and Forestry, not the water
user.
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2.  BASELINE DESCRIPTION

24 Meteorclogicai Data

When dealing with environmenial components such as surface water or air quailly, it is
important to have a proper understanding of the functioning of natural phenomena such as
water or wind in order to understand the interaction between the environmental components and
the study area under investigation. For this purpose, a detailed meteorological data search,
compilation and interpretation has been performed for this Master Plan investigation.

Since this specialist study deals specificaily with surface water, only the meteocrological aspects
dealing with water have been listed. For meteorological data appertaining fo air, the reader is
referred to the air quality specialist report, which forms part of the baseline documentation for
the Master Plan investigation.

2.1.1 Climate

The whole of South Africa lies within the semi-permanent subiropical high-pressure belt of the
middle latitudes of the Southern Hemisphere (SANCOLD, 1994). Although IVS is situated near
the tropic of Capricorn on lafitude 26° 42’ south, longitude 17° 50" east, it enjoys a moderate
continental climate. This is predominately due to its altitude, which reached over 1500 metres
above mean sea level. The climate at VS is typical of the South African highveld, which is
generally sunny and pleasant with mild winters (Anon, 1997).

2.1.2 Rainfall

The VS Works is situated within the summer rainfall region (SANCOLD, 1994). This means
that most of its precipitation occurs hetween the months of November to March, when an
average of nine to fifteen days of rainfall occur per month. The mid-winter months, of May to
September, have an average of less than four rain days per month.

The seasonal distribution of rainfall is caused by changes in the high-pressure systems and the
height of the inversion layer. The heat of summer lifts the inversion layer above the level of the
escarpment, allowing low-pressure troughs to develop periodically over the interior of the
country. These troughs are oriented roughly to the north-west and south-east of the country.
They draw moist air from the north and north-west which rises, cools and produces precipitation.
These convergeni systems are the source of most of the rain in the interior of South Africa,
although their influence diminishes towards the west. In winter, the inversion layer drops to a
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level which is below the eastern highlands of the escarpment, thus inhibiting moist air from the
indian Ocean from initiating rain in the interior (SANCOLD, 1994).

Rainfall occurs predominantly as thunderstorms in the Vanderbifipark region, and there is

seldom mist or hail. Rainfali data is contained in Appendix 3. The IVS Works rainfall data has

been obtained from various sources, and analysed. These data sources include:

. Five daily rainfall stations within iVS;

. Three continuous rainfail stations within [VS;

. Five daily weather stations within the Vanderbiilpark region that are, or have been,
administered by the South African Weather Bureau,

Mean Annual Precipitation

The mean annual precipitation (MAP) as recorded by the Weather Bureau {station number:
0438550 AZ) between 1961 and 1990 is 868 mm. Fluctuations in the annual rainfall during this
period lie between 831 mm (1987) and 427 mm (1965). Other Weather Bureau stations in the
Vanderbijipark area are listed together with this station in the following table, with their MAP
values.

Tablet.  Summary of SA Weather Bureau Mean Annual Precipifation Vaiues

_ Mean Annual Number of Rain Start of End of |
SA Weather Bureau Station
Precipitation {mm} Days {>1 mm) Record Record
(4385651 X — Vanderbijlpark 664.8 £65.2 1977 1909
0438550 W — Vanderbijipark — Yskor 6863.7 78.8 1842 1085
0438050 AW -~ Vanderbiilpark - Yskor 670.2 81 1985 2000
(0438553 W — Vanderbijlipark - Pur 709.3 928 ) 1948 1977
0438850 AZ — Vanderbijipark — Iscor 668 67 " 1981 1990

From the MAP values for the various stations it is apparent that there is a spatial variance in
rainfall. This is {o be expected, and the variance is not significant - the highest MAP is less than
7% greater than the lowest MAP. The average MAP, caiculated from the five Weather Bureau
stations listed, is 6875.2 mm.

Daily Rainfall

As listed in the previous section, there are five SA Weather Bureau stations situated within the
Vanderbiilpark area. The positions of these stations, together with their aftitude and data record
length, are listed in the following fable:
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17 VAN RENSSEN & FORTUIN
Table 2:  Position of SA Weather Bureau Weather Stations
B0 Weather Barsau Station Lastitesce Longitucks Altitude Length of mat#
{m.amsi) Hoevord (yeoars)
BESEEET - Vanderbiipark 647 YAFU I 1498 m s
EAIGHRE0 W Vanderbijipark ~ Yekor A i 2itay 1455 m 43
(438550 AW - Vanderbilpark - Y skor 2T 4 PYAKY S 1893 m 14
QAIBEEL W ~ Vandsrblitpark - Puy By T4 1486 m e
0438550 AZ - Vanderbifl park — 1soor 286 4y YRR Sy 1613 m 29

The first station listed (0438551 X) is still operational, while the latter four were closed in 1985,
2000, 1977 and 1990 respectively. While a daily data record of the Weather Bureau data is not
made available in this report, summary tables of the data are available in Appendix 3. The
maximum number of days that i rained more than 0.1 mm in one year was 104, The least
number of days that it rained more than 0.1 mm in one year was 85 Table 3 shows the
average monthly rainfall values for the weather bureau stations listed:

Table 3:  Monihly Average Precipitation (mm)
Motrth Get T "Nov T Des T Jaw | Feb | Mar | Apr | May | Jan | Jul | Aug | Bep
TRain depth | 724 ] G741 1iba | 11887 BOO T TBE 0B 178 6.7 4.5 52 2586

Daily rainfall s also recorded by the IVE Works, The data is caplured at five different stations
within the Works. The rain gauges are of the SA Standard non-racording type (black; 127 mm
orfice: 1.22m height). They are read, recorded and emptied each day at 08h00 by a
reprasentative of the IVE Water/Environmental Management Department. The positions of the
rainfall stations within the IVE Works are:

Table 4:  Position of IVS Daily Rainfall Stations
Lonal Geid Lo Ged
Hain Station b4 ¥ A ¥

Lyasrn 10 1BR4GTE 1807278 “H0, 68873 TEB VAT EY
Dt FProar D w33 30 165524 -80, 641244 2, 45,9494 64
iain Admin Bulding LG60.982 CBAE 403 53,243 56 W EA ABT B0
Lesusprint Sump «f 5,468 870,644 51,824, 43 2,850, 360,97
Veral Dam Reservoir A8 608 IEF LT -3 56584 pPREOONR

The length of the data records at each of the daily rainfall stations within IVS are tabulated in the

following table:
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Table 5:  Length of Record of {VS Daily Rainfail Stations

Rain Station Start of Record £nd of Record
Dam 10 15 Dec 1098 Stifl Operational
Du Preez Dam 24 Jan 1988 Still Cperational
Main Admin Building 25 Oct 2006 ) Stiit Operationat
Leeuspruit Sump 20 Nov 2000 Sliil Operational
Vaal Dam Reservoir 18 Feb 2001 Stilf Operational

Tables of the daily rainfall resuits at each of these rainfall stalions are provided in Appendix 3.
The following table provides the total annual rainfalt values for each of the stations with
compiete records for the specific years listed.

Tabie 6:  Total Annual Rainfail atiVS Daily Rainfal Stations

Rain Station 199% 2000 2001
Dam 10 483.2 ’ 819.0 743.5
DU Preez Dam . 777.6 1G17.5 1023.¢
Main Admin Buiiding - - 1143.1
Leeuspruit Sump . - 1105.0
Vaal Darn Reservoir - - 1011.0

From the data sets it can be deduced that there is spatial variance in rainfall depths within the
site. A short review of the reliability of the daily rainfall recorded at IVS, and a comparison of
these records with the YWeather Bureau and continuous monitoring data will be provided at the
end of Section 2.1.2.

Continucus Rainfall

At the beginning of the Master Plan study, three continuous rain gauges were installed on the
site, at positions that would represent the entire site. They were installed in the south-eastern
corner of the site, at North Works and on the western boundary of the site at the TETP. These
rain gauges are calibrated to provide a reading, together with the corresponding time, for every
0.256 mm of rainfali that falis at that position. The continuous rainfall stations are listed in the
Table 7, together with their corresponding positions.

Data from the continuous rainfaif stations is useful for analysing storm events in conjunction with
continuous flow and water quality data. Such data enables the determination of rainfail-runoff
delays, peak flows, incremental rainfall volumes and the first flush together with its related
qualities and volumes. A monthly summary and analysis of the data obtained from the
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continuous rainfall stations is contained in a table at the end of Section 2.1.2. Monthly graphs

of incremental rainfall are provided in Appendix 3.

Table 7:  Position of IVS Continuous Rainfall Stations
Local Grid 1.0 29 Grid
X Y X Y
Steelserv Sump 6548 7855 -83,080.81 7,951,002.21
North Works -1895.3 “866.5 -83,161.71 2,948,542 51
TETP 1959 2329.7 -79,965.04 2,950.241.50
Stochastic Rainfall

A 200 year statistically generated rainfall record was obtained from the Computing Centre for
Water Research (CCWR). The record is a stalistical compilation of daily records of combined
rainfal! stations monitored by the weather bureau in the Vanderbiiipark area and couid be
expanded to any record length required. This data was utilised for dam modelling purposes, and
to obtain the exireme rainfall evenis for the WS Works. The extreme rainfall events are
tabuiated in the following {able:

Tahle 8:  Extreme Rainfali Events at IVS (24-Hour Rainfall)

Return Period (1:x years) Rainfall Depth {(mm)}

| 1:200 166.8
1100 150.2

1:50 115.5

1:20 101.4

110 85.5

15 ) 75.1

1.2 80.4

The maximum rainfall event to have failen in 24 hours at any of the Weather Bureau stations
was station 0438550 X. The rainfall depth during this storm event was 112 mm, and it occurred
during Aprif 1996. This rainfall event therefore relates to a storm event with a return period of
approximately 42.4 years (this value is equal to the longest data record available from any of the
rainfail stations).

Rainfall Summary

Table 9 provides a summary of the monthly rainfall occurring at each of the stations for the year
of analysis for the Master Flan (March 2001 to February 2002). These values are all in the
same order of magnitude, aithough the daily stations record monthily values a‘pproximateiy 13 %
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higher than the continucus monitors {on average). itis known that blockages within the orifice
of the confinucus monitors have occurred on oceasions during the investigation pericd. These
blockages were due to dust and debris collection within the funnel of the gauge, and were
cleared during the bi-weekly routine maintenance inspections of the gauges. Due to evaporation
of water in the funnel, an underestimation of a few percent of the total rainfali for the year could
therefore be allowed in relation to the daily rainfail gauges. The confinuous rain gauge at
Steelserv sump did block up on a regular basis, due fo the high dust fallout at the sump. The

resulis from this station were therefore disregarded for purposes of this study.

The daily rainfall stations have an average rainfall of 885.5 mm, with the highest value being
approximately 12 % higher than the lowest total vaiue. The continuous rainfall analysis results
have only been utilised for the incremental analyses for short periods, e.g. one day, or a postion
thereof. For analyses of any periocds greater than one week the daily rainfall values have been
utilised.

Table9:  Summary of Monthly Rainfall Totals at VS

i 2001 2002 Total
Continuous Rain Mar { Apr | May | Jun | Jul | Aug | Sep | Oct | Nov | Dec | Jan | Feb
North Works 5.3 1293131311081 0.0 | 3.8 | 355 {101.511005|1268[173.8|102.8{775.4
TETP 56312051333 1135 651193 | 433 (1118111181126 81173.81 743 [794.2]
IFSP Daily Rainfali
Dam 10 600 | 1565430 115] 00 1180149807 915 [1415]1525[170.0] 91.0 [8435
Du Preez Dam 62015514351 1401 0.0 | 200 | 420 | 91.0 {1445{146.5{153.5] 93.3 {825.8
Main Building 570 | 205 | 535 | 7.0 | 6.0 | 265 | 57.5 | 805 [156.5]151.0|205.5 | 95.0 | 6245
Lesuspruit Dam 57512151 47511251 0.0 | 21.0 ] 4501 §1.5 J158.511655]217.0] 785 |917.0
Vaal Dam Reservoir | 615 | 17.5 1 45571 13.0] 00 { 240 1 5001 720 [164.0[153.0[213.0§ 84.0 {9075
Weather Bureau h
Station [0438551 X] | 66.5 I 27.6 | 285 i 12.5 E 00 {180 i 370 E13?’.5 §25‘0| 1510{240‘7 |W526 5894.8
Station 10438550 W] Siation Closed 1985/02
Station [0438550 AW] Station Closed 2000/06
Station [0438553 W] Station Closed 1877/05

Average per Month | 60.0 l 221 i 40.8 i 13.1 ] 0.1 t 18.8 g 449 ] 97.2 E138‘G]146,6§193‘4] 853 1860.3

A graphical presentation of the rainfall record comparison is shown in Appendix 3.

Annual average rainfall has been calculated as 860.3 mm. Although the data was not collected
for a hydrological year per se, the data still represents a consecutive 12 months data record and
can therefore be compared to other years where hydrological data is available. If the average
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annual precipitation of 675.2 mm obtained from the weather bureau stations is considered, the
year under investigation does represent an above average annual rainfall year.

A comparison of the year under consideration with the statistical data was also done.
Calcuiations on precipitation of the statistical record yielded an average rainfali of 698 mm/a and
the median at 893.2 mm/a (which correspond well with the weather bureau stations average).
Again however, the measured average for the year under investigation is significantly higher
than the calculated average for the statistical data record. Furthermore, the observed average
value of 860.3 mm corresponds to an occurrence interval of once every 177 years when related
to the statistical record. This figure might be on the high side due to the fact that the statistical
record is merely an expansion of the observed record. However this is quite in line with the
average annual rainfall figures of between 663 and 709 mm/a as measured by the weather
bureau stations between 1942 and 2001. The measured records are however neither long
enough, nor are the stations close enough to the Works area to be able to state that such return
period is in fact reliable, and caution should therefore be applied when relating to this figure.
Total rainfall figures for 2001 as measured by VS indicate an even higher total for the year than
the year under investigation. if year 1999 o 2001 IVS data is compared to the same years of
weather bureau data, VS rainfall in each case presented a higher vaiue than weather bureau
data. The differences encountered were up to 30% higher than weather bureau values. Thereis
insufficient data available to draw any conclusion about a trend in this regard. Further

monitoring and interpretations thereof in future might give an answer to this issue.

it can however be stated with confidence that the year under investigation was an above
average wet year in terms of observed data available for the area. Therefore, analysis of runoff
data further used in this document should not be regarded as “typical” over the longer term.
Continued monitoring and analysis should be done over a longer term to either confirm or
amend the interpretation of results discussed hereinafter.

2.1.3 Temperature
The temperature of the region is termed "moderate continental”. Temperature data has been
recorded by the Weather Bureau (station number: 0438550 A2) between 1961 and 1990,

Summer months extend from November to March, with the average daily maximum temperature
during mid-summer being above 27 °C. The days are warmm, with an average temperature
during January of 22 °C. Summer nights are also warm, with the minimum temperature during
January being 16.1°C. The difference between day and night temperatures is therefore
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relatively small, i.e. less than 8 °C. The winter months exdend from June to August. The
average daily maximum temperature decreases from 27 °C during the summer months to below
18 °C. The average daily minimum temperature during mid-summer is above 15 °C, while this
value decreases to below 3 °C during the winter months. The winters are cold, with an average
July temperature of 10.3 °C.

Exireme temperatures throughout the year have ranged from above 36 °C to below -5 °C. A
summary of this record is contained in Appendix 3. Temperature is not recorded by [VS siaff.
Due to the mild temperatures experienced on site, freezing and thawing of water is not regarded
as an issue within this study.

2.1.4 Wind

Wind speed and direction data has been recorded by the Weather Bureau (station number:
0438550 AZ) between 1985 and 1991, Average wind speeds range predominantly between 0
and 6 m/s, although wind speeds do occasionally exceed 10 m/s. For more information
appertaining to wind in the Vanderbiilpark region, the reader is referred to the Master Plan
specialist study report appertaining o air quality.

2.1.5 Evaporation

VS do not record evaporation within the Works. An estimation of the annual, monthly and daily
evaporation within the Vanderbifipark area has been calculated from the WRC publication
Surface Water Resources of South Africa 1990 (Midgiey, Piiman, and Middieton, 1994). in
accordance with this publication, VS is situated:

. within evaporation zone 114,

. on the boundary between quatermnary sub-catchments C22J and C22K,

The monthly evaporation values as a percentage of the MAE for this evaporation zone are:

Table 10: Monthly Evaporation as a % of MAE

Evap Zone | Oct Nov Dec Jan j Feb Mar Apr May | Jun Jut Aug Sep

1A 1097 | 11.39 } 12.37 | 12.23 [ 886 | 896 | 6565 | 484 | 3.78 | 422 | 812 8.61

The MAE for quaternary sub-catchments C22J and C22K are 1850 and 1625 mm respectively.
Since IVS is situated on the boundary of these two sub-catchments, the MAE for the site has
been taken to be 1637.5 mm (average between two values). When muliiplying this value by the
values reported in table 2, the following monthly evaporation values (ig:mm) are obtained:

9960; ISCOR VANDERBIJLPARK STEEL ~ SURFACE WATER SPECIALIST REPORT - !VS{SR/OZ?I "




25 VAN BENSSEN & FORTLIN

Table 1. Montbly Evaporation (mm)

Evap Jone | Oct Ny ks Jian Fulb Mar | Ay May | Jun Jisk Aug Bep !

|

T1A TEE [ IBBS | 2020 1 2003 1 1615 \’!455\?’}1{}?\3 8080 &1 681 | 1002 1410‘

The average estimated daly evaporation values {in mm}) for IVS are therefore calculated as
follows:

Table 12:  Average Estimated Daily Evaporation {mm)

Evap Jone | ot 1 Nov | Den Jan Fab Mar | Apr May | Jun Jul Ay Bep

kT HE 873 85 B8 %7 A7 58 b X 74 a9 X a7

When comparing the evaporation figures with the rainfall figures for the site, nett evaporation
potential for the site can be caloulated. The combination of the monthly average rainfall igures
as measured by the weather bureau stations with the evaporation data presented above, results
in the following nett evaporation figures:

Table 13:  Estimated Nett Average Monthly Evaporation {mm)
T et Nov Bae | "Jan T Feb | Wi T Apr | May [ Jdun | Jul | Aug | Bep | Total

1074 891 BY &1 8t4 | BLE | BR4 | B85 | 631 | 58Z | 845 | B0 | TIH.0 | w82

It is Important to note that in accordance with the DWAF document, Minimum Recquirements for
Water Monitoring at Waste Management Faclliies (Second Edition, 1998), Bection 8.2, the
monitoring of evaporation potential from free standing water is a requirement for hazardous
disposal sites (A-pan or Penman). A proposal to include this parameter within the
Envirgnmental Monitoring Protoco] for IVE s therefore suggested,

Ity terms of the Minimum Requirements for Waste Disposal by Landfill, a climatic water balance
needs 10 be done for every waste site, This has been performed in Table 14, The five weltest

years on record, utilising the average results of the weather bureau stations, are:

Table 141  Calculation of Climatic Weather Balange

Rank of Wellest Yoar Year Futal Rainfall {mmi | Climatic Water Balance B/ B
™ 1668 Gagy A0 B
e 1685 G0 4 W B
R 1067 ebas T -56.5 B.
4 1674 B8 7 H35E i
(A 1687 TB1B3 A5G B
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In this table the annual evaporation for each year has been taken {o be the esiimated nett
average annual evaporation, since no other data is available. It is clear from the resulis that the
water balance calculation for this site is negative i.e. B-. This value indicates that no significant
leachate will be generated at this site as a result of the climate

2.1.6 Extreme Weather Conditions

Exireme weather conditions predominantly take the form of thunderstorms. On average
approximately 58% (51 out of 86 days) of rainfall each year occurs as thunderstorms. An
average of four days of hail and four days of fog occur each year in the Vanderbijlpark area.

Snowfail has occurred in the area but it occurs, on average, less than one day per annum.

2.2 Regional Environment

The undulating topography of the Vanderbijlpark region resuits in a countryside that is relatively
flat with few mountains, hills or valleys. The average altitude above sea level in the
Vanderbijipark area is approximately 1514 mamsl. The landscape is relatively flat with
occasional ridges rising some 100 ~ 200 metres above the undulating plains. important hilis and
ridges in this area are the Suikerbosrand, Gatsrand and Kliprivierberg, approximately 50 - 180
metres higher than the surrounding flatter regions. The countryside consists of grassy plains
with a few scattered shrubs as acacia and protea. Willows and poplars line the Vaal River
(Anon, 1987).

VS is situated approximately 8.5 km north of, and drains fowards the Vaal River. The Vaal is
the major river draining the southemn Gauteng region. 1IVS is situated on the boundary between
guatemary sub-catchments C22J and C22K, in drainage region C {Midgley, Pitman, and
Middleton, 1994).

The IVS Works is situated on the catchment divide between the Leeuspruit and the Rietspruit,
both of which drain towards the Vaal river. Runoff from the area is therefore towards the East
(Leeuspruit) and towards the West (Rietkuilspruit).

2.2.1 Vaal River Catchment

In terms of the regional perspective, Vanderbijlpark Steel is sifuated within the Vaal River
catchment. This major river drains part of Mpumalanga, Free State, Gauteng, North West and
the Northermn Cape. The basin is mainly covered by highveld savannah vegetation, and drains
from undulating hills in the east to flat landscape in the west, where it joins the Crange River.
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The water subsequently discharges into the Atlantic Ocean, The most important tributaries of
the Vaal are the Wilge, Khip and Rietspruit (the spruit inte which the Rietkuilspruit discharges).

The Vasl River 5 the most developed and reguiated river in the country, with the Vaal River
system supporting approximately half of the economic activity in South Africa. The largest use
of water in the Vaal basin is imigation, followed by the mining and industry, with the remaining
water being utifised by the urban and domestic sectors. About 60 % of the water abstracted by
Rand Water s returned as treated effluent o the Vaal and Crocodile Rivers (Basson, 19973,

OF the total naturalised runoff of 2 929 x 10%n¥a in the Vaal River, about 1 789 % 10°m%a (46%)
can be hamessed as usable yield. This has already been achieved with the construction of a
number of dams (Vaal, Vaal Barrage, Grootdrasi, Bloemhof, Sterkfontein) wiich virtually fully
reguiate the dver. Discharge from VS enters the Vaal river between the Vaal dam and the Vaal
Rarrage, Considering the water requirements of the Vaal basin of 2 029 x 10%m*a, the need for
augmentation of the Vaal systern from other sowrces is evident, This is achieved by means of
water transfer schemes, which include the transferring of water from the Qrange, Thugela,
Buffalo, Assegaal, and Usutu systems towards the Vaal rnver, upstream of the Vaal dam. The
catchment area of the Vaal River at the Vaal Dam is approximately 38 638 km®. This upper
portion of the catchment is characterised by a MAP of 673 mm/fa, MAE of 1 451 mm/a and &
MAR of 1 885 x 10%n¥a (Basson, 1997).

The Vaal River is one of South Afdca’s major rivers. The river forms the provinaial boundary
between North West and Free State, and Gauteng and the Free State, 1t is the dominant nver
flowing info the Orange River. The Vaal nises in Mpumalanga near Klipstapel and Breyten, 1t
flows In a south-westerly direction for 1385 kilometres, joining the Orange River 13 kilometres
west of Douglas. The Vaal Barage was built in 1923 to provide water to the Witwatersrand
aren. The Vaal Dam was built in 1936 to increase this water supply. The Bloemhof and
Grootdraal dams supply water to farmers,  Major industnial areas, such as Vanderbifipark,
Vargeniging, and the Witwatersrand, depend on the Vaal for thelr water supply (Discovery
Channetl School, 2001). '

VS receives water for industnal purposes from both the Vaal River and the Vaal Dam. The
volumes and qualites of this supply are recorded in Appandix 4. It is important to note that the

water qualites from the Vaal Dam are of considerably better quality than the waters obtained
from the Vaal River,
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2.2.2 Rigtsprult Catchment

The Rietspruit catchment includes the towns of Ennerdale, Evaton, Orange Farm, Bebokeng,
the northywestern portion of Vanderbijtpark, am extends to just south of Westonara and
Lenasia. The catchment includes much tand wlilised for agricuitural purposes. The Rietspruit
exits into the Vaal River at Loch Vaal, upsiream of the Vaal Barage.

The Rietsprult has a catchment area of approximately 1398 km?, and s a tributary of the Vaal
River (see Figure 1), The MAR of the Rietspruit catchment is about 262 mithon mla. The
longest channel in the Rietspruit is 52.5km in lengih. A preliminary reserve ard class
determination of this catchment was performed in December 2001 (see Appendix 1),

The flow volumes and water qualities in the Rietspruit are monitored by Rand Water at a
position (RV2) in the river approximately 1.3 km north of Loch Vaal (approximately 200m below
the confluence of the Ristspruit and the Klein Rietspruit). This point is shown in Figure 4. The
flow quantities and qualities recorded at this monitoring station are recorded in Appendix 8
(water qualities) and Appendix 7 (flow). This station is situated downstream of the confluence
of the Rietspruit and the Klain Rietspruit, which is after the confluence of the Rietkullspruit and
Rietspruit,  The catchment area of the Rietspruit and Klein Rietspruil are approximately
1308 km® and 199 km* respectively. Any analyses of flows and water qualities recorded at RVZ2
must take into consideration the volume of water emanating from the Klein Rietspruit tributary in
ordar for a dilution analysis to be performed at the confluence of the Ristspruit and the
Rigtikuiisprait,

In addition to the Rand Water monitoring point, lscor monitors water qualities at three positions
in the Rietsprult (points RSS, REO, RB10 In Figure 1), A summary of the analyses at these
maonitoring points is included in Appendix 5,

The average dry weather flow in the Rietspruit was calculated as approximately 4.2 times larger
than the flow in the TETP Canal, The flow in the Vaal River is approximately 13,7 times larger
than the flow in the Ristspruit. For an evaluation of water quantity and guality results existing in
the Rietspruit, refer 10 Section 242

2.2.3 Rigtkuilsproit Catehment

The Rietkuilsprait calchment draing the western portion o_f the Works, as well as the agricoltural
holdings to the west of 1scor (Rietkuil, Lamont Park, Sleelvalley, Louismus, Rosashof, Gyferpan).
The size of the Rietkuilspruit catchment is approximately 20.2 km®, The catehment is indicated
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in Figure 1. The Rietkuilspruit enters into the Rietspruit approximately 15.4 km norih of Loch
Vaal, The MAR of the Rietkullspruit catchment is approximately 4.2 milfion m¥a.

The Rietkuilsproit has its origin in the northem part of Vanderbijipark town and runs past the VS
south-western boundary up to the culvert under the Golden Highway, from where it runs in a
westerly directiors. Although the natural runoff discharge of the IVS site is towards the
Ristkuilspruit, no runoff water is in fact discharged into this spruit as a result of constructed
canals and discharge systems on site, The Rietkuilspruit does cross the discharge canal of IVS
by means of a bridge structure situated just upstream discharge point of IV into the Rietspruit
canal, This canal enters the Rietkuilspruit some 4 km downstream, but before its confluerce
with the Rietspruit,

The land use in the Rietkuiispmit catchment upstream of the IVS Works consists of residential
and small industrial use to the North of Vanderbiflpark, Land use downstream of the 1V site
oonsists mainly of agricuiture, with both game and cattie farming taking placs. 1scor has bought
out most of the land downstrean of the IVS site during the previous interdict action, Ferroland
on behalf of iscor manages this land. For more information regarding the land use, stock ratios
and zoning of this area, refer 10 the Master Plan specialist report apperaining to Land
Capabilty,

A preliminary reserve and class determination of the Rietsprult catchiment has been performed,
of which the Rietkuilspruit forms an integral part.  Water guality objectives for the catchment
have baen taken 10 be those contained in the Water Licence of IVS (see Appendix 1). The
Rietkuilspruit catchment forms part of the Rietspruit catchment, and therefore falls under the
WA formed for the Rietspruit catchment, being the Rietsprult Forum,

Water qualities in the recelving environment of the Rietkuilspruit are monitored by means of
grab sampies by 1scor at seven positions in the Rietkuilspruit (see points RS0, . RES5 and RE8
in Figure 1). Results of the analyses at these points are contained in Appendix / ¥

The Rietkuilsproit flows approximately 8 km from where it passes under the Golden Highway 10
where the Rietspruit canal discharges into it Afier this point the Rietikuilspruit flows
approximately 1.3 km further before it discharges into the Ristspruit,

For an evaluation of water gquantity and guality results existing in the Rietkuilspruit, refer to
Section 2.4.1,

.....
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2.2.4 Leeuspruit Catchment

The Leeuspruit catchment fies on the eastemn side of Vanderbijlpark Steel, and flows iniiafly in
an easterly direction, and then in a southerly direction. The area of the Leeuspruit catchment is
approximately 50.8 km? and the mean annual runoff from the catchment is approximately
10.79 million m*a. The total channel length of the river is approximately 10 km. Land use in
the Leeuspruit caichment includes formal residential areas, informal settlements, agricuitural
holdings, industrial areas, a sewage treatment works, recreational areas and a wetland.
Although not yet decided, the Leeuspruit catchment would probably fall under the governance of
the above mentioned Rietspruit Forum (WUA).

The Leeuspruit flows through the community of Boipatong, then to the north of Tshepiso and
Sharpville, and then to the west of Powerville, and finally enters the Vaal River to the east of
Bedworth Park. There is a small dam located in the Leeuspruit River, just downstream of
Boipatong. Outflow from the Leeukuil Dam (adjacent to Sharpevilie) also enters the Leeuspruit
River via a furrow. The Leeuspruit has for a large part been diverted away from its natural
stream course due 1o the build-up of roads infrastructure (and Powerville) within the stream flow.

Water qualiies are monitored by means of grab samples by iscor at six positions in the
Leeuspruit. Results of these analyses are included in Appendix 10.

During the Master Plan Study a number of short term measures were undertaken (see Section
9}, These projects included the construction of a weir at the point where the Leeuspruit passes
under the Frikkie Meyer Boulevard, in accordance with the requirements of the Permit
Exemption 19988, Section 7 Clause 7.1.2.1 (this Permit Exemption expired on 31 December
2001). The flow passing over the weir is measured in terms of quantity (flow) and gquality (EC
and pH) on a continuous basis and by means of grab samples when water flows over the weir.
The construction of this weir, a compound Crump weir structure, was completed in December
2000.

A prefiminary reserve and class determination of this catchment has been performed. Water
quality objectives for the catchment have been taken to be those contained in Water Licence of
IVS (see Appendix 1). For an evaluation of water quantity and quality existing in the
L.eeuspruit, refer to Section 2.3.5.
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2.3 tocal Environment

The local environment at VS is defined within this study as the area within the perimeter of the
site, including the Kiewiet area. The local environment is the area to which the IVS has direct
control and which can be manage internally.

The local environment describes the area where steel making activities have, and are taking

place. It is therefore important to note that the area described herein is an impacted area, also

called a brown fields site. The area is zoned as Industrial Type I, which allows industrial

activifies together with the disposal of waste. As reviewed in Section 1.3, which will be

expanded upon herein after, the surface water within the local environment is managed sub}ect |
to a Water Licence. This licence sets the objectives for management and discharge practises

within the area under consideration.

An understanding of water flow mechanisms and quality aspects within the local environment
forms the foundation of the baseline study for surface water. The activities, impacts and risks
observed within the receiving environment, all occur as a result of what happens in the local
environment. Any improvements that can take place for betterment of the conditions in the
receiving environment are directly refiant on the change in actviies within the locat
environment. An in depth understanding of the mechanisms acting within the local environment
is therefore required o be able to make proper decisions on how to better manage waters within
the site.

2.3.1 Site Water Balance

The site water balance forms an integral part of the process water requirements of the IVS site.
For a detailed description of the requirements for process water at the site, the reader is
referred to the process water specialist report as produced by RPA as part of the Master Plan
study for Iscor Vanderbijipark Steel.

Surface water management on older industrial sites such as Iscor Vanderbijlpark Steel is
intimately linked to industrial water management and neither can be studied in isolation from the
other. This is due to the fact that stormwater runoff emanating from rainfall can easily be mixed
with any process water on surface, especially in the South Works area on this specific site.
industrial water and stormwater discharge lines have not been separated and single conduits
are used to transport both stormwater and process effluent towards the outlet points of the site.

it is needless to say that once mixed, process waters and surface runoff from rainfall cannot be
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gistinguished or separated and therefore becomes a combingd walter body that neads 1o be
maracged within the site,

For purposes of this surface water study, the water balance requirements are focussed on the
overall mass balance of water for the site only.  Water managerment within the site therefore s
discussed in the process water baseling study report as well as later in this report.

The overall site water balancs can best be described at the harwd of Figure 6. Water entering

the site emanates from the following sources;

i, Raw water infake from the Vaal dam as suppbed by Rand Water from the Letaba weir
and pumped to the site via a purp station at the Vereeniging pusification works,  This
water 8 treated n the Vaal water punfication works (VBA) on gite where-after i is
puroped to a 30 M reservoir from which the North Works and parts of the Bouth Works
is supplied,

2 Raw water irtake from the Vaal river is purmped from a pump station on the banks of the
Vagl, situgted o the south of Vanderbillpark,  Two paraflel pipelings transport the water
from the scor pump station 1o the main purification plant (H5A) at the works, Water is
purified at (HBA) from where it is puroped into the industrial water supply system 1o the
Bowth Works and into the balancing reservoirs situated 1o the Bouth of the Works,

I3 Warter used for air conditionars, toilets, drinking water and some roinor industrial uses
are purchased from the Vanderbiiipark Municipality and supplied from e municipal
reservoirs situated to the Bouth of the works,

|4 Rainwater pracipitation onto the site,

15 Rainwater runoff frorm part of the Kiewiet site onto the Works,

Water discharged from the site consists of the following

O Water discharged through the Rietspruit canal fowards the Rietspruit in the south-west of
the site,

Oy Water discharged 1o the Leeuspruit over the Frikkie Mayer weir,

OX Water evaporated in industrial processes and from dams,

C4.  Water evaporated from dams and wetied surfaces within the site,

05 Water seeping imto the ground and leaving the site as groundwater across the
boundaries,

Discharge O3 is dealt with in the Master Plan specialist report for process water, while the
others are discussed in more detall later in this report,
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2.3.2 Intake Water Quantily

While surface water irtake onto the site (14 & 15} has in detail being desaribed in 2,33 hereafter,
the industrial intakes (11, 12 and 13} can best be discussed o the hand of Table 18§,

Table 15:  Total Monthly Flows info IVS ) - Intake Waters Only

Month & Year Vaal Dam (1) Vaol River (1) | Domestic Supply (I5) | Monthly Totals
W 2004 862 560 140,418 1472 545 ALV
Apt 2001 93T BGH B8, B8 44, 545 T HIR AT
Wiy 200 i w00 780,452 106,537 1 572,284
Jun 2007 1,647 500 1,064,542 Va7 845 2240 684
Jul ot 967,880 1005, 468 147,277 GE6 708
Aug 2004 GERLB00 1,068,486 152,472 @200, 558
Sep 20071 G5 B00 1,557 054 138,267 2470, 147
Gt 2001 668,700 1,180 303 196,648 23T, 68Y
Nov 2001 GHG 700 1,254,860 V45,744 2,350,304
Do 2001 1, (20,600 1,055,475 125,616 TG 684
Jan 2002 1,030,600 b, 503 138,710 G869
Feh 2005 19165066 BES, B2 146,069 4.107,484
Tolal for Year T{4788,250 12,562,383 1588857 25,874,150
Bercentage of folal 45, 4% 48.65% &, 0%

Total volumes of water taken i from 11,12 & 13, are summanzed for the yvesr under investigation
on a mornthly basis, as can be seen from the table, Water intakes from the various souries are
fairly constant with variations of up to 20% from the average encountered, it can be seen that
similar volumes of water are being abstracted from the Vaal dam system as from the Vaal river
systam, Domestic supply amourts to only 8,0% of the total water supply to the site,

Water intake volumes are not resticited by the current water use hcense (no. 10016047),
howeaver the license does state that the daily volumes of water abstracted from all the sources
must be reported 1o the regional director on a monthly basis, (Appendix 1, paragraph 14} The
icense furthenmore states that this Master Plan must result in the drastic reduction of the
muantity of water that has been abstacted and used for industrial purposes (Appendix 1 -
paragraph 12,1 This aspect of reduction of intake water is discussed in detail in the protess
water specialist report as part of the Master Plan,

23,3 Water Intake Quality

Surface water intake water qualities (14 & 18) are difficult to quantify.  Even though the previous
permit exemption (19988) requested that a study needs 10 be done in order to guantify the
nuslities of rainwater and surface water runoff from the site, a motivational report was compiled

I
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by VRF stating why such a study could have highly varied results and why a definitive stateméﬂt
on the resultant water qualities would require ars in depth study for this site alone {tha documernt
referred o is the "Watar Run-off Experiment within Veld Area™). Surface water input qualities
are therefore not avaitable for disGussion in this document,

Water qualities for intake water 11, 12 and 13, are monitored on a continual basis and can best be
described on the hand of Figurs 8. The results of water quality testing are as follows:

The graph shiows only the electrical conductivity (EC)Y parameter for the iree supply sources,
A range of other parameters are lested for by IVE of which the resulls are graphed in
Appendix 4, Similar results to that encountered with EC can be seen when considering the
other parameters. ¥ can be seen from the graph that the electrical conductivity of both the Vaal
gam and the domestic supply ines (11 & 13) are fairly constant at a level between 20 and 30
m&Sim. This relates to a good quality water in terms of the management farget for the Vaal
Barrage being set at 30 mS/m. When considering water qualiies within the Vaal River system
{abatraction from 12), & highly varied electrical conductivity profile is encourdered with values
ranging batween 20 and 100 mBm.

It s kriown that water qualities within the Vaal river systam in the area of the Vaal Trangle are
affected due to the highly industrialised nature of the area. it is also worth noting that during
most of the periods water qualities excead the imerim target for the Vaal Barrage (70 mS/m).
The current discharge water quality for the lscor Works, as stated in the Water Licence is set at
170 mSim for the Rietspruit Canal and 70 mS/m for the Leeuspruit.  1tis also worth noting that
the water qualties in the Vaal river improve drastically during the wet weather season
(Decembar 1989 « May 2000, October 2000 - January 2001 as well as November 2001 -
February 2002).

234 Overview of Water Quality Assessment

In an attempt to summarize the water quality guidelines and objectives available from national
and international sources, & water quality comparative summary table has been compiled.
Please refer 1o the tabie in Appendix 2.

All available water quality variables are listed in column 1, where they have been categorized
according to thelr nature. Water quality categories indude the physical properties of the water,
the organic content thereof, microbiological aspects, macro vanable elements as well as micro-
vanable elements. The difference between macro and micro vanables has been drawn
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according to the normal units in which such variable is reported, being milligrams/ for macro
variables or micrograms/t for micro variables. Columns from left to right summarize the different
water quality standards that could be obtained and according to which water is classified in
accordance with its fitness for use. The elements highlighied in green are those that are
required fo be measured according to the water license of IVS at its discharge points to the
Leeuspruit and Rietspruit Canal.

The last three coiumns of the table have been added to aid in further discussions when future
water license requirements are determined. The third last column represents an average good
water quality in terms of all the water quality guidelines listed in the table. The last two columns
represent what would probably be achievable water qualities before and after ZED in 2005.

The second last column represents water quaiities that can probably be achieved before 2005.
These water qualities represent process effiuent discharge before ZED, and can therefore to
some extent be controlled through the process as much as the process equipment currently
alflows. The last column, which represents post ZED water quality is difficuit to determine due t0
the fact that effluent discharge through the cannel will by that time, be eliminated. The water
qualities of water discharged after ZED should therefore represent realistic stormwater runoff
qualities after first flush discharge has been captured for recovery through process. It is
therefore suggested that limited emphasis should currently be placed on water qualities post
ZED and that a betier understanding of the natural run-off water qualities as represented by the
discharges over the Leeuspruit weir should be analyzed in order to determine an achievable
waler quality objective for run-off discharge from the site.

As far as post ZED water quality objectives for the Leeuspruit and the Rietkuilspruit are
concemed it is recommended that only one water discharge quality objective be set for both
these discharge points. Reason for this is that both discharges will emanate from surface water
run-off only after capture of the contaminated portion of the first flush and due to the fact that
water reporiing at either discharge points originate on the same works area though it be within
two catchmentis within the site. [t is recommended that further discussions take place between
VS and the Authorities on this matter as well as within the WUA of the Rietspruit Forum.

2.3.5 Surface Water System
Before the measured water flow and qualities are discussed in more detail, it is necessary to
provide a background description of the site properties from a water management perspective.
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The surface water system within the Works area at iVS has besn systematically modified from
its natural state prior to 1943, such that flow pa{tems within the area have been significantly
altered to the current situation. These aiterations have had a significant effect on where water
discharges from the site, as well as the amount of discharge that occurs from the site. Both
these alterations wili now be evaluated.

Natural State

In 1922 Dr. van der Bijt declared that "The future of the industrial development of the Transvaal
{Gauteng) must, of necessily, lie along the banks of the Vaal River'. This was why he
welcomed government proposals to build the Vaal Dam in 1933, knowing that water supply
problems were one of the great barriers to industrial development at that time. During 1941 an
area of approximately 95 km? was purchased by iscor for the creation of a new industrial town
west of Vereeniging {Anon, 1997). This town developed to be the present day Vanderbiilpark.

The iocation of the site made it ideai for development. There was sufficient slope for drainage
towards the river and the area was downsiream of Rand Water Board's pumping station intake.

Before Iscor developed its iron and Steel Works on the present site, the site consisted of naturat
veld area draining in two directions. The western portion of the site, draining approximately
68.7 % of the Works area, fed into the Rietkuilspruit towards the West while the eastern portion
of the Works area, consisting of the remaining 31.3 % of the Works area, drained towards the
L.eeuspruit o the East. Figure 1 shows the approximate position of the natural catchment
divide through the site.

Modified Sitate due to Works

The western catchment of the site was modified to such an extent that runoff water which wouid
praviously have run-off overiand towards the South-west, now all reports to a single discharge
point at the Western boundary of the site. This singie discharge point was further modified to
drain via a canal, rather than into the natural drainage path of the Rietkuiispruit. This canal is
called the Rietspruit canal This canal re-enters the natural drainage channei approximately
4.75 km downstream from the sife boundary. The western portion of the site now drains about
74.1 % of the Works area, while the eastern catchment drains about 25.9 % of the Works area.

The Rietkuilspruit catchment has therefore been reduced significantly since the canal was built
and currently only drains water from a stormwater system emanating from the Northern side of

the town of Vanderbijlpark and from the remaining catchment to thga West of the Works. The
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stormwaier system from Vanderbijlpark crosses the Rietspruit canal at the boundary fence of
VS and enters the Rietkuilspruit approximately 400 m north of the Rietspruit canal. The
Rietkuilspruit then flows in a westerly direction.

The surface canals situated on the site boundary and drained fowards the Du Preez dam have
subsequently captured water previously flowing overland towards the Rietspruit to the North
West of the site. From there, this water is pumped back to the process, thereby reducing run-off
towards the Rietspruit.

Apart from aitering the drainage pathways on the site, the runoff volumes from different areas
within the site have also been altered due to the development of infrastructure within the site.
Residue storage or disbosat areas increase infiltration, thereby reducing runoff. Dams, such as
the large evaporation or effluent storage facilities store water and therefore significantly reduce
natural runoff due to their storage potential. Areas made impermeable by roofing or paving
(such as significantly large areas within the North and South Works), with their associated
stormwater canal systems, have an opposite effect on runoff volumes. Infiliration is reduced

significantly, and runoff volumes, peaks and velocities are increased.

Similar as o the western catCchment, the runoff from the eastem catChment has been aitered by
the various developments on site. Again, natural overiand flow towards the L.eeuspruit has been
altered significantly such that water is currently channelled to one point on the site from where it
is discharged into the l.eeuspruit.

The construction of several water management systems has further changed historicat natural
flow patterns. The eastemn catChment has been modified in a way that a portion of this
catchment that historically drained to the Leeuspruit, now drains o the westemn catchment of the
site. This was achieved by the construction of a network of stormwater canails in the South
Works (which is situated on the watershed) that drain to the western side of the works. In
addition to this gravity system, most of the dry-weather flows (natural or effluent) are pumped
from the eastern catchment to the westem catchment. Shailow ground water seepage from the
Works has further created a marshy area at the low-lying area to the East of the Works.

Wesitern Discharge

in this section, the water quantity and quality monitoring results obtained from the Western
catchment discharge point is being discussed.
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The effective surface area of the western catchment within the Works perimeter is
approximately 11.92 km* The area drains info the Rietkuilspruit catchment, which in turn drains
into the Rietspruit catchment. These catchments are described in Sections 2.2.2 and 2,2.3
respectively.

Sources of Water Runoff

The Rietspruit canat receives effiuent water from the North and South Weorks, and storm water
from the South Works and CRMF. Certain specific effluent streams are treated at the CETP
frem where freated water is discharged towards TETP and the western discharge point.

Water Quantity

The water released from the westem discharge point consists of process effiuent, stormwater
and shallow groundwater that seeps into the stormwater drainage system. Seepage of ground
water into the canals is difficuit to monitor and is therefore regarded as process water for
purposes of this study. This leaves essentially two sources of water reporting to the Western
discharge point. The infrastructure utilised for managing and monitoring the water discharged at
the oulet point will be reviewed iater in this section, as well as the data obtained from that
equipment.

Consider the contribution of rainfall to the volume of water discharged from the Western
catchment.

Rainfall Volurmes

The ftotal rainfall that fell on the western catchment during the year of analysis was
approximately 860.3 mm. This is the average depth of rainfall calculated from the continuous
and daily stations data. The western catchment is approximately 11.92 km? in area. This
means that approximately 10 25 milfion m® of rainfall fell within the western catchment during
the period March 2001 to February 2002,

Runoff Volumes

The following table presents the calculation for the area weighted runoff factor “C” for the
western catchment of the IVS Works. The following factors were utifised in determining the “C”
factor:

. Cs: Average catchment slope,
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* Gy Permeability of the surfaces; and
* G Vegetation,

The “C" factor for sach sub-area was then multiplisd by that area’s surface ares, and divided by
the total area to provide the area weighed average runoff factor for the Western catchment,

Table 16:  Weighed Average Runoff Factor for Western Catchment

Arey Desoripton Burface Area (ha) L n Gov C ¢
Saith Works 651 0,03 0,21 13,326 0.50 0,256
PR 82 .03 0.08 0.0d 0,19 5.013
Laxchting Dump 7R 0.03 0.04 .04 0,11 G017
Sinter Mixing Bed 3 ) 0.03 0,04 04 0,44 0,600
Gl Biacking Ares 1 0.03 0.04 0.04 0,11 2.001
By Products Aras a4 0,03 04 0.04 3.1 0,003
frdermediate Sile 19 0,03 0.04 .04 0.1 0.002
Daamis M/ (243) - - - £.00 0.000
Other 252 0.03 12 0,15 0.3¢ 0,063
Totak Area U2 Arees Weighted “G™ 6,585

Utilising this runoff factor an estimation can be made of the runoff volume that is discharged
from this catchment during the year of analysis. When multiplying the total rainfall that fell in the
wastern catchmernt during the year of analysis with this runoff factor, the volume of runoff as a
result of rainfall in the western catchment is approximately 3 691 000 m?,

Foak Flow Events

Paak flow events have heen determined for the wastern catchment of IVE, and are contained In
Table 17, Three methods were utilised for determining the peak flow from the western
catchmert of the site, rnamely:

* the rational meathod;

» the empirical deterministic method; and

* the unit hydrograph method,

These mathods were subsequently compared and found fo give answers of the same order of
magnitude. An average between the vanous values for thair respective retum periods was then
datermined and further used in caloulations below. The detailed caloulations reported in the
table are containad in Appendix 19,
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Table 17. Peak Fiow Event for Various Return Periods for Western Catchment {m/s}

Return period Rationai Method Empirical Deterministic Unit Hydrograph Average
1:100 61.0 66.2 84.7 84.0
1:50 52.0 52.4 TB1.4 51.9
1:20 40.9 375 345 378
""""" 1:10 30.2 32.6 20.6 278
1.5 27.2 - 18.0 22.6
1:2 16.1 - 7.9 12.0

Stormflow Volumes

While the peak flow is useful for the design of water management infrastructure (especially
canals and spillways), another key surface water parameter is the volume associated with each /
of these stom events. The volumes for the western caichment have been determined utilising
the unit hydrograph method, and the resulis are summarised in Table 18. The calculations for
these storm volumes are also contained in Appendix 18. The highlighted values indicate the
critical storm duration for each of the return periods, i.e. the storm duration that is associated
with each peak flow event. As indicated in the table, the peak flow events are not associated
with the 24-hour storm (although this has the largest volume discharge), but rather with the one
or two hour duration storm evenis.

Table 18: Storm Volumes determined utilising Unit Hydrograph Method (m®)

Return Period 0.5 hr storm 1 hr storm 2 hr storm 4 hr storm 24 hr storm
1:100 331,541 585,143 717,245 837,485 1,239,586
1:50 260,555 430,457 592 406 721,353 928,131
1:20 194,747 281,497 387,542 478,855 704,011
1:10 141,604 184,575 237,456 306,242 546,665
1:5 103,431 162,795 202,452 258,970 358,685
1:2 45,364 71.065 87,118 100,648 152,850

The volumes listed in this table can be utifised to determine the storage capacity of a facility that
would capture a specific storm, e.g. to capture a 24-hour, 1:100 year flood event discharge at
the Western discharge point, a dam with capacity of 1 239 586m® would be required.

Water Licence Requirements

The Water Licence: 10016047 authorises the disposal of a maximum quantity of 11 680 000 m*
per annum. This allowable discharge volume includes industrial wastewater {effiuent) as well as
groundwater to surface water seepage but excludes any stormwater. This volume is basedon a
peak dry-weather flow of 32 000m?® per day.
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The water licence requires surface water discharge flow to be monitored “at the bridge on the
Golden Highway where it crosses the concrete lined channel to the Rietkuilspruit”. The current
flow monitoring point linked to AH4 is situated at this point in the chanrel. The water licence
specifies that the quantity of water must “be metered continuously at the monitoring point
described ... and the daily flows must be recorded”.

The comparison of measured data at this point with the licence requirements is discussed
hereinafier. However, in order to understand what is measured at this point the reader should
have an understanding of the operaiional water management system at the TETH area as
follows:

infrastructure in TETF Area

Water flows from the Works fowards the TETP area via thirteen stormwater drains within the
South Works (refer to Figure 2 and Figure 4). Water fransporfed in this way includes both
process effluent as well as stormwater run-off during rainfall evenis. These stormwater drains
discharge the water into the north and south buffer dams. These dams have capacities of
42 500 m® and 10 200 m”® respectively.

The dams are balancing dams for the TETP process plant, and aiso act as silt settiement
facilities. The buffer dams capture all dry-weather flows (process effluent) and part of the
stormwater run-offs (the first flush discharge). The TETP is a fiitering plant which has an
operational capacity of approximately 88 000 m°/day and consists of:

o Grit removal;

» (il and grease removal;

» Coagulant and flocculant dosing and gravity separation;

« Sand filtration; and

« Chemical biocide dosing.

The buffer dam bypass canal leads from the south buffer dam to the north buffer dam. During
high flow conditions both the buffer dams fill up to capacity where-after a spillway at the end of
the buffer dam bypass canal is overfopped. This overfiow then enters a second concrete
bypass canal, which flows towards the Rietspruit canal outlet point.

At the point where the bypass canal flows into the Rietspruit canai, a structure within the
Rietspruit canat limits the discharge flow rate to 8 m*/s. This is done to prevent the canai further
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downstream from overtiopping its banks. Shouid the flow at this point exceed the maximum
discharge rate, the water spilis over a wall into a flood attenuation dam. This dam has a hoiding
capacity of approximately 153 000 m®. When the storm runcff has subsided, the water flows out

of this flood atienuation dam through a series of non-retum valves into the Rietspruit canal.

The Rietspruit canal inside the Works consists of a U-shaped concrete channel with a bottom
width of 2.4 m and vertical side walls of 1.5 m high. Flow measurement is done in the channel
section of the canal downstream of the flow limiting structure. This is obtained by means of
water flow depth measurement over a British Standard (BS) hump. The water leve!l {and
therefore the flow) in the canal is measured continuously by means of a calibrated Militronics
Multiranger ulirasonic instrument installed over the BS hump. The ulirasonic instrument
converts the measured water depth into a 4-20 mA signal and sends the signal to AiH4. From
there, the signal is transmitted through a radio communication system to the Energy Conirol
Centre (ECC) where the data is captured and stored. For the purposes of this report, flow data
was extracted from the ECC system as averaged haif-hourly readings. The data is available for
the entire year of analysis, from March 2001 to February 2002.

Calibration of Rietspruit Canal

As soon as analysis of the flow data was done, it became apparent that the BS hump theory
does not support non-ntodular flow conditions. These conditions occur during higher flows
conditions. Due {o the flat slope {1:800) of the canal, modular flow cannot be assumed since
the downstream canal is acting as a confroi point and creates a backwater effect over the hump.
The hump, as it is operating under the conditions, is said to be "drowned”.

It order to correctly calibrate the Rietspruit canal, a flow velocity analysis was performed in the
canal in association with the DWAF: Hydrometry Department during February 2002. Variable
test depths were obtained by controlling the number of operational pumps at the TETP. Four
flow depths were evaiuated (refating to 2, 4, 6 and S operational pumps at the TETP). Velocities
were established at two depths in the flow profile (0.2 H and 0.8 H), and for 25 positions across
the channel for each profile and depth. The flows analysed provided only the low flows in the
canal, since the TETP pumps do not have sufficient capacity to facilitate the calibration of the
entire canal. High flow conditions only occur during large storm events.

Appendix 18 contains a graph which provides several calibration curves. The graph oniy
indicates the low flow conditions in the canal (flows < 1 m/s). The flow rate in the canal can
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increase, but is also fimited to 8 m%s. Calibration of the canal was done using the following
theory reilating to the lines shown on the graph:

. Chezy theory,

. Manning theory;

. The existing BS Hump calibration curve; and

. The four flow volumes relating to the flow analysis performed in association with DWAF.

The proposed calibration curve is based on these four sets of theory and the empirical data
obtained. The majority of the empirical data values obtained from the flow analysis study
performed in conjunction with DWAF are within 1.5% of the theoretical flow values caiculated for
a specific depth. The maximum deviation between the proposed calibration curve and the
measured flow rates on site is no greater than 5%.

The calibration of the BS hump has been utilised for flows between 0 and 0.5 m*/s. The
calibration of the canal utilising the Chezy equation was utilised for the higher flows. The
calibration of the canal with the Chezy equation was further verified ufilising the Manning
equation. In the Chezy equation, a factor of “k” is used. This factor represents the size of the
eddy current formed at the base of the channel, and is dependent on particle diameter or dune
formation flow length. For the AH4 canal a value of k = 3mm has been assumed (pre-cast
concrete: mortar not wiped on inside of joint - Road Drainage Manual, Fig 3.8). For the
Manning equation a roughness coefficient “n” is used also to describe the roughness of the
canal surface. A value of n = 0.014 has been used in this calculation (n=0.010 is ideal for
smooth concrete surfaces, but DWAF uiillise 0.014 as a standard value for canals due to the
presence of sand, joints and pebbies in canals).

The calibration curve for the canal was therefore modified from utilising only the BS hump
theory, to a combination of the BS hump (0 - 0.5 m¥/s) and Chezy’s equation (0.5 — 6.0 m*/s)
where the low flows for this calibration were verified utilising a physical calibration of the canal.
The measuring instrumentation was subsequently re-calibrated to adopt the revised flow-depth
graph for the discharge canal. Here then follows an analysis of the flow data obtained at the
western discharge point over the review period.

Monthly Flow Quantity Data

The graph in Appendix 7 shows the monthly maximum, 95-percentile, median and 10-
percentile flows discharged fo the Rietspruit canal. The 95-percentile and median flows are
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lower during the winter months than the months of spring and summer. This is because the
Works falls within the summer rainfall region of South Africa.

The canal has a limiting flow capacity of 6 m>fs. This amounts to a maximum discharge rate of
21600 m%h. The maximum flow recorded was only 3600 m*h (1 m¥s). The reason for this
discrepancy is that the ultrasonic instrument was at that stage stili calibrated to record only flows
during dry weather conditions, i.e. below 1 m*/s. This is problematic, especially during the
months of September to November where the median flow values were above 3600 m*/h. After
calibration of the canal was done, the settings on the ulirasonic instrument have been changed.
However, caution must now be applied with the analysis of the available data. For this reason,
subsequent dafa obtained during the year 2002 was incorporated in the data set in order fo
circumvent this data problem.

Annual Flow Quantity Data

Table 19 presents the total daily flow volumes passing down the Rietspruit canal. This table
shows that the maximum 24-hour discharge from the site during the period was 131 310 m* (18
November 2001), while the lowest 24-hour discharge was 13 164 m® (23 June 2001). The
maximum volume discharged during one month was approximately 2 685 000 m® (November
2001), while the minimum volume discharged during the period was about 1 129 000 m® (June
2001). The total volume of water discharged during the year of analysis was aimost
18 125000 m®.  This volume includes approximately 1862 000m® transferred from the
Leeuspruit Sump in the eastem catchment. This means that approximately 16 262 000 m® of
surface water generated in the western catchment was discharged from the wesiern discharge
during the year of analysis. This voiume of water includes the discharge of effluent as well as
stormwater from the sife.

The estimated volume of stormwater discharged from the westem catchment has been
calculated as 3 792 000 m® (see Table 20). From the industrial water balance on the site (refer
to Master Plan Process Water Specialist Report: Table 5.1.5.1 and text following that table) it
can be taken that approximately half of the industrial water that comes into the site is
evaporated within the Works as steam, off gas cleaning and various guenches. This wouid
mean that the wvolume of effluent discharged from the western catchment would be
12 159 000 m®. Adding the estimated stormwater and effluent volumes together, the total
volume of water discharged from the western catchment of the Works would be 15 951 000 m®.
This value is in the same order of magnitude as the volume of 16 262 000 m® calculated above.
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Table 19:  AH4: Daily Total Flow Volumes in the Rictspruit Canal (m?)
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The followirg table provides a summary of the macro surface water balance for the western
gcatchment of the IVS Works.

Table 20 Macro Surface Water Balance for Western Catchment

Description of Water Calculation | Volume ("}
A ftake volime (Vaal River + Vsl Dam) A 24,318,618
B Volume evaporated within VS prociss 3 42,150, 37
cC intahke volurns - Volume svaperatsd = Efluent A8 12,168,507
D Runoff os & result of precigitation (Annual samall * Ared © Munof facior) N o578 962
£ Total surface water = Effluent + Runotl as & resull of precipitation CHld 15,851,268
F Yolume of sirfacs waler pumped from Lasusprudt Sump £ 1,864,238
! Flow volume in Kietsprull canal as monttored at AH4 o 18,124,663
H Flow vislume in Rietspruif canal from western eatohirment L 16,282,448
I Disuraparcy TO0{H-E)H 1.9 %

The water halance is graphically shown in the fellowing pie chart:

Graphical Presentation of Burface Waler QGuantity Discharged from Western Caichment

i Runoff as 4 resulf of
Precipitation
=3 791 963 m3

1 Volome of siefans
wirter pumped from
Lasuspruit Sump fo TETP
# 1862235 m3

i Bt Discharged
=3 THD 307 m3

in termns of the VS waler cence, it can be said that, where the volume of effluent discharged
from the site is esimated t© be approximately 12 1588 000 m® and the water icence authorises
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the disposal of a maximum quantity of 11 880 000 m® per annum, that VS discharged about

8.7 % more water than permiited within their water licence over the period under investigation.

Daity Storm Events

Evaluation of the run-off volumes emanating from rainfall events needs some further
consideration. To enable this, specific individual storm events have been analysed at the hand
of the available continuous rainfall record data. Through this analysis, an understanding should
be obtained of the run-off characteristics of the site, the lag imes, run-off response times as well
as water quality evaluations during storm flow events.

During the year of anatysis several errors were encountered in the data set. These errors are
mainly due fo radio signal breakdown and lightning interference during the storm events. These
malfunctions have been rectified since. Four storm events subsequent to the year of analysis
have therefore been selected for analysis. These four storm events occurred between May
2002 and August 2002.

For each of these storm events two graphs have been prepared. The first presents the
continuous flow {m/h), EC (uS/ecm) and incremental rainfail (mm), while the second provides
the continuous flow (m®h) and EC (mS/m) only. The reason for providing two sets of graphs is
due to the scale difference used for the graphs. On the first graph each incremental rainfali dot
represents 0.25 mm. The following storm events were analysed:

Date of Storm Event Rainfall Depth {mm) Stormflow Volume {Im”)
1 22 May 2002 95 46621
2 31 May 2002 375 205197
3 13 June 2002 21.0 34231
4 27 August 2002 14.76 16378

All of the above storm events represent typical rainfall storm events with annual recurrence
intervals that can be expecied. The individual storms will now be analysed. Graphical
representations of these storms are contained in Appendix 9.

Storm Event 1

Rainfall started on 22 May 2002 at 17:56.
Total amount of precipitation of the event was 8.5 mm.
Period during which rain feli approximately 6 hours.
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Tharafore, the total volume of rainfall onto the wastern catchment ameounts to 113 240 m®,
Using a runoff factor of 0,36 amounts to & runoff velume of 40 766 m®,

The following tabie presents a summary of the timas, flows, volumes and BEC values associatad
with this storm rnoff,

Table 21:  Surmary of Storm Event

o Haln THow in Stormflow £
Description Diate Time x N
{ram} Canad {rm"/h) | Volume (m’) | {raS/m)
Hainfall starfad I 10y {756 b ' i
Fhunoff starfed FelOBI2 1847 867 4 115
“Peak of First Hydrograph 2205102 16:49 3145 1626 {18
End of First Mydrograph DB 2480 1461 Teoa T8
Powk of Second Mydrograph | 22/05/07 PN 7680 5081 17
Hainfall ended Al OB PRRE 5.8
Erd of Second Hydrograph™ | 2305/0% 81.52 1348 ABEE 1
Faak of Third Hydregraph 2305162 PN . 2aay A4 107
Ered of Third Mydrograph PRIGEIO peds {462 et 08
Foak of Forth Mydrograph SINEH2 1544 e 5789 116
et of Forkh Mydroorph 2IOBA2 1414 1335 B T
Feak of Fifth Hydrograph 2405102 060% F4B4 667 18
End of Fifth Hydrograph GATOBIESTHEGD 1236 BG7E 17
Tetal Flow Volume durtng Storm Event 46821

The flow in the Ristsprait canal was about 857 m®h before run-off discharge staried, A value of
1000 mP/h has howaver been faken 1o be the effluent discharge value during each of the four
storm events. This value has baen chosen as it reprasents an average effluent flow rate during
the four storm events, Selecting the same value for all storm events allows for an effective
companson of the four events. This value was deductad from the flow hydrograph and
whatever was above this value was deemed {6 be stormuwater ran-off flow.

The runoff from the wastern catchment as & result of this precipitation started coming down the
canal approximately 21 minutes afier the first rainfall a8 1817, The lag time between start of
rainfall to start of runoff for this storm is therefore 21 minutes.

The first flow hydrograph to pass through the Ristspruit canal had a peak of 3 145 m*/h
(0.87 m*s). This peak ccowred at 19:49, about 92 minutes (1,5 hours) after the stormflow
entered the Rietspruit canal. The EC in the canal at that time was 118 mS/im. The water
licence spacifies a WQO for EC of 170 mShm in the Ristspruit canal, and this runoff is therefore
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within the prescribed limits for EC. The volume associated with this first hydrograph was
3690 m°.

The second hydrograph had a peak of 7 680 m*/h (2.13 m*/s). The volume associated with this
run-off event was approximately 9 770 m®. The third, forth and fifth peaks associated with the
runoff from this storm event were 2397 m®, 2912 m® and 3484 m” respectively. The reason for
the runoff from the western catchment having several hydrographs constituting the runoff is that
there are thirteen stormwater drains flowing from the Works in an easterly direction. These
drains have differing sub-caichments that they serve, with differing flow lengths and therefore
with different lag times.

The electrical conductivity (EC) in the Rietspruit canal does reduce during the storm event. This
is as a resutt of the relatively clean rainfall runoff mixing with the effiuent runoff, thereby lowering
the water quality parameter concentrations in the system. The maximum and minimum water
EC values during the storm event are 123 m3/m and 107 mS/m respectively. Both of these
values are below the water licence WQO of 170 mS/m. The value of 107 mS/m is associated
with the peak of the third hydrograph, which occurred more than 12 hours after the runoff
started. It took another 12 hours for the runoff EC value to climb back to 123 mS/m.

This runoff scenario will change post 2005, With the ZED infrastruciure in place there will be no
dry-weather {effluent) flows in the canal i.e. the canal should be dry when there is no rainfall.
There should therefore be no flow before, or after, any storm event. The rainfall will begin, there
will a lag time and then there will be a runoff hydrograph in the canal after which rainfall
discharge will stop and the canal shouid remain dry again.

Although the rainfall event took place over some 6 hours, the total duration of the runoff from the
storm event was approximately 35 hours. The total runoff volume associated with this storm
event, assuming that the effluent component of the runoff was 1000 m>h throughout the time,
was 46 621 m>. This volume is about 14 % higher than the 40 766 m® determined utilising the
total rainfall in the westemn catchment and the area weighted runoff factor. Many factors could
explain this difference like:

o the effluent component of the runoff actuaily varying during the storm event,

o the antecedent moisture conditions,

e the rainfall locality, intensity and duration,

e assumptions made in determining the runoff factor.
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The order of magnitude comparison however gives confidence in the method adopted and of
the results obtained.

From a water quality point of view, a greater reduction in EC was expected during the rain
eveni. it must however be remembered that water discharged during the event included an
effluent component as well. By 2005, this component should not be included any longer. The
expected EC values could therefore be lower than the vailues currently experienced. A value of
EC = 80 to 80 mS/m is therefore not impossibie.

Storm Event 2

Rainfall started on 31 May 2002 at 00:24.

Total amount of precipitation of the event was 37.5 mm.

Period during which rain fell approximately 23.5 hours.

Therefore, the total volume of rainfall onto the western catchment amounts to 425 544 m’.
Using a runoff factor of .36, this amounts to an estimated runoff volume of 153 196 n?’.

The following table presents a summary of the times, flows, volumes and EC values associated
with this storm runoff.

Table 22: Summary of Storm Event 2

Pescription Date Time Rain Flow “_: Stormﬂovs; EC
{mm} Canal {m’fh} | Volume (m”) | {mSim)
Rainfall started 31705102 0024 o
Runoff started 31/05/02 04:09 888 0 126
Peak of First Hydrograph 31/05/02 09:30 3323 5351 110
End of First Hydrograph 31/05/02 11:24 2197 3061 105
Peak of Second Hydrograph | 31/05/02 13:18 13047 11326 88
End of Second Hydrograph | 31/05/02 1536 8109 18631 89 |
Peak of Third Hydrograph 31705102 16:45 10806 5728 89
End of Third Hydrograph 31105/02 20:11 5014 21223 89
Peak of Forth Hydrograph 31/05/02 22:51 " 16125 24700 89
Rainfall ended 31/05/02 2358 375
End of Forth Hydrograph §1/06/02 00:22 0285 16762 89
Peak of Fifth Hydrograph 31/06/02 01:08 10497 6983 88
End of Fifth Hydrograph Q2/06/02 07.08 : 1701 87431 120
[Total Flow Volume during Storm Event 205197

The graph of this hydrograph in Appendix 9 shows the runoff hydrographs from the various

sub-catchments within the western catchment very clearly. Again the discharge hydrograph is
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composed of a number of hydrograph peaks, looking similar in shape to Storm Event 1. The lag
time for this storm @vent amounted to approximately 3 hours and 35 minutes. The peak flow
associated with the first hydrograph was 3323 m°fh {0.92 m*/s).

The EC value reduced from 126 mS/m at the start of the storm to about 88 mS/m during the
second hydrograph. The EC then remained at this value for the duration of the runoff, and only
increased to 120 mS/m at the end of the {ifth hydrograph. The length of time for which the EC
remained between 88 and 89 mS/m was aimost 12 hours.

The total storm volume discharged from this rainfall event was approximately 205 197 m®. This
measured volume is approximately 34 % higher than the 153 196 m® determined utilising the
total rainfall in the catchment and the area weighted runoff factor for the westemn caichment.
The difference can be explained for the same reasons than listed above. it must be
remembered that this rainfall event consisted of a higher rain depth and occurred over a longer
period than Storm Event 1. When back calculation is done, the run-off factor must have been
approximately 0.48 in comparison to the average of 0.36 used. Even this facior is well within the
range of the accuracy of the method applied {i.e. averages for all rain events any time of the
year).

Storm Event 3

Rainfall started on 13 June 2002 at 18:29

Total amount of precipitation of the event was 21 mm,

Peariod during which rain felf approximately 5 hours.

Therefore, the total volume of rainfall onto the western catchment amounts to 250 320 m?,
Lsing a runoff factor of 0.36 amounts to a runoff volume of 90 115 m®.

The following table presents a summary of the times, flows, volumes and EC values associated
with this storm runoff:

The lag fime between the start of the rainfall and the runoff response was approximately
71 minutes. While the rainfall event lasted approximately 7 hours, the runoff lasted about 26
hours. The runoff volume for the event was about 34 231 m®. This value is about a third of the
astimated 90 115 m®. This relationship is different to the previous two storm events, where the
volume obtained from the monitoring system was greater than that estimated utilising the total
rainfall in catchment and the area weighted runoff factor. It is quite possible that the rainfall for

960: ISCOR VANDERBIILPARK STEEL — SURFACE WATER SPECIALIST REPORT - !VS/SR/QZZ.:




B0 VAN RENSSEN & BORTUMN

this evernt was localised for only & part of the site, therefore resulting in an aver estimation when
catoulating the run-off from an averaged discharge factor,

Table 23:  Summary of Storm Event 3

, Hain Flow in Storm How EC
Pescription Prate Tiene 3 2
£rreeme } Ganad () | Volume (m™) | (mSing
Hailfal stared THOBHYS D 0
“iunel started - {BIGEA2 15,40 1162 b LK
Mk of Fret bydrograph 13RI 214 G250 427 111
End of First Mydrograph TBIO6I, a7 Ba34 T8 T8
Peak of Second Mydrograph | 180602 | 20:43 REGE 4855 104
Rainfall ended 14706/62 1 0133 NG
End of Becond Mydrograph TAIE/00 02:08 1661 EHs] 101
Pamk of Third Mydrograph TS 0635 2814 3444 100
farvd of Third Hydrograph {af0BINE 10:55 882 A8 @7
Pank of Forth Hydrograph {AIGE02 12:04 2o HEE Tt
e of Forth Hydrograph A0 TT04 B Y Ested) 113
P of Fitth Hydrograph 14106132 1948 2360 1603 113
“tind of Fifth Mydrograph TAI06/0Z 1 20:50 16045 1409 114
Total Flow Velumnes during Storm Event 34231

The hydrographs for this storm event are not &l evident, as with the previous two storm events,
The first hydrograph has a peak of 8 566 m>h, while the second largest hydrograph peak after
this one is just more than half of this value, This set of hydrographs, together with the
monitored  volume being significantly lower than the estimated runoff volume suggest that
rainfall did sot fall aver the entire site, but that the rainfall fell predominantly within the ane sub-
catchment associated with the highest peak runoff and storm valume,

The BC value during this storm event decreased by almost 30 % from 138 mS/im to 86 m&/m.
This phenomenon ilusteates how the water quality Improves during & storm event. The witer
licence WO for BEC at the westemn discharge is 170 mB/m.

Rainfall started on 27 August 2002 at 1431

Total amount of precipitation of the event was 14.75 mm.

Pariod during which rain fell spproximately 12,5 hours.

Therefore, the total volume of rainfalt arto the westermn catchment amounts to 175 820 m?,
Using & rwunoff factor of 0.36 amounts 1o a runoff volume of 63 265 2.
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The following table presents a summary of the times, flows, volumes and EC values associated
with this stomn ruroff:

Table 24:  Summary of Storm Event 4

Raiy Fiow in Blorm fiow EC
Boscription Bader Titme s s

{rnyn) Canal "k | Volume (w7} | {mSim)
Raintall started L0802 1431 {
Rutksf staiad 2TIBIOE 5B 1806 Y gy
Pea of First Hydrogragh 27 ORARR 1818 1846 1350 128
End of Flrst Mydrograph PAEINT 2019 1159 1ahed 130
Poak of Becond Hydrograph | 2808102 1 DOsE 600G 8078 10
Rainfall vaded FRIORAL T ORDE T 1478
e of Seoond MHydrograph 2RBIZ Da: (02 1351 ase7 142
Fgak of Third Hydrogiaph BRI DRSS 1718 B85 e
Bl of Third Hydrograph ABIOBI0Z N 1543 207 124
Fregic of Forth Hydragraph 2608 (6o 1825 314 EPY
End of Porth Hydrogranh ZBIBIZ sy 1144 73 a1
Heal of Fifth Hydrograph e U 1008 1744 816 @1
End of Fitth Hydrograph AR08 1448 1367 1345 Ly
Total Flow Voluime during Blonm Bver ilenyg:]

This storm event has similar characteristics to the previous one (Storm Event 3). The second
nydrograph was significantly larger than any of the other hydrographs, indicating again that the
rainfall fell predominantly within one of the sub-catchments of the IVE Works, The runoff
volume for the event was about 168 378 m®  This value amounts to only 18 % of the estimated
90 115 m®. The highest peak flow of just more than 8000 m*h was associated with the second
Piydrograph, This peak ocourred about 10.5 hours afler the rainfall started, although the rainfall
did siop batwean 1444 and 22.00 on 27 August 2002,

The reduction in BC values for this evert is not as evident as for the other three events
analysed, Reason for this could likely be that the percentage stormwater runoff dischargad o
the amount of effiuent discharged was low, Disregarding the first few millimetres of rainfall, the
storm predominamy fell over a perod of about 4 hours with discharge predominantly taking
place over some & hour period. This amounts to an average discharge rate of 2 700 m*h of
which about 40% could have been effluent discharge (at 1000 m®h on average), If for this
scenario the BC of the effluent s taken as 180 mSim (as before the storm evert), this meaans
that to amve gt a mixed BC of 120 mSim, the stormwater runoff BC value must have been
08 mSim. 1 is unexplaingd why the EC value dropped 1o 80 for a while after the runoff evernt
and then 10 30 for a low paesk.
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wummary of the Storm Event Analysis:

In summary of the evanis analysed, the following comparative table has besn compiied:

Table 25:  Summary of the Four Storm Events

Ratrfai Ratpfadl Duration | Lag Time ok Estirmated
Evant Dhsste Death (ram) {ker & min} {hr & min) Flow Rupotf {m*}
{m’my
| @2 May 2002 8.5 5hr 57 min @1 rin 7680 46621
4 1 May 2002 378 19 B 48 min 3 b 36 rnin 16125 ABTT
3 T3 2002 ¥1.0 7 hr 4 min 1 hr 41 min BHEo 34234
4 27 Aug 2008 4,75 12 hr 29 min 2 hrdE min (] 16378
Averige 41 hir 20 min 1 hr 53 min

From the data presented, it can be seen that every storm event is unigue and that there are
many parameters that could influence the shape of the discharge hydrograph, However, it ¢an
also be seen that the guality of water definitely improves during a storm run-off event. The
discharge waler quality is difficult o judge from the available dala, however an EC value of
80 mSim is not unreasonable. The actual values will however only be known after 2005, when
the efffuent component of the discharge water will be measurable.

A further water sample analysis from the confinuous sampler was done for water quality
corresponding to the discharge during a storm run-off event. The data relates to Storm Event 2.

Table 26:  Water Quality Parameters during Storm Event 2

Date & Time ™ | pH t ECTE™TCn TG TNy T M ] Phenole | S04 | NOs | Na | GOD

1187 | 18h 1 BB ar

B3O 2250 3.&‘ BY | 2| 003 LAG ] 41 Ding 0

Consider the matter of uncontaminated surface water discharge from the site. When the
principle is accepted that no unpoliuted water should be held back by the Works, the impact of
such principle objective is dependant to a large extent on the lavel at which contaminated runoff
is being defined. l.et's assume for the moment that only EC is considered as determining factor
1o decide or whether runoff water is contaminated or not, As can be seen from the above, it is
difficult to judge what the EC water guality for runoff water would be post 2005, it was also
stated that an EC value of 80 to 30 mS/m would not be unrealistic for storm water runoff from
the site at that stage.

Lets take the criters of EC = 100 mS/m as the definition spiit between contaminated and
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of uncontaminated water could be released. If however the spiit is made at EC = 80 mS/m,
about 139 600 m® could be discharged. If the criteria was 85 mSim then no water could be
discharged.

The conclusion reached from the data analysed therefore suggests that the Water Quaiity
Objective set for discharge of uncontaminated water is extremely inelastic. This means that an
objective set within the range of a few mS/m mean that either a significant amount, or nothing at
all of the rainfal runoff can be discharged from the site.

The data presented herein and analysed for only one year of operation is admittedly insufficient
to provide good guidance as {o what the discharge standard objective shouid be post ZED. It is
therefore recommended that monitoring of rainfall events and runoffs are continued with until
ZED and thereafter. Only then can achievable long term objectives be determined.

in the mean time, a discharge standard of EC = 170 mS/m seems to be weil into reach as a
discharge standard for uncontaminated stormwater runoff.

Water Quality

Where the previous section focussed on getting an understanding of the quantity of water
discharged from the Westemn catchment, this section is aimed to do the same for water guality
aspects from the discharge.

The water quality data obtained from the three monitoring programs at the western discharge is

within this section evaluated against the licence requirements.

Water Licence Requirements

The watér licence of {VS requires a water quality monitoring point to be situated “at the bridge
on the Golden Highway where it crosses the concrete lined channel to the Rietkuilspruit”. The
existing flow monitoring point linked to AH4 is situated at this point in the channel. The ficence
specifies that this water "must be monitored by taking 24-hour composite samples at the
monitoring point described”. The variables that are to be analysed in these 24-hour composite
samples, in accordance with the water licence, are:

. pH;

. Electrical conductivity,
. Sulphates;

. Chiorides;
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* Sodim,

» Suspended solids;

» Arnmornia;

» Nitrates and nitrites,

” Manganase,

» Total phenolic compounds;
* fron

» Fluorides,

» Fhosphates;

* Magnesium;

» Totat chromium,

» Zing,

. Tiry, and

» Hoaps, ol and Qreass,

The water quality monitoring results must be submitted monthly to the Regional Director within
one month after the close of the period,

Water Quality Objectives

The WQIOs for this discharge point are contained in Table 27 The WQOs containgd in the
current water licence are fisted in the third column of this table. Also provided in this table are
the watsr quality requirements stipulated in the Preliminary Reserve and Resource Class
Detarmination, the WQOs of the expired water permit, as well as the SADWS MGV and MAY
concentrations, These additional values are provided for reference and companison puiposes,

A more comprehensive table with additonal South African and imemastional water quality
recuirements for a wide range of water quality parameters is contained in Appendix 2. This
more comprahansive table was reviewad in Section 2.3.4.
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Table 27:  Summary of WQOs, Regulations and Guidelines for Western Catchment

Waater L Parmit SAIWE: BALWS:
Water Quality Licenoe: | 0TI | o omption: | Maximum | Maximum
Parametar Units TOOTROLY Reserve & 190813 Chtkicterlirie Avceptable
fearrant) Class: G22J {aepivad} Valus Valus
Ghlorides ol 300 200 BEG (2501 280 Bo0
Elactrival GConduchivity e | ARO OOy LT R 190) 4 SO0
iren g/ g8 6.1 0.1 1.0
Manganess g/ .4 0.4 0.08 1.0
Nitrates & Ninbes rragifl B B 11 e
Bodfiam mgh | 16 {1005 166 130 166 A0
Hulphates gl 300 360 300 S0 800
Tota Arynonia eyl 10 % 0,1 10 1 2
eatchim g 10 80 1H0 200
Potassiim g a6 48 2007 400
Magtiesiurm rugyfl 40 (A 76 100
Fhenolic compounts rrgdl £, 5 1
Buspanded Solids mgdl 25
Ol rrgyl 2.5
Tetal Chiomiim migifl 0.5 0.01 .03
ine gl b 1 5
Bouble Orthophosphate | mgh 16 6.4 o '
Tin g/t 1.0
Fluoride g ] 2 1 1.5
Diasoived Oxygen % 84 1040 100
Mitrogen 7 Fhosphorus restios it

by oot it the MYGIDY wes redutead to S valus T brackels after 1 July 2002,
el that the VUG wie redused to the valie Jo brackets afer 31 Docembor 2000,
Ui vahue v spasiiad o LS O 100K mgd i the Prefiminary Reserve and Resourne Chss Datersdmtion - Guatermary Catohoment 12224,
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Before the water qm‘aiity results are evaluated, an understanding of the monitoring infrastruchure
2 the westem discharge point is required,

Descrption of Monitonng Infrastructure

The tequired monitoring position in the Rietspruit canal, before it passes under the Golden
Mighway, is the primary compliance point for IVS in terms of surface water quality and quantity,
At this point, three methods of monitoring that are wtilised by IVS in this canal. These are

» the continuous analyser (AHA4),

+ the continuous sampier, and

» the taking of grab samples in the Rietspruit canal at point RS7,

The data obtained from these three methods of monitoring will be reviewed individually and then
integradly, in this section,

The continuous analysing house situated adiscent to the Rietspruit canal, where this canal
passes under the Golden Highway, will be reviewed first,  This monitoring facility is termed
Analysis House 4 (AH4). The position of this analysing bouse s provided in the following table:

Tabla 28:  Position of AH4

koat Grid LA 29 Grid

X ¥ A Y

i Angtysis House 4 = 120,497 287,363 ~FH, 478,35 2,0950,316.86

The water quality data obtained from this analysing house is utlised primarily for water
management purposes within the 1IVS site, since the data is not required or utilised for reporting
nurposes to the regulating suthority (DWAF). The vanables that are analysed in this canal, for
which continuous data is available, are listed in the following fable:

Table 29:  Water Quality Parameters analysed at AH4 4
[TECTTRH T O] C R T I [RATTNG LI

Water i abstracted from the canal adjscent o the analysing house, and pumped to & settling
tank on the roof of the analysing house. The water s abstracted from the water surface by
mesns of @ foat mechanism to limit the entrance of sediment into the system, Filters are fitted
at the pipe inlet in the canal, at the pump Inlet, and at the infet 1o the selting tank (three filkersin____
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series). From the roof top reservoir, water gravitates down into the analysing system from
where water enters the various analysers. Water that is not utilised for the purposes of analysis
enters a drain, which returns the water to the canal. A pump circulates the water on a
continuous basis. Table 30 describes the equipment that is utilised to analyse the different
variables that are analysed at AH4,

Tabie 30: Variables Analysed and Analysing Equipment Utilised at AH4

Variables Analysed Analysing Equipment
pH, EC Foxbore Analyser
F, S04, NG, NMs Phenol, Cn, Cl, Na, Mn Tyironics Sentinel meters

There are two types of Tyironics Sentinel meters, being probe analysers and colormetric
analysers. Probe analysers utilise a reference probe and a measuring electrode to measure
fluorides, chlorides, nitrates and sodium. Colormetric analysers are utilised to analyse phenol,
manganese, ammonia, sulphates and cyanide. All meters are calibrated on a daily basis. The
analysers are calibrated according to standard solutions with an accuracy of 95%. Buckman
Laboratories prepare the standard solutions used for calibration purposes.

QOutsourced personnel permanently on site {(Anysico) maintain this analysing house. Personnel
are available on a 24-hour callout for system emergencies. Their responsibility is to provide a 4-
20 mA signal info the radio communication system for data transfer to the Energy Control
Centre. The radio communication is the responsibility of the Instrumentation and Control
Department of IVS. The continuous analyser provides half-hourly average water qualities to the
ECC, the data which is also used for this report. There are therefore 48 water quality values
recorded for each parameter measured for each day.

Continuous Sampler

In accordance with the requirements of the water licence, a continuous sampler is positioned in
the Rietspruit canal. The composite sample obtained is analysed in the IVS laboratory and the
resuits of the daily analysis are reported to DWAF on a monthly basis. Data is available for the
following parameters:

Total Hard NOs Total Alk. PH Cl S0, EC S8 F on NH; P
Ca Hard NO; Phenot Mn Na Fe Zn KMnDy Qit 3n Cr K
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The equivalent statistical value (maximum, x-percentile, median or minimum) from the
continuous sampler is generally different to the value obtained from the continuous analyser,
due to the different method of sampling.

The sampling method used by the continuous sampler comprises of a daily composite sample,
which is obtained by means of extracting a sample, that is representative of the entire day’s
flow. The sample therefore representis an average water quality for the day. The intake of
water into the continuous sampler is done at set time infervals, and is therefore not linked
proportionally to the discharge volume. The resultant sample is analysed in the laboratory on a
daily basis.

Grab Sampling Point RS7

Water quality is monitored downstream of the continuous sampling position in the Rietspruit
canai by means of a weekly grab sample. This sampling point forms part of the programme
aimed at monitoring the receiving environment in the westem catchment. Although this
sampling point is situated outside of the Works, no other sources of water enter {or are
extracted from) the canal between where it exits the site and this point. The water sampled at
this point is therefore the same water that exited the site. This monitoring point is termed RS7
{see Figure 1), and is one of the eleven grab sampling points in the western catchment

receiving environment.

The following parameters are analysed for in these grab samples,
1le £C | Ca ]Mg!.Nal Ktwuk]m 1 50, |Noslt=jpek Mn ENH3[Cr1 Cn EN02|P04[2n|

The difference in the resuits of this monitoring point and the continuous sampler is attributed o
the difference in the sampling frequency and method. The continuous sampler resuits comprise
of daily composite samples, i.e. an average water quality for the day. The RS7 grab sample is
an instantaneous grab sample taken on a weekly basis and only represents the water quality at
that specific point in time.

Data Obtained

The maximum, 95-percentile, median, 10-percentile and minimum concentrations for the various
parameters have been determined where possible. The maximum and minimum values provide
an indication of the total spread of the data set. The 95-percentile and median values are often
utiised as statistical compliance criteria for water quality because these values provide a
representative indication of the water quality data set over time. An average value can be
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distorted by outliers (high or low), and the maximum and minimum values on their own are not
representative of water quality over time — especially when such a large amount of data is
available.

The grab sampie analysis results for RS7 have been piotted on the same set of axes as the
SADWS MGV and MAV, together with the water licence WQO in Appendix 5. Also provided in
this appendix are tables providing the gfab sampling analysis resulis, as well as the annual
maximum, 95-percentile, median and minimum values. No monthly maximum, 95-percentile,
median and minimum vaiues have been determined for the RS7 data since insufficient data
exists to perform a statisticai analysis on. A minimum of 20 values would be required to
determine the 95-percentile, and a maximum of five values exists for any month, since weekly
grab sampies only are {aken at this point.

The monthly tables containing the continuous sampler data are provided in Appendix 6. Also
presented in this appendix are tables and graphs of the maximum, 95-percentile, median and
minimum monthly concentrations of the various parameters analysed. On the same set of axes
as the box and whisker graphs, the SADWS MGV and MAV, and the WQOs have been plotted.
The WQO line indicates the concentration that, if exceeded, constifutes a non-compliance
incident when reporting to DWAF.

Tables and graphs of the maximum, 95-percentile, median and 10-percentie monthly
concentrations of the various parameters analysed at AH4 are contained in Appendix 7. The
statistical summary values were determined from the AMH4 continuous analyser data set, which
comprises of average vaiues for every haif-hour for the year of analysis for each of the water
quality parameters. Forty-eight values are therefore available for each parameter in the AH4
data set for each of the days in the year of analysis. The SADWS MGV and MAV, and the
WQQOs have been plotted on the same set of axes as the box and whisker plots.

Each of the parameters analysed for will now be discussed in more detail:

pH

The pH of water does not have a direct consequence on water quality except in exireme
sifuations. The adverse effects of pH result from the solubilisation of toxic heavy metals and the
pronation or depronation of other ions.
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When reviewing the continuous sampler, AH4 and RS7 data it is evident that the water in the
canal is generally slightly alkaline. The maximum, 95-percentile, median, 10-percentile and
minimum pH values are relatively stable in the canal, with a few outliers in the AH4 data set
(July, August, November 2001 and February 2002). These outliers seem io be aftributable o
data errors since this data is not consistent with the other parameter data. No WQO is specified
inn the water licence for pH. The SADWS maximum guideline upper and lower values for pH are
9 and 8 respeciively, while the maximum acceptable values are 9.5 and 5.5 respectively.

In conclusion therefore, it seems that the works has no difficuity in keeping the pH value of
water discharged within the limits set within the WQOs of the water licence.

Electrical Conductivity

The EC of water is widely used to indicate the total ionised constituents of water. 1t is directly
related to the sum of the cations (or anions), as determined chemically, and is closely comrelated
in general with the total sait concentration. EC, measured in mS/m, is related to TDS,
measured in mgA. The conversion ratio between the two parameters typically ranges between
55 and 7.5. After examining vanous analyses within the Works, this value was taken to be 6.5
for the IVS site. EC is a rapid and reasonably accurate determination, and values are
expressed at a standard temperature of 25 °C to enable the comparison of readings taken
under varying climatic conditions. The dominant water quality parameters comprising the salts
in the water are chlorides, suiphates, sodium, caicium, magnesium, nitrates and potassium.

For analysis of the RS7 data, refer to Appendix 5. When reviewing the data it is evident that
the WQO of 190 mS/m was exceeded in four of the thirty-six samples. (The 180 mS/m refers to
the WQO as specified in the Permit Exemption 1998B, which was valid to the end of 2001.
Subsequently, this value was lowered {o 180 mS/m until 30 June 2002 where after it became
170 mS/m as specified in the current Water Licence: 10018047). This means that 89% of the
grab samples af RS7 fell inside of the WQOs for the Rietspruit canal outlet and 11% ouiside.
The highest EC value in the grab sample data set is 218 mS/m, and the median is 155.9 mS/m.

For analysis of the continuous sampler data, refer Appendix 6. The figure shows a box and
whisker plot of the minimum, median, 95 percentile and maximum average monthly data set
available for the review period (each month's data therefore represents a summary of 30 or 31
laboratory analysed water sample results). SADWS fimits (70 and 300 mS/m) and WQQOs (190
going down to 180 mS/m} are also indicated for reference purposes.
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The continuous sampler data shows that the highest EC value during the year of analysis was
229 mS3/m. This value corresponds well fo the RS7 results. The 95-percentile value ranges
from 150.8 mS/m to 221.6 mS/m, and this statistical value exceeds the WQO during three
months of the year of analysis. Occurrences of exceedance all happened towards the
beginning of the review period and a downward trend in the values towards the end of the year
can be noted.

For analysis of the continuous analyser data, refer to figure Appendix 7. The figure shows a
box and whisker plot of the minimum, median, 95 percentile and maximum average monthly
data set available for the review period (each month's data represents a summary of all the half
hourly results and therefore represents some 1440 readings each). SADWS limits {70 and
300 m8/m) and WQOs (190 going down to 180 mS/m} are aiso indicated for reference
purposes.

The AH4 data provides higher maximum values, due largely to the significantly larger data set
than that of the continuous sampler. The 95-percentile value exceeds the WQO during half of
the months in the year of analysis, afthough it exceeded the quality limits only marginally during
September and October 2001,

All three data sets indicate that during the months of January and February 2002 the EC is
significantly lower than the previous ten months. Even the maximum EC values from the AH4
data set are well below the new water licence WQO value of 180 mS/m.

In conclusion therefore, it can be stated that with respect to EC values for water discharged, the
water quality has been close to the limit of the WQO objectives set for the western discharge,
but that an improvement of quality towards the end of the review period has been noticed. The
datasets however indicates that it will be possible for the works to keep its discharge water
quality (EC only in this case) below the WQO set for discharge untit ZED in 2005.

Chemical Oxygen Demand

The Chemical Oxygen Demand (COD) test is used to estimate the amount of organic matter in
the water. The COD is the amount of oxygen required to degrade the organic compounds of
within the water. COD is only monitored by the continuous analyser at AH4. COD is not a
required monitoring element specified by the Water Licence: 10016047, nor are there limits set
for COD in terms of SADWS. The GN R991 Regulations specify a general standard of 75 mg/i.
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The 95-percentile monthly COD concentration ranges considerably from zero fo about 120 mgh,
but is below 85 mg/l for eleven of the twelve months under review. The highest monthly median
value is 37.7 mgh.

In conclusion therefore, it can be stated that with regard to COD, the works should be able to
keep the values below the 75 mg/l limit for most of the time (85 percentiie) until effluent
discharge is eliminated with ZED in 2005,

Cyanide

The conceniration of cyanide in the Rietspruit canal is not specified in the VS water licence.
The SADWS MGV for cyanide is 0.2 mg/l, and the MAL is 0.3 mgh.

Cyanide was not analysed for at RS7 before August 2001, The highest cyanide concentration
recorded at the RS7 grab sampiing point after this date was 0.08 mg/l, which falls within the
SAWDS MGV limit as stated above.

Cyanide concentrations as measured by the continuous sampler also indicate that all 95
percentile values are well within the SADWS MGV vaiue and therefore poses no problem.

The AH4 continuous analyser 95-percentile values are also consistently below 0.1 mgfl, with the
exception of June 2001 where the value reached 2.4 mg/l. A graph showing the data obtained
from the continuous analyser for the month of June 2001 is aftached in Appendix 6. The data
shows that the values measured are inconsistent with the data recorded by the continuous
sampler. Taking only the 2™ June 2001, the continuous analyser showed that the
concentrations of Cyanide were above 1 mg/l for most of the day. However, analysis of the
continuous sampler reported a value of 0.03 mg/l for the day. ‘

The inconsistency of data reported is of major concern and efforts should be made to rectify the
inconsistencies.

In conclusion therefore, it seems as if Cyanide concentrations can be kept wel! within the limits
of SADWS by the works until seizure of effluent disposal to the canal in 2005. However, efforts
should be made to ensure that the quality of water discharged to the canal is monitored
accurate and that the confidence level of data is increased.
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Fluondes

The WQO specified in iVS's water permit that expired on 31 December 2001 is 2 mg/l. The
current water licence, which is vaiid untit June 2003, specifies a WQO of 25 mgfl. The
dominant source of fluorides in the Rietspruit canat is the CETP.

The RS7 data indicates that fluoride levels were consistently higher than WQOs as specified in
the water ficence, even after the relaxation of the fimit to 2.5 mg/l in January 2002. A maximum
fluoride concentration in the water of 5.6 mg/ was measured during October 2001, Most of the
data points however seem to fall between 2 and 3 mg/l with no exceedences after November
2001,

With reference to the continuous sampler, the data looks fairly constant with most of the months
reporting 95-percentile vaiues below 4 mgA. The median values normally are below 3 mgh.
Higher Fluoride concentrations during the dry season are consistent with lower flows measured
during the same months.

The continuous analyser data is shown in Appendix 6. The dataset shows similar resuits to
those obtained by RS7 and the continuous sampler. Data typically ranges between 1.5 and
3 mg/t with the 95 percentile mostly below 4 mg/l.

In conclusion therefore, with reference to Fluorides, the works hés difficuity to comply to a WQO
of 2.5 mg/l and consistently exceeds this limit up to about 4 mg#l. Variability of the values
however seems low. For more details on how IVS intends reducing the Fluoride levels untit
2005, the reader is referred to the Process Water Spedialist Report.

Chionides

Chloride is a common constituent in water. It is highly soluble, and once in solution tends to
accumulate. Chioride can only be removed from water by energy-intensive processes. At
elevated concentrations chiorides impart a salty taste to water. The WQQO for chiorides in the
current licence is 300 mg/l, whereas in the previous water permit the value was 350 mg/l. The
dominant sources of chlorides within the Works are the CETP, the demineralisation piant and
the direct reduction plant.

With reference to Chioride levels reported from grab sampile analysis at RS7, it seems that
Chioride values typically vary between 200 and 350 mg/l with only three data points exceeding

9960. ISCOR VANDERBIJLPARK STEEL - SURFACE WATER SPECIALIST REPORT - NS{SR/ 7




64 VAN RENSSEN & FORTUIN

the set WQOs. it is imporiant to note that since December 2001, Chioride levels did not exceed
either the SADWS MAV or the WQO set at 300 mg/l.

Data obtained from the continuous sampler indicates values quite consistent with that found at
RS7, with 95 percentile values iypically below 400 mg#t for the first 6§ months and below
300 mgd for the second 6 months. Again, a decrease in Chloride values is evident towards the
end of the year under investigation. Mean values were typicaily between 200 and 250 mg/l for
the second 6 months of investigation.

Data obtained from the continuous analyser at AH4 shows Chloride values varying typically
between 200 and 400 mg/! with the months Sepiember and December showing 95 percentile
values up to 700 mgfl. This data show values inconsistent to the other months. For an analysis
of the data, refer to the monthly summary data for the particutar months under review.

The September graph shows that Chloride values exceeded the limit values significantly during
the 1% and 2™ of the month. The detection limit for Chlorides is 700 mg/, indicating that values
might have been higher during the review period. The second exceedance occurred during the
16" and 17" of the month, however data for this period is limited. Not too much can therefore be
said from this second occurrence. The exceedance during the 1* and 2™ is however
inconsistent with the data obtained from the continuous sampler which reported vaiues of 244
and 276 mg/l respectively. The data inconsistency poses a problem with the analysis and efforts
shouid be made to rectify the inconsistency in data obtained.

When considering the month of December 2001, the data obtained from the continuous
analyser shows many discrepancies and is of fimited vaiue. The period between the 11" and the
13™ however is of concern and shows elevated Chloride levels above the 700 mg#t detection
limit. The corresponding values obtained from the continuous sampler analysis are 211, 240
and 253 mg/l for the 11%, 12" and 13" respectively. This discrepancy again highlights the need
to investigate the variation in values obtained from the different analysing methods.

In summary therefore, it seems that the works has the capability to keep the Chloride discharge
concentrations in general within the specified WQOs until ZED in 2005, however, exceedances
of the limit can be expected for short periods of time. An effort should be made to investigate the
discrepancies between the continuous analyser and the continuous sampler data, which is of
major concern.
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Nitrades, Nilrites and Ammonia

Nitrogen refers to all inorganic nitrogen forms present in water,  Ammaonia, ammaonidm, nitrates
ard ritrites are the most dominant forms of Nitrogen that exist in waters,  In uncontaminatad
water the nitrate-nitrogen concentration is typically less than 2 mgA as N Nitrates and nittites
do not have any taste, colour or smell, and do not affect the colour of water, Nitrogean ocours
pradominantly as a nitrate in water, and the ammonim form is usually & result of & process
efflusnt affecting the water, Nitrates, nitites and ammonia emanate predominantly from Coke
Ovens and Blast Fumnaces, Both the expired water parmit and the new water icence specify a
WG for nitrates and mtrites combinad of & maa, Ammonié& % restrictad to & WQO of 10 mg/.
Thie BADWE MGV and MAV are 6 and 10 mgf respaciively,

A review of the Nitrate (NOg) values measured gt REY indicates that most of the values (86%)
fall balow the BADWES MGV, Nitrites (NOy) indicats averags valuaes balow 2 mg/. Nitrites have
only been aralysed for since August 2002 and no combingd value can be supplied befora this
date, The combined WQO for Nitrate and Nitrite is 5 mof and 71 % of the values comply with
thig lirnit.

As far as the continuous sampler is concerned, the combined values for Nitrate and Nitrites fall
typically In the range of 5 mof (median values) and 9 mghd 05 percentile), Values for N are
therefore typically hovering at the WQO fimit with 50% of the values typically above the WQO of
5 g, This data is consistent with data obtained at RBE7,

At the continuous analyser, only Nitrates are measured (not Nitrites), An evaluation of the data
shows similar resulis to that oblaingd from the continuous sampley and the REY data, wWhen
avahiating the continuous analyser monthly data, it s evident that Nitrate levels are kept well
balow the 5 gl imit and typical values betwaen O and 2 mg/l are encourterad. Howevar,
accasionsl exceedance spiles in the valves ocour over short pariods of time. Even if a typics
Mitrite concentration of 1 mg/ (see RE7 dala) is taken, the total N graph would still be within the
& mgd fimit for most of the time,

I summary thersfore with reference {o Nitrogen it is evident that the works has difficulty in
kasping N levels below the WQOQ. Periodic exceadances of the limit do octur as higher spikes
over shord parods of time. The WQO limit is howeaver low when comparad o the SADWS
lovals, For further information om how the works inferids reducing the rumber of exceadancas
until ZED in 2008, the reader is refarred fo the process waler specialist repor,

VVVVV
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As far as Ammonia is concerned, typical values vary between 0 and 7 mg/l for the RS7
measured point. This is below the water licence sequirement of 10 mg/l. VS only started
monitoring Ammonia levels from August 2001 and therefore only 6 months of data is available.

With reference to the continuous sampiler, Ammonia levels were typically below the WQO limit
of 10 mg/l with exception of July 2001 where the 95 percentile went up to about 12 mg/l. Of
significance is to note that the occurrence of WQO exceedance decreased significantly for the
second haif of the year. This can be ascribed to the construction of the Coke Cvens sump,
which captures most of the Ammonia rich Coke Oven effluent during emergency situations.

Ammonia levels as measured by the continuous analyser shows similar results to that
measured at RS7 and in the continuous sampler. Again, exceedances are linked to high spikes
over short periods of time, and on average, the values reduced over the second haif of the year.

In conciusion therefore, with respect to Ammonia levels, the works is able to keep within the
ammonia level as stated by the WQOs since the construction of the Coke Oven sump and until
ZED in 2005.

Manganese

Manganese originates predominantly from the CETP. Manganese is a metal micro-determinant,
common in soils and often associated with water. This element is responsible for the dark tea-
like colour of some water sources. The typical concentration of manganese in uncontaminated
water is 0.001 to 0.2 mg/. WQQ set for effluent discharge to the Rietspruit canal is set at
0.4 mg/, while the SADWS are 0.05 mg/l recommended and 1.0 mg/l maximum.

The RS7 data indicates that the manganese levels measured are typical between 0.05 and
0.4 mg/l with exceedances occurring in 14% of the cases.

Review of the continuous sampiler indicates Manganese levels are typically below the 0.4 mgf
level bt that during the months July, November and December this value was exceeded on
various occasions.

When considering data obtained from the continuous analyser, 85 percentile values were
typically within the 0.4 mg/! limit. This is inconsistent with the data obtained from the confinuous
sampler and RS7. Data obtained for January 2002 is particularly high and needs more

evaluation.
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Manganese levels reported were elevated during the period 10" to 12" January and again
during 20" to 22™. During the former period, Manganese levels up to 1 mg/t were encountered,
while levels up o 5 mg/l were reported for the second period. Data from the continuous sampler
recorded levels of 0.04 mg/l for the 10" 0.29 mg/l for the 11™, 0.02 mg/l for the 20" and
0.01 mg/l for the 21%. This means that data reported for the first occurrence was probably
correct while the second occurrence could have been an instrumentation problem at the
continiious analyser.

In concilusion therefore with regards to Manganese, the works should be able to keep
Manganese levels below the WQO limit of 0.4 mg/4 until ZED in 2005. '

Sulphates

Sulphate levels in unpolluted fresh water are typically less than 10 mg/l. Sulphates at elevated
concentrations impart a distinctive bitter taste and rotten egg (H;S) smell to the water. While
the preliminary reserve and class determination for the quaternary caichment puts forward a
water quality reserve for suiphates of 360 myl/l, the water licence WQO is 300 mg/t {the old
permit exemption value was aiso 300 mg/l}. Within the IVS Works the dominant source of
sulphates is the CETP. Sulphates may also originate from Air Products, the Blast Fumace, Slag

Granuiation or the Vaal River intake water.

The RS7 data set indicates that Sulphate concentrations hover around the 300 mg/l level with
typical values between 200 and 400 mg/l.

Data obtained from the continuous sampler indicates similar results with typicaily the median
values below the WQO and the 85 percentile above.

Sulphate values obtained from the continuous analyser confirms the above results. Interesting
to note is how the Sulphate values are managed within a range between 200 to 300 mg/l except
from incidents where the values go up for a certain period, where after the values go down
again to normai.

In conclusion therefore, with relation to Sulphates, the works seems o be able to keep levels
below the WQQ level of 300 mg/l until ZED in 2005, except during process malfunction when
Sulphate levels could increase up to 400 or 500 my/l.
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Sedium

Sodium is present in all food to varying degrees. Sodium is an essential dietary element
needed to maintain the electrolyte balance in the body. The preliminary reserve determination
water quality limit for sodium is 168 mgA. The WQO for the Rietspruit canal was 130 mg/
during the permit exemption, reduced to 110 mg/t in the preliminary licence and reduced fo
100 mg/l since July 2002 in the new water licence.

Data obtained from RS7 shows that Sodium is present in the effluent within a narrow range
between 70 and 130 mg/l. All data samples analysed were within the WQOs fimits.

The continuous sampler provides very similar results than point RS7, with the median at or
below 100 mg/t and the 85 percentile within the WQQOs fimit.

The continuous analyser shows that the Sodium levels vary significantly during the day and
values between 40 and 150 mg/l going up to 200 mg/i are generally encountered. The 2 day
running average confirms the data obtained from the continuous sampler and RS7 analysis i.e.
laying generally below the 100 mg/i mark. Due to the fact that the continuous sampier has an
upper detection limit of 200 mg/l, it is difficult to estimate the maximum values to where the
peaks go. If possible therefore, the upper detection limit for Sodium at the continuous analyser
should be increased to about 400 mg/l, the SADWS - MAV for Sodium.

in conclusion therefore, with regard to Sodium, the works is able to keep the general trend of
Sodium values below the WQO #imit of 130 mg/l untii ZED in 2005 when measured by the
continuous sampier method. It must however be realised that values exceeding the limit will

occur during the period of review.

Suspended Solids

The water licence WQO for suspended solids is 25 mg/l. This requirement was infroduced into
the water licence principally to fimit the volume of sediments passing down the canal. The
reason why this WQO was introduced is due to a concern that sediments emanating from the
site may have adsorbed heavy metals, which may by these means be transported out of the
site. Suspended solids in the water are largely removed at the TETP, although during wet
weather flow conditions the water is diverted around the buffer dams and the water does not
pass through the fiiters.

Suspended solids are not analysed for in the RS7 samples.
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Suspended sofids analysed in the continuous sampler typically show values below 50 mg/l. with
the exception of January and February 2002 where the values were higher. Suspended solids
readings for January included three instances where the vaiues were 274, 300 and 191 mgfl
while ali the other readings were below 50 mg/l. The dates on which the high values occurred
coincide with high rainfall activity on the site, however other days where it rained show SS Ieve'ls
no higher than 11 mg/l. It is therefore inconclusive to state where the high levels detected
originate from and further investigations during rain events should be performed.

The continuous analyser, due to its filtering system does not measure suspended solids,

In conclusion therefore, with regard to Suspended solids, it can be stated that the works can
comply to a WQO of 25 mg/t under dry weather conditions {due to filtering at the TETP) but that
this fimit is likely to be exceeded during rain events. Infrastructure therefore needs to be put in
piace to be able to comply to the limit and the limit might need review in light of normat
stormwater qualities that can be expected during rain events,

Phenol

Phenal is a colourless or white solid when it is pure. it is however usually sold and used as a
liquid. It has a strong odour that is sickeningly sweet and irritating. It evaporates more slowly
than water and dissoives fairly well in water. Phenol is usually found in the environment below
100 ppb, although much higher ievels have been reported. The dominant source of phenols
within the Works is the Coke Ovens. The WQO in the new water ficence for phenolic
compounds is 0.1 mg/. No WQQO was specified in the old permit exemption.

Phenol is not analysed for in the RS7 samples. Data from the continuous sampler indicates that
phenol levels are commonly below 0.1 mg/f {95-percentile} except for the months of March and
November 2001 when higher values were encountered. The month of November includes two
occasions where Phenol levels were elevated for 4 and 3 days respectively. Phenol leveils
detected were up to 0.38 and 0.45 mg#t for the two incidents respectively. The continuous
analyser does not monitor phenol levels.

i

E

In conclusion therefore, with respect to Phenols, it seems that the works is capable of keeping
the phenot levels below the WQO of 0.1 mgfl, but that the necessary steps should be taken to
ensure that incidents of high Pheno! occurrence can be avoided,
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The WG for Phosphorus is set ag 1 mot in the current water licence,

Fhosphorus analysad from the RS7 samples indicate levels of Phosphorus typically at
0.085 mo/t, which is wedl helow the WG Emit. Data obtained from the continuous sampler also
shows vahues for Phosphorus of 0.1 mgl, again well balow the WQO limit,.  Phosphorus is not
analysad for in the continuous analyser.

In conclusion therefore, with regard to Phosphorus, it seems that there s no probiem with
Phosphorus on the site and that levels are well below the WCHD imit | s recommended that
Fhosphorus be deleted from the list of varables to be fested as a requirement in the water
ficence,

fran

The metslic element irom in it pure stale i silvery-white, but iror usually appears rown of
black in colour because of the oxidation of the surface of the metal. The reddish colour of soil is
usually due to the presence of ron. The concentration of ron in uncontaminated fresh water
ranges from G001 to 0.5 mgl.  Bince most soils are jronich, 5 concentration in the sol
solution is determined primarily by soll pH and soll aeration. The dominant sources of iron within
the site are the CETP, Direct Reduction and Vaal River intake water, Being an ron and steel
works, it goes without saying that iron concentrations throughout the works must certainly be
high in dusts on swiace, The WO for iron in the current water Reence limits 18 concentration
in the canal to 0.3 mg/  The old permit exemption specified a value that coincides with the
SADWE MGV of .1 mgil,

Water sample analysis from the RS7 samples indicate that Iron levels in waters typically range
between 0 and 1 mgf, More than half the samples e above the WOL imit of 0.3 mg/,

Data obtained from the continuous sampler indicate simitar results to that of RET with values
typicalty Dejow 0.4 mg/h.

Even with the relaxation of the WQD in the new water licence, the works has difficulty in
complying with the set WO, The presence of iron In water is further discussed in the risk
assessment secton of this document and in the specialist reports for source charactensation
and process water, No analysis of lron i done in the continuous analyser,
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In concilusion therefore, with regards to iron, the works has difficulty in complying with the
current WQQO of 0.3 mgfl until ZED in 2005.

£ine

Zinc is an essential nutritionai trace element for plants and animais. Zinc is also required for the
proper functioning of the immune system. The concentration of zinc in uncontaminated fresh
water is very low, typically approximately 0.015 mg/l. The SADWS MGV and MAV for zinc are
1 mg/t and 5 mg/i respectively. No WQQ was specified for zinc in the old permit exemption, but
the water licence specifies a WQO that coincides with the SADWS MGV of 5 mgA.

Zinc values obtained from the RS7 samples indicate Zinc levels typically between 0 and
0.5 mg/l. The data analysed is fairly consistent and falls well under the WQO limit of 5 mg/l.

Samples analysed from the continuous sampler indicate similar Zinc levels typically below
0.5 mgh except for March and April 2001 where the level was typically below 1.2 mg/l (95-
percentiie). The December analysis showed one level of 5.6 mg/i, which can not be explained.
All the other data for December 2001 lies below 0.5 mg/l. Zincis not analysed for at AH4.

In conclusion therefore, Zinc does not seem to be a problem at the works and the current WQO
limit of 5.0 mg# can easily be adhered to. it is recommended that Zinc be deleted from the list
of water qualities o be tested in the water licence.

Qi

Oil is widely used in the works for lubrication purposes and in the mills process. Qily waters are
treated at CETP before release to TETP. The WQO for Qil, specified in the water licence is
2.5 mgh.

Qif is not analysed for in the RS7 samples. Resuits obtained from the continuous sampler for
Qil indicates typical values below 2.5 mgfl (95 percentile) with mean values ranging between O
and 1.1 mg/l. The continuous analyser does not anaiyse for oil.

In conclusion therefore, with regards to Oil, the works should be able {0 keep Oil levels below
the WQO of 2.5 mg#t until ZED in 2005.
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Tin

The WQO for tin in the new water licence is 1 mgfl. Tin is used in producing Tin plate and the
wastewater streams containing Tin are treated in CETP before they are sent {o TETP for
discharge.

Tin is not analysed for in the R87 samples. Resuits from the continuous sampler show Tin
levels typically below 0.6 mg/l (95 percentile), and within the WQO of 1 mg/i as specified in the
water licence. The results for November 2001 however show Tin levels in excess of the WQO.
On analysis of the daily data, one level of 2.3 mg/l and one of 1.2 mg/l were encountered.
These values are unexplained. All the other daia for the month was below 0.7 mg/t. Tin is not
analysed for in the continuous analyser.

in conclusion therefore, with regards to Tin, the works should have no problems in keeping
within the WQO Iimit of 1 mg#t untit ZED in 2005,

Chromium

Chromium is mostly found in one of three valence forms. Chromium (i}l) occurs naturally in the
environment, while Chromium (V1) and Chromium (0) are normally associated with industrial
processes. The WQO specified in the new water ficence for total Chromium is 0.5 mg/l.
Chromium is used in the process to produce Chromadec sheeting and wastewater effluent from
the process is treated in the CETP plant before it is sent to TETP for discharge to the canal.

Results obtained from analysis of the RS7 samples indicates a level of Chromium typically of
0 mg/l with some values reaching up to 0.2 mg/l. The levels are well below the WQO limit of
0.5 mg/.

Chromium levels reported from samples obtained from the continuous sampler indicate typical
Chromium values below 0.4 mg/l (95 percentile). These values report higher levels than the
RS7 samples. The reason for this discrepancy might be that the RS7 sampie is taken 2.5 km
downstream from the outlet point of the canal and that Chromium has the tendency to adsorb to
the soil particles whereby it would not reach the R87 sampiing point. All data values obtained
from the continuous sampler except for one felf below the WQO limif of 0.5 mg/l. Very limited
quantities of chromium was detected in samples analysed for during the months of December
2001, January of February 2002 (typically between 0 and 0.1 mgft very occasionally).

Chromium is not analysed for in the continuous analyser.

249640; ISCOR VANDERBIJLPARK STEEL - SURFACE WATER SPECIALIST REPORT - WS/SR/027 :‘



73 VAN RENSSEN & FORTUIN

In conclusion therefore, the works seems to be able {o keep the Chromium concentrations
under control and below the WQO limit of 0.5 mg/l until ZED in 2005.

Eofassium

Potassium is an alkali metal, and is the main intracellular positive ion in living tissues. It is an
essential dietary constituent. The concentration in uncontaminated fresh water is typically 2 to
5mg/l. Af elevated concentrations potassium imparts a bitier taste to water, but it does not
affect either the smeil or appearance of the water. The WQO for Potassium specified in the
water licence is 46 mg/l. This limit is substantially lower than the SADWS MGV of 200 mg#.

Potassium levels obtained from analysis of the RS7 samples indicate typical values between 0
and 50 mg/i. Potassium levels vary within a narrow band and were aill below the WQO mit of
46 mg/l.

Potassium levels obtained from the continuous sampler provide similar results to that of the RS7
data with levels mostly below the WQO limit. Potassium is not anaiysed for in the continuous
analyser.

in conclusion therefore, with régards to Potassium, the works seems to be able to control
Potassium levels to below the WQQO imit of 46 mgd until ZED in 2005, even though this limi is
very low compared to SADWS.

Total and Calcium Hardness

Total hardness is the sum of calcium and magnesium concentrations expressed in mg/l calcium
carbonate {CaCOs;) and is caleulated as follows:

Total Hardness = [2.497 x calcium (mg/}] + {4.118 x magnesium {Mg/l1})j

The {otal hardness value indicates whether the water is soft or hard, and relates to the ease or
difficulty of lathering of soap.

The water licence does not specify any limit for Total hardness, however Caicium and
Magnesium levels are restricted to 160 and 40 mg/i respectively. The limit set for Magnesium is
significantly stricter than the SADWS MGL of 70 mg/l.
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Calcium fevels measured at the RS7 point indicate typical levels highly vanabie between 20 and
200 mg/l. Magnesium levels reported from RS7 vary in a narrow band between 20 and 50 mg/|
and are usually kept below the WQO level of 40 mg/l. Data obtained during May and June 2001
indicate elevated ievels of Magnesium of up to 200 mg/l. The cause of this however seems {o
have been resolved since.

The confinuous sampler analysis is done for Total Hardness and Caicium Hardness only. Total
Hardness values typically range between 350 and 550 mg/t (85-percentile). If ihe calculation for
Total Hardness is done on the WQOQ limits for Calcium and Magnesium, a value of 564 mg/l
shouid be the iimit for Total Hardness. The works seems to be able {0 keep Total Hardness
values within this limit. Total Hardness is not analysed for in the continuous analyser.

Int conclusion therefore, with regards to Total Hardness, no WQO has been set. The caiculated
value of 564 mg/l however indicates that the works shouid be able to controi Total Hardness
below this limit. Regarding the components of Total Hardness individually, i seems that the
works has difficulty in complying to the WQQO of 180 mg/l for calcium while it can comply {0 a
relatively strict WQG set for Magnesium at 40 mg/l.

it is recommended that in future either the Total Hardness be fimited in the water licence and
the analysis been done therefore, or that the WQO timits for Ca and Mg be reviewed and all
analysis been done for the two components individually.

Total Alkalinity and Pofassium Permanganate

Both these elements are being analysed for in the continuous sampier, however neither of them
are required for water licence requirements and no standards have been set in terms of WQOs.
The data obtained is however shown on the graphs in Appendix 8,

I conclusion therefore, with regards to Total Alkalinity and Potassium Permanganate, there are
no WQOs to which the works should comply and therefore, unless there is good reason for
analysis of these two elements, it is recommended that they are deleted from the list of
parameters to be analysed for,

Eastern Discharge

The surface area of the eastern catchment of the IVS Works is approximately 4.19 km?. This
eastern portion of the Works area drains into the Leeuspruit catchment, which is described in

Section 2.2.4. In evaluating the eastem catchment of the IVS Works; it i

-essential fo initially
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identify the sources of surface water within this portion of the site that report to the Eastemn
Discharge point as the Frikkie Meyer weir.

Sources of Water Runoff

The areas from where stormwater runs off {0 eastern caichment include the North Works, the
Steelserv area, Hecketts South and the Leeuspruit open veld area including the marshy area at
upsiream from the Frikkie Meyer weir. The volumes of surface water reporting to the eastem
catchment will be evaluated first, where after a review of the water qualities associated with

these waters will be done.

Water Quantity

The single discharge point from the eastem portion of the IVS Works area is the Frikkie Meyer
weir. The water released from the works at this discharge point is limited fo storrmmwater
emanating from the eastern catchment.

Before the infrastructure and management of the eastern catchment discharge point is

discussed, it is necessary {0 understand the rainfall hydrology for the area, which is herewith
discussed.

Rainfall Volume

The total rainfall that fell on the eastern catchment during the year of analysis was
approximately 860.3 mm (refer to Section 2.1.2). This is the average depth of rainfall as
measured by the continuous and daily stations on the site. The eastern catchment is
approximately 4.19 km® in area. This means that approximately 3.6 million m® of rainfall fell
within the eastern catchmeant during the period March 2001 to February 2002,

Runoff Volume

Utiising the total rainfall that fell within the eastern catchment of the site, together with the runoff
factor for this catchment, the runoff volume associated with this catchment can be estimated.
The following table presents the calculation of the area weighted runoff factor “C” for the eastern
catchment of the VS Works. The following factors were ufilised in determining the “C” factor:

. Cs: Average catchment slope;

» C,: Permeabiiity of the surfaces; and

. C,. Vegetation.
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The *C” factor for each sub-area was then muitiplied by that area’s surface area, and divided by
the total area to provide the area weighied “C’ ” for each sub-area.

Table 31:  Area Weighted Runoff Factor “C”

Area Description Surface Areg (ha) Cs Cp Cv Cc ¢

North Works 2172694 063 0.21 0.23 0.47 24
Hecketls South 535314 0.03 0.04 0.04 0.1 0.01
Leeuspruit Sump 418766 0.03 008 0.06 015 8.1
Fraining Grounds 462947 0.03 015 0.15 0.33 0.04
Leeuspruit Viet Area 603446 003 0.04 0.04 0.1 0.02
Total Area : 4193467 Area Weighted "C" : 0.32

Utilising this runoff factor an estimation was made of the runoff volume that was discharged to
the eastern catchment discharge peini during ihe year of analysis. The volume of runoff
caiculated for the eastern catchment for the year of analysis, as a result of precipitation was
approximately 1153 356 m®>. A comparison between this figure and the discharge voiume
measured is done hereinafter as well as a statistical comparison with the return period
calculation.

Peak Flow Events

eak flow events have been determined for the eastem catchment of VS, and are contained in
Table 32. Three methods were utilised for determining the peak fiow from the eastem
catchment of the site, namely the rational, empirical deterministic and unit hydrograph methods.
These methods were subsequently compared and found to be in the same order of magnitude.
An average between the various values for their respective return periods was then determined,
and is also provided in the tabie.

Table 32: Peak Flow Event for Various Return Periods at Frikkie Meyer Weir (m®/s}

Return period Rational Method Empirical Deterministic Unit Hydrograph Average
1:100 454 431 1.7 434
1:50 37.3 342 306 34.0
1:20 335 24.4 20.8 26.2
1:10 218 21.2 14.4 18.0

1.5 16.3 - 11.6 15.4
1:2 11.6 - 5 8.3
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wtormfiow Volume

The peak flow calculation is usually utilised for the design of water management infrastructure.
The volume of water discharged is however alzo of critical importance to this study, These
volumes have been determined ulilising the unit hydrograph method, and the results are
summarised in Table 33, The bold underiined values indicate the critical atorm duration for
gach of the return periods, 1.2, the storm duration that 15 associated with each peak flow event,
The peak flow iz therefore not associated with the 24-hour storm, which has the largest
stormilow volume, but with the half or one howr duration storms.

Table 33:  Storm Volumes determined utifising Unit Hydrograph Mathod (m)

Botuers Parion 0.5 hy storm 1 hy stowm 2 hr storm 4 b sdoem 24 hy storm
1:100 116,429 203 RAT 248,816 260,254 594,495
150 20,317 349,200 205,344 250,040 445,124
1120 7 5 101,041 137,750 65,854 37,630
110 449,127 49,424 4,358 106, 2008 270
1.5 35,163 BB.429 FR,175 89,766 174,026
1:2 1,728 24,633 30,108 34, B 73,308

The storm volumes can be ullised 10 determine the storage capacity of a facilty that would
capture a specific storm, for example capturing the 24-hour 1,100 year flood would require @
dam with holding capacity of 594 495n1°.

The requirements of IVS's water licence will now be reviewed in ferms of the requirements
appertaining 1o water quantity discharge, monitoring and managerment in the eastemn catchment,

Water [iconee Reguirements

Clause 7.1.2.1 of the Exemption Permit 19988 requires that the flow volume be monitored in the
Leeuspruit on the western side of the culverts that pass under Frikkie Meyer Boulevard, The
Frikkis Meyer weir was constructed to meet this requirement. This water exemption permit has
subsequently expired and a new water licence has been izsued to IVE (see Appendix 1),

Irs terma of the volume of water that may pass over the Frikkie Meyer weir, the current water
hcence specifies that ‘no wastewater, polluted stormwater or seepage” may leave the
Licenses's premises via the Frikkie Meyer weir into the Leeuspruit. This licence specifies that
wastewater, polluted stormwater runoff and seepage from the eastern part of the Licensee's
property must be discharged into the Ristkuilapruit via a canal after treatment and in compliance
with the Rietsproit canal WGOs.

PHBIE IGCEWR VANDERBLILPARK STEEL ~ SURFACE WATER SPECIALIST REPORT NE/S‘R;"{}ZT Lo




78 VAN RENSSEN & FORTUIN

The licence does however authorise the discharge of uncontaminated stormwater into the
Leeuspruit via the Frikkie Meyer weir. This licence however states that this discharge must
include only water that exceeds the 1;100 year storm event. To this end the new water licence
specifies that “collection and containment systems must be designed in such a way as to
contain polluted stormwater that might result from a storm event of 1:100 years over a 24-hour
period”. This infrastructure is not currently in place.

A more detailed description of the infrastructure within the eastern catchment that is uiiised for

the management and/or monitoring of surface water will now be given.

infrasfructure in Leeuspruit Area

During year 2000, substantial changes to the surface water management infrastructure in the
eastern catchment of the Works were done. The existing surface water management
infrastructure was upgraded {o form three “lines of defence” for the south-eastern corner of the
Works, namely the Steelserv and Hecketts South areas. This infrastructure includes the:

. “First line of defence” - Steelserv drain and Steeiserv Sump capturing seepage
water from the Steelserv slag handling area and pumping
this water back to process;

. “Second line of defence” - South-eastern boundary flow diversion wall towards
Leeuspruit Sump. The infrastructure comprises a 1m high
brick wall along the South-eastern boundary of the site
which ensures that no surface runoff from within the works
area can flow uncontrolled over the boundary of the site
into the receiving environment. Water held back by this
wall is routed into the Leeuspruit sump from where it is
pumped towards the Western catchment outlet point at
TETP.

. “Third line of defence” — Frikkie Meyer weir and return pump house.  This
infrastructure consists of a measuring weir with an
associated pump station. The pumps are operated such
that dry weather flows reporting to the weir are pumped to
the Leeuspruit sump from where it is further pumped
towards the Westemn discharge point at TETP;
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This infrastructure is presented in Figure 5. Monitoring systems have been commissioned in
the area of the eastemn discharge point to monitor the flows and water quaiities at the following
points;

. North Works Runoff Cana;

» Vaal Dam Canal;

. At Steelserv sump;

» At Leeuspruit sump,

. At Frikkie Meyer weir;
Each of these components of the surface water management infrastructure for the eastern

catchment will now be reviewed individually. Photographs of several of these structures are
contained in Appendix 17,

Steelserv Drain

The Steelserv area is an area containing slag processing plants, metal yards, hot metal and
slag pits. A more detailed description of this area is provided in Section 2.3.7. Surface water
runoff is low from this area due to a high infiliration rate into the slags. Infilfrated water however
does flow underground towards the lowest point in the East, where it decants onto surface. This
water is typically very high in sulphates, sodium, iron and calcium.

Managing the surface water runoff during wet weather conditions and seepage flows during dry
weather conditions from this area is seen as being critical if the water quaiity objectives for the
Leeuspruit are to be complied with. A surface water drain was therefore designed o
accumuiate the surface water flow from the area. A sand fitter and fin-drain were placed
alongside to the drain to facifitate the flow of seepage water into the drain by means of inlets
into the drain spaced every two mefres. The construction of this drain was completed in
January 2001. The drain lies on the southern and eastern boundaries of the Steelserv area. It
leads into a fiood attenuation area in the south-east corner of the Steelserv area, from where it
flows via a culvert to the Steelserv Sump.

Steelserv Sump

The Steelserv sump was commissioned during January 2001, its primary purpose is to capture
surface runoff and shallow seepage from the Steelserv area. It comprises a settling facility that
facilitates periodic clearing of sediment and a pump station from where captured water can be
pumped t0 process.
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The stracture has two spillways.  The first spillway is approximately 8 m in length.  Water
overtopping at this level flows into & pump sump. The available volume of the seftlemeant facility
up to the lower spillway level is approximately 108 m®. Water is pumped from this sump by
means of dry pumps (maximum delivery of 100 mP/h) to aither the Combination Line (South 8)
storm wader deain which flows 1o the TETP, or the Basic Oxygen Fumace (BOF) for reuse in the
process, The Steelserv Sump s operated at approximately 40 % of FSL.  This level is
necessary 1o ensure that the pumps do not cavitate

The second spilway of the sump, which is approximeataly 300 mm higher than the first, 18 also
approximeately 7 m in langth.  When the pumps can no longer accommodate the flow into the
Stealserv Sump (typically during rain events) this second spililway is overtopped. The volume of
water in the sump when it beging overtopping 15 about 158 m®. The water flows naturally from
the apron of the spillway, through energy dissipaters, along a channel 10 the south-eastem
boundary flow diversion wall towards the Leeusprult sump.

South-vastem Boundary Flow Diversion Wall

This flow diversion wall intercepts any swiface water that would move out Of the south-eastem
houndary of the Works aren, and conveys it inside the boundary of the IVE Works to Lesuspruit
Sump. The flow divession &wall was commissionad during January 2001, The one matre height
of the wall was sat&cﬁ&d;for practical reasons (permanence and visibility) and to faciiitate flood
attenueation in specific 10cations.

The total lengih of the flow diversion waldl is 1187 m. Along the jength of the diversion weii are
three flood attenuation facliies. These flood attenuation structures ensure that controfied Hows
are received at Lesusprait Sump.

i addition 1o the south-gastern boundary flow diversion wall which diverts surface water
towards the Leeusprult Bump, two canals exist 1o the North of the sastem discharge area, which
convey dry-weather flows from the North Works area to the Leeuspruit sump, The two canals
collect water from the North Works area and from the Vaal freatment plant area respactively.
The canals are commoniy known on site as the NWAK and Vasal Dam canals.

North Works Runoff Carad (NWAK)

The NWAK is the dominant stormwader canal that collects surface watar from the North Works
stormwater system. This stormwater canal is & 1400 mm deep concrete frapezoidal canal with
& bottom width of 2500 mm, and 45° side slopes. The canal flows in a sottfigry direction Dy~ -}
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weather flows are diverted from the NWAK to flow directly to the Leeuspruit Sump. During
storm events this diversion weir is overtopped and the stormwater flows info the Leeuspruit
marshy area upstream of the Frikkie Meyer weir, thereby bypassing the Leeuspruit Sump during
high flow conditions. An ultrasonic instrument is installed in this canal, and the flow volume is
calculated frorm the height readings utilising Chézy and Manning theory.

Vaal Dam Canal

The Vaal Dam canal flows from the southern portion of the North Works, in the vicinity of the
Vaal Dam reservoir, bio-plant and desalinisation plant, towards the Leeuspruit Sump. This
canal is unlined. A concrete V-Crump weir has been constructed in the canai for flow and
quality measurement purposes. The height of the flow passing over the V-Crump weir is

monitored on a continucus basis by means of an ultrasonic instrument.
The canal does not have a means for diverting storm events directly through to the Frikkie

Meyer weir. Dry-weather as well as storm flows in the Vaal Dam canal flow directly fo the
Leeuspruit Sump.

Leeuspruit Sump

The Leeuspruit Sump is an important facility for the management of surface water in the eastern
catchment. This HDPE lined dam was constructed in 1998 to attenuate dry-weather and storm
flows on the eastern side of the Works. The capadity of the dam is approximately 12 500 .

Two 35 kW KSB pumps (each delivering 300 m*h at 32 m head) operating with float control
switches pump the water from the sump to the Combination Line (South 8). This stormwater
drain flows to the western catchment, and this water exits into the Rietspruit canal after passing
through the TETP.

Water collected in the Leeuspruit Sump emanates from the south-eastern boundary flow
diversion wall, the NWAK (North 2), the Vaal Dam canal (North 1} and the Cold Mills Line
(South 14). During storm conditions, when the Leeuspruit Sump spillway overtops, the water
flows into a bypass channel adjacent to the sump towards the Frikkie Meyer weir,

The water level in the sump is monitored on a continuous basis by means of an ultrasonic
instrument. This fevel is recorded as a percentage of the full supply level of the sump. The
volurme of water pumped {o the westem catchment is also recorded on a continuous basis. This
data is transferred by means of radio communication to the £CC.
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Frikkie Mever Weir

The Frikkie Mayer weir was designed fo facilitate the maximum flow that the two 1500 x 1800
box culverts under the Frikkie Meyer Boulevard can accommodate. This gives a design
capacity of approximately 19 m*s. However, flow measurement over the weir can only be
accurately measured up to 10.8 m%/s since any flows greater than this would probably “drown”
the weir structure. A flow of 10.8 m*/s relates to a peak flow event of approximately 1:3 years.
The weir was commissioned during December 2000. A calibration curve for the compound
Crump weir is contained in Appendix 21. The height of the water passing over the compound
Crump weir is monitored on a continuous basis by means of an ulirasonic instrumeni. This data

is transferred by means of radic communication to the ECC.

A compound Crump weir structure was selected for this application in conjunction with DWAF:
Directorate Hydrometry. The central Crump accommodates the lower flows, between 0 and
300 ¥/s, while the two side Crumps accommodate the larger flows. The ulirasonic instrument is
instalied three metres upstream of the weir crest. Curved guide walls were uiilised to promoie
uniform flow patterns in front of the weir by inhibiting the formation of a vena coniracta.

Adjacent to the weir, a pumphouse has been constructed. The pumps pump all low-flow
volumes reporting at the weir towards the Leeuspruit Sump. The two centrifugal pumps in this
pump house are capable of delivering a combined flow of 100 m¥h. ‘The volume of water
pumped back to the Leeuspruit Sump is recorded on a continuous basis, and this data is also
tfransferred by means of radio communication o the ECC.

The flow volume data obtained from the various monitoring stations will now be reviewed.

Data Obtained

Flow data is available for the following stations:
. Leeuspruit Sump;,

* Frikkie Meyer Weir,

. North Works Runoff Canal, and

* Vaal Dam Canal.
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Monthiy Flow Quantity Data

Frikkie Meyer Weir,
A summary of the major flows within the eastern catchment is presented in Table 34. This data

presents the monthly flows over the Frikkie Meyer weir, water volumes pumped from the weir to
the Leeuspruit Sump as well as water pumped from the Leeuspruit Sump to the TETP.

Table 34:  Summary of Major Flows in Eastern Catchment

Flow over Frikkie | Flow pumped from Frikkie Meyer | Flow pumped from Leeuspruit
Meyer Weir {m*) Weir to Leeuspruit Sump {m®) Sump to TETP {(m®)
March 2061 21512 10202 238983
Aprit 2001 0 35872 Y 84444
May 2001 259 16498 243869
June 2001 c 3060 154188
July 2001 0 2225 102510
August 2001 704 8212 116426
September 2001 8261 11720 105507
Qctober 2001 14848 10008 106407
November 2001 21649 9345 148600
December 2041 0 6415 150075
January 2002 0 14815 178851
February 2002 127155 11024 231865
Total 194388 107486 1862235

The data obtained from the continuous monitor at the Frikkie Meyer weir shows that the highest
volume of water, approximately 127 155 m®, passed over the weir during the month of February
2002. During the dry months of April to August 2001 less than 1000 m?® flowed over the waeir.

The monthly totals provided in this table also indicate that during December 2001 and January
2002 no water flowed over the weir. The total rainfall during these two months was however
higher than that in February 2002, which had the highest total monthiy runoff.

Review of the data obtained for December 2001 and January 2002 indicated a lot of missing
data, apparently largely due to radio interference and lighining aclivity in the area. Data was
aiso found to be missing during other periods of the year. Analysis of the data is therefore
restricted and results should be interpreted with care. The following table presents the
percentage of data that is missing during the various months of analysis at the Frikkie Meyer

weir;
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Table 35: Percentage of Data Missing af Frikkie Meyer weir

2001 2002
Mar | Apr | May | Jun Jul | Aug | Sep | Oct | Nov | Dec | Jan | Feb
1.4 239 18.9 35 18.1 0 3.3 0 3.3 23.6 23.8 29.2 12.4

Ave

This table shows that during half of the months analysed the amount of missing data exceeded
18 %, while during the other haif of the months the amount of missing data was less than 4 %.
The most critical gap in the data was during the months of December 2001 to February 2002,
since these were the months associated with high rainfail.

The totai flow volume recorded as passing over the weir is therefore an underestimation of the
actual volume that passed over the weir dunng the year of analysis. The average monthiy
missing data amounts {o approximately 12.4 % of the total data for the year of analysis.

The total volume of water pumped from the Frikkie Meyer weir to Leeuspruit Sump during the
period of analysis was approximately 107 496 m®>. This data is subject to the same data
deficiency as the flow over the weir, and is therefore an underestimation of the flow from the
weir to the Leeuspruit Sump. This data provides a maximum monthly volume of water pumped
to the Leeuspruit Sump of 16 488 m® during the month of May 2001. The maximum monthly
volume pumped to the sump usually occurs during the high rainfall months of spring and
summer, since this is the time of year when the most surface water runoff reporis to the weir.

L.eeuspruit Sump;

The volume of water pumped from the lLeeuspruit Sump fo the western catchment dunng the
year of analysis is recorded as being 1 862 235 m®. The highest monthly volume was pumped
during the month of May 2001.

Table 36 presents the monthly maximum, 95-percentile and median levels in the Leeuspruit
Sump as a percentage of the full supply level (FSL) of the sump. From this table it is evident
that the Leeuspruit Sump overtopped during eight months of the year. During the months of
May 2001, January 2002 and February 2002 water was flowing over the spiiiway of the sump for
at least 5% of the time during the month.

The median level in the sump provides an indication of the operational level of the sump. The
average monthly median level is approximately 17 %, which indicates that the sump is normally
operated at a fow level. This is required in order to keep storage capacity available for storm
water runoff during rainfall events.
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Table 36: Monthly Level in Leeuspruit Sump

Month Maximum {% of FSL) 95-Percentile {% of FSL) Median {% of FSL}

March 2001 100 941 233

Aprit 2001 98 701 213 i
May 2001 100 100 182

June 2001 56.1 30.5 15.9

July 2001 ' 42 B 304 15

August 2001 47 204 TR

September 2001 100 51.1 10.8

October 2001 100 72 20.8 i
November 2001 100 631 19.9

December 2001 100 87.6 17.6

January 2002 100 100 9.9

February 2002 100 | 160 57

Average 70.8 AT o

North Works Runoff Canat (NWAK):

The NW and Vaal Dam canals are the two stormwater canals that transfer water from the North
Works to the Leeuspruit Sump. Table 37 presents the flow volumes in the NWAK. No data is
available for this station for the period of March 2001 to February 2002. The station was only
commissioned during February 2002. Flow data in the NWAK is therefore presented for the
months of March 2002 to September 2002. The maximum flow recorded in the NWAK was
2055.8 m*fh (0.57 m®/s). This was the highest average flow that occurred during one hour, The

median and 10-percentile values indicate that there is a dry-weather fiow emanating from the
NWAK on a continuatl basis. This dry-weather flow is diverted to the Leeuspruit Sump, from
where it is pumped to the TETP via the South Works stormwater system.

Table 37: Flow Volumes in the North Works Runoff Canal (m3h)*

Mar 2002 | Apr 2002 | May 2002 | Jun2002 | Jul2002 | Aug2002 | Sep 2002
Maximum 193077 727 8 14076 1052.9 776.8 205658 8420
a5-percentile 161.2 1132 1318 11332 131.8 12686 1041
fMedian 90,8 73.9 61.7 78.1 734 73.9 69.8
10-percentile 310 203 09 16.1 9.9 23.8 238

* These are average hourly flows.

The annuai flows in the eastern catchment have been reviewed. The data has been used to
compile a macro surface water balance for the easiemn catchment of the IVS Works.
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Annual Flow Quantity Data

The {otai volume of water {o pass over the weir during the year of analysis was recorded as
194 388 m*. Although it has been shown that this value is an underestimation of the total
voiume of flow over the weir for the year, this value will be utilised in the analysis of the macro
surface water balance for the eastemn caichment in the absence of more accurate data.

The total volume of water pumped from the Leeuspruit Sump to the Combination Line (South 9)
storm water drain during the year of analysis was approximately 1 862 235 m®. This relates to
an average monthly transfer of water from the Leeuspruit Sump to the TETP of
approximately 155 186 m°. Assuming that the volume of water that passed over the Frikkie
Meyer weir during the year of analysis was 184 388 m°, then the total volume of water that
exited the eastern catchment of the site during the year of analysis is estimaied to be
2 056 823 m°.

The total estimated runoff from the eastern catchment of the IVS Works (uiilising the average
rainfall from all of the rainfall stations and the area weighted runoff factor) is 1 153 356 m®.

Although NWAK data is not availabie for the year of analysis, the flow in this canatl is relatively
constant over time. The median flows provide a good estimate of the dry-weather flows
emanating from this canal. Forthe purpose of this macro surface water balance for the eastern
catchment it has been assumed that the average monthly median flow for the available months
is the average flow for the year of analysis. Using this assumption the estimated volume of
effluent to pass down the NWRC during the year of analysis is 853 496 m®. The median hourly
flow that passed over the Vaal Dam V-Crump weir was approximately 32 m*h. This vaiue has
been assumed {o be the average flow in the Vaal Dam canal during the year of analysis,
yielding an annuat flow of effluent in this canal of 280 320 m®. These dry-weather flows are
routed o the Leeuspruit Sump, and do not flow directly to the Frikkie Meyer weir.

Table 38 provides a summary of the macro surface water balance for the eastern catchment of
the IVS Works utilising the total annuai flows.

This table indicates that the flows into and out of the Works during the year of analysis are in the
same order of magnitude. The combined flows of rainfall runoff and effiuent in the NWAK and
Vaal Dam canals amount to a total annual flow into the eastern catchment of approximately
2087 172m*. A total flow of about 2 056 623 m® exits the site via the overflow at the Frikkie
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Meyer weir and pumping from the Leeuspruit Sump o the TETP. This analysis forms the macro
surface water balance for the eastem catchment.

Table 38: Macro Surface Water Balance for Eastern Catchment

Details Volume {m?)
"I Total Annual Flow info Eastern Catchment

A Estimated stormwater runoff from eastern catchment A 1153 356
B Bry-weather flow in NWAK _ B 653 496
C Dry-weather flow in Vaal Dam canal C 280 320
¥ Total surface water flow lowards eastern caichment discharge A+B+C 2087172

Total Annual Fiow exiting Eastern Catchment
E Flow over Frikkie Meyer weir 2 194 388
F Voiume pumped from Erikkie Meyer weir to Leguspruit Sump - 107 486
G Voiume pumped from Leeuspruit Sump to TETP G 1862 235
H Totat surface water exiting in eastern caichment E+G 2 056 623

Discrepancy in flows 1005{H-DYD 1.5%

A better understanding of how surface water behaves in the eastern catchment can be obtained
by evaluating specific storm event data obtained from the varicus monitoring stations within the
eastern catchment. Some of the specific storm events that resulted in surface water passing
over the Frikkie Meyer weir are now reviewed in more detail,

Daily Storm Evenis

Four storm events have been selected for a detailed analysis of the flow characteristics over the
weir as a result of precipifation in the eastern catchment. The following table, Table 39,
presents a summary of the four siorm events selected for this analysis. Listed in this table are
the dates on which the events occurred, the rainfall depth that fell within the eastern catchment
and the volume of water that flowed over the Frikkie Meyer weir as a result of the storm event

Table 39:  Summary of Storm Events in Eastern Catchment

Bate Rainfall Depth {mm) " Volume of Overtiow {m®)
1 23 Mar 2001 46.25 21512
2 12 Sep 2001 30.60 8 261
3 31 Oct 2001 22.50 21649
4 26 Feb 2001 24.25 127 036

The outlet point from the eastern catchment of the IVS Works is a zero effluent discharge point.
This means that no surface water leaves the site at the eastern catchment discharge point
during dry weather conditions. Dry-weather flows that reach the Frikkie Meyer weir are pumped
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to the Leeuspruit Sump before they can flow over the gauging facility, Therefore, flow volumes
over the weir prior 10 @ rain evert 8 zero, When runoff from a storm event reaches the weir, the
level behind the raises and the pumps at Frikkie Meyer welr will start pumping water 1o the
Leeuspruit Sump. The first portion of any runoff event will therefore aiso be pumped back o the
Lesusprult sump. When the flow rate of water fowards the weir exceeds the combined storage
capacity behind the weir and the pumping capacity, the welr will start overtopping.

The four storm events will now be analysed individuaily,

Table 40 provides a summary of the key events that ocourred during the first storm event being
analysed. A graphical representation of this stomy event is shown in Appendix 11,

Rainfall started at 07:08 on 23 March 2007 and continued for almost 24 hours, A tolal of about
38 mm fell during this rainfall period.  The overflow at the Frikkie Meyer weir stared
approximately 2 hours and 22 minutes after the rainfall started, and this time period is taken to
ba the lag time of the storm. The peak of the first hydrograph occurred approximately three
hours tater. Water cortirnued to flow over the weir during the night, and at 0630 the following

morning the secord hydrograph had passed ovar the Frikkie Meyer weir.

Table 40:  Summary of Slorm Event

Stormftow

) . Flow over
Drascription Dhate Time Faln fmm) . 3 5
Waeir {m“/h} | Volume {m”)

Fatntall started SRR TS 0
Runoff started PEYVHS I 113 g
Peak of First Hydrograph | 237030 2430 29923 47862
End of First Hydrograph 2410501 0230 a08 4038
Faak of Beoond Hydrograph 20 () ahu4 3241
End of Becond Hydrograph 240301 06350 TR 4385
“Gtart of Third Mydrograph PR 17080 #od 0
Fagk of Third Hydrograph RAFEN 1850 YT 1764
Hainfall ended a3 Ta:41 46.25
End of Third Hydrograph 2470301 EENY 108 331z
Total Flow Volume during Stoem Event 21892

Rainfall resumed again at 16:23 on 24 March 2001, This second period of rainfall continued for
approximately two and a half hours. in iotal, approximately 46.25 mm fell during the two days.
The third hydrograph started flowing over the wair at 17.00, and continued to flow for about six
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hours. The total volume of water to pass over the weir was approximately 21 512 m® (8 798 m®,
7 836 m® and 5 078 n for the first, second and third hydrographs respectively). ’

The estimated runoff for the eastern catchment for this storm event is 82 012 m™, This value
was determined by multiplying the total rainfall that fell within this catchment with the area
weighted runoff factor for the catchment, The measured overflow was only about 34.7 % of this
volume,  This means that only about one third of the storm event runoff was eventually
discharged over the Frikkie Meyer weir, The rast of the water was pumped either from the weir
o the Leeusprut sump, or directly from the Leeuspruil sump to the western discharge point &t
TETR. Pumping volumes obtained from the Leeuspruit sump indicate that a fotal volume of
about 19 185 m* was pumped from the sump towards TETR, This brings the total volume
accounted for at 40 697 m®. Calculating back from this figure gives a real runoff factor of 21%.
This figure s realistic if the soif conditions were dry at the beginning of the rainfall even,

et e b P e O 1 0 0 O

Table 41 provides a summary of the key events that ocoured during the second storm event
being analysed for the eastern caichment. A graphical representation of this storm event s
contained in Appendix 11, A fotal of 30 mm fell over a period of four days,  Inftially almost
20 mm fell during the first 24 hours, and then the subsequent 10 mm fell steadily during the next
thrae days. The lag time, before discharge started from the eastern catchment over the Frikkie
Meyer weir, was about three hours,

Table 41:  Bummary of Storm Event 2

Fouk Flow aver Stormfiow
Description Date Titne Rain (s} o 4
Wedr {im /) Voluse {m}

Fairfall startad V2B g4 0
Funoff startad 12100701 7730 L
Firgt Mydrograph 12108701 1800 676 730
wauerit Hydrograph 130801 0700 20834 4738
Thbd Hydvosgranh 1308/ 0 1030 207 136
Forth Hydrograph TR0 1150 2528 1768
Rainfai ende TG0/ 14:28 B0,0
Total Flow Volome during Storm Event 5261

In total four hydrographs passed over the weir with storm volumes of 735 m®, 4726 m*, 1036 m?
and 1785 m? respectively. The fotal volume to pass over the wair was therefore approximately
B 26 m®  The peak flow over the weir, approximately 3520 nifh, was associated with the
fourtts hydrograpts,

9960: 18R VANDERBIJLPARK STEEL - SURFAGE WATER SPECIALIST REPORT - MS/SRIG2T  ~  + -




S0 VAN RENSSEN & FORTUIN

The total estimated runoff from the eastern catchment was 40 224 m®. The actual runoff was
approximately 20% of this value. 1t is interesting to note that during the period within which the
fast 10 mm fell, no discharge was reported over the weir. This indicates that the pumping
arrangements are guite capabile of dealing with rain events that occur with low intensity. in this
case, flow over the weir occurred as a result of a rainfall intensity of 1 mm/h during the first 18
hours of the storm, while the second half of the storm, with an intensity of 0.2 mm/h produced
no overflow events over the weir.

If therefore, we assume that overflow of the weir was due 1o the rainfall of the first 18 mm of the
rain storm event, the total calculated runoff to that point would have been 24 134 m®. Of this,
8 261 m* went over the weir, which amounts to 34.2%. This number now corresponds well with
the number obtained for Storm Event 1.

Storm Event 3

A graph presenting the flow hydrograph and incremental rainfall during the third storm event is
contained in Appendix 11. This graph shows two relatively large hydrographs passing over the
Frikkie Meyer weir. The first 0.25 mm of rainfali fell at 07:13, but the storm event only started at
11:08. The runoff as a result of this precipitation started flowing over the weir approximately
four hours {ater. The lag time associate with this storm event is therefore about four hours.

Table 42: Summary of Storm Event 3

Flow over Stormfiow
Description Date Time Rain {(mm) K 2 s

Weir {(m'/h} | Volume {m™}
Rainfall started 31/10/01 07:13 0
Runoff started 3110101 15:00 4924 0
Peak of First Hydrograph 311001 15:30 4958 4974
End of First Bydrograph J1710/01 17:30 589 2887
Peak of Second Hydrograph 3110/ 18:30 4103 2054
Rainfal ended 31/10/01 1211 22.8
End of Second Hydrograph 311001 22:30 84 4034
Total Flow Volume during Storm Event 14 §48

The storm duration was approximately 11 hours, and about 22.5 mm of rainfaii fell during this
period giving an average rainfall intensity of 2.0 mm/h. The estimated calculated runoff as a
result of this rainfall is about 30 168 m®. The actual runoff measured over the weir was
approximately 49.2 % of this value. This Storm event confirms the suspicion that the volume
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discharged over the weir is more related 1o te rainfall itensity than 10 the amount of rainfall
per se.

Storm Event 4

The flow hydrograph associated with the forth storm evert analysed is graphically presented in
Appendix 11, Table 43 provides a summary of the times and volumes associated with this
storm evert.  The rainfall started in the catchment at about 1431 o 27 August 2002, About
1.5 mm of rainfall fell within the catchment initially, and then the rainfall resumed ot about 271:58,

Table 43  Burmmary of Storm Event 4

Flow over Btewrn How
Besoription Prate Tiro Fain (mm) . "
Welr fm/h) | Volume {m™)
Fainfall staried 2TIOBFID02 14351 0
Rupoi sharted 2EOBA002 21:49 8 )
Fainfal resumed 20872008 2158 1.5
Femk wof Flrgt Hydrograph AROBI20GE IR 32 1M 27184
Reminfall erded RBIOBL2002 £3:00 14.75
gEnd of First Mydrograph ARIOBL002 10:47 8.4 &1 820
Total Flow Volume during Storm Event 823044

The lag time sssociated with the rainfall was about five hours, but this length of time is
deceptive due o the temporary cessation i rainfall. The hydrograph flowed over the welr for
approximately 13 hours,

In the grab séampie takers during this storm an incident was reported for sulphates, iron and
phosphates, However, durdng this storm event the Leeuspruit Sump did not overtop, and the
miaximum level in the sump was 76 % of FEL. The pumps at the welr and the sump operated
during the stomm,
therefore not have been the Lesuspruit Sump,

The source of e cortaminaiion that caused the exceedances could

The estimated stormflow runoff as & result of the rainfall is approximately 19 441 m®, The actual
monitored flow over the welr i about four tmes higher, This indicates that this ultrasonic was
racording incorrectly during the storm, snd needs 10 be recalibrated,

Summary of Sfonm Events

Table 44 preserds o summarny of the four storm everts. Analysis if the Storm evends described
indicate the following, recognising that the data fs of limited quality to make firm conclusions:
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¢ That the infrastructure seems {o be capabie to restrict surface water discharge during dry

weather flow conditions.

+ That the iag time between start of rainfall to start of weir overflow is typically in the order of 2

{0 4 hours.

o That the discharge volumes over the weir seem to be in the region of 35% of the total runoff

from the site and about 11% of the ioial rainfall over the eastem catchment.

e That spillage over the weir is more a funclion of rainfall intensity than of total amount of

rainfall on the catchment,

o That better data will have {o be obtained io be able fo calculate the above mentioned figures

to greater confidence levels.

Tabie 44: Summary of the Four Storm Events

Event Date Rainfall Rainfall Buration | Lag Time | Peak Flow | Overflow | Estimated
Depth {mm) {hr & min) {hr & min) {m*h) {m% Runoff {m°)
1 23 May 2001 48.25 35 hr 43 min 2 0 22 min 3594 21 511 82 012
2 12 Sep 2001 30.00 86 hy 04 min 3 hr 08 min 3828 8 281 40 224
3 31 Cet 2001 22.50 11 hr 47 min 3 hr 52 min 4 808 21849 30168
4 27 Aug 2002 14.75 12 hr 28 min 7 hr 18 min 32 104 83024 19 441
Average 40 hr 3 min 5 hr 23 min

The water qualities associated with the surface water volumes in the eastem catchment will now

be reviewed,

Water Quality

In this section initially the water licence requirements and WQQOs associated with the eastern
catchment will be reviewed. A description of the various monitoring points will then be provided,
followed by a presentation of the data obtained from these monitoring stations.

Water Licence Requirements

The water licence of IVS requires a water quality monitoring point at the Frikkie Meyer weir on
the westem side of the Frikkie Meyer Boulevard. Grab samples are to be {aken once hourly
when water flows over the compound Crump weir. in accordance with the current water licence
the following water quality parameters must be analysed for in the grab samples:

\d pH;

. Electrical conductivity;

. Ammonia,
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. Sulphates;

. Chlorides;

. Manganese,

. lron;

. Fiuorides,

* Phosphates;

. Caiciurm;

» Potassium,

» Magnesium,

) Suspended solids;
. Total chromiur;
. Zing;

. Tin; and

* Soaps, oil and grease.

Waler Quality Objectives

Table 45 presents a summary of the WQOs, regulations and guidelines applicable to the
eastem catchment of IVS Works. The WQOs contained in the current water licence are listed in
the third colur of this table. Also provided in this table are the water guality requirements
stipulated in the Preliminary Reserve and Resource Class Determination, the WQOs of the
expired water permit, as well as the SADWS MGV and MAV concentrations. These additional
values are provided for reference and comparison purposes.

A more comprehensive table with additional South African and intemational water guality
requirements for a wide range of water guality parameters is contained in Appendix 2. This
more comprehensive table was reviewed in Section 2.3.4.

There are various water quality monitoring points in the eastern catchment of the VS Works.
Only the grab sampling point LS1 is required by the water licence. Several additional
monitoring points have however been constructed in this caichment to aid in the management
and understanding of the behaviour and characteristics of surface water in this catchment.
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Table 45:  Summary of WGOs, Regulations and Guidelines for Eastern Catchment

Water ) Parmit SADWS: SADWE.
Water Quality Licence: | oMY | emption: | Maxmum | Maximum
Units Resurve:
Paramater HBORT oy 905K CGiideding Avcoplable
{wrrent} {expirad) Value Vbt

Chiomdes Figy] 80 300 TTRG 250 #00

Electrics Gonductivity S/ 70 TR 1000 70 (8 306

fron muyli 6.4 g1 6.7 16

Manganese rrigft 0.06 0,04 0,58 1.0
WNitrates & Nitrifes mgft 5 5 1 16

ot mgfl 50 166 B 100 400

Giiphates gyl 108 a8 100 200 B0

Totsd Ammonia gl 3 < (0.1 il 1 &

Calcium rmgfl 80 84 150 200

Fotassiim ytetd] 4t 4t 200 400

Magtasiim rughl 1 17 70 100

Fhanolic cormpounds gl 0.4 % 10

Suspended Solids rrgil 25

il rrigfl 1

Total Chromitm rrig| (£8-1 .0 0.02

Line gl 2.3 1 &

Soluble Orthophosphate | mgfl .1 =11

Tin gl 1.0

Fluoride mpl! 1.6 1 1.5

Dissobad Ceygen % . 94 L {10

Nitragen / Phosphorus ratio 34

REY:

why ottt the VWO was reduond fo the value in brackebs sffor 1 July 2002,
oot that the WO s recuced 1o the value in braskats stier 51 Decsmber 2001,
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Descripfion of Moniforing Poinis

The following water quality monitoring points exist, which will hereafier be described:
o North Works Runoff Canal;

» Vaal Dam Canat;

o Steeiserv and Hecketts South shallow groundwater sampling points;

o Leeuspruif Sump;

e Frikkie Meyer Weir, and

e Grab sampling point L.S1.

The infrastructure appertaining fo these monitoring points has been described in the previous
section appertaining to the water quantity in the eastern catchment. In this section addiional
details regarding the measurement of the water quality at these points will be described.

At the NWAK and Vaal Dam canals, EC and pH are monitored on a continuous basis, and
average hourly values are recorded. The completion of the infrastructure in these locations was
however only commissioned in February 2002. This means that data is not available prior to
this date, pariicularly during the vear of analysis. Al dry-weather flows from these areas flow
directly to the lL.eeuspruit Sump.

Water qualities are not monifored at the Steelserv Sump. Six test pits were however dug o the
cast of this area to determine the quality of the shallow water table. The constituents and
concentrations of this water are indicative of the water quality parameters in the surface water
runoff from this area, as most dry weather flow at Steelserv sump emanates from seepage
water. The analyses appertaining to the water obtained from these test pits will hereafter be
reviewed.

EC and pH are monitored on a continuous basis in the Leeuspruit Sump. In addition, grab
samples of the water in this sump are regularly taken. This grab sampling data provides an
indication of the constituents of the electrical conductivity. EC and pH are also monitored on a
continual basis at the Frikkie Meyer weir. In accordance with the water licence requirement for
surface water quality monitoring in the eastern catchmeni, grab samples are taken of water that
passes over the compound Crump weir. Both the continuous and grab sampling data
appertaining o the Frikkie Meyer weir will be presented.

The data obtained from these various monitoring stations will now be reviewed.
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Data Obtained

Initially the various sources of surface water that fiow to the Leeuspruit Sump will be reviewed.,
The data obtained from this sump will then be reviewed. Finally the continucus and grab
sampling data appertaining to the Frikkie Meyer weir, the discharge point for the eastern
catchment of the VS Works, will be presented.

North Works Runoff Canal and Vaal Dam Canal

The positions of these two stations are provided in Table 46.

Tahle 46; Position of NWAK and Vaal Dam Canal

""" ‘ , Local Grid 1629 Grid
Monitoring Station
X Y X Y
NWAK 638 -1734.9 -84 02692 2.945799.65
Vaal Dam Canal 838 -1688.1 8380412 2,048,798.65

No contihuous water quality data was available for these two stations during the year of analysis
since these stations were only commissicned during February 2002. Table 47 provides a
summary of the EC values in the NWAK and the Vaal Dam Canai for the months of March 2002
and September 2002.

Table 47: Summary of EC values in NWAK and Vaal Dam Canal

Month NWAK Vaal Dam Canal
Maximum 85-percentile Median Maximum 95-percentile Median
Mar 2002 871 48.6 37.4 160.3 825 52.3
Apr 2002 66.9 48.2 415 143.4 134 785
May 2002 86.5 48 374 126.3 116.3 74.9
Jun 2002 88.8 417 371 g6.9 85.1 738
Jul 2002 53.4 415 415 104 96.2 815
Aug 2002 4568 415 33.8 96.9 80.8 64.6
Sep 2002 - 58.2 32.3 63.1 61.5 52.6
Average 73.1 46.7 37.3 113.0 85.2 68.3

These EC values provide a good indication of the quality of the dry-weather flows emanating
from the North Works, The average of the median EC values coniained in this table are
37.3 mS/m and 68.3 mS/m for the NWAK and the Vaal Dam canal respectively. These values
indicate that the median values for both canals are within the WQO for EC of 70 mS/m for the
eastern caichment with the 85 percentile values slightly higher. The dry weather flows in these
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two canals are however routed direcly 1o the Lesusprait Sump and do not report to the Frikkie
Meyear weir,

Grab sample analyses are available for water in the NWROC in Appendix 10, These results
indicate the concentrations of the various paramelers that make up the salls. These resulis
indicate that the median sulphate and ron values for flows in the NWRC are 76 and 0.1 mgi
respectively, The median EC valus is 42 mS/m, and the 95-percentile value is 56.2 mEm.

Stealsery gl Meckeilts Bouth

Two other sources of surface water that flow towards the Leeusprait Bump are the Steelsery
and Hecketts South areas.  As merdioned previously in this document, water quaities are not
monitorad at the Steelserv Sump. Analyses have however been performed on the shallow
groundwater within the Steslsery and Mecketts South area. Table 48 provides a summary of
the analyses of this water (the full analyses are contained in Appendix 12).

Tabie 48:  Surmary of Shallow Groundwater Guality in Steelserv Area

Parameter s L Test Pt Refarenae Number Average
1 2 3 4 L3 [

ECG mEim 344 408 268 B0 14 G926 g2
Alkalindy rogyfl 450 1086 240 18 i 2000 1397
el it 70 453 14 326 6 12 178
S0y it 1264 1168 1340 peltek 2174 2P 18585
Na g/l GB33 77h it 2140 4500 ABHG w24
Mn gt 8.6 4.2 2.0 1.3 0,074 0.926 .9
Fa g i o7 35 2 143 F3 31.4

The Steelserv area containg slag processing plants, metat vards, hol metal and slag pits, The
ared is a high-infitration Iow-runcdf area due to the flatness of the site, and the high permesability
of the matedal stored on the surface of the Steelserv area. Rainwater falls on the surface of this
area, dissolves consiituents from the varous pits, stockpiles or yards and percolates info the
ground. From this table, itis evident that sulphates, sodium and iron are contained in this water
in vary high concentrations, The portion of the water that does flow from the Steelserv and
Heckelts South areas as surface water runoff §f not contained at the Steelsery Bump and
pumped directly 1o the BOF), flows 1o the Leeuspruit Sump,
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Leeusoruit Sump

Table 48 presents the EC value in the Leeuspruit Sump during the year of analysis. The
second, third, forth and §ifth columns in this table present the maximum, 88 percentile, median
and 10-percentiie BC values in the Leeuspruit Sump during the various months, The sixth
column presents the average EC of the watler when the sump was at 100 % of the FEL., spilling
towards the Frikkie Meyer weir. '

Table 49:  EC in Lecuspruit Sump (mS/m)

Misrithe Maximum D-peroenbibe Maetian 10-parreaniiie | Average when spiling
s 2001 78 74.7 2.3 70 4.1
Apr 2001 89,1 782 b4 36,1
Mary 2001 8.5 FA N 53.6 45,2 B34
wun 201 83 8.2 84.5 358
Jub 2081 8.5 25,6 74.% £4.5
Aug 200 89,1 88,1 805 B4, -
Se 2001 a87 ar.4 8e.7 52.8 a5.3
(k2001 g¥.2 94,0 832 43,8 aB8.7
Ny 2001 L a2 07 30,3 338
Lao 200 100 100 578 s2.8 18,7
Jary #4002 100 100 2.1 312 73.6
P 20E i) 101 748 538 494
Averages 82.4 a8.4 0.8 48.5 52.6

The detection limit for BC at this monitoring point is 100 mB/m, and this value was reached
during the last three months of analysis for at least 5% of the ime. The average of the median
B2 values inthe sump is 88.8 m&/m. This value is essentially equal to the WQUO for the eastern
catchmest. This water is predominantly pumped to the TETP,

The sump spilled during eight of the twelve months of the year. Under stom conditions when
the sump did overtop, the average EC during the year was 52.8 m&/m. This is the guality of the
water that flowed from the Leeuspruil Bump spillway towards the Frikkie Meyer weir,

Grab samples are taken reguiarly in the Leeuspruit Bump o ascertain the exact constituents of
the water in this facility. Table 50 presenis a summary of the water qualities in the Leeuspruit
Sump. The statistical values were determined from data for the period July 1o November 2004,
since no data was available for the vear of analysis, The comparison of these two sets of data
is deemed acceptable due 1o the fact that no major changes have occurred within the catchment

between these periods, and because the EC values are in the same order of magnitude. The

actual water quality analyses are contained in Appendix 13.
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Table 50:  Summary of Water Qualities in Lecugpruit Sump

i My pH G Gy | EG By 3 Na [ [ in i

Moh triph rsh g mafl | omBim ) Nigh igA tregyll ght ) 1/l mgd
M. O Y B A T O BT S T S BT S B YV B 0.4 T8 60
e, ] BOEEESTTRY YUBATTIBEE T Srh ey oy | 7y 0. 15 %
Madian | 48O | w18 | 72| BED ST TG0 EE GETRE T 04 £ &% 6%

Ti0per. | Bkg [ 170 1 GE | Sed |13 8157 3D BaTEETTThE 054 &1 Y
W T Y . it 1 T 78 i &b BATTRBETT RS E

This table shows that the water in the Leeuspruit Sump doss not for all elements comply with
the WO for the gastem calchment. This is pumpead to the western discharge of the Works 1o
pass through the TETEF before being released in that catchment.

Frilckie Mever \Weir

Table 51 prasents the BS-parcentile and median EC values of the water flowing over the Frikkie
Meyer weir.  This table also presents the median EC values of the water that is pumped from
the Frikkie Meyer weir to the Leeuspruit Sump.

Table 51:  Summary of EC Values at Frikkie Meyer Weir

Month wh-percontie EC of Flow Median EC of Fiow over | Median EC of Flow from F.M. Weir
~over B Weir (mBim} F.0 Weir {mB/m) o Leeusproit Swump (miim)

W 2001 RO8 pIR 56

Rpr 00 . . [N

ey 004 478 388 877 -
Jur 2001 - - 00,2

Jul 200 - - 53,8

Aug 2004 g 309 353

Average 342 559 b X

Results obtained from the continuous monitoring probe show data obtained after August 2001 to
be unreliable and could therefore not be used in the analysis. Only the grab sample analysis for
the Frikkie Meyer weair (point LS1) can therefore be used in the analysis and s reviewed

hereafter,

The EC of the water during the four storm events described for the eastern catchment will now

he evaluated.

The data from the continuous monitor at the Frikkie Mever weir will be wlilised for Storm event |
only as this is the only event analysed before August 2001, The graph associated with this
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storm event is cordainad in Appendix 11, The graph shows the flow hydrographs for the storm
gvents withs the associated EC profile obtained from the continuous monitor at the Prikkie Meyer
weilr superimposed on the same graph.

Review of the EC profile during the storm event indicates that the EC value exceedad 150 mg/
befora flow over the weir occurrad. During the rainfall everd, the EC value significantly reduces
to 49 m&S/im at the time where discharge stards occurring and the further reduces 10 below
30 mS/m during the main discharge over the weir. When the tail of the hydrograph passed over
the weir the EC was s1ill well bedow the WQO at 41 mB/m. Additional to the EG profile oblained
during the: overflow event, grab sampling data during the runoff avents are available for further
analysis,

Grab Sampling Point La1

The grab sampling point immadiately downstream of the Frikkie Meysr weir s termed “LS1".
Graphs presenting the waler qually analyses at this point are contained in Appendix 10. The
following table prasents & summary of the water quality results at L1 for the year of analysis.
This data is based on 27 grab samples taken between March 2001 to February 2002

Table 52:  LS1: Summary of Water Qualitios

Varametor | Lnits Maxim b 95 percentiie Median Thipercentile WGl
o . Bl RS 74 8.9 -

EC MR/ Gad 94,3 487 168 70

M gl 44y 546 iR ¥ 50

W moh 188 18 EUR) 4 45
L g 140 74 42 B84 it
I regy/l 750 rivs 154 G522 100
NG rigyf) 3.4 .87 12 016 5

B g/ 0.77 (.42 007 .02

Mg mgd 34 168 (.78 {06 ]

2 gl 24 B V£ R B+ (.53 i

Fa mah | 1.8 175 (.45 0 0.1
Mn g LR (.28 .1 0 .08
Cr gl 0.9 B 0 0 0.5
Gn Fergsdl 004 OB 0.0% .64 .

PO YT 0.6 0.4 0.2 0,18 0.1
Zn g g 0.7 0.3 i 0.8
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This data provides a more comprehensive understanding of the water qualities passing over the
Frikkie Meyer weir than the continuous analyser, since the analyser only records pH and EC,
Grab samples are only taken &t this point when water flows over the weir,

Evaluation of Eastern Discharge Waler Quality Results

The water qualties associated with the discharge from the eastern catchmest will now be
reviewad, These water qualifies have been taken 1o bathe grab sampla results from L.S1. The
watar quality parameters will be evalusted individially,

Lt

WE's water licence does not stipulate WQOs for pH. The SADWE provides MGVS of 6 and 9,
and MAVS of 5.5 and 9.5

The median pH value indicates that the waler is generally slightly altkaling, Al four statistical
values are within the SADWS maximurm guideling and maximum acceptable mits,

In conclusion, with regards to pH, it seems that pH values are typically within the SADWS
MGV in the absence of WQOs 1o be compared with,

Etectrical Conductivily

The WQO for the eastern discharge from the IV Works area is 70 mS/m. The SADWS MGV
and MAV are 70 mSim and 300 mSim respectively,

EC values analysed forthe LS grab sampling program indicated typical values betwesn 20 and
@5 mgd.  The majority of sampling poirds e below the TOmgh limit, however a number of
exceedances from this level were encountered during Jaraary 2002,

Ag shown in the storm analysis of Stom event 1, EC values do significartly reduce during storm
overfiow everts, however the one incident does not present sufficient information to make
definitive statemenis in this regard,

it of 70 mod, put that that exceedances do occur at times,

i
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Sodium

The WQO for scedium at this eastern discharge point is 50 mg/l. This value is half of the
SADWS MGV of 100 mg/ and therefore very strict.

Sodium concentrations measured during rainfall events at L81 show typical values between 0
and 55 mgfl with only a few values exceeding the 50 mg/l limit.

In conclusion therefore, with regards to Sodium, it seems that values of discharged waters are
mostly within the WOO Iimit of 50 mg/. it is recommended that the WQO for Sodium be
revisited to bring it more in line with SADWS MGL.

Potassium

The WQGO for potassium in this calchment corresponds to the value quoted in the Preliminary
Reserve and Class Determination for the quaternary catchment, namely 46 mg/.

Potassium concentrations measured at LS1 during overflow events showed typical values
between 0 and 20 mg/l. The values in ali of the samples taken during the year of analysis were
well below the WQO iimit of 46 mg/.

in conclusion therefore, with regards {o Potassium, there seems to be no problem with water
qualities discharged into the Leeuspruit and that the levels fall well below the WQO limit of
46 mg/l.

Chiorides

The WQO for chiorides being discharged into the Leeuspruit is 80 mg/l. The SADWS MGV for
chlorides is 250 mg/l. The WQO Imit for discharge to Leeuspruit is therefore well below the
SADWS MGV and deemed very strict,

Chloride values analysed during rainfall events indicate values typicaily between 0 and 70 mg/l
with only one value exceeding the WQO fimit of 80 mgh.

I conclusion therefore, with regards to Chiorides, there seems {6 be no problem with the
water qualities discharged during storm events over the Frikkie Meyer weir. It is
recommended that the WQQ for Chiorides be revisited o bring it more in line with SADWS
MGV.
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Sulphates

The WQO for sulphates in the waier flowing over the Frikkie Meyer weir is 100 mg#, while the
SADWS MGV and MAV are 200 mg/l and 800 mg/l respectively.

Suiphate concentrations obtained from the LS1 grab sampling program indicates typical values
ranging between 50 and 300 mg/ with three values exceeding the limit substantially at 650 to
750 mg/l. Therefore, there seems to be a problem with regards to sulphates when considering
a WQO limit of 100 mg/l.

When considering the sources from where the sulphates originate, the Steelserv area stands
out in particular with concentrations measured up to 2700 mg/l in the shaliow seepage water.
The pathway from the Steelserv area to the Frikkie Meyer weir must be via groundwater to the
marshy area upstream of Frikkie Meyer weir. This is because the boundary wall that was
constructed during 2001 restricts surface water runoff from this area. Evidence of white paiches
on surface between Frikkie Meyer weir and the works boundary confirms this view. Seepage
water emanating on surface within the area was also noticed during visits to the site.

Measures therefore need to be taken to restrict suiphate rich water from exiting the site through
the pathway of groundwater, whereby the discharge concentrations over the weir can be limited.

in conclusion therefore, with regards to sulphate, there exists a problem with water exceeding
the WQO limit for sulphate being discharged over the weir. Measures therefore need to be
put in place whereby sulphate rich water is prevented from reaching the Frikkie Meyer weir
both during dry and wet weather conditions. A review of the WQO limit with regard to
SADWS MGV is also warranted for suiphate values.

Nitrates, nitites and ammonia

The WQO for nitrates and nitrites combined is 5 mg/l. The WQO for ammonia is also & mg/l.
The SADWS values for these parameters are listed in the following table:

SADWS - MGV SADWS - MAV
Nitrates 5 9
Nitrites 8 10
Ammmonia 1 2
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Nitrate values obtained from analysis of the L3171 data indicaies typical values between 0 and
3.8mg/. Nitrite values typically lie between 0 and 1 mgh and the combinad nitrate/nitrite values
are alf below the WQO limit of 5 mgd. Again, the current WO for nifrates and nitrites is less
than half the SADWES MGV of 11 mgh and therefore very strict.

Amimonia levels obtained from LS data indicates typical values betweaen 0 and 2 mg/ with one
value exceading 3mg/). Al levels recorded for ammonia lie below the WQO of 5 mg/i. The
WO for Ammonia is lenient wher compared 1o the SADWSE limits.

In conclusion tharefore, with regards to nitrates and nitrites, there seems 10 be no problam
with the water discharged during wet weather conditions over the Frikkie Mayer weir and the
WQO of & mg/l can be acdhered to.

With regard to ammaonia, there seems to be no problem and values do not excead the currant

WQO lirmit of & mg/ during spill events at Frikkie Meyer welr,

The WO for fluorides is 1 mgd.  The SADWS MGV and MAV are 1mgll and 1.5 mg/
respectively,

Values obtamed from the L51 sample analysis indicate Fluoride levels typically betweean (.26
and 1 mgh with 4 exceedances of the WQO Timit of 1 mgA.

In conclusion therefore, with regards o Fluoride, values for water discharged over the welr
are typically in range of the WQOs, however careful monitoring would be required to prove
that Fluorides are not & problem in stormwater discharged over the Frikkie Meyer weir,

The WO for iron in the water flowing over the Frikkie Meyer weir is 0.1 mg/l. The SADWES
MGV and MAV are 0.1 mga and 1 mg/ respeactively,

Values obtained from LS samples indicate typical lron levels between (0.1 and 1 mg/i with a
few values exceeding this imit. Iron levels are therefore a problem and need 10 be addressed
when considering measures at the Lesusprult area,

e
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There is a distinct possibility that the source of Iron reaching Frikkie Meyer wair is related to the
same source that crestes a sulphate problem at the weir, This source is the Sieelserv area,
Anglyses of the shallow groundwater samples indicate Iron levels of up o 87 mgd with an
average of 81 mgA. The values are orders of magnitude higher than the WO level of 0.1 mg/l.
The pathway for lron from the Sleelsery area to the Frikkie Meyer weir is through groundwarder
and should be addressed when congidering measures within the general eastermn area of the
site.

In conciusion therefora, with regards fo Iron, there seems fo be a definite problem withs lron
being discharged over the weir during rainfall events. This problem needs to be addressed

when measures for the eastern slag area are considered,

The WQO for manganese is 0.05mg/l. The SADWE MGV and MAV for manganese are
0.05 mg/l and 1 mgf respeclively.

Vakies obiained from apalysis of the LSBT samples indicate typical values for Manganese
ranging between 0 and 0.2 mg/l with the majority of values falling below 0.1 mgfl. This indicates
that there is & problem with Manganese levels in the waler discharged over the Frikkie Meyer
walr.  Again, the source of the Manganese is most probably from the Sleelserv ares where
values of up to 8.8, with an average of Z.4 mg/t have been recorded, Pathway is as for
Sulphates and Iron through shallow groundwater,

I conclusion therefore, with regards to manganese, there seems to be a problem with
manganese discharged over the weir durng storm runoff events, which needs to be
addressed in consideration of allernatives.

There was no WQO for chromium in the expired water permit, The WQO for chvomium in the
current water licence is 0.5 mg/A, The SADWES MGV and MAV for this parameter are 0.01 mg/)
and 0.02 moh respectively.  The WO level for chromium is therefore much higher than the
BADWE levels,

Chromium fevels obtained from samples taken at LS lie predominantly at 0 and in three
occasions at 0.1 mgA, With a WQO limit of 0.5 my/l, there seems o be no problem with
chromium levels in the waters dischamed over Frikkie Meyer weir,
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In conclusion therefore, with regards to chromium, there seems to be no problem with

chromium levels well below the WQO level of 0.5 mg#t. It is recommended that chromium in

future be deleted from the list of parameters to be analysed at Frikkie Meyer weir.

Cyanide

Cyanide levels are not specified in {VS’'s water licence. The SADWS MGV and MAV for cyanide
are 0.2 mg/t and 0.3 mg/l respectively.

Cyanide levels obtained from analysis of the 1.S1 samples indicate typical levels between 0 and
0.1 mg/l. All samples gave resuits laying below the SADWS MGV of 0.2 mg/i.

In conclusion therefore, with regards to Cyanide, there seems to be no problem with water
quality levels all below the SADWS MGV of 0.2 mg/l. It is recommended that Cyanide be
deleted from the list of parameters analysed for at L.S1.

Phosphorus

Soluble orthophosphates are specified in the water licence as having to be below 0.1 mg/l. No
limits for Phosphate are specified in the SADWS.

Phosphate values measured at L.S1 indicate typical levels between 0.1 and 0.4 mg/l. Most of
the samples therefore exceeded the WQO for Phosphate at the Frikkie Meyer weir.

The WQO limit for Phosphate at the Rietspruit side of the works is 1 mg/l. The WQO limit set
therefore seems very sfrict and shouid considered o be revisited to a more realistic value of say
0.5 mg/l.

In summary therefore, with regards to Phosphate, values exceed the WQO fimit of 0.1 mg#
constantly, however a review of the limit to @ more realistic value of 0.5 mg/l shouid be
considered.

2inc

The WQOQ for zinc is 0.3 mgA. The SADWS MGV and MAV for zinc are 1 mg/l and 5 mgh
respectively.
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Zine values obtained from analysis of the LS data indicates are typically laying between 0 and
0.8 mgh The values are however all below the SADWES MGV of 1 mg/l. As for Phosphate, it
seams that the WQO for Zinc is very strict and a review of the standard & recommended.

Frikkie Meyer weir excead the WGO limit of 0.3 mg/l and therefore pose a problem. The
WOO is howaver very strict and a review of the WQO mit is recommended,

(hret et P STE RVt it o o TR O 140 T e

Only three sample values exist for all of the three elements and these were taken before the
licence conddions o aexistence.  Although the values measured seem to be high in refation to
the WO, oo iite information is available to commant on the data.  Furthermore, the levels
again seem to be very stict compared to the SADWS limits. | is recommended that the
analysis for Calcium and Magnesium be included in the list of elements analysed for at the LS
poirts,

Total Alkalinity is determined from compounding Calcium and Magnesium values and therefore
can also not be commented on at this stage.

The water quality results reviewed in the foregoing paragraphs will now be discussed in terms of
the dominant sources of the various contaminants,

Integration of Eastern Discharge Resuits

In the foregoing section regarding the water qualiies in the eastern catchment of the IVE Works
the various sources of water that reach the Leeusprult Sump and the Frikkie Meyer welir were
reviewad. During dryweather conditions the NWAK, Vaal Dam canal and SteelserviHecketts
South araas discharge water 10 the Leeuspruit Sump. During low intensity rainfall events, runoff
from the Leeuspruit catehment upstream of the Frikkie Meyer weir flows towards the weir, from
wherae it s pumped o the Lesuspruil sump.  If the intensity of the rainfall is ncreases
sufficiently, water will spill over from the NWAK and Leeuspruit Sump towands the Frikkie Meyer
weair, As soon as the flow lowards the Frikkie Meyer weir becomes more than the pumps at the
welr can manage, then water will stan overiopping the weir and a spill event coours,

After reviewing the L1 waler quality analysis results, which is a summary of water quality data
obtained during spillage events over the Frikkie Meyver weir, it is evident that a number of water

quality parameters are problematic when compared to the WQOs for the eastern catehment.
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The problematic parameters (excluding those for which the WQOs are exiremely strict), are
sulphates, iron, manganese and zinc.

The water emanating from the NWAK is relatively uncontaminated and, under dry-weather
conditions, flows towards the Leeuspruit Sump. This is the best quality water in the eastemn
catchment in terms of EC.

The water in the Vaal Dam canal, Leeuspruit Sump and at the Frikkie Meyer weir are simifar in
terms of EC. The water that passes over the weir is however generally of better quality than the
other two sources.

From these analyses it seems as aithough a possibie source of non-compliance at the Frikkie
Meyer weir is the Leeuspruit Sump. The one parameter that exceeded the WQO significantly at
the Frikkie Meyer weir at times was the sulphate concentration, which rose to above 700 mg/l.
Even though the comprehensive analyses at the Leeuspruit Sump were for a different period,
the highest suiphate concentration recorded was 196 mg/l, and the water quality over time is
relatively constant. it therefore seems unlikely that the Leeuspruit Sump resulted in these high

sulphate concentrations.

in addition, on analysis of Storm event 4, it became evident that even when the Leeuspruit
Sump did not spill, there was still an exceedance on some variables analysed at LS1,
particularly sulphates and iron. The only source which could possibly contribute to this situation,
was the catchment upstream of the weir outside of the boundary wall on the [VS works. The
south-eastern boundary wall prevents any surface water flow from the Hecketts South and
Steelserv areas from entering the area between the Leeuspruit sump and the Frikkie Meyer
weir. The possibility of a source of contaminated water coming from the Frikkie Meyer
catchment was subsequently investigated.

After integrating the surface water results with the groundwater and source characterisation
results, it became evident that rain and process water discharged onto the surface of the
Hecketts South and Steelserv areas infiltrates the groundwater regime. The water tabie in this
area is very shallow and water levels of 1m below ground level were encountered in test pits
excavated to the east of the Steelserv area. Water quality results from samples taken from the
test pits are shown in Table 48 above. The natura! drainage path of groundwater in the area is
in a north-easterly direction towards the Frikkie Meyer weir. This water decants to surface in the
marshy area to the south-west of Frikkie Meyer weir. Under dry conditions, water from this area
evaporates and white salt deposited on the surface of the ground occurs. Groundwater seeping
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onto surface there is highly contaminated with sulphates, ron, manganese and sodium due 1o

ity cortact with BOF slags and other raw and prosessed materials In the areas of orgin, When

rainwater subsequently falls within this marshy area, the clean rainfall dissolves the salts and

flows towards the weir,

In order to address this surface water problerm in the eastern catchment, the source of the
problem - Steelserv and Hecketts South - must be addressed effeciively. The objectives and
measures required to achieve this will be reviewed in Bection § and Bection 6 of this

document.

In conchugion therefore, with regards 1o the eastern discharge point at Frikkie Meyer weir, the

following comments can be made:

1.

Although data available for the eastem catchment s limited and offen incomplete or
unreliabie, still a reasonable understanding of the behaviour of and interface belween
surface and process walers could be obtained, .
The Leeusprit sump and Frikkie Meyer weir combined do not have the capacity 10 store
water related to any significant rainfall event retum period, These facilities merely act as
dry weather flow discharge management facilities as well as 10 hold back contaminated
runoff emanating from the first flush of & rain event. Spillages over these facilities will
tharefore ocour reguiarly,

On analysis of the water quality data available, # seems thal a few water Quality
parameters exceed the WQOs set for the eastem discharge.  Of these, some are
exceaded because the limits are set extremely strict. Others are not in compliance due
to & source that has not been addressed o date,

On basis of the analysis performed, it s recommended that rather than capturing water
from the catchment, whereby runoff s reduced to the moeiving environment, that the
sources of pollution contributing to the non-compliance parameters be addressed and
that water that i In compliance be released over the weir into the environment,

That monitoring at the eastern catchment be more stringently done, Including calibration
of ingtruments, sendcing thereof and inoreased reliability of data transfer and record
keeping,  Only reliable data can determine whether the infrastructure operates as it
showld and whare improvements are required,

That the grab sampliing program a Frikkie Meyer weir be replaced with & continuous
sampler that can obtain samples of water ag soon as spillage over the welr ocours,
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interface between Frocess and Surface Water

surface water refers 10 all water that occurs on the surface of the earth, Water it a dam or a
holding facility is therefore also cassified as surface water. This means that in the case of VS
all water flowing i stormwaler draing, or as overdand flow on veld or dump areas, or water
stored in dams is classified as surface water,

Frocess water or effluent is defined as water that has been used in a process and of which the
auality has been atered, This therefore Includes:

1) Taking water into & plant, |

{i) Futting the water through g process,

(i} Discharging the water as an effluent from a process,

From a surface water perspective, the process is viewead as a "black box’. Whal enders the
biack box is surface water (intake water), and what exits the black box is surface water. The
infernal water managemernt within the process (black box) is described in the process water
speciaist study as part of the Master Plan,

Process water that exits the black box to become surface water is termed efffuert.  Effluent
water can be classified either as contaminated or uncontaminated.  The degree of
contamination of the effluent water that exits a process is important, since B provides an
indication of the fitness of use of the water for humans and the environment, and the risks
associated with this water,

Within & Works such as IVES, process and surface walers are integrally linked.  Surface water
becomes process effluent when it enters VB, This effluent is subsequently treated and
hacomes surface water again,

At present both stormwater and treated process waler is released from the Works at the
wastem discharge point. As a result of commitments made by IVES fo DWAF, the surface water
released from VS will comprise only of uncontaminated stormwater by the end of 2008, The
Works will then be classified as a zero effluent discharge (ZED) facility.  This operational
practice will dramatically alter the operational activilies, environmental management and
discharge characterstics of VS, It means that during dry-weather conditions there will be no
water releasead from the site info the Rietspruit canal. Al effiuent within the Works will have to
hé treated and reusad in Drocess.
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What is of importance is that a separation between process and surface water is required for a

site like VS to become a ZED facility. Although historically this has not happened, itis foreseen

that such separation will take place in futire. Only when this separation has been completed,

can a true distinction be made petween process and surface water. The phi%osbphy for

management of waters in the future will be as follows:

o No process water shall be discharged into a surface water canal or dam.

e Dams shall be classified as either surface water or process water dams,

« Surface water shall become process water as socn as it is abstracted from a stormwater
holding dam.

e Ground water shall become process water as soon as it is abstracted from a borghoie.

o All process water must be kept within a pipg, a sump or a dam and all areas where process
water spillages can occur, must be bunded, with abstraction sumps and pumps back into
process.

The measures described herginafter will indicate how this can be obtained.

The various management areas identified in the Master Plan will now be reviewed in terms of
their influence on surface water within iVS.

2.3.6 Consolidated Residue Management Facility

The consolidated residug management facility (CRMF) was proposed due to the management
and regulatory difficulties associated with numerous diverse yet relatively localised residue
sites, waste Tacilities and dumps within the north-western quadrant of the site (see Figure 3).
The consolidated residue management facility consists of various sub-areas, which include:

. Dam 10,

. Dams 1-4,

. Existing waste dump;

. Maturation ponds;

. Dam 11,

. Raw materials stockpites;

J Processed materials stockpiles;

. Sludge dams; and

. Redundant blast furnace sludge dams.

The CRMF lies within the western catchment of the site, which drains predominanily towards
the Rigtkuilspruit. That portion which does not drain to the Rietkuilspruit drains into storage
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facilities within the catchment. The surface area of the CRMF is approximately 773 ha. This
brown-field area is situated to the north of the CPA, and is situated in the north-western
quadrant of the site. Surface water from outside of the CRMF drains into the area,
predominantly from the eastern boundary of the CRMF where it interfaces with the Kiewiet area.

The goal of the consolidation of the various components within this areais that it is managed as
a unit under a single permit. In terms of surface water it means that runoff water from the site
will be managed within the site and monitored at the points that it leaves the CRMF. There are
three possible water outlet points identified from the CRMF. These are:

+ The Hattingh canal,

e A new water outlet point West of dam 10;

+ Possible spillages or controlied water outiet from Du Preez dam.

The various components of the CRMF will now be reviewed individually.

Existing Waste Dump

This dump was started in 1943 and was used as a depository for solid residues and sludges
over the years. It comprises an area of 179 ha, with a volume of 26.7 million m®. it has attained
a maximum height of 40 m. The dump is unlined, and the different materials disposed {o i are
not segregated. The material is transported to the dump by rail, and is subsequently placed by
wheeled vehicles. The dump has a high infiltration rate. Runoff from the uncapped dump will
be contaminated, as surface water comes into contact with the waste body. Two phases of
rehabilitation of the dump have been planned. These phases fermed the 8-year and 20-year
plans relate to final volumes of 35.4 and 46.5 miliion m® respectively.

An unlined pollution control dam for stormwater (Du Preez damy) is located immediately adjacent
to the dump on the north-western side. This dam consists of a central sump and a basin
arrangement covering a footprint of @ ha, with a capacity of approximately 120 000 m®. The
dam is used for the management of storm events. it is operated empty, thereby effectively
reducing the risk of both overtopping as well as infiltration to groundwater. Du Preez dam is
capable of accommodating the 1:50 year flood when pumping only at 50 % capacity to Dams 1-
4. The cut-off canals leading towards Du Preez dam are about 2 m deep, as are the bentonite
slurry trenches adjacent to the canals.
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Dam 10

Historically Dam 10 was utilised for the disposal of effluent water from different parts of the
process. This dam was predominantly used as an eavsspmfstimh dam for the process waters as
wall a5 contaminated stormwater,  Dam 10 also obtained leachate water from the cutoff
trenches around the dump at Du Preez dam, Water frorn dam 10 was pumped to Dams 1-4.
Dam 10 was originally constructed as a seres of smaller dams separated by earthan berms.

Currently no affluents or leachates are pumpad into Dam 10 anymore. The dam still contains 2
water body consisting of historic effluent, This water is either evaporated from the dam surface
of being pumpad back info process for reatment,

The dam has 2 surface area of approximaiely 64 ha, and slopas from a depth of O min the east
o approximately 6 m deep on the western side.  The dam has g capacity of approximately
1000 000m”, but has no spillway or lining.  The dam wall on the westem side was built from
slag and cares the rail line to the residue fransfer station situated to the south of the existing
waste dump. There is a shallow drainage canal adiacent to the dam on the western side of the
dam wall, Water in this canal is collected at the West Bank purmp house, and pumped back to
the dam,

The dam has a imited rainfall catchment ares due t© the Hatingh canal, Dam 10 falls within the
CRME, and within the western catchmant of the site. The dam is not registered with DWAF
Darn Hafety Office.

Lams 11

Dams 1-4 have a swface ares of about 6.7 ha, and 2 volume of approximately 1 000 000 me,
This dam cormprises of three non-equally sized cells (cell 1= 42.0 ha, cell 2 =197 ha, cell 3 =
12.0 hae cell 4 = 13.0 ha),  Dams 14 do not have a spillway, and the maximum depth to
averflow is about 4 m. This dam is situated within the westem catchment of the site, within the

CRME. and holds predominartly inorganic efffuent water. The dam is not registered with the

DWAF darn safety office, and has a catchment area of approximately 183 ha, Inputs into Dams
1-4 zra from the Du Preez dam pump houss, Dam 10 and runoff resulting Yrom rainfall within its
own catchment, Seepage water is collected in & trench to the wast of the dams. This water is
pumped back into Dams T-4 from a seapage pump house.
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Maturation Pomnds

The Maturation Ponds have & surface area of about 38.3 ha, and a volume of approximately
700 000 m®. This dam comprises of three nom-eaually sized cells (el 1 = 123 ha, cell 2 =
15.0 hay oell 3 = 13.0 ha), The Maturation Ponds do not have a spillway, and the maximum
depth to overflow is about 4 m.  This dam is situated in the westem catchment, within the
CRMF, and holds predominantly organic effluent water, The dam is not registered with the
DWAF dam safety office, and has a catchment srea of approximately 89 ha,  Inputs info the
Maturation Ponds are mainly organic effluents from the Coke ovens and runoff resulting from
rainfall within its own catchment. Seepage water is collected in a trench to the west of the
ponds, and pumped back into the Maturation Ponds.

Raw and Processed Material Stockpiles

The following activities ocour within the raw matenal stockpile areas,
* Tigping of coal and fine ore for the sinter plant;

. Crushing and screening station;

* Mixing bed stacking and reclaiming,

* Coal blending yard,

J Coat stacking ares stacker reclaimer,;

The raw materal stockpiies constitute an operationsl area within the CRMF. The designated
access oad into the CRME is situated between the coal stacking ares and the sinder mixing
bads. The Hattingh canal flows next to this access mad, and extends 1o the south-eastem
axtramity of the existing waste dump. The raw matersl stockpiles constitute an ares of
approximately 26 ha {(coal stacking area + sinter mixing bed).  Conveyor infrastruciure 1%
situated 1o the south of the operational ares, and extends into Works,

The coal stacking area is constructed on top of a clay layer. AL present any surface water, or
shatiow seepage waler that is captured by the sub-surface drain system, is routed directly into
the Hattingh canal  This area is parfially bunded. The sinfer mixing bed is lined and has a
seepage system with a coliection sump. The area is howaver not bunded, and surface water 19
not dirgeied to the coliection sumps,

The provessed matenial stockpiles lie within the CRMF in the western catchment of the site, and
consist of a

. Coke storage araa Of approximately 17.3 ha;

» Mitt seale storage area of about 158 ha,
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. BOF sludge, constituting an area of about 5.9 ha.

Coke Is fransported fo its storage area by means of rcad. This storage area is situated to the
north of Dam 10, and fo the south-easi of the existing waste dump. This area is not lined or
bunded and surface water becomes contaminated when it comes into contact with the coke.
Stormwater draining from this area flows towards Dam 11 and Dam 10.

The mili scale is currently transported o and from the eastern side of the dump (west of the
Maturation Ponds} by rail. The mill scale area is unlined and unbunded, and surface water
becomes contaminated when it comes into contact with the products. This water flows overiand
and uncontrolled into the Halttingh canal.

The biast furnace slag storage area is situated to the north-east of the existing waste dump,
south of the Cyferpan area. Hecketts make aggregate from this material and fransport it from a
dedicated gate situated on the northern boundary of IVS, adjacent to the Cyferpan area. Biast
furnace slag is fransported to the site by means of rail in hot-tip pots, and the aggregate is
transported from the site by road. The hot-tip rail passes diagonally through the existing waste
dump. This rail is a major limiting factor in terms of air space at the existing waste dump, and
altemative routes will be proposed later in this document.

BOF sludge is stored in an area to the east of the coke storage area. This area is uniined, and
unbunded. Surface water becomes contaminated on contact with this material. The water flows
from this area in two directions, towards Dam 11 and the Hattingh canal.

Sludge Dams

The siudge dams comprises of two areas where siudge has been disposed. These are the Old
Maturation Ponds and the CETP Sludge Dams. Both facilities fie within the western catchment
of the site within the CRMF. CETP sludge is no longer disposed into the Old Maturation Ponds,
while the CETP Sludge Dams are still used for this purpose.

The Old Maturation Ponds are situated to the north of the CETP. This area comprises of three
non-equally sized celis (cell 1 = 3.7 ha; celi 2 = 6.0 ha; cell 3 = 9.9 ha). These unlined dams
were utilised for the disposal of sludge underflow emanating from the CETP. The estimated
depth of the facility is 3 m. Sludge settied in the siudge dams, where after the water ran off into
the Bumes Memorial Canal. The water quality discharged from this faciiity was the same as
that which was discharged from the clarifiers at the CETP.
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The CETP Siudge Dams are situated immediately east of Dam 10, and are still operational.
This area comprises of seven equally sized cells, with areas of approximately 12.5 ha each,
Earther walls divide the cells. The sludge dams are unlined, and are wutilised for the disposal of
sludge underflow emanating from the CETP. The estimated depth of facility 15 3m. Sludge
setlles oul in the sludge dams, where after the surface waler is evaporated. Beepage from the
CETE shudge dams flows inte Dam 10,

Hattingh Canal

The Hattingh canal was built during 200142 to replace the under-designed Bumes Memorial
canal. The Hatiingh canal is a trapezoidal concrete canal approximately 2m deep, with 1.1 side
slopes. 1t is constructed with a longitudinal slope of 1750 and has a total length of 800 m. The
canal extends from the south-sastem side of the existing waste dump, and exits into the
B00 mm diameter North Works blow-down canal. It forms an effective drain for much of the
stormwater emanating from the GRMF.

A continuous monitoring station was installed and commissioned near the end of the Hattingh
canal during February 2002, The instrumentation measures flow depth, pH and EC al the point
whera surface water exits the site. No data is available Tor the period of analysis (March 2001 10
February 2002), however results from the station subsequent to February 2002 s listed in
Table 3. The water i5 of poor quality, with the dominant elements being sulphates, chlorides
and calchum.

Table 53:  Summary of Water Qualities and Flows in the Hattingh Canal

Mar 62 Apr 0377 May 02 T 3 63T FoE T Aug 02| Sep 02 ] Dot 02

a5 . Farcentile Flow (mh) | 3410 396.0 FoA4 ] RIS AT Aes2 324.6 BB 358
“Median Flow (m®Th) #5205 3969 §20.4 HMes ] 3168 F20.2 R
45-Porcentiie EC (m8/m) | 4309 4888 ] 487 B 5885 BEZ 0T 80,3 IRR B27 1
Median EC (mSim) THED 4 425, a7g b | 4d0.2 6526.8 4788 581.4 EYA N

The poor water quality In this canal is predominantly due to the ingress of shallow groundwatar
from areas such as the coal stacking area, the coke storage area, the Old Maturation Ponds
and the sinter blending area. In addition surface water runoff becomes contaminated when it
comes into contact with other raw and processed matenal stockpiles within the CRMF, as well
a5 the existing waste dump.
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Them is & constant dry-weather flow in the Hatlingh canal during the winter months, The flow in
the canal is typically in the order of 40 mi*/h.

Even though this canal transfers poor qualily water at present, # is considersd 10 be an
important stormwater canal within the proposed CRMF. Various environmental management
measures are proposed later in this docurment in order 1o ensure that only uncontaminated
stormwater gmanales from this canal in the future,

237 Consolidated Flant Area

The consolidated plant area {CPA) consists prancipally of the North and South Works of IVS

{sea Figure 2). The CPA s approximately 875 ha in area. The CPA consists predominantly of

impervious surfaces and has a high runoff yigld, The CPA is themefore a dominani contributor 10

stormwaler flows received at the outlel points, This area s alsp the pradominant area where
- surface water and effluent inlerface,

The mosgt important surface water monttoring points within VS are the western and gastem
discharge points, These have been deal with in detail under the western and gastern discharge
points above, There are also several continuous moniforing points within the Works which are
utilised for the managemaent of surface walers and for the compitation of a mass balance for the
site, Three of these monitoring points have been evaluated in the assessment of the flow
craafity and quantity ernanating from the eastern catchment (Leeuspruit Sump, Steelserv Sump,
NWAK and Vaal Dam canal), The flows and water qualities ai the other 19 internal monitoring
points will be reviewsd brigfly in this section in order to provide an indication of the major
sources of runoff and the associated waler qualities within the Works,  For mome detailed
information regarding the water and sall balance within the site the reader s refered o the
Magter Plan Process Water Specialist Report (document number, VSMPAS0).

Fourteen stormwater canals exist in the South works arga. Thineen of these drain 1o the TETH
in the western catchment (871, 82, ... 813), and one 1o the Lesuspruit Sump in the easiemn
catchment (8714). The North Works has three stormwater draing, and ong effluent canal. The
three stormwater canals (N1, N2, N4) drain towards Leeuspruit Sump, whils the effluent canal
forms the North Works blow-down canal, flowing in a westerly direction towards TETF. The
positions of the internal monitoring stations within the Works not previously discussed in this

report are provided in the following table:
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Table 54: Position of Continuous Monitoring Points within CPA

L.ocal Grid 1.0, 29 Grid
X Y X Y
Analysis House 1 797 601 2163.200 -80,132.43 2,849,630.90
Analysis House 2 334536 2168.8 -80,127.02 2,850,102.89
Analysis House 3 135712 2286.818 -80,008.81 2,850,301.68
Analysis House 5 -781.178 1898.475 -80,397.12 2.949,656.33
End of North Works Blow-down -1062.3 16553 -80,640.27 2,049,375.26
Vaal Dam Canal -838 -1688.1 -83,004.12 2.949,700.65
North Works Runoff Canal 638 17348 -84 029.92 2,048,79685
Alr Products Drain 570.2 1757.9 -80,537.61 2,951,007.50
Coke Ovens Drain 7921 8222 -81,47323 2,849, 645.46
Hot Mills South Drain 253 1067.9 -81,527 53 2,950 46272
CMGM (North Works Blow-down) -1319.2 -374.8 -82,670.06 2,949,118 50
Hattingh Canal 12142 630.2 -81,665.22 2.948,223.43

The canals listed in this table will not all be reviewed in this section. Those canals thai have
flows and water qualities that confribute significanily to the input into the TETP will be reviewed
briefly in this section.

Analysing House 1

Analysing House 1 is utilised to monitor the flows in three stormwater canals that flow towards
the TETP. They are the:

. Coke Ovens Canai (AH1a f 54);

. CETP Canal (AH1b / 52); and

o Direct Reduction Canal (AH1¢c/ 351 and S3).

Only manganese is monitored on a continuous basis in the Coke Ovens Canal. The
manganese concentration is typically just above 1 mgfi, although “spikes” of up to 12 mg# do
occur. Flows in the canal are typically in the region of 180 m*h.

Flow, EC, pH, flucrides and manganese are monitored in the CETP Canal. The water in this
canal emanates from the outflow of the CETP and is a major source of fiuorides, chiorides,
manganese, iron and sulphates at the western discharge point of the Works. The flow volume
emanating from this canal is in the order of 200 fo 250 mh.
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Fiow, EG and pH are monitored in the Direct Reduction Canal. The water in this canal is of
retatively poor guality, and this canal is a source of chlondes and iron at the TETE. The EC in
this canal is typically in the order of 200 mS/m, and the flow is in the order of 480 mh.

Analysing House 2

Analysing House 2 is utilised to monitor the flows and qualities in three drains that flow towards
the TETH, These include the:

» South Dam Indet Canal (AHZ2a 7 87, 88, 89, 510 and 511),

» Blower House Canal (AH2Zh 1 86), and

» Blast Furnace Canal (AHZe / 85,

The South Dam Inlet Canal (8DIC) comprises of the flows of the BOF and continuous casting
e (810}, the combination mill ine (59), the hot mills line (88), the plate mill line (87} and the
secondary metalurgy line (811). The EC in the 8DIC is typically about 80 mS/m, and the flow
ranges from 80 m>/h to 120 m*h. Fluoride Jevels are typically about 1.5 mg/ to 2 mg).

The EC in the Blower House canal is typically below 80 mB/m, while the flow in the canal is
typically in the order of 100 m*h. The major source of water in this canal is from the Cold Mills.

The Blast Furnace canal transfers water from the SBlag Granulation and Blast Fumace areas.
These areas are a dominart source of ammonia and sulphates within the Works area. EC
values in this area range from 100 m&/m 1o 1850 mB/m. Flows vary between approximately
150 m¥h and 200 m*/h. The ammonta concentration in this canal is typically about 18 ma/, and
e sulphate concentration greater than 200 mg/.

Analysing House 3

Analysing House 3 is utilised to maonitor the flows in the Ogen Canal (AH3a 7 312 and 813).
Puring the vear of amaiysis the EC in the Open Canal typically ranged from 150 m8/m to
200 mB/m. This canal is a source of fluorides, sulphates, chlordes and sodium at the TETP.
Fiows in this canal, which include flows from Air Products, V1, VZ and V3 and BAF Slag
Coofing, are typically i the region of 558 m*/h.

Analysing House 8§

Analysing House & was utilised to monitor the flows In the line leading from the Coke Ovens {0

e

Dam 10, Thig line is no Jonger utilised, and is therefore redundan
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The process water line that flows from the North Works 1o jein the Direct Reduction line is
tarmed the Morth Works Blow-down ling,

Nuorth Works Blow-glown Line

The North Work Blow-down ling i a 800 mm diameter concrete pipe drain that flows from the
North Works to join up with the Direct Reduclion line in the South Works, The flow in this canal
is typically in the region of 200 m/h, The water is of relatively good quality with a median EC of
about 70 mSim,

2.3.8 Slag Processing Amas

There sre two slag processing areas situated in the South Works within the Consolidated Plant
Area,

Bouth-westorn Slag Frocessing Area

This slag processing area is suated 0 the south of the Electic Are Furmnace (EAF). This area
is utifised for slag cooling and scrap cutting and cecling. The scrap-culting carousel includes
axygen lancing under a roof,

Withiss this area is a pit that s utiised for slag cooling, The pit 1s unlined,

Surface water becomes contaminated when it comes inte contact with the stockpiles around the
pit. A berm has been constructed at the edge of the embankment, but this berm does not
extend 1o the north-west of the pit. An open sarhen trench is situated at the base of the
ambankment, to the west of where the slag cooling aclivities take place, This trench captures
surface water and shallow groundwater seepage from the southrwestern slag processing area,
A purmp fransfers water from s trench back 1o the pit,

To the west of this area is an open veld area. This area was saturated with water seaping from
the slag cooling pit prier {¢ the construction of the rench and berm.  Since the construction of
the trench and berm s area has been dry, but there is svidence of historic salt depositions
within this area, These salts are dissolved by rainfall runoff, and this open veld area could
therefore be a source of surface water contamination,
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South-eastern Slag Processing Area

This slag processing area is operated by Steelserv. This area consists of two sub-areas,
namely the Steelserv area and the Hecketls South area. Both are situated in the soufiveastern
corner of the CPA.

Hecketts South is situated on the southern boundary fence of the Works and has dimensions of
approximately 1150 m by 170 m. The Heckeits South area has been uiilised for the stockpiling
of scrap metal and slags. During 2001 the clearing of this area was initiated, and the area has
been progressively cleaned up from the eastern end. When the first 400 m had been cleared,
this area was shaped and made free draining and a 200 mm layer of topsoil was placed on the
surface. The purpose of this action was to minimise infiltration and ponding within the area, and
to maximise runoff from the area as well as to rehabilitate the area.

The Sieeiserv area is situated immediately north of the Hecketfs South area, and has
dimensions of approximately 1300 m (east to west) by 420 m. The Steelserv area consists of
the following components:

. Steelserv slag processing plant;

. Scrap metal yard;

. Cleared scrap metal yard;

. Hot metal pits;

. Hot slag pits;

. Scull yard;
. Brick yard;
. BOF slag;

» Scrap vard;

. Steelserv sump;

) South-east boundary flow containment wall;
) Steelserv boundary canal.

The water qualities emanating from the Steeiserv and Hecketts South areas were reviewed
when the eastern discharge point of the Works was evaluated. In this evaluation it was shown
that the Hecketts South and Steelserv areas are major contributors to the exceedance of water
quality standards at the Frikkie Meyer weir. Water from these two areas flow below the surface
towards the open veld west of Frikkie Meyer weir and salt deposits are evident on surface in this

area. These deposits are dissolved during rainfall events, whereby the water qualities reporting
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to Frikkie Meyer weir are compromised. The major components of this water include sulphates,
sodivm, fiuorides and Fon,

2.3.9 TETPIMTF Area

Thie infrastructure within this area was described brigfly in the assessment of the flow gquantities
in the western catchment of the IVS Works.  The TETP area includes the lowest point in the
western catchment, and therefore forms the outlet of this (:aatt:?hm%t. Thirteen drams from the
South Works, and one from the North Works, flow towards the TETP area. The water from the
stormwater drains How into the north and south buffer dams. These dams are balancing dams
for the TETP, and act as st collection facilties, The dams capture all dry-weather and first
flush flows, The TETP is a treatment facility consisting of a series of ten sand filters operating in
parallel,

The TETP area has been chosen as the preferred site where the Main Treatment Plant (MTP)
will be situated. The MTP is the water treatrment infrastructure reguired for the Waorks to meet
the ZEL in 2005 according to the water licence reguirements. A basic layout drawing of the
MTP infrastructure is shown in Figure 4, This figure shows that the MTP infrastructure will be
integrated with the existing equipment ang infrastructure at the TETP.  For more details
regarding the background, motivation and design of the MTP infrastructure the reader is
referred {0 the Master Plan Process Water Specialist Report (document number, IVB/SRIO30),

23.100pen Veld Areas

There are four open veld areas within the VS Waorks, These are the:
. Kiewiat open veld ares;

* sentral open veld area,

. South-western open veld ares,

» Souttreastarn open veld area,

Kiowiet Area

The Kiewiet area comprises of an area of approximately 385 ha, Surface water flows info the
eastern and western catchments from this area since the watershed falls within this area,
Surface water is not managed within this areq, and overtand flow ocours through the pastures,
Surface water exits the Kiewiet area at two points, The first is at the south-eastern extremity of
the Kiewiet area, where the water passes under the access road leading 1o the Northem Gate of
IV (where this road has its junction with the Frikkie Meyer Boulevard), Secondly, overland flow
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from the Kiewiet Area flows over the western boundary of this area into the CRMF. The Kiewiet
site was previously used by 1scor ag an inigation area for organically contaminated water
however this praclise has been abolished in 1882, There are several borrow pit areas on tha
gite, some of which are currently still in use,

The Kiewst area has recently been joined to the Cyferpan area by a thin sirip of land north of
Dams 1-4. The Kiewiet area is utilised as a pastureland for game farming, and is managed by
Ferroland. Both natural and planted {artificial) pastures have been established. The dominant
goll forms in this area are the Hutton, Avalon and Baingviel forms, The stock watering provision
within this area is supplied by means of small earthen dams. The combined area of the Kiewist
and Cyferpan areas is approximately 780 ha. For more details on the type and numbers of
game, the reader i referred to the Land Lise and Land Capabiiity Master Plan Specialist Report
(document number. IVE/SR032),

Central Open Veld Area

This open veld area comprises of approximately 123 ha and 5 administered by Central
Bervices. The dominant activity within this area is rail transport where a network of rail ines
enter/exit the North Works, Also situated within this area are some tar tanks and the so-called
Coopers Hill. Cooper's Hill is a histore topsoll stockpile area of approximately 1.8 ha in size.
There are no buildings in this area.

South-western Qpen Veld Area

This manicured grassed park includes an ared of almost 48 ha. It includes the main access
road into the IVS Works, as well as the so-called Ellis Park dam which is approximately 2.3 ha
in size. The area s managed by Central Services, and includes only one building (a pump
house for the fountain) and a recreational lapa adjacent to the dam. Part of Eskom's power iine
servitude passes through this ares.

South-eastern Qpen Veld Area

This area s important from a swface water perspective since its lowest point forms the origin of
the Lesuspruit, The area includes infrastructure for the management of surface water in the
eastern catchment of IVS ag described earlier in this report. Apart from the water management
infrastructure, other activities in this area include a nursery of approximately 1.5 ha in the
northern comer of this site, “Boeredienste” (farming services - where agricultural ime was
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produced) and switchyard “D7 (& power supply subsigtion 1o the site) are situsied within this
area. "Boeredienste and switchyard "L have been decommissioned.

24 Rietiuilspruit / Rigtspruit System

The Rietkuilsprut and Rietspridt systems form part of the receiving environment for surface
water on the westem side of the VS Works, Treated effluent and stormwater flow from the
Works into the Rietsproit canal. Water flows for approximately 5 km in the cangl before it enters
the Rietkuitspruit, The Rietkuiispruit flows for g further 1.3 km o the West before it joing info the
Rigtspruit,.  The Rigtspruit and Rietkuilsprult catchments are described in Section 2.2.2 and
Section 223 respectively.  The water quantities and qualities assodated with each of these
catchmanis will now be reviewed.

249 Rietkuilspruoit

The primary source of water, for the Rietkuilspruit, st the point where i enters s natural
drainage path is 8 stormwater canal from the town of Vanderbilipark, This water flows fowards
VS from the south, aiong the south-western boundary of the Works, At a point approximately
400 m north of the TETP the stream tums and follows its natural drainage path. There ars two
existing dams along the length of the Rietkulapruit. A third dam situated upstream from the two
exizting dams was decommissioned during 2001

The Rietkuitsprugt is & small siream with iitlle o no How during dry wegther condifionsg. No fi-:::w
menitoring tekes place in this stream. VS monitors their surface water release into the
Rietsprut canal and the vohune of waler that flows from the Rietspruit canal into the
Rietkutisnruit is therefore known.

There are eleven grab sample monitoring points within the Rietspruit/Rietkuilspruil system.
Seven of these monitoring points are in the Rietkuilspruit, three are in the Rietspruit and one is
in the Rietspruilt canal. The anealyses of water quality from the monitoring point in the canal
{RS7) have aready been reviewed in the evaluation of the water gualiies at the westemn
gischarge point of the Works,

The seven grab samping points in the Ristkuilsprait inchude RS0, RS1 REZ, RES, RB4, RSS5
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February 2002, This point is situated in the Ristkuilspruit upstream of the IVS works., Only &
limited amaount of data is therefore available for the year of analysis, The water quality resuits at
REO give an indication of what the guality of the water is before it flows past the VS works,

RE1 is situated at the point where the stream tums ninety degrees from the sowth-western
permeter of the Works and where it flows under the Golden Mighway. RE2 is the grab sampling
point where the first dam in this catchment was situated before it was decommissioned, RE3
and RH4 are monitoring poinis at the second and third dams in the Rietkuilspruit catchmernn
respectively, RBD and RES are shuated in the Rietasdispruit before and after the confhuence of
this stream with the Rietspruit canal respectively.  The analyses of the water samples at thase
maritonng poirds are contained in Appendix 5,

Also contained in Appendix § are box and whisker plots for each water quality parameter,
These graphs represent the various water quality parameters in the Rietkullspruit as the water
flows in & westerly direction, ulilising the data from the grab sampling points in the receiving
gvironmert.  In these graphs, the maxdmum, SS.percertile, median and  mimmam
concentrations are plotted for each grab sampling point. RS1 is the point in the stream where
the Rigtkuilsprait tums and flows under the Golden Highway,  From this point the flow follows
the natural drainage path to the west. The monitoning points in the Rietkuilspruit and canal are
presented first, foliowed by the three monitoring points in the Rietspruit,

Far a review of the EC qualities for the monitoring points in the Ristkuilsprait, refer 1o the EC
pot for the Rietsprait/Ristkaitsproit system. 1t is evident from the plot that the water guality in
the Ristkuiispruit progressively detenorates as the water flows from RB1 to RB4, Also shown is
the Freliminary Reserve and Resource Class Determination water quality limit for EC. The fimit
corresponds to & TRE valug of 1000 ma (BEC = 154 mBim),

The EC value decreases as the water flows from RB4 to RBE5  From RBS5 (0 RSS the water
quality improves significantly.  11is between these points that water from the Rietspruit Canal
erers the spruit, Since the volume emanating from the canalis significantly more than the flow
valume in the stream, the poor quality water in the Rigtkuilspruit is diluted to aimost the same
guality water obtained in the canal,

Whent reviewing the other parameters analysed for &t these points it is svident that severa
parameters which constitute the dissolved salls show the same trend of waler guality
deterioration along the length of the Rietkuiisproit. Parameters which exhibit his trend includs:
v Calgium;
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* Magnesiun,

. Chionides,

* Sodiurm,

* Sulphates, and
. Manganese,

There s cleardy & source of contamination aslong the path of the Rigtkuilsproit in e vicinity of
RS3 and RB4, There are no swiace waler inflows indo the Ristkuilspruit along its path through
the agricuttural holdings,

A possible source of this deteroration in qualty along the stream was sought in the sediments
of darm 1 (before it was decommissioned). The results anslyses on the sediments, which are
containgd in Appendix 19, indicate that the sediments are not contarminated and can therefore
not explain the that there must be another source of contamination within the Rietkuiltsproit
catehment,

Integration between the surizce water findings and those obtained from the geohydrological and
toxicological studies showed that the source is likely 1o be contaminated groundwater situated to
the south of the Rietkuilspruit, This area was previously used as an irigation ares for the small
holding owrers. The water used for imgation oniginated from the Rietspruit canal The source
of the contaminsted groundwater is & historic one, since all imgation practices have heen
discontirued in the area. For g detsiled description of the groundwater system and s dinamics
in the ares, the reader is referred to the Master Plan specialist reports on geobydrology and
source characiernsation,

Ther Ristkuilspruit lows into the Rigtspruit. The effect of water qualbty and guardity contribution
of the Rigtkuilspro on the Rigtspruit is now reviewed in more detal,

2.4.2 Rietspruit
The Rietspruit catchment is described in $Section 2.2.2. The flow volumes in this river, together
with the associated waler gualities, will be reviewsd in this section,

Water Quanlity

Rand Water monitors & gauging station in the Ristspruit. This weir, known as RV2, is situated
approximatedy 1.3 km north of Loch Vaal, approximately 200m below the confluence of the
Rietspruit and the Klein Rietspruit. The catchment areas of the Rigtspruit and Klein Rietspruit-+
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are approximately 1398 km? and 199 km? respectively. I assumed that the flow measured &t
RV2Z i proportional to the the catchment areas, it means that 12.8% of the water volume
messured cones from the Klein Rietspruit and 87.5% from the Rietspruit,  Due 1o continuous
inflows from, for instance the Ristspruit canal and the Vanderbijipark sewerage freatment works,
this split would probably be coser 1o 7% from the Klein Rietsprait and 93% from the Ritspruit,

Flow dats for the Rietsprull has been obtained from Rand Water for the monitoring polrt RV,
Table 88 providss the maximum, minimum and average flows provided by Rand Water for each
morth during the yesr of aralysis. ilising the average values the monthly total flows were
sstimated, Al of the data obtained from Rand Water for the monitoring point RV2 is contained
in Appendix 7,

Table 55:  RV2: Summary of Flows in the Rietspruit

Bate Average Tlow (m°ie) | Maximem flow (m*/s) l M indrmm flow {mfs) Total Flow (m"}
Ry 200 286 XY V82 7V Bad
Apr wHaT 2.4 eyt LK) 8 484 080
May 2004 Fog 389 223 B 276 256
o 2004 378 381 200 7305 760
Jul 200 042 K47 766 RN
Aug 2001 Y A 168 & 13 Ra8
Bep 2001 247 351 1,66 8402 240
Uit B00Y 2.56 3.8 {82 BEERTO4
New 2009 e EX:Y .66 B ES7 6E0
Dee 2007 NS 389 PR G 636 664
Jan 2007 366 L 144 T4 BaA
Fab 2007 4 &89 2.06 §aus 750

Total B8 745 118

The totsl volume of water messurad st RV2 in the Rietspruit was approximaiely 88 749 218 m*.
The total volume of water discharged during the vear of analysis at A4 was approximately
18 124 B83 m>. I the flow at RV2 is split 1o 7/93%, it maans that the total runoff from the
Ristspruit would have been approximately 82 536 770 m® The flows in the Rietspruit would
tharefore be almost five imes greater thar iy the Rietspruit cans).

el M S APy Mot 3 £ 2

When svaluating the water qualities in the Rietspruit the applicable WQOs or target water
guality concentrations for the catchment should be faken into account. Qne set of values
apainst which the water guaiities in the Ristsprult can be evaluated is the Water Quailty Reserve
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values contained in the Pradiminary Reserve and Resource Class Determination.  in addition,
irterim and mapagemsant target water quality values have been set for the Vaal River at the
Barrage. These values are contained in Table 56,

Tabsie 86:  Vaal Barrage Water Quality Objectives

"""" Prefiminary Reserve and
Paramuater Linits ipterim Target Mansagemoent Targed
Class Determinstion

Lefsiorices gl 200 5 B0

Electrical Conductivity T mS/m ' 184 70 50 o

lreany gyl . 1 i 45

Manganese mpA " 0.2 015

Nitrmtes gnd Mitnies eyl <~ B 3

Sodinm vl 6 100 &0
“Hulphates ragl) 360 200 it

Arnmonia ) <111 1 0.5

tealeium g/ g 1508 70

Fotagsium mgdl 44 Pt 1

Magnsslim mgfi 1 0 3

Chromium {tokal) rrgdl - 0,06 .03

Zine gl P 0.2 o

i is important fo note that IVS are not the only contribuiors o the sall load in the Rigtspruit,
several mining, industial and agricultural enterprises exist within the catchment, and form part
of the WA, Rigtspruit Forum. Lists of the interested and affected parties within the catchment
that form part of the Ristspruit Forum are contained in Appendix 20. OF the grab sampling
points in the Rietspruit one is upstream of the confluence of the Rietspruit and Ristkuilspruit
(RE&6), and two are downstream (RS9 and RS10). The positions of these monitoring points are
shown on Figure 1. The data appertaining to these monitoring points & contained in
Appendix 8. Also containgd in this appendix are box and whisker plots per parameter for all of
the monitoring points, as well as graphs of the each water quality parameters for each sampling
point during the year of analysis.

In addition fo the data collected from IVE, grab sampling data is also available in the Rigtsprait
from Rand Water, The following table, Table 87, presents a summary of the water qualities n
the Rietspruit, as monitored at Rand Water's monitoring point RV2. These statistical values
ware caloulated from the bi-weekly grab sampling data obtained from Rand Water for the year
of analysis. Various other water quality parameters were also monitored in the Riatspruit,
These nchude other physical, microbial and biological constituents.  This data is contained in
Appendix 5. i
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Table 57:  RVZ: Bummary of Water Qualities in the Rietspruit

Faramster Unity Maxipam Qi-parcaniite Mexchizan TOpreertibe
Electtiosl Conductiviy il 136 GRS 85 43
Dissohved Chygen gl Oy 11 £5.29% 4.2 0.5
Hartness mgh Galaly 330 2085 265 136
M Alkalinity mg/l CaliOy 125 106 K 71
FH o 8.3 8.2 r7 7.8

TG g/l 150D 70 Bl 250
Alsgreinum gl 0,33 0378 01 01
Eigron rnigy) (164 {1.4485 {.1 0.1
Brormide mpfl 33 18426 0,455 D26
Cateium g 40 H7.85 7.5 31
Cldotides mg/ 250 R 41 ih 24
s el 0.05 0,08 0.0 .05
Fluorides g/ 11 3.44 D73 0.44
fron mg/) 0.24 0. 1285 005 .05
Potassiim g/t 13 12 8.5 5.1
Magnesium gl wi <588 a1 13
Manganess /) 0.5 DA78S 0.05 .05
Sednm gy 6 65 395 12
Ammonia muf 3.6 235 hes 0.05

htrie g/l R i 666 0.7 D.03
Mifrate g/l 8.4 & B2% 1.3
Phosphors 1t/ a7 P 1.4 025
Gillon T g T 7.5 8.8 & 22
A R g/ 240 P 180 3
Zine mgh 1.4 0,401 0.0% .06
Cadmium Tragd) D.08 8,08 H.05 0.05
Cobuit g 0.04 £.06 D.0g 0,08
Cihrormium mghl (.05 D.05 0.0% 0.08
Moiybderndm g .05 0.0 0.05 0.05
Nicke ] 0.{5 G.08 0.05 .05
Lead mg/l 0.05 0.05 005 0.05
Vanadium mgfl 0.6 0415 .05 054
COd mgfl 3 0.8 19 10
DOG gl 21 10,528 £.35 4.5

CTOC mg/] 8.3 w025 845 4.4

HH50: ISGOR VANDERBIILPARK STEEL ~ SURFACE WATER SPECIBLIST REPORT « NS/S;R/O_Q?,. L



130 VAN RENSSEN & FORTUIN

A review of the water qualities in the Rietspruit, contained in this table will be evaluated in the
following section. in this section an analysis will be performed of the change in water quality in
the Rietspruit as a result of the flow from the Rietkuiispruit (and Rietspruit canal).

Dilution Analysis

Two sets of dilution analyses have been performed at the confluence of the Rietkuilspruit and
Rietspruit. For the initial analysis the grab sampling data from RS8, RS8 and RSS was used.
For the second dilution analysis the flow and water quality data from AH4, and the flow and grab
sampling data from Rand Waters point RV2 was used. The two sets of data have been

evaluated simultaneousty, per element.

Appendix 8 contains box and whisker plots for monitoring points RS8, RS8, RS89 and RS10,

These plots represent the maximum, 95-percentile, median and minimum water quality

parameter values for the year of March 2001 1o February 2002, The grab sampling points in the

Rietspruit/Rietkuilspruit System are located as follows:

. RS8 - This monitoring point is situated in the Rietkuilspruit after the confluence with the
Rietspruit Canal, but before the confluence with the Rietspruit;

. RS6 - This monitoring point is situated in the Rietspruit before this river's confiuence with
the Rietkuilspruit;

. RS9 - This monitoring point is situated in the Rietspruit, downstream of RS8, and after
this river's confiuence with the Rietkuilspruit;

. RS10 — This monitoring point is situated in the Rietspruit downstream of RSS.

Also contained in Appendix 8 are line graphs indicating the median lavels of the various water
quality parameters throughout the year of analysis as determined using AH4 and RV2 data.
There are several assumptions that were made when this data was evaluated, and these must
be considered in conjunction with the presented results. These assumptions include the
following:

. No flow data is available for the Rietkuilspruit. The flow volume emanating from the
Rietspruit canal is assumed to be the combined flow of the Rietkuilspruit and the
Rietspruit canal. This assumption is justified by the fact that the flow in the Rietkuilspruit
is very low in comparison with that in the canal during dry weather conditions (when the
sampies were {aken).

. The water qualities at AH4 have been taken fo represent the water qualities in the -
Rietkuilspruit just before the confluence of this stream with the Rietspruit. This was done
to use the combined flow and water quality data from AH4; - This assumption is justified
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by the simitarity in the water qualities at RS7 and RS8, due to the significant dilution of
flow in the Rietkuilspruit.

» The flows in the Rietspruit at RV2 represent the combined flows in the Klein Rietspruit
and the Rietspruit. The flow volume in the Rietspruit before the confluence of these two
rivers was determined by reducing the totali monthiy flow proportionately utilising the ratio
of the two river’s catchmernts. This assurmnption was utilised due to the direct relationship
between the estimated runoff from & catchment and its surface area with bias towards
flow in the Rietspruit due to reasons explained above.

) The water qualities determined at RV2 are assumed to be the same as those directly
downstream of the confluence of the Rietspruit and Rietkuiispruit. This assumption was
made due to the absence of better daia that was assodated with the fiows monitored by
Rand Water. It could be argued that RSS or RS10 data couid have been utilised, but this
was not done in order that the two methods of dilution analysis could be compared.

. Where no grab sampling data was available for a specific water quality parameter, the
concentration was assumed to be equal to that of the previous month.

Utilising the AH4 and RV2 data, it was determined that the flow in the Rietspruit immediately
after the confluence is approximately 4.3 times greater than the flow in the Rietkuilspruit. Only
four water quality parameters have been evaluated ufilising this method in order to provide a
comparison to the RS6, RS8, RSY and RS10 data.

The impact of the Rietkuilspruit on the Rietspruit will now be reviewed, per water gquality
parameter, with reference 10 the aforementioned dilution anaiyses.

pH

The pH is very constant in the Rietspruit and the Rietkuiispruit. The water is slightly alkaline,
with a median pH value in the region of 7.5.

Elactrical Conductivity

The EC in the Rietkuilspruit (RS8) is above the Preliminary Water Quality Reserve value of
154 mS/m (1000 mg/l), although the EC in the canal predominantly complies with the WQO for
the western release. The EC in the Rietspruit before the confluence is predominantly below
70 mS/m, and this value is raised to approximately 90 mS/m after the confluence.

The result from the AH4/RV2 analysis shows the same trend. Exceptions.are during the months

of December 2001 and January 2002 where the EC values in the! Riétkuilspruit were below |
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100 mShm, This analysis indicates that, on average. the Rietkuilsprull raises the EC value (in
m&/im) by approximately 37.7 %, and that this stream increases the total salt load in the
Rietgpruit by a factor of 1.9

The suiphate concentration in the system indicates the sama trend as the EC. The sulphate
concentration in the Ristkuilspruit is typically about 300 mghd (REB).  The iypical sulphate
concentration in the Rietspruit before the conflugnce was about 170 mg/l, and this valie was
raised to close to 200 mg/ after the confluence. '

The AHA4/RVZ analysis provides lower sulphate concentrations in the Rietkullspruit.  This &
probably due to the assumption that neglects the actual Suiphate values measured in the
Rietkuilspruit (which show high sulphate values before the confluence with the Rietspruit canal},
The suiphate values in the Ristspruit before and after the confluence are however very similar to
the results obtained from the RS monitoring point evaluation.  These resulls indicate that the
Rietkuilspruit incresses the sulphate concentration in the Rietsproit by 18.4 %, and the suiphate
load i the niver by a factor of 1.6,

The chloride concentration at RSS is typically about 220 mg/,  This water raises the chioride
concentration in the Rietspruit from below 50 mg/ o just about 80 mg/l. This indicates that the
ehloride concentration in the Ristsprult is raised significantly by the Rietkuilspruit. The AHA/RVE
analysis indicates that the Rietkuilsprait significantly raises the chloride concentration in the
Rietapruit.  The average chloride level in the Rietspruit befors and after the confluance was
29.4 mgl and 7B mgl respectively.  This Indicates that the average chioride concentration
increased by a facior of 2.65,

The manganese concentration in the Ristkuilspruit is typically about 0.2 mg/, although the
maximum level during the year was above 1 mg/h  This concentration raises the manganese
leval in the Rietsproit slightly. This data is based on annual data. The AH4/RVZ data, which is
presented monthly, indicates that the Rietkuilspruit raises the manganese tevel in the Rietspruit
for the first four months analysed, For the remaining months of the year (excluding January
2002) the manganese level in the Ristspruit actually improves as a result of the Rietkuilspruit
flow,
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lron

The RS data indicates that the iron levels in the Rietspruit are similar, but higher, to those in the
Rietkuilspruit. Downstream of the confiuence the iron levels are above 3 mg/l for at least 95 %
of the time. This does not add up since the Rietspruit and ifs tributary at this point have
significanily lower iron levels than measured downstream. The only explanation is that there

must be an external source of iron between the confiuence and the monitoring position RS9.

Other Parameters

Piots of the annual maximum, 95-percentile, median and minimum concentrations of several
other parameters are included in Appendix 8. Many of these parameters exhibit the same
trends as EC, sulphates and chlorides where the concentration of the specific parameter in the
Rietspruit is raised significantly by the salt load in the Rietkuilspruit. Parameters for which this is
true are fluorides, sodium, nitrates, nitrites, ammonia, calcium, magnesium, chromium and

potassium.

25 Leeuspruit System

The l.eeuspruit catchment has been described in detail in Section 2.2.4. VS has six grab
sampling peints in the Leeuspruit, which the eastern catchment of the Works discharges into.
The first of these, L81, is situated immediately downstream of the Frikkie Meyer weir. This is
the most important monitoring point for IVS in the Leeuspruit catchment, and has been reviewed
in the analysis of the eastern discharge water quality.

The data obtained from the other five grab sampling points in the receiving environment of the
eastern catchment is contained in Appendix 10. The water quality detericrates as the flow
moves down the Leeuspruit due to the presence of several industries, informat settlements and
a sewage works in the catchment. These ail contribute to the contamination in this river. From
a surface water perspective, the impact of IVS on the Leeuspruit system is limited {o LS1, and
the other grab sampling data is therefore not evaluated in detail. This review of the Leeuspruit
system forms the end of the baseline study for surface water. This baseline study essentially
describes the current situation at IVS, or the current status of surface water qualities and fiow
volumes. The impacts associated with the data assimilated will now be ascertained from a
surface water perspective.
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3 IMPACT ABBEBSMENT

The baseline investigation has shown that surface water emanates from the IVE Works, This
water has an impact on two surface water systems, namely the Ristspruit/Rietkuilsproit and
Leguspruit systems. The impacts will ke guantified individually,

311 Rietspruit

In terms of flow volume, approximately 18 124 683 m® flows down the Rietspruit canat annually.
This discharge constitutes approximately 23 % of the volume flowing in the Rietspruit
downstream of the confluence of the Kisgtspruit and Rietkuilsproit,

An analysis of the water qualibes at the confluance of the Rietsprut and Rigtkuilspruit indicated
that on average the Rietkulsprat raises the BEC value (in mS/im) in the Rietsproit by
approximately 37.7 %, and that this stream incregses the total salt load in the Kietspruit by a
factor of 1.8, '

312 Rietkuilsproit

The typical dryweather flow in the Rietkuilspruit amounts to & tickle.  The flow from the
Rietspruit canat 15 constant and the annual average dally flow amounts to approgimately
2000 m*h. The discharge from IVES therefore has a major impact on the flow volume in the
portion of the Rietkullspruit betwesn the confluence of this stream and the Rietsproit canal and
the Rietsprait

Historic irrigation with the efffuent water from the Rietspruit canal in the Louisrus South area has
resulted in groundwater contamingtion within this ares. This cormaminated groundwater is
seeping into the Rietkuilspruit stream bed and causes a detenoration in the water guality in the
Rietkuiisprat,  The impact is predominantly between the second and third dams in the
Rietkuilspruit,

Water emanating from the Riedsproit canal aciually improves the waler guality in the
Rietkuilsproit in terms of concertration. 14 howevier adds significantly to the sall toad In the
stream due the significantly larger flow in the canal,

313 Lesuspruit
Due to the construction of the Frikkie Meyer weir and return pump house, the volume of water
discharged from the Works has significantly decreased to the orc:lggp.__of. 11% of r&iﬂ_f:;xl_l__ withir) the
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catchment. During dry-weather conditions there is zero flow from the Works into the Leeuspruit.
During storm events the weir is overtopped and flow enters the Leeuspruit A total of at least
104 388 m® was measured over the weir during the year of analysis, however this figure is
subject to an unreliable data record.

In terms of water qualily, the discharge over the Frikkie Meyer weir is generally in compliance
with the water quality objectives for the easiern caichment. Parameters that do present
problems include iron and sulphates.
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4.  RISBK ABSESSMENT

I kasmping with the risk based approach of the Master Plan investigation, a risk assessmeant was
performed by Ockie Fourle Toxicologists (OFT) to quantify the potential risk of the water
emanating from the Works on human health and the environment.

41  Muman Health

in order to determine the chronic effect of the water emanating from the Works on human heaith
the median concentrations of the analysed water quality parameters were evaluated. The
potential rsk quanfification was performed for a 80 kg individual, 1t was assumed that this
individual drank two litres of this water every day of their lives, for thelr whole ives.

Where possible the itemationally published toxicological fimits, as required by DWAF Minimum
Requirements, were ullised for the analysis, Where these limits were not availabie the
geceptablie risk level was denved from the SADWSE MGV by OFT, 1f must be noted that this
method is very conservative, since these mits are often specified for nuisance and not
toxicological reasons. The results of these analyses are contained in Appendix 15.

4.4.1 Vaal River

The Vaal River water is utilised as industriagd intake water by IVS, In evalating the potential
chronic risk of Vaal River waler to human health, it was determined that there is an acceptable
rsk to humans who drink this water.

4.1.2 Rietsprit

The potential risk associated with the water in the Ristsproit, both upstream and downsirasm of
the conflugnce of this river and the Rietkuilspruit, was quantified (the data from graby sampling
points RSH and REY was utilised), 1t was determined that there s an acceptabls risk to humans
who drink the water in the Rietspruit, either upstream or downsiream of the confluence of this
river and the Rietkuispruit.

When evaluating the results it was noted that the iron levels indicatad an unacceptakile margin
of safety. Further investigation showed that because the ARL was derived from the SADWS
MGV this risk quantification was extremely conservative, This was determined by comparing
the acceptable daily intake valie to the acute lethal dose for humans. This evaluation showed
that it is impossibie, for the iron concentrations in the Riets;m:fi"ti;' tcacquzm t_%é'é_é l&_!ih_a‘l- dmagé of
ron. :
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4.1.3 Rietkuilspruit

In the Rietkuilspruit it was found that there is a potential risk to humans who take this water in
orally. The parameters that indicate this potential risk inchide chlorides, calcium, sulphates,
fluorides, manganese and iron. The greatest potential risk to human health is associated with
manganese,

4.1.4 Lesuspruit
In the Leeuspruit it was found that there is a potential risk to humans who take this water in
orally. The risk in this caichment is associated with the iron levels in the water.

4.2  Environment

The potential risk of water in the Vaal River, Rietspruif, Rietkuilspruit and Leeuspruit fo the

environment was also quantified.

4.2.1 Vaal River

It was determined that there is an acceptable risk to the environment in terms of Vaal River
water.

4.2.2 Rietspruit
It was determined that there is an acceptable risk to the environment in terms of Rietspruit
water, both upstream and downstream of the confluence of this river with the Rietkuilspruit.

4.2.3 Rietkuilspruit

Similar to the quantification of the risk to human health of the water in the Rietkuilspruit, it was
determined that water in this stream presents a potential risk to the environment. The
parameters that indicate this potential risk include chlorides, calcium, sulphates, fluorides,
manganese and zinc. The greatest potential risk to the environment is also manganese.

4.2.4 Leeuspruit

The cyanide levels in the water monitored passing over the Frikkie Meyer weir indicate that
there is a potential risk to the environment,

9960 SCOR VANDERBIJLPARK STEEL — SURFACE WATER SPECIALIST REPORT - IVS/SRI02T .



T3 VAN RENSSEN & FORTUIN

5 MANAGEMENT OBJECTIVES

Within this section the management objectives appertaining to surface water within the site and
its receiving environment will be reviewed. Environmentat management obiectives have been
divided info two caleqories, namely,

»  Frimary surface water management objectives; and

«  Becondary surface water management objectives,

Frimary surface water objectives are generic for any indusiry and are non-value based. They
are independent of any time frame, and are I keeping with the Acts, policies and regulstions of
the Republic of South Africa.

Secondary environmental objectives are gite specific, and must support the primary objectives.
These objectives are non-generic, and are often value based. Secondary objectives are
dependent on the outcomes of the baseline investigation, impact assessment and risk
assesement. Different objectives can be set for the short, medium and fong term and these will
form the basis upon which the environmental management measures will be proposed.
Secondary objectives for a specific site are developed by the industry, consultants and
regulating authorities,

51  Primary Surface Water Objectives

The primary objective in managing surface water at VS is that any surface water flowing out of
the Waorks into the receiving environment does not pose s potential unacceptable risk to human
heatth or the environment.

52 Becondary Surface Water Objectives
Various site specific objectives have been set for VS, These objectives will be described per
managemertt area. The first of these aress is the CRMF

.21 Consolideted Residue Marnagement Facility

The main philosophy of the CRMF is to manage the site as o single unit under one permit.
From a swface waler viewpoint it is important to separate clean and dirty mnoff, and o
maximise the runoff of uncomaminated runoff from the site.  In order to assist this goal the
existing impacted areas will be either rehabiiitated, or consolidated and placed on bunded
impermeable surfaces in order o manage and lmit their impact,
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822 Consotidated Plant Area

The main site specific objective from a surface water perspective, within the South and North
Works, is that stormwater and effluent flows are separated, Other goals within the plant are to
maximise the reuse of effluem, and to minimise the intake of water, This will mean that less
surface water is generated within the site.  Bunding of potential sources of contamination at
source In order o promote the runoff of uncontaminated storm flow is also recommended. A
comprehensive arvironmaerntal training program is proposed for employees of IVE whereby they
obtain an understanding in the macro to micre management plans for the site,

5.2.3 Blag Processing Areas

The objectives within these two arsas are 1o consolidate activiies and prevent surface water
ponding. in addition the surface water should be preverted from infiltrating into the ground and
baecoming groundwater, since this crestes a transferral of secondary contamination. Surface
water contaminated within thase areas should be managed within these areas and not allowed
to flow over the boundary of the respective stag processing areas.

524 TETPMTP Area

At the western discharge point, the site specific objective is for the Works to be Zero Eflusnt
Discharge. This means that no efflusnt will enter the Ristsprut canal. A second objective for
this compliance point is to develop a stormwater monitoring point that will allow the reabtime
maragement of stormwater during storm evients, This s necessary (O aiiow waler that complies
with the WQIOs 10 be discharged without being contained,

5.2.8 Kiewiot Area

In the Kiewiet ares the site specific objpctive is that surface water flowing towards the CRMF
from this area should be diverted from its flow path such that runoff generated within the Kiewiet
ared doas not enter the CRME,

§2.8 Recelving Environment

The objective for the Rietkuilsprut is to prevent historic groundwater pollution from mixiig with
the surface water in the Rietkuilsproit. Further, the eastern and westermn discharges from the
Works must be monitored in accordance with the current water Heence, and the grab sampling
programme in the Lesusprudt, Ristkuilsproit and Ristspruit must be maintained. The Rietspruit
canal can be decommissionad since this strutture is now redundant. W;ate:ar' can pass from the

i s
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