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Report on Alpha Anthracite Site Visit

1 - 2 November 1993

1.  GENERAL INFORMATION

Name of mine
Name of person(s) interviewed

Position of person(s) interviewed

Nearest fown
Name of caichment
Monthly coal throughput {rom)

Monthly saleable product
mMonthly discard production
Main product and market
Current age of mine

Expected remaining life of mine
Type of mining carried out
Transport mode- mine to plant

Has the mine aiready produced
an EMPR

2. SITE VISIT PROGRAMME
21 Day1-1November1993

. Amival

Alpha Anthracite

Tammy Marshall

Andre Erasmus

Nick du Plessis

T Marshall - Mine Monager

A Erasmus - Technical Manager

N du Plessis - Engineering Manager
Vryheid

Mfolozi, Mkuze, Tshoba

Alpha Central- 7 000 tons
Open cast - 20 000 tons
Dixon & Blesbok - 3 000 tons
20 000 tons

8 500 tons coarse discard
1 500 tons shurry

Export market - 70 %
Inlond market - 30 %
Alpha Central - 40 years
Others - 20 years

Alpha Ceniral - 4 years
Others - 8 years

Open cast, underground (bord &
pillar, stooping at Central)
Road

Still in progress

*  Short discussion of project background and objectives with Mr T Mcrshc!l

» Detailed site visits with Mr T Marshaill
Day 2 - 2 November 1993

*  Complete site visits with Mr N du Plessis
*»  Completion of questionnaire
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3. DISCUSSION OF THE MINE'S CURRENT WATER MANAGEMENT
AND TREATMENT PRACTICES.

3.1 DESCRIPTION OF WATER CIRCUITS

The mine operations can be divided into four different geographical areas as
foliows:

Ptant and main dump areq;

Nyembe area [Alfred. open.cast, Dixon.and Blesbok shafts);
Alpha Central; and

East Shaft,

e % & &

Detailed plans of the different areas were not available and schematic
sketches, showing the pH and conductivity sampling points, were made on
site. These sketches are attached as Figures!, 2 and 3.

It should aiso be pointed out that the area had received extensive rainfall
during October, and as o consequence, evaporation facilities were full and
seepage points could be readily identified.

3.2 DESCRIPTION OF WATER TREATMENT/MANAGEMENT SYSTEMS
3.2.1 Sewage fregtment systems

The plaont area ond East shoft hostel complex use sepftic tanks and French
drains for sewage disposal. The French drains at the main plant area appear
to be overloaded, with seepage having direct access into the "clean” water
drains.

Alpha Central has a simple sewage treatment plant as shown in Figure 4
below. Raw sewage passes through grit traps and is then mixed with return
sludge from the final clarifier before entering an aerated reactor. Overflow
from the reactor discharges into the final clarifier, which discharges into
evaporation ponds situated adjacent to a water course. Clarifier discharge is
passed over HTH tablets. At the time of the site visit, it was noted that the
reactor had almost no biomass / sludge and it was ascertained that this
sifjuation had been in existence for some time.

SIE \.rlsrf REPORT ALHA ANTHRACH’E
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Figure 1: Schematic Represeniation of Main Plant Area
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Figure 4 : Schematic Diagram of Alpha Central Sewage Treatment Plant

3.2.2 Potable water systems

The mine uses approximately 80 m3/day of potable water for demestic
purposes {offices, workshops, hostels, houses, etc.) which is sourced from
different areas as shown below.

User Sovurce Flow

Washing plant/offices  Borehole +10 m3/d
Central Shaft Borehole & mountain spring +20 m3/d
East mine hostel Mountain spring (sample point 31)  +40 m3/d
Dixon & Blesbok shafts  Oid open cast dam (rainwater) 10 m¥/d

The mountain spring waters at Central and East Shafts are of an exceptionally
high quality, with measured conductivities of 8 and 2 mS/m respectively. Both
springs had a measured pH of 4.3. Borehole water was not sampled.

During the recent drought period in the area {up till Ociober 1993),
approximately é m3/day were trucked in to supplement the potable water
supply.

3.2.3 Plant water clrcvits

The coal washing plant area essentially operates on a closed water circuit.
Water lost to the discards. slurry and products is made up by rainfall runoff in

et ‘-_?!-.-E-v-wv_-‘-__-"r._‘_‘,- R A P B T M g AT AN BRI Wi\ Ml -] ‘I-_’_gra-\mﬁ"?."‘%“ ’m
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the wet season and water pumped from Hlobane mine in the dry season.
Make-up demaond is estimaied to be 35 md/day. A schematic representation
of the plant water circuits is shown in Figure S below.

PRODUCT
{ SLURRY PONDS | WASHING | @ -
[ DISCARD DUMP | ‘PLANT
1

LIME

PLANT
' :
SILT TRAP 1

Y

SILTTRAP 2
! i =

EVAPORATION DAMS

| | | 12

vy

Figure 5 : Schematic Diagrom of Plant Water Circvits

When the evaporation dams are full {as was the case during the site visit}, the
lime plant, with a throughput of approximately 1 000 m3/day, is operated 24
hours @ day. For 8 hours the limed water is sent to the washing plant, while for
16 hours the limed water is pumped {o the Tshoba River for discharge as
effluent,

In addition to the lime addition at the lime plant, the washing plant water
circuits are also treated wusing soda ash and flocculant as shown
schematically in Figure é below. The treatment specification for water sent to
the washing plant is pH £ 7 and low suspended solids. Fine tuning of the plant
water pH is camied out with soda ash addition {manual conirol with litmus
paper), while suspended solids are removed through flocculation and settling.

B AT & Pt ot Tt vt ip wme s
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To siurry ponds

Toe washing plant

Figure 4 : Schemalic Diagram of Plant Water Treatment

3.2.4 Discard dumps

All runoff and toe seepage from the washing plant discard dump and slumry
dams is collected in the silt traps and newly constructed evaporation dams.
The extent of seepage info the groundwater systems is unknown. The main
plant discard dump, although largely burnt out, is shill burning. Alpha Central
mine has a number of discard dumps constructed within the natural water
courses. Seepage from these dumps is unconirolled and is discharged into
the tributaries of the Mkuze River system,

3.2.5 Water monitoring systems

The mine has no regular water sampling or monitoring programme in place.
3.2.6 Water management structure

The water managemeni structure is shown in Figure 7 below.

PLANNING MANAGER
DUIKER EXPFLORANON
MINE
MANAGER
]
ENGINEERING TECHNICAL
MANAGER [ » MANAGER

Responsibilities Responsibillier
Sewage reatment Poluticn conirol
Fotabie water Lime plants
Engineering of plonts Dumps
& systerms Flont water circuits

Figure 7 : Alpha Anthracite Water Management Structure
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3.3 NOVEL OR UNIQUE WATER TREATMENT AND MANAGEMENT SYSTEMS

3.3.1 Drylime teeders

The dry lime feeder system (referred to as a "donkey"} used to dose lime
directly into the river is a system which may find application elsewhere. The
operaiing system is entirely mechanicat and is driven by the energy of the
water in the stream being treated. A schematic diagram of the lime feeder
operating system is shown in Figure 8 below.

The operation of the dry lime feeder is discussed on the basis of four sketches
detailing different components of the system.

A. A small weir is built in the stream, upstream of the lime feeder. The head
of water behind the weir forms the driving force for the lime feeder.
Water is fed down a pipe to fill the water buckets which drive the
feeder.

B. The water discharges info a bucket which tips over to the right hand
side when it is full. This tipping acfion activates a wiper blade which
wipes the lime off the plate below the lime hopper. into the stream
flowing underneath.

C. The water then discharges into the second bucket which tips to the left,
thereby activating the wiper to the left.

D. The gap between the lime hopper and the fiat plate is such that lime
does not spill out over the edges until the wiper blade is activated by
the tipping of the water buckets.

TN

UME
HOPPER

e re— ]
whmo

MY y"

-

I
LTV

UME HOPPER

\I: d W’IPEI

WATER iucm

Figure 8 : Operation of Dry Lime Feeder

The only criticism of this lime dosing system is that it is not proportional fo flow.
If a study were undertaken to determine the relationship between flow and
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pH for the particuiar stream to be treated, then the lime feeder could be
made to dispense lime in the appropriate manner by instaling a flow
propeortional weir ot the upstream weir which could convert flow to driving
head in the corect proportion.

Such a system would have potential application in many situations where
acid streams need to be treated and where electrical power and pH probe
controlled systems are inappropriate.

3.4 POTENTIAL WATER TREATMENT/MANAGEMENT PROBLEMS AND NEEDS

As a result of the discussions and site visits, @ number of issues were identified
where knowledge gaps still exist. Due 1o time consirainis, however, the old
open cast operations could not be visited and any problems or needs relating
fo these operations are therefaore excluded from the discussion below.

3.4.1 Management of diffuse pollution sources

The mining operations ¢onsist of small, discrete workings, spread out over @
fairly wide area and, as a consequence, the management of diffuse poliution
is assessed to be the major water related problem at Alpha Anthracite. In a
number of instances, discards and other acid producing materials have been
disposed of in natural watercourses, resulting in the formation of highly acidic
and saline seeps. In another case, discard/spoils material has been used as
the core of an evaporation dam which was constructed to retain runoff and
seepage from an old spoils dam. The dam is leaking and the core of the dam
wall is coninibuting to the additional contamination of the seepage.

In order to be able to address such a large number of diffuse poilution
sources in a sensible manner, a faitly detailed sait balance is required which is
capable of quantifying the contribution of the different sources and
identifying and prioritising the appropriote management strategies.

3.4.2 Management of clean and dirty water

The current clean and dirty water management / separation systems are not
performing their infended duly and appear to be incomrectly designed and
plaoced. Samples 1, 10, 11 and 12 in Appendix B indicate that the clean
stormwater drains are, in fact, draining dity water. An additional problem
identified during the site visit was that the "clean” water drain was discharging
into the dirty water system. i.e. No 1 silt trap.

The mine area needs to be divided into clean and dity water catchments
and clean water drains need to be constructed accordingly. By adhering to
the principle of separating clean and diny water, the poliution load
discharged by the mine and the volume load on the silt traps and
evaporation dams can be significantly reduced.
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3.4.3 Water and salt balance

The problems discussed in Sections 3.4.1 and 3.4.2 could be managed if the
mine hod access to a proper detailed water and salt balance. Such a
balance must clearly identify all water and salt sources and users, together
with all internal recycle systems. The balance must also accommodate
hydrological and geohydrologicai aspects. The schematic water balance for
the plant area is shown in Figure 9, indicating the extent of missing
information. Similar water balances need to be prepared for all areas where
coal mining activities impact on the water environment.

Bound water ? >
— DISCARD DUMP 20p0ge ? >
?
seepage ? -
S SLURRY PONDS Evaporation ?-_
7]
RAW COAL ? L
water from Hiobane - WASHING PLANT CLEAN COAL ?
during dry seoson =: >
350 m ¥d
TSHOBA RIVER
LIME PLANT 50 m /d ’
? flooo ¥4
? - m7 [ ge ?
? > E?rgggraeﬁo'n ?
RUNOFF 7 » SILT TRAPS —
v’ t:
: Seepoge ? >
Evoporgtion ? g
EVAPORATION DAMS Overflow to
Tshobo River 2
Rainfall o] STOCKPILE | Seepage ? -
'y
R SitTrap 7
Runoff 2 . | CLEAN STORMWATER DRA'N TshobQ River  ? _r
1,
3 Seepage ? >
M_&... SEWAGE PLANT Evaporation ? »

Figure 9 : Schemaiic Water Balance for Plant Areqg

The water and salt balance should be seen as the most imporiant dynamic
water management tool available to the mine and can assist in optimising
internal recycle and treatment systems, minimising pollution discharges and
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fresh water requirements. The water and salt balance will need to be viewed
as a dynamic too! which will require constant updating with physical, flow
and water quality data.

3.4.4 Lime dosing systems

The mine has two lime dosing plants, each with its own problems. The lime
dosing plant at the washing plant which treats water pumped up from the sit
trap is undersized and has no lime dosing control mechanism. The qudiity of
the raw water fed to the lime plant was sampled dunng the site visit and
analysed as shown in Table 1 below.

Table 1: Raw Water Quality o Lime Plant from Silt Trap

Determinant Value

pH 2.9

Conductivity 479 m§/m

Total Dissolved Solids 3630 mg/i

Chloride 58 mg/I

Suiphate 3700 mg/!

Sodium 150 mg/i

Calcium 470 mg/I
Magnesiom 240 mg/l

Acidity 1240 mg/l as CaCO,

Addition of ime to this water will resuilt in the formation of calcium sulphate
and calcium carbonate precipitates and the existing reactors are
inadequate for the task of settling out these precipitates which will then be
settied out in the washing plant circuits. As the lime plant also has no pH
control loop, the pH of the lime treated water wili be erratic.

As discussed in Section 3.3.1 above, the dry lime feeders on the Rietspruit
require modification in order to make them capable of dosing lime in comrect
proportion to flow. At the time of the site visit, the pH in the Rietspruit
downstream of the lime feeder was measured as 11.9 which far exceeds the
optimum pH of é - 8.

3.4.5 Evaporation and seltling dams

The evaporation and settling dams at the main plant area beiow the discard
dump have not been adequately designed. In particular, the problems
observed during the site visit are as follows:

sitdams :  the inflow and overflow arrangements are improperly designed
and promote hydrautic short-circuiting rather than effective settling; and  the
destudging amangements appear to be insufficient.

evap. dams : the capacity of the evaporation dams appears to be
inadequate for the catchment which needs to be served, aithough this

D T A T S o A T R
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problem is linked to that discussed in Section 3.4.2 above - the dams were
overflowing af the time of the visii.

3.4.6 Water quality

The mine suffers from very poor water quality and the conductivities listed in
Appendix B are amongst the highest recorded at any coal mine. The water
and salt balance must be used as a management tool to improve the water
quality in circulation and discharged by the mine.

3.4.7 Management and moniloring systems

Aithough the mine has significant impacts on the water environment in a
number of different catchments, none of the mine personnel have specialist
knowledge on water systems. Although senior management on the mine
exhibited both a keen interest in the site visit and a growing awareness of the
impact of the mining activities on the water environment, the knowledge and
tools {such as a water balance) are not available to enable management of
these impacts. In particular the total lack of water quality or flow monitoring
data makes it impossible to quantify and manage the mine's negative
impacts.

3.4.8 Ground water systems

No information is available on the impact of mining activities on the ground
water systems and this will need to be rectified in order to manage the mine's
environmental impact.

4. GENERAL IMPRESSIONS

The general impression gained from the site visit is that the mine has significant
impacts on the surface and ground water systems which are presently not
understood, quantified or managed. However, discussions with mine
management indicoted a growing awareness and wilingness to address
these problems - many of the more significant problems are manageable
and can be addressed once the mine has access to an accurate water and
sait balance.

The mine personnel responsible for environmental management on the mine
are not directly involved in the development and drafting of the mine's EMPR,
A more direct involvement would assist in creating an awareness of the mine's
negative environmental impact and would increase the chances of finding
practical sustainable solutions to the cumrent water management and
tregtment problems.
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Appendix A - List of pH and conductivily readings taken during the site visit.

During the site visit, a number of pH and conductivity readings were taken at
various locations on the mine. The following is a list of the readings taken:

No Description pH Cond.
1 “Claan” stormwater drain 3.90 198
2 Evaporation dam contents .06 334
3 Silt frap 2 at pump to lime plont 3.08 407
4 Central drain from plant into sitt trap 2 .45 506
5 Water leaving silt trap 2 into evaporafion dom 2.97 S50
6 Tshoba River upstream of effluent discharge 7.45 208
7 Tshobo River downstream of effluent discharge 5.85 421
8 Lime piant discharge to Tshoba River 5.44 479
9 Contents of evaperation dam [middle] 2.82 488
10 "Cleon” stormwater groin at tar rood 2.78 404
i1 "Clecn" storrnwagter drain upstream of stockpile 3.15 102
12 "Clean” stormwater drain downstrearn of stockpile 2.85 330
13 Water on top of siumy dom 2.63 &73
14 Water seeping out of footwall of Blesbok Shaft boxcut 5.30 145
15 Water in flooded Alfred boxcut 2.78 495
16 Water discharged from Dixon Shaft info poliution control § 5.70 392
dam
17 Water in Dixon upper polluiion controi dam 4.70 266
18 Water in Dixon lower poliution control dam 4.20 170
19 Rietspruit discharging from wetland upstream of lime | 3.02 510
feeder
20 Rietspruit downstream of lime feeder 11.90 240
21 Evaporation dam below old Alfred opencast spoils | 3.02 335
dump
22 Rigtspruit of crossing with Nongoma road 7.35 98
23 Hiobamasoko River at crossing with Nongomoroad | 5.10 150
24 Central  Shaft Hospital streom above dump in| 4.70 62
wotercourse
25 Central Shaft Hospital stream 15m below dump in | 3.40 100
watercourse
26 3eepage from dump in Hospital stream watercourse 2.80 277
[ 27 Uncontaminated siream next to Central Shaft 6.30 8
28 Limed discharge from Central Shaft 8.30 112
| 29 seepage from Central dump in walercourse 2.70 420
30 Stream below East Shaft opencast 5.80 12
31 Mountain spring water 1o East Shaft hostel complex 6.30 2
3z Seepage from dump below shooting range ot Central | 2.20 1050
Shaft
33 Tshobg River at crossing with road 1o Vrvheid {next doy] | .10 205
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Appendix B - List of photographs taken during the site visit.

During the site visit, a number of photographs were taken at various locations
on the mine. The following is a list of the photographs taken:

Photograph No Description

1 Cleon stormwater drain alongside plant dump

2.3.4 Evaporation ponds and stunry discard dump

5 No. 2 silt trap showing discharge from pump abstracting from
avaporation dam

b Central drain from plant into silt frap 2

7 Sit trap 2 overflow into evaporation dom

8 Ishobao River upstream of effluent discharge point

9 Ishoba River downstream of effluent d:schcgge poini

10 Lime plant discharge to Tshoba River

11 View downstream of evaporgtion dam

12 Coal stockpile next to stormwater drain

13 Lime plont treating silt frap return water

14 Slurry ponds

15 Blesbok shaft - showing seepage at footwall

16 Old Alfred adit ot Dixon Shaft

17 Dixon Shaft pollution control dams (lower dam returns water
1o Shaft)

18 Seepage through poilution conirot dams

19 Lime feeder in Rietspruit ot Dixon Shaft

20 Rietspruit downstreamn of lime feeder

21 Alpha Ceniral Shoft from valley botiom

22 Alpha Ceniral Shatt from loading bin below

23 seepage from Ceniral dump

24 East Shaft above opencast pits

25 Central sewage treatment plant

26 Discard in waler course below shooting range

27 Woarkshops adjacent to clean storm water drain
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Report on Durnacol Site Visit

22 - 23 March 1994

1. GENERAL INFORMATION

Name of mine Durban Navigation Colliery
' Name of person(s) interviewed W Zietsman
Position of person(s) interviewed  Acting Head : Production

Nearest town Dannhauser

Name of catchment Kalabas - Chelmsford Dam

Monthly coal throughput (rom) 274 000 tons

Monthly saleable product ?1 700 tons

Monthly discard production 157 600 tons

Monthiy slurry production 24 700 tons

Main product and markei Coking coal to Iscor

Cument age of mine 93 years

Expected remoining life of mine 10 years

Type of mining carried out Underground {bord & pillar, longwall)

Transport mode- mine to plant Conveyor
Has the mine already produced
an EMPR Yes

2. SITE VISIT PROGRAMME

2.1 Day 1-22March 1994

» Short discussion of project background and objectives with Mr W
Zietsmaon

* Detailed site visit with Mr Zietsman

2.2 Day 2 - 10 March 1994

*»  Complete site visits with Mr Zietsman
* Completion of questionnaire
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- 3. DISCUSSION OF THE MINE'S CURRENT WATER MANAGEMENT
AND TREATMENT PRACTICES.

3.1 DESCRIPTION OF WATER CIRCUITS

The mine operations can be divided inio four different areas as follows:
No 7 Plant and No 7 & 8 dump areg;

No 1 dump areq;

No 3 dump areq; and
Underground workings.

Detailed plans of the different areas were made available and simplified
plans. showing the pH and conductivity sampling points are attached as
Figures 1 and 2. A schematic water balonce is attached as Figure 3. Exploded
 views of the site visit sampling strategy around No 1 and No 3 dumps are
shown in Figures 4 and 5.

The Eastern side of the mine, which is no longer actively mined, borders on the
town of Dannhauser. This eastern portion is drained by the Klipspruit, Details
of this eastern portion of the mine ¢an be seen in Figures 1 and 4. The main
area of the mine is drained by the Kalabas river, which drains roughly from
south to north, as shown in Figure 2. The southern fributaries of the Kalabas,
with the exception of the south eastern hibutary. can essentially be
considered as clean water., The south eastern tributary receives treated
sewage waier from the No 3 sewage plant, and is alse contaminated by
saline seepage from the No 3 dump. The portion of the Kalabas river north of
the road from the No 3 plant through to the No 7 plant is polluted, and
receives drainage pumped up from underground, through No 4 and No 12
shafts, This northern portion of the Kalabas aiso receives overflow from the-No
7 dam. The most western tributary of the Kalabas, as shown on Figure 2 drains
into the No 4 dam. This water is clean and is used in the underground
operations. No 4 dam overflows and joins up with the northern portion of the
Kalabas river. The combined stream drains into the Chelmsford dam.

3.2 DESCRIPTION OF WATER TREATMENT/MANAGEMENT SYSTEMS
3.2.1 Sewage freatment systems

The mine operates fwo sewage treatment plants, being the No 3 and the No
5 sewage plants. The raw sewage is treated by primary screening and grit
removal, thereafter being fed into a Pasveer ditch. The treated effluent from
the Pasveer ditch is settled in two setiling systems - the primary settlers and the
secondary settlers. Sludge from these settlers is recycled to the Pasveer ditch,
- and excess sludge is disposed of. Clarified effluent from the secondary settier
is dosed with chlorine gas, in a chlorine contacter. The chlorinoted, treaied
sewage is then discharged to the Kalabas river. According to the mine
personnel, no problems are experienced with the sewage treatment systems.
The mine has also calculated that the cost of treating this sewage is 43¢/m3.
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MAIN ROAD TO
DANNHAUSER

1

Conductivity
158 mS/m

KLIPSPRUIT

Figure 4 : Sampling Programme Around No 1 Discard Dump
3.2.2 Polable water systems

The mine operaies two poiable water treatment plants, being the No 2 and
No 3 plants. The No 2 plant is the main potable water treatment plant, and
can receive its raw water from two alternative sources - either the No 1 dam,
or the Chelimsford dam. The raw water is pumped up into reservoirs, from
where it flows by gravity {0 a radial inflow clarifier. Flocculant is dosed into the
outflow from the raw water reservoir. Overflow from the radial inflow ciarifier is
treated in three parallel upflow sand filters. The filtered water is dosed with
chlorine gas and pumped up to the polable reservoir from where it is
distributed to the village, hostels and plant. The backwash water from the
sand filters and the siudge removed from the clarifier is dischoarged to an
open pit, where @ portion of the water will evaporate, and excess water
averfiows into the veid.
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Burst pipe T ———
No 3 SEWAGE
No 3 POTABLE
PLANT .
Backwash and
sludge
No 3 DUMP
~
.
Seepage

SAMPLE COND.

18 28.1

19 47.0

20 42.8

21 258

22 1344

23 924.7

24 110.8

25 732

24 410

27 85.3

28 99.7

29 657

Figure 5 : Sampling Programme Around No 3 Discard Dump

No 3 potable plant draws its water from the No 3 dam. The No 3 dam is
characterised as containing very turbid water, which can not be puirified in
the same manner as the waier at the No 2 potable plant. The row water to
the No 3 potable plant is dosed with lime and alum. ond then fed into a
honzontal flow clarifier. The clarified water is then treoted in three parallel
upflow sand filters, with the fillered water being dosed with chlorine gas
before being pumped into a potabie reservoir from where it is then pumped
to the end users. The backwash from the sand filters and the sludge from the
horizontal flow clarifier are discharged into a wetland adjacent to the No 3
potable plant.
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SECONDARY
SETILING

I ; :

TO NE TRIBUTARY
OF KALABAS RIVER

Figure 6 : Sewage Water Plants

The No 2 potable plant has a design capacity of 120m3 / hour, while the No 3
plant has a design capacity of 45m?2 / hour. According to the mine, the cost
of producing potable water is 37.5¢ /m3. No serious problems are
experienced at the potable water plants, although occasional problems are
experienced at the No 3 plant, due to the very high turbidity of the water from
No 3 dam. One of the associated problems with the potable water system is
the potable distribution system, which is estimated to be in excess of 70 years
old. Due ic the age of this system. a number of problems are experienced
with pipe failures, and this system has a fairly high maintenance requirement.

3.2.3 Plant water circuits

The only operational beneficiation plant al Durnacoi is the No 7 plant. This
plant obtains its raw water from a feed reservoir, which in turn receives water
from the No 7 dam, as well as make up water from underground which is
pumped up through the No 7 shaft. The No 7 plant discharges water through
three streams being :

* surface moisture associated with the washed product
surface moisture associated with the coarse discard material

¢ slumry

The buik of the water discharged from the plant is contained in the slumy,
which is discharged into slurry dams built within the new No 8 discard dump.
The decant from these slumy ponds is returned, together with runoff from the
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No 7 plant areq, to the No 7 dam from where it is then pumped back to the
reservoir feeding the No 7 plant.

No 1 DAM OR

CHELMSFORD |
Ne 3
POTABLE DAM UME
RESERVOIR ALUM
-
=

HORIZONTAL
+O FLOW -
RADIAL CLARIFIER ]
INFLOW
CLARIFIER *‘O Ysiunce
C, GAS
Ch GAS POTABLE
UPFLOW SAND RESERVOIR
-‘!!—TERS ] E a F“V\ntA SH
BACKWASH
10 VELD
SLUDGE pit
e
No 2 POTABLE PLANT No 3 POTABLE PLANT

Figure 7 : Potable Water Plants

The No 7 dam overflows into the Kalabas river and at the time of the site visit,
overflow was taking place. Due 1o problems, with siltation in the No 7 dam, it
is proposed, in future, to pass the decant from the slurry dams through silt
traps, before being allowed to overflow into the No 7 dam. These sil} traps will
then remove the silt ahead of the No 7 dam and can be ecasily cleaned, with
the removed silt being deposited onto the No 8 discard dump.

3.2.4 Underground water circuits

The underground water circuits can be divided into two different systems. The
" one system receives clean water from the No 4 dam on surface. Water is
pumped from the No 4 dam to header tanks close to the No 7 plant. These
header tanks supply water underground to 5 shaft and 7 shoft. This water is
very turbid and is fitered underground in o cariridge filter system, before
being supplied to the hydraulic props used underground.

The main water supply used underground for mining purposes and for dust
control receives ground water liberated by the mining activilies. This
groundwater is collected and reficulated underground for mining ond dust
control purposes, with the excess water being pumped up through 4 shaft, 7
shaft and 12 shaft. The water pumped up through 4 shaft and 12 shaft is
discharged into setting dams which can overflow into a V-notch into the
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Kalabas river. The water pumped up from No 7 shaft is discharged into the No
7 dam, from where it is then used in the No 7 beneficiation plant.

Potable water is alse supplied underground at the shaft stations for drinking
purposes.

MAKE-UP FROM U/G

WATER PUMPED UP 7#
No 7 DAM ' +
OVERFLOW
RESERVOIR
r---J4---4 l PRODUCT
y PROPOSED No 7 —
' SILTTRAPS 1 BENEFICIATION

! ) PLANT DISCARD

SLURRY

SLURRY DAM
DECANT FROM SLURRY WITHIN No 8

DISCARD DUMP

Figure 8 : Plant Water Circuits

3.2.5 Water monitoring systems

The mine does not have any continuous water flow or quality measurement or
monitoring systems. The only flow measurement system in place is @ V-notch,
on the outflow of the settling dams receiving water from 4 shaft and 12 shaft,
which is read on a weekly basis. Grab sampies are taken at seven points on a
monthly basis for o quality analysis. These seven points are:

*  Qutflow from the No 2 potable water plant

*  Quiflow from the No 3 sewage reatment plant

* Quiflow from the No 5 sewage treaiment plant

*  QOutflow from the No 3 potable water plant

* Potable water as supplied in Dannhauser

* Discharge at the V-notch below the settling dam:s.

*  Water pumped up from underground through No 4 shaft,
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Figure 9 : Underground Water Circuits
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3.2.6 Water management shructure

The water management structure is shown in Figure 10 below.

MINE
MANAGER

PLANT MANAGER

ACTING HEAD
PRODUCTION

FOREMAN SERVICES

OPERATORS

Figure 10 : Durnacol Water Management Structure

3.3 NOVEL OR UNIQUE WATER TREATMENT AND MANAGEMENT SYSTEMS
3.3.1 Brickworks

The No 1 discard dump is esseniially burned out and consists largely of ash,
Although the ash has a lower pollution potential thon fresh discard, the
conductivity readings taken in the welland below the No 1| ash dump clearly
indicate that this dump is still contributing polluted effluent to the surface
water systems.

The pelivtion problem of the No | ash dump is being addressed in a fairly
novel manner, An independent ¢contractor has set up an operation adjacent
to the ash dump to produce building bricks. The ash is removed from the
dump. is screened manually, is then mixed with water and cement and is
convertied into building blocks. These building blocks are supplied to the
mine for construction purposes, and also to the local community for the
purpose of building houses. This is seen as a porticularly useful and novel
approach to addressing the long term problems associated with a discard or
ash dump.
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3.4 POTENTIAL WATER TREATMENT/MANAGEMENT PROBLEMS AND NEEDS

As a result of the discussions and site visits, a number of issues were identified
where knowledge gaps still exist.

3.4.1 Management of diffuse polivfion sources

Being an underground operation, Dumacol has relatively few sources of
diffuse poliution. in addition to the No 7 plant areqa, where a large amount of
codal is spread arocund on the surface and a potential diffuse pollution source
exists, the main diffuse poliution sources are the discard dumps. The No 7
discard dump has drainage systems and surface runoff systems which feed
the polluted water into the No 7 dam. The No 2 discard dump is in the
. process of being finally rehabilitated, and is located some distance away
from any surface water courses. The No 1 discard dump is being recovered
at the brickworks, as discussed earlier in the report. The main source of diffuse
pollution is the No 3 discard dump.

The extent of the diffuse pollution from the No 3 discard dump is quite clearly
shown in Figure 5. An extensive sampling programme was undertaken during
the site visit along the tributary of the Kalabas river which runs adjacent to the
No 3 dump. The results of this sampling programme, which are shown in
Figure 5 and in Appendix A clearly indicate that the quality of the water
deteriorates from a conductivity of 47 mS/m vpstream of $he No 3 dump. 1o a
level of 265 m3/m downstream of the No 3 dump. The pollution control
systems in place at the No 3 dump are clearly not succeeding in preventing
diffuse poliution from this dump entering into the surface water systems.

- The mine does not have any monitoring programme which would enable it to
quaniify the contribution of diffuse pollution from No 3 dump to the total sait
load being discharged by the mine. This information will only become
available once the mine has the ability to put together a fairly detailed water
and salt balance, as is discussed in section 3.4.4 of this report.

3.4.2 Management of point source discharges

At the time of the site visit, a number of substantial point source discharges of
effluent to the Kalabas river were noted, in particular, these include the
foliowing:

Water pumped up from underground through No 4 shaft

Wailer pumped up from underground through No 12 shaft
Overfiow from the No 7 dam

Treated sewage from the No 3 sewage piant

Treated sewage from the No 5 sewage piani

Backwash water and sludge from the No 3 potable water plant.

Although the mine has a permit from the Department of Water Affairs which
specifies o given volume of water at a given quadlity, the mine does not have
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any systems in place which enable it to determine whether or not these
permit conditions are being met. Furthermore, although the approved EMPR
includes an underfaking to eliminate the point source discharges of effluent
to the Kalabas river, at the time of the site visit, substantial volumes of point
- source effluents were being discharged, in order to reduce these point source
discharges in a structured, practical and cost-effective manner, the mine will
have to have access to a detailed wcn‘er and salt balance as discussed in
section 3.4.4 of this report.

This water and salt balance could then be used to design o water
reclamation system. Such a water reclamation system should aim at ensuring
that the only point source discharge of salts from the mine would be with the
surface moisture attached to the coal product and the coarse discard. All
other water streams should be reused as far as possible within the plant and
the underground mining systems. Surplus water which needs 1o be
discharged from the mine should be of as high a qudaility as possible.

3.4.3 High salinity - comrosion

According to mine personnel. the No 7 beneficiation plant has experienced
quite severe problems with corrosion, due to the high salinity of water
contained within the No 7 dam. As g result of these comosion problems. the
No 7 plant is in the process of replacing many of its carbbon steel components
with stainiess steel components. In addition, the hydraulic. props used
underground, which used to use water from the No 7 dam, have had to
convert from No 7 dam water to No 4 dam waier as a result of corrosion
problems. Again, the solufion to the high saiinity problems and the resultani
cormosion problems experienced by the mine lies in the development of ¢
detailed water and salt balance which can then be used to manage the
qguality of the mine water systems.

3.4.4 Water and salf balance

_ A detailed water and salt balance should be viewed by the mine as the most
fundamental and important water management toot which is availabie to it.
Although Dumacol has prepared a water balance, as shown in Figure 3, this
balance only takes account of those flows which are contained within various
pipelines. The mine does not have access to a proper water batance which
integrates the mine operations with the surface environment, in particular, the
influence of hydrology in terms of fiows within the suriace water courses,
rainfall, runoff within plant areas, seepages, evaporation effects and
discharges into the groundwater are ali aspects which the mine is unable to
quantify, in addition to a proper water baiance. the mine also requires access
to sufficient water quality data to enable it to prepare a detailed salt
balance. This water and sali balance can then be used by the mine to
develop water reclamation systems, to design poliution control strategies, and
fo generally reduce the environmental impact which the mine has on both
ihe ground and surface water systems. Without access to such a water and
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salt balance, it will be very difficult fo properly direct the poliution control
efforts of thé mine."”

3.4.5 Potable water plant impact on wetlands

No 3 potable water treatment plant discharges both backwash water and
sludge from the horizontal flow clarifiers into the adjacent wetland. Although
this practice has probably contributed to the establishment of the wetiands, it
should be noted that the discharge of high levels of suspended solids such as
is contained in backwash water and clarifier siudge, will have a long term
' negative impact on the wetlands, and this practice can be expected to
result in the siltation and clogging of the wetiand.

3.4.4 Management and monitoring systems

As discussed elsewhere in the report, the mine does not have appropriate
flow or water quality monitoring systems. The monijoring systems are
inadequate in terms of enabling the mine to prepare a water and scit
balance, and in addition, the existing monitoring systems do not enable the
mine to determine whether or not it is complying with the requirements of its
water discharge permit. At the same time, without access to these monitoring
systems, the mine will not be capable of monitoring the compliance with the
approved EMPR.

3.4.7 Ground water systems

No information is available on the impact of mining activities on the ground
water systems and this will need to be rectified in order to manage the mine’s
environmental impact.

3.4.8 Burning dumps

Although the burning dumps have their primary impact on air pollution, the
fact that these dumps are buming prevents them from being properly
rehabilitated, thereby increasing the negative impacts of these dumps on
both the surface and groundwater systems. Appropriate water poilution
control measures can only be properly implemenied once the buming
dumps have been brought under conirol ond have been properly
rehabilitated.

4. GENERAL IMPRESSIONS

The general impression gained from the site visit is that the mine has significant
impacts on the surface and groundwater systems, which are presently not
being adequately managed. Many of the current environmental impacts of
the mine are avoidable, and can be addressed and rectified once the mine
has access to an accurate water and salt balance.
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" The mine’s potable and sewage freatment plants appear to be well operated
ond well managed, and mine personnel in charge of these plants have the
appropriate qualifications and expertise to ensure that these plants continue
o be properly operated.
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Appendix A - List of pH and conductivity readings taken during the
site visil.

During the site visit, a number of pH and conductivity readings were taken at
. varous locations on the mine. The following is a fist of the readings taken:

No Description pH Cond.
1 No | dam 5.79 27.3
2 wetiand befow No | discord dump 3.70 158
3 Klipspruil under Dannhauser road 7.82 101
4 Chetmsforg dam water in storage reservor 7.83 29.8
5 Intiow 10 No 2 dom £.94 B7.5
& NE tributary of Kalobas on road from No 3 plant 10 No 3 dom 8.25 82
7 Inflow ta NO 3 dom 8,45 46
B Seepage from setiling ponds / 1c£poddocks of No 3 dump 7.34 701
g Underground pumpage ex No 4 shoft B.54 510
10 Discharge trom Mo 12 shalt 8.6l 711
11 NE tribytary of kolabas at Na S shaft hosiel 8.55 40.8
12 SW tributary of Kalabos af tor road to No 7 shott 475 393
13 Siurry decan! from No 8 gump 766 772
14 Ng 7 dam 8.41 621
15 No 4 dgm 8.32 24.8
14 kalgbas upstream of mixing point with No 4 dam overfiow 8.11 345
17 Kaolabos downstreom of mixing point with No 4 dom overflow -

at DWALF weir 8.04 232
18 Flow otong road from burst pipe inte ME fributary of Kalobos 8.07 281
19 NE ti. of Katgoas an road rom No 3 plant 1a No 3 dam 8.19 47.0
20 ME trib. of Kolabas upstream of join with sompie 18 8.27 62.8
21 NE Irib, of Kalabas upstreamn of join with weiland inflow 7.6% 265
22 NE frib. ot Kalabas downstream o join with wetlond outflow 8.07 134.4
23 Quttiow from wetland info NE tributary of Kaiabas 8.30 F4.7
24 NE trib. of Kakabas downstrearm of sample 22 but upstreom of

join with No 3 dam overdiow tributary .84 110.8
25 NE trib. ot kakabas downstreom of join with No 3 dom

overfiow tributary 8.07 73.2
26 NO 3 dam overflow fributary 8.72 &41.0
27 NE trit>._of Kalopas at bridge below No 3 sewage plant 7.52 86.3
28 NE trib. of Kalabos 50 m below somple 27 7.72 9%.7
29 Seegcge berweaen samples 27 and 28 from NG 3 dump 7.87 4657

All conductivity measurements are in mS/m
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Appendix B - List of photographs taken during the site visit.

During the site visit, a number of photographs were taken at various locations
on the mine. The following is a list of the photographs taken:

Fhotograph No Description

1 No 1 dam

2 Kipspruit under Dannhouser rood

3 Na 1 discard / ash dump

4 wetlonds below No 1 discard / gsh dump

5 Brickworks at No 1 discard f ash dump

6 Top of No 1 discard dump

7 No 2 dam

8 No 3 discard dump (SE section / face}

2 tnflow to Mo 3 dam

0 Seitlers at No 3 potabie plant

I Filters af No 3 polable piant

12 No 3 sewage reatment piloni

13 No | settling dom

14 v-naich on outfiow of mine water to Kalabos river

15 Seepoge ffom No 3 dump settling ponds / 1oe paddocks
16 Discharge from No 12 shaft

17 NE tributary of Kataias river af 5 # hostel

18 Slumy decant irom No 8 dump

19 View across No 7 dam to plont

20 NG 4 dam

21 Mixing point of Kalabas ond No 4 gom overfiow

22 DWARRF weir an Kalgbas below mixinggoim with NO 4 dam overflow
g P S ST B Poati: v O o PO A SOPIAaior AT AR - 3

‘ITE VISIT REPCRT - DURBAN NAVIGATION COLLIERY (DURNACOL)



T — A
. oy

THLC DURBAN NAVIGATION COLLIERIES
{PIY) LIMITLD

FIGURE 1
INF RASTRUCTURE

FIGURE 1



(PTY) LIMILIED

3

IHE DURBAN NAVICATION COLLIERIE'

1]
A

g )
\M- LW Ly

INFRASTRUL TURE

ARE A

WEST




l

e
TS

[EITLE
iy,

J‘ T ews fm ::$ Oy
f' ‘J b 1 oy s
- ]
[ - LITLRT- (R : ‘
-, [ J— j o * UL ] ! J
- — I YT N . prr P et : .
( ) [ et A 6_’)‘ - . E:: &:;.I r--~ — Gpn)- |_-¢. 12 Wl | ] L :Ii?l';" [ ]
LT oy o) ¥ T
(“ . i A e A t
. )_, — -.\ : i ' b }
' L ] s ! i ! | S
RS e . I . S T —eT N g i 7 -ia - ! T
‘ ey qu_ _I . 'T___;_____ - :'é';"—‘_ _ Rl [:r:l L S _‘:,.:;_.._ - :’::ﬂ“' PO
1] '. ) -_.!—-TI- !
o ) (1 :
- - T ! TN I L WA R Y- H
— - " e ITEL A D i '
H o i v
1 ]
O '1 | ‘
—- JRONS NS T L '
LI RA ] ] H W " - - . ‘_/
| J \ e (O [ 2o ] (nmpormmy {3 =
1
- . MO § ' ¢ i
l T O FrL '; ] : : ("L)
PR T o s wetf - - o LT R —L. [l ¢ .
A Y o] ) ) o 1B ]
. ot SN j w T w! ' '
| ; / SR :-
----- /- N T N
o T \ B5 l P @ |
[soan] - e e AU ma b ]
- o l 3 3 L ) L]
v . Rl e R | )
( ) 3 i ims'} E053) {1000} ( r
nw i AT v O I I i N A -~ o T b |6z ene
[ N M Bel) 1| bt RER] = ==
1 i 1 ’ R : l E
T 1 e
» 1 b ! .
a B NS
o+ 4yt Y BRI WY B L ( .
.'l i l I '""'““l HEITL s ff""” -~ \',}- :-::::i] l:m N PSR | ¢ ‘J) i .’,.;;1
- . — R . 1 4 Lt \-Ia
1 7 P A Lol L) 2 meti Wt T T | '
? A " EIL TR SR L : i, '
b ! | ;o | I L
Yoo O I et St 0 B O 8 {J " SR 1
! R A ) i [ ]
% 0 1 e \“1 4 : / ) ' : AEEE o i
N T R DO L, o : — o 1o . i IR alth e
] I*.'":‘l l" [E:,':‘!?-" """"‘,’"‘"'(fi"‘“"'-"“"',_{’_’},}*"1 - |-=—~L P RREEEEETE g wn :
: —_ =T mngy B —_————-

S - e AL ] w ——————— THE DUSBAN RAVICATION (IALIERES
I\ ] .t N ! g iyl —— f. [ g v
N N S b SR, o e 62U S “I WATER, P an £ RELITULATION

- Lastay ! el WSS £ 0 MLONS IRILIRE O [ Ear = MENE ATER FLON
- FIILCIS OF EVuphal 0 1600 s Dlagh —5"

E ‘.IM)
i

FIGU

RE3

F 6B ¢ 0000 AE:




MANUAL WATER TREATMENT AND MANAGEMENT PRACTICES e

T M W e

OME 2 e f ? l.‘

R T s s v Do S kel sl il Sl

Report on Duvha Opencast Services
Site Visit.

16 - 17 September 1993.

1. GENERAL INFORMATION

Name of mine Duvha Opencast Services

Name of person(s} compteting Chris Theart

questionnaire ‘ Donaid Winn

Position of person{s) completing  Planning Officers

questionnaire

Nearest town Witbank

Name of catchment Boschmanskrans (Subcatchment of

Witbank Dam)
Monthly coal throughput (rom} 800 000 tons per month

Monthly saleabie product Approximately 800 000 tons per month

Monthly discard production Very little discard (2-3 %) - no washing
plant

Main product and market Duvho Power Station

Current age of mine ca. 13 years

Expected remaining life of mine  ca. 30 years

Type of mining camed out Opencast with draglines

Transport mode from pit to plant 135 ton road haulers

Has the mine already produced  First draft report has been completed and
an Environmental Management  discussed with DWA. A number of
Programme Report changes to be implemented.

2. SITE VISIT PROGRAMME
2.1 Day 1- 14 September 1993

* Arrival

» Short discussion of project background and objectives

* Short introductory presentation of environmental activities on Duvha mine
by Mr A J Pretorius

* Present al meetings:

Marshalt - Planning Manager, Duvha
A J Pretorius - Geologist

G Trussler - Env, Officer, Randgold

C Theart - Planning Officer, Duvha

D Winn - Planning Officer, Duvha

L de Lange - PHD

W Pulies - PHD

+« Guided tour of the mine premises
» Completion of questionnaire

o eTI L N o AL A h T=E a Y e T e R T T T e T e T T N T N )
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22 Day2-17September 1993

*  Amival
* Discussion of various problems experienced by mine personnel responsible
for the compiletion of the mine's EMPR and water management.
* Visit sewage treatment plant
* Completion of questionnaire
* Present: D Winn
C Thear
L de Lange
W Pulles

3. DISCUSSION OF THE MINE'S CURRENT WATER MANAGEMENT
AND TREATMENT PRACTICES.

3.1 DESCRIPTION OF WATER CIRCUITS

The following diagrams are presented as a schematic summary of the major
water circuit components as identified during the site visit.  Unfortunately, o
detailed water balance was not available at the time of the site visit and the
flow diagrams presented here have been developed from personal
observations and, therefore, do not include flowrates.

Figure 1 is an overview of the main components of the surface and
groundwater systems of the mine. No information was obtained with regord
to surface runoff and infiltration rates. Some of the more important features
such as the reedbeds and continuous monitoring station, are aiso indicated.

Figure 2 shows the different users of potable water that were identified during
discussions. Where possible, the effluents generated are aiso indicated e.g.
the sewage treated at the sewage treatment plant. The sewage treatment
plant is shown diagrammatically in more detail.

Figure 4 shows the basic elements of the “dirty water” system where water
pumped from the pitfloor is iimed. stored in a settling/ evaporation dam and
used for dust suppression on the haul roads.

3.2 DESCRIPTION OF WATER TREATMENT/MANAGEMENT SYSTEMS
3.2.1 Sewage treatment plant.
The general impression formed about the sewage treatment plant is that it is

well maintained and characterised by good housekeeping. As far as could
be determined, all equipment was kept in a state of good reparr.

SIT= ViSTT REPORT DUVHA OPENCAST SERVICES
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Figure 1 : Main components of the Duvha sudace water system
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POTABLE WATER

EX ESCOM
{ { I
CRUSRINGT VILLAGE | OFFICES | | WORKSHOP |
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R GA#D&NS < )) LIVESTOCK
TERoM , \ P o = q
STOCKPUE ! | SEWAGE { 1 | OIL fTRAP WATERING
SLUDGE -.—l— F A : l
|. /
™ .. LPURIFIED , i
SEWAGE SETTLING
EVAP DAMS |’
IRRIGATION
SEEPAGE EVAP,

SEEPAGE RUNOFF EVAP.

i

GRIT RAK

il ———————=

REMOVAL . SEWAGE

EXTENDED
AERATION BASIN

CLARIFIER

}{/ck‘
CONTACT DISIN-
TANK FECTION

1 SLUDGE
IRATGATION DRYING

Figure 2 : Potable water and sewage circuits

Inspection of the chemical analysis of the effluent stream, indicated o high
phosphate concentration {4 - 16 mg/l as P). The amount of duckweed in the
dam below the plant would tend to indicate that the dam receives high
nutrnent load.

It was pointed out that the mine intends ferminating the practice of
discharging treated sewage effluent inio the dam. The treated effluent is
curently being used for imgation of kikuyu grass to be used in the
rehabilitation programme. It was observed, however, that the irrigation takes
place in close proximity fo the dam mentioned earlier and the danger still
exists that nutrients could find their way into the dam via seepage or runoff.

An unusual characteristic of the chemical analysis of the effluent, is the
general absence of nitrates and ammonia in the effluent, despite the very
small anoxic zone present in the treatment plant. No explanation could be
offered for this phenomenon. ‘
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STOCKPILE AREA !
: /
CRUSHING PLANT

SEEPAGE

SEEPAGE

Figure 3 : Runoff from crushing plant and stockpile area

At the time of the site visit, no technical information with regard to the design
and operating parometers was available. No information regarding the
capital and operating costs were available. This data will be forwarded to
PHD as soon gs possible. :

3.2.2 pH adjustment of the water pumped from the pilfloors.

The pH of the water pumped from the pilfloors is adjusted by manually
adding dry hydrated lime to the water before it is discharged into a settling/
evaporation dam. The water in the dam is used for dust suppression on the
haul roads. This water circuit is referred to as the dirty water system.

The lime feeder is manually operated. The person responsible for operating
the system takes pH readings of the water being pumped to the setiling dam
from the pit on a daily basis. The amount of lime added is determined on the
basis of previous experience, rather than on a calcuiated result.

in general terms, where the quality of the inflow is variable, some form of
automated pH control is required. However, at Duvha, the pH of the inflow is
generally neutral or slightly acidic with little demand for lime addition and the
present system therefore functlions quite adequately. If the inflow was 1o
become more acidic with increased pH vanability, then the manually
operated dry lime feeder would not be appropriate for fwo reasons. Firstly,
variable pH of inflow water will require equivalent vanation in lime dosage
which could only be provided by an inieractive pH control loop and,
secondly, dry lime reacts too slowly to allow for automated control of ime
addition.

Based on the results of the monitoring programme showing the pH of the
water in the setting dam, the present system works quite effectively and a
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more complex control system would not be warranted. The existing system is
simple with minimal capital and operating costs.

- HTGHWALL
SEEPAGE
INFILTRATION FROM

RAINFALL 1 PITS | REMABILITATED SPOILS WETTING OF
HALL famn /EW‘P'

TTVE T SETTLING /

ADDITION EVAP DAMS

SEEPAGE

Figure 4 : Dinty water system
3.2.3 PALD and reedbeds.

The system comprises a PALD with five reedbeds in series, separated by
limestone berms. The system was designed for a sub-surface flow of
approximately 1 000 I/h. The system is largely experimental and does not
occupy a large areq.

The system was designed to treat an acidic seep. The objective of the system
is to increase the pH of the inflow to an acceptabile level and to reduce the
salinity {SO,, Mn and Fe} of the seep. Initial problems were experienced with
blinding of the limestone chips in the PALD. In an effort to address this
problem, the system was modified by increasing the size of the limesione
chips in the PALD from émm to 25 - 30mm. In addition, modifications are to
be made to create anoxic conditions at the inlet to the PALD. The mine
believes that this system is very good for heavy metal removal, especially iron.

The results of the monitoring programme indicate that the PALD and
reedbeds are reasonably successful in adjusting the pH of the seep but have
ittle effect on reducing the salinity of the seep.

Full details of the capital costs associated with the construction of the system
were not agvailable. The operating costs of the experimental system are
estimated to be fairy low, and are mainly associated with replacement of the
fimestone chips. and cutting of the reeds.

Some of the problems cited are biinding of the PALD and the destructive
efforts of birds in the reeds during the drier periods.

The effiuent from the reedbeds, is discharged to the surface water system.
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3.2.4 Seffling dams and evaporafion dams

A number of evaporation and settling dams were constructed at various
locations. The following were identified as being the more important
setting/evaporation dams on the mine premises:

* A dam receiving the neuiralised water pumped from the pitfloors {the
“dirty water circuit”). The details of this system are more fully described in
section 3.2.2 above.

* A dam receiving surface runoff from the crushing plant area and coal
stockpile area. The water is collected in an unlined earthen trench
running along the periphery of the stockpile area and discharges into
two parallel setiling dams. The water from this dam is currently not
reused and is allowed to evaporaie.

+ A dam receiving surface runoff from the workshop area. The water from
the workshop area is mainly contaminated with oil. detergents and
suspended maiter. The mine is currently in the process of designing and
installing an oil frap to intercept oil before it enters this dam. The water
from this dam is currently not reused and is allowed to evaporate.,

3.2.5 Water management structure

The following diagram showing the water management structure af Duvha
was produced during the meeting on 17 September 1993.

Genoral
Manager
Planning Resident Production
Manager Engineor Manager
[ I I
Aasitant Crushing Fleld
Planning Plant Enginser
Manager Engineer
I
Planning
MO
Plant Pump
Supervisor Foreman
1 1 | I 2 |
Environmerntal
Planning Officers
Sewage Pump
plant Technician
Operator
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33 NOVEL OR UNIQUE WATER TREATMENT AND MANAGEMENT SYSTEMS
3.3.1 PALD/reedbeds system

This system, although on an experimental scale, can be considered to be a
reasonably unique mine waier treatment system. This system is discussed in
more detail in Section 3.2.3 gbove.

3.3.2 Possible GIS system

The mine is seriously investigating the option of instaling a GIS system to form
part of the planning and management sysiems. The potential application of
this system for environmental management is recognised. The mine is
optimistic about the possibility of transferring all environmentally related data
onto the system. It is expected that their extensive surface and groundwater
monitoring programme will produce the dato that will enable them to use a
GIS system as a practicai and effective waier management ool in future. If
this system is instolled at the mine, and used to the full extent of its capabilities
for water management, then the mine will certainly be one of the forerunners
as far as modern water management in the South African mining industry is
concerned.

3.3.3 Staff approachio waigr management

A striking feature of the Duvha water management system, is the obvious
enthusiasm with which the siaff involved approach their task. During the
meetings and interviews, it was observed. in more than one way, that the
desire to tackle the water management problems that still exists is strong. It
also gppears that the operational staff enjoy strong support from top
management.

3.4 POTENTIAL WATER TREATMENT/MANAGEMENT PROBLEMS AND NEEDS

During the discussions, a number of issues were identified where knowledge
gaps still exist.

3.4.1 Sulphate load discharged to the surface water environment

Release of sulphate to the suface water bodies was identified as the major
water quality problem experienced by the mine, At present, the mine is
undertaking a number of studies with the aim of establishing the extent and
source of the problem. In order to achieve this objective, @ number of
boreholes were drilled and specially lined to enable monitoring of
groundwater quality. At present the mine has not yet identified a solution to
the sulphate problem and no sulphate balance has been aftempted.

A O T T B U B T D L e e
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3.4.2 Use of shale for construction purposes

Shale, due to its low cost and availability, is widely used for construction
purposes throughout the mine. A number of roads, berms, dam walls,
spillways etc. constructed from shale were observed during the site visit. The
potentiat of this material to act as a non-point source of pollution and
subsequent deterioration of water quality, has not been fully investigated by
the mine.

3.4.3 Alteration of suiface hydrology

The potential implications and impacts of actions that influence the
catchment hydrology are not understood and have not been investigated in
detail. For example, a series of dams have been consiructed on the major
watercourse flowing through the mine, supposedly for aesthetic reasons,
without having defined the impact on catchment hydrology ond
downstream receiving body water quality.

Investigations camied out by PHD on a diiferent catchment, indicated that
such interference with suface hydrology can inhibit the flushing effect of o
rainstorm and can negate the potential benefits for the water quality of a
downstream waterbody such as the Witbank Dam. Interierence with
catchment hydrology can also enhance the negative effects of evaporation
on water quality. Although the uniqueness of each catchment is recognised,
such an investigation for the catchment in which Duvha is situated, could
make an input into addressing the sulphate problem. The mine believes that
the dams serve a useful purpose for recreation, providing a focat point for the
mine personnel - thereby heightening awareness of the quaiity of water in the
dam.

3.4.4 Haul roads as a potential source of pollution

The potential for the haul roads to act as ¢ non-point source of pollution,
should be investigaled. The contribution of salts distributed on the road
surfaces during wetting of the haul roads to catchment water pollution is not
known. The potential for leachate and runoff from fine coal wastage along
the hautl roads to catchment water quaiity is also not known. The volume of
water spread onto the roads is not monitored and the amount of salts that
could ultimately report to the surface water due to this practice can,
therefore, not be estimated.

3.4.5 Water management system

According to the diagrammatic representation of the water management
system shown in Section 3.2.5, the Engineering and Planning Depariments are
the two main players involved. It appears that the Engineering Department is
more involved with the issues relating to the day to day use and treatment of
waier, and the Planning department with the environmental issues such as
EMPR related requirements e.g. monitoring programmes and investigations,

. SJTE Vs R'-:PORT DUVHA CPENCASI SERVICE
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On the basis of information obtained from the mine, it would appear that the
two functions are not integrated into a single middie management function
as each Department reports directly to the General Maonager. As water
resource planning, water use, water reclamation, water treatment, effluent
disposal and environmental impact are all interrelated, an effective water
management systermn requires the integration of these responsibilities at an
operational rather than senior management level.

3.4.6 Training and expetlise of personnel responsible for waler management

It would appear as if environmental management at the mine has historically
focused largely on land rehabilitgtion. Water management appears to only
recently have become a major issue and the mine does nof have staff with
specialist water management knowledge. This has potential negative impacts
on the success of water management strategies at the mine and could also
make it difficult for the mine to counter arguments presented by trained ond
experienced staff from the Department of Water Affairs.

Additional training in water treatment and management practices was
identified by the mine personnel as an important need. It was indicated that
the mine is presently very reliant on Head Office personnel and oufside
experise to guide them in their water management efforts.

3.4.7 Walerresource planning

The ‘observation was made that apart from discussions on water usage with
Escom, no formal regional water resource planning is uvndertaken. For
exampie, ihe mine does not know how its water systems are influenced by
activities on neighbouring mines, or how it influences neighbouring mines,
now or in the future - an adjacent mine would quite easily construct a minor
dam or river diversion without discussion with Duvha or investigating the
impacts on Duvha's water systems.

3.4.8 Water monitoring at the continuous monitoring station

The water quality monitoring station at the mine's main discharge point, the
rectangular weir, is based on instruments which apparently do not function
refiably. In addition, it was observed that the instruments are placed in a
stagnant zone and recorded data would therefore not be representative of
water passing over the weir with regard to pH and conductivily.

The Qiifants river catchment study has indicated to the DWA that the mine
discharges approximately 16 tons of sulphate daily. The mine disputes this
estimate and it should therefore be a high prioity to ensure that the
monitoring station is operating effectively. This estimate of sulphate load has a
significant impact on the mine's negotiations with the DWA on a waste load
allocation and the chances of obtaining an approved EMPR,
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3.4.9 Water quality data reported to the mine

The mine sends collected water samples for analysis at the Escom laboratory,
although samples were previously analysed by the Douglas laboratory. The
change was made for financial reasons - Escom provides the analytical
service free of charge while Douglas laboratory was charging approximately
R11 000 per month.

inspection of the laboratory results, however, indicated some serious
shortcomings and inconsistencies. Neither the alkalinity of the water, nor the
carbonate speciation of the water is indicated in the results. This is regarded
as g serious omission, since- it would be impossible to perform certain
rmanipulations of the data. e.g. water characteristics such as the potential for
CaCO, and Ca$QO, precipitation or chemical dosing requirements for
softening or neutralisation cannot be determined from this data.

It was further observed that some of the reported dato was clearly ermoneous
with regard to the relationship between conductivity aond total dissolved
solids. In addition, a cursory examination of the data indicated that serious
ionic imbalances were present.

3.4.10 Waler quuality - “fitness-for-use” criteria

Duvha has a fairly simple water reticulation system and practically all end
users of water are supplied with water of a pofable quality - including the
waler used in the workshops as wash water. Although the present mine
operations would not obtain any significant benefit from the implementation
of internal waler reciamation circuits, future operations relating to the
installation of a coal washing plant, would.

From the discussions it became clear that the mine does not have a
knowledge of fitness-for-use requirements for the different end users and
consequently would have difficulty in specifying o water reclamation
strategy. Fitness-for-use criteria for coal washing plant applications therefore
need to be obtained.

3.4.11 River diversion

The comect procedures and placement of the river diversion over the
rehabilitated spoils after closure of the open cast operations is unknown. This is
a common problem within the industry and requires a general research
project to find the appropriate answers.

SITE WSIT REPOR'I DUVHA OPENCAST SERV!CES
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4. GENERAL IMPRESSIONS
4.1 ROLE OF THE EMPR

From the discussions, it was concluded that the EMPR is the single most
important factor that has guided the mine in identifying and addressing its
water management issues.

4.2 INVOLVEMENT OF MINE PERSONNEL IN REGIONAL ISSUES

Mine personnel are invoived in the creation of the Qlifant's River Forum and
this exposure to broader water related issues, together with the enthusiaosm
and desire 1o learn which is evident at the mine, are expected o have
pasitive impacts on the mine's water management philosophy and practice,

4.3 OPENNESS ABOUT WATER AND ENVIRONMENTAL MANAGEMENT ISSUES

The mine has g very positive affitude towards water and environmental issues,
and is very open and approachable. [t was observed that a substantial
amount of staff appears to be involved, although some of them may only
have superficial input. The desire to oddress water reloted problems on the
mine, appears to be a genvine concern and is demonstrated by the fact that
the mine exhibited a pre-EMPR interest in water treatment issues as evidenced
by experimental PALD and reedbeds.

4.4 WATER BALANCE FOR THE ENTIRE MINE

As discussed elsewhere, the mine has a fairly simple water reticulation system
as far as water usage is concerned. However, if the definition of the system is
expanded to include surface water and groundwater systems, it becomes a
lot more complex.

One of the more important observations that was made during the visit, is the
absence of an accurate and detailed water balance, which must be
regarded as one of the most basic water management tools availkabie to the
mine. It would not be possible for the mine to address issues such as water
reclamation or strategic water resource planning without an accurate water
balance.

Although no water balance information was available at the time of the site
visit, it was pointed out by mine personnel that the required study was
underway,

45 REHABILITATION

Due to the tendency of the spoils to burn quite rapidly, Duvha rehabiliiate the
open cast areas fairly quickly - thereby reducing the coniribution of direct
rainfall to in-pit water. The effect of recharge from seepage through the
rehabilitated spoils is unknown.

S'TE VISI'F REPORT DUVHA OPENCAST SERVICES
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4.6 WATER QUALITY SAMPLING

The mine has a very comprehensive water sampling and analysis programme
- more so than most mines visited.
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Appendix_A - List of photographs taken during the site visit.

During the site visit, a number of photographs were taken at various locations
on the mine as shown below.

i Photograph No Description
] The river diversion running paraliel 1 the tar road.
2-4 Open cast operation - view of pits ond draglines
5 In-pit pumping - dity water circuit
[ Marshallsviei Dams Egst and West
7-B Liming plant on dity woater crcuit
e View of the dinty wajer dam in relation 1o neighbouring surface water aom
10 Braithwaite kanks ot dirty woter loading station - dust suppression on haul
FOQds
i N1,M2 open pits - wcier accumulated on pitfloor
12 Limestone box [PALD)
13 Reedbeds downstreom of limestone box
14 Exil point of reedbed system
15 Conal fransporting dinty waler from stockpile and Hpping area
16-17 Sontinuous moniioring station at rectangular weir
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Report on Goedehoop Colliery Site Visit.

29 - 30 November 1993

GENERAL INFORMATION

Name of mine
Name of person(s) interviewed

Nearest fown

Name of catchment
Monthly production (ROM]
Monthly saleable product
Monthly discard production
Main product and market

Current age of mine

Expected remaining lite of mine
Type of mining carried out

Transport mode from mine to

Goedehoop Colliery

Mr R Berry - Asst Manager

Mr M Pryor - Cons. Mining Eng.

Mr D Salmon - Geohydrologist, EMS
Mr D Power - Plant Supt.

Mr M Du Plooy - Sect, Man. Planning
Mr D van Zyl - Acting Mine Surveyor
Witbank

Clifants river 210

330 000 t/m

264 000 t/m

66 000 t/m

Steam coal and low ash coai for~
export market

Springbok, Hope areas - since 1945
Goedehoop - 10 years

22 yrs

Underground

Qverland conveyors

Final draft to be submitted

Guided tour of the mine, Goedehoop. Hope areas

plant

Has the mine altready produced

an EMPR

2. SITE VISIT PROGRAMME

2.1 Day 1 -22 November 1993

. Arrival

. Short discussion on site visit objectives
. Short overview of mining activities
2.2 Day2-23 November 1993

N Visit Springbok area

* Completion of questionnaire

R N e T e P Y B UL T
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3. DISCUSSION OF THE MINE'S CURRENT WATER MANAGEMENT
AND TREATMENT PRACTICES.

3.1 DESCRIPTION OF WATER CIRCUITS

A number of plans were supplied by the mine and contain useful information
regarding important components of the mine's water reficulation system.
These plans are attached as Figures 1 1o 4.

¢  Figure 1 is a plan showing the various.surface and groundwater sampling
points on the Goedehoop, Hope and.Springbok areas. (Plan 14 of EMPR)

*  Figure 2 shows the polluted waler reticulation system around the main
plant area and discard dumps in the Goedehoop area. (Plan 10 of
EMPR)

*  Figure 3 shows the outlay of the Springbok affected area (Plan 9 of EMPR}

Figure 4 is a plan of the affected area around the Hope dump (Plan 11 of

EMPR)

A water balance or diagrammatic representation thereof is currently the topic
of ongoing investigation and af the time of the site visit, this information was
not yet available.

3.2 DESCRIPTION OF WATER TREATMENT/MANAGEMENT SYSTEMS

3.2.1 Sewage freatment plants.

There are a number of sewage treatment facilities on the mine. The following
fable summarises the details of these plants.

Plant Area served Design cap. | Process

A Hope hostel and villages 625 m3/d | Bio.fillration, digestion

B HMS plant, workshops, stores, | 30 m3/d Septic tank/Biodisk
and main offices

C Old Springbok mine, security, | 410 m3/d | Bio.filtration, digestion
offices and village

D Springbok village 125 m3/d_ | Bio.fillration, digestion

Due to time constraints, it was not possible to visit the sewage treatment
plants.

3.2.2 Potable water treatment plant.

There are two potable water plants. The Hope water freatment plant is

situated at the HMS plant, The plant is designed to treat 190 m3/d and the
process consists of clarifier and pressure sand filters. The Springbok water works

was designed to treat 75 m3/d by ciarification and rapid gravity sand filtration. -
Water is disinfected before distribution.

E NI ANl - T AT T, e e ML S L IMEACRR ;"" A M B T T T L b W W N A T e VAT L
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Dve io_time constraints, it was not possible to visit the potable freatment
plants.

3.2.3 surlace water systems

Goedehoop Colliery is located within the upper Olifants river catchment
upstream of the Witbank Dam. The main Goedehoop complex is situated in
the Koringspruit sub-catchment, on the southern side and in the central portion
of the Koringspruit drainage area. There are iwo small tributaries, locally
known as the Goedehoopspruit and the Hopespruit that have their
headwaters in the mine lease areq.

The Hopespruit is a rather small stream flowing through a section of the mine
where the Hope dump is situated. The Goedehoopspruit flows south of the
operating Goedehoop discard dumps and flows into the Koringspruit
upstream of the Koringspruii-Hopespruit confluence. The Goedehoopspruit is
not indicated in Figure 1 but is shown in Figure 2.

The Springbok section of Goedehoop is located to the west and is separate
from the main Goedehoop complex. This section is situated in the upper
central region of a relatively short and smail sub-cotchment called the
Springbokspruit (locat name}. Although the Springbokspruit is not named in
Figure 1, it can be clearly identified as the only stream shown in the Springbok
areq.

The southernmost part of Goedehoop falls within the sub-caichment of the
Leeufonteinspruit and the main Qlifants river catchment. The receiving water
bodies at Goedehocop Colliery are the Koringspruit, Springbokspruit,
Leeufonteinspruit and the Kleinshaftspruit. These are ail iributaries to the
Qlifants river. The Leeufonteinspruit is not affected by Goedehoop mining
activities.

3.2.4 Evaporation dams

Although evaporation takes place as a natural process at all the surface
reservoirs, they are operated without the intention of evaporating excess
water.

3.2.5 Clear water or return water dams

The return water dam is situated close to the HMS plant and receives water
from a number of sources as indicated in Figure 2. In addition to all the dirty
runoff from the plant and Goedehoop discard dump arecs, it also receives
sewage effluent and contaminated water from the Hope maturation dam.
wWater from the return water dam is used in the HMS plant.

|2z At A ety S T WAL B k- S i) P A o e AR M LT P PPl = - oo I LI A o mag £ 4555 3o il a0 4 — b by
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3.2.6 Under_ground operations,

The following diagram gives a simplified schematic representation of the way
in which water is utilised in the underground operations.

Potable water - make-up Potoble water - moke-up
A pplications:
—— - _diiing -
* - dust suppression
" - cooling

l—— Collection in dams (unaided sefling] ~——

v v v

Pumped oul to surface Infiltrotion Lost to ROM

* . No flowrates measured

An interesting feature of the operation is the potable water used as make-up
water for the underground operations. Unfortunately no flowrates are
measured and the amount of potable water used is unknown.

3.2.7 Plant water circuits

The HMS plant is the major user of water on the mine and the foliowing
diagram is a simplified representation of the water flow around the HMS plant.

ROM 4.4% 5M

—— e Product 5.1% SM
Moks-up water o Discard 7.4% 5t

Flocculont make-uvp
e (O
THicke e
Swrfactant make-up HMS Plant ntemal recyche
= O
-

23% soichs

Note . Flowrates not measuied

Lt M e pher e 2 T gk
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3.2.8 Discard dumps

Since the mine does not employ opencast mining techniques, the major
sources of poliution of the surface and groundwater systems, are the discard
dumps. There are essentially three main areas with discard dumps namely the
Springbok areqa, Hope area and the Goedehoop area.

The Springbok area is currently the focus of a major project aimed at
ameliorating the polivtion impacts from this area. The measures taken in this
area will be discussed more fully elsewhere. The main thrust of the project is
removal of the new dump by reprocessing, proper rehabiliiation of the old
dump, cleaning the area by removing all unwanted materiol and the
establishment of wetlands in the Springbokspruit.

The Hope dump is currently the area on the mine with the biggest potential for
impact on the surface and ground water systems. The dump is old and has
not been constructed properly. The aim is to remove the dump over the next
three to five years by reprocessing. If this objective is achieved, a major
source of pollution will be removed from the area. In the mean time, a series
of toe paddocks, pollution control dams and a subsurface drain system has
been installed to control the negative impacts from this dump. At the time of
the site visit, the system was discharging contaminated water to a clean water
dam due to the malfunctioning of a pump. Due to the malfunctioning of the
pump, the level of the acid dam could not be controlled properly and water
from the dam spilled into a channel flowing into the clean water dam.

The dumps in the Goedehoop area represent three phases of disposal:

I the original Ove-ARUP designed discard dump
il the cument combined slurry/discard disposal facility and
i the new combined slurry/discard facility, currently under construction,

which will ultimately encapsulate the two dumps in (i} and {ii}) above.

A subsurface toe drain was installed to collect subsurface polluted water from
the Ove-ARUP dump. A polluted water collection dam was constructed to
contain the water emanating from this subsurface drain. A series of open
drains were constructed to separate the clean and dity water runcft from the
dump area. The waier from the polluted water collection dam is syphoned
via the pollution control dam to the return water dam. When full, the return
water dam overflows via the existing wetlands to the Koringspruit. A series of
open trapezoidal drains was constructed around the dump site 1o divert clean
and dirty water away from the dump areaq.

An interesting problem experienced by the Mine with the current co-disposal
facility is that the distribution ratio of discard to siurry coused the sides of the
dam to rse quicker than they should have. This caused the dump to reach
the end of its useful life well before the anticipated date. Problems with
improper beaching of slimes in the slimes dam caused water to infilirate

e S A T 1Y i A kS T e
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downwards thereby increasing the risk of contamination of the ground woter
and reducing the volume of woter recloimed from the facility.

At the time of the site visit, it wos observed that contaminated water from the
dump area was discharged to the Koringspruit. This was a temporary
amrangement to allow the mine 10 complete the construction of sitt traps in the
dirty water drainage channels.

3.2.9 Water monitoring systems

At present the mine is in the process of implementing measures agimed at
improving the monitoring progromme and facifities on the mine. Figure |
shows the various surface and groundwater sampling/ monitoring points.

The groundwater quality is monitored by means of a number of boreholes
situated on varous sites that were identified as the most crucial and
appropriate.

Surface streams are presently monitored for quality parameters only. No flow
rates are monitored. The mine is in the process of designing a continuous
monitoring facility which will be installed in the Springbokspruit downstream of
the rehabilitated Springbok area.

3.2.10 Waler management structure

The following diagram. representing the water management structure with the
various departments and personnel involved, was supplied by the mine.

Head Office

Mine Manager

1 I

Assistant Manager Engineering Manager Plant Superintendent
Chief Surveyor General Engineering Maintenance of
Supervisar dumps ond dirty
' water systems
Water sampling Contractors
Waterworks and
sewage plonts
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A number of changes in the mine's management structure were implemented
fairly recently and as a result, the management siructure relevant to
managing the water on the mine, has also been affected. A number of key
personnel are currently finding their feet in terms of the water management
situation on the mine.

3.3 NOVEL OR UNIQUE WATER TREATMENT AND MANAGEMENT SYSTEMS
3.3.1 Rehabilitation Of The Springbok Dump Area.

Previous reports dealing with the impacts of coal mining on the Olifants river,
has implicated the Springbok-valley as a definite source of pollution. Since
then, the mine has embarked on a major project aimed at amsliorating the
impacts of this area on the surface water bodies. The project involved
demolishing of the old infrastructure, cleaning up of the satellite dumps in the
areq, and the rehabilitation of the Springbok dump. A number of shallow
dams were construcied in the nverbed with the aim of establishing a wetland
areqa. (See Figure 3)

The old dump was rehabilitated by implementing the whale back design, In
addiition, it is believed that the runoff from the rehabilitated dump will be of a
far better quaiity than the water previously generated in the area.

The new dump in the areq is removed by reprocessing. As a result, the discard
after reprocessing will be disposed of al the main Goedehoop discard dump.
Removal of the new dump will remove a major contributor to pollution loads
in the Springbok area.

A number of other measures were taken in conjunction with the cleaning up
of discard material, rehabilitation of the old dump and reworking of the new
dump. These measures include lining of the No 3 dam to prevent
contamination by water seeping from the dump. A deep sump was
excavaied with associated deep cutoff drains o intercept affected seepage
and surface water from the new dump. this water is presently pumped
vnderground but this facility will be decommissioned after removal of the
dump.

Although none of the procedures described above constitutes a novel or
unique technique, the novel aspects are associated with the combination of
the various steps that were taken and the relatively confined and defined
areda in which it has taken place. An opportunity exists to investigate the posi-
closure impacts associated with removal of discard and rehabilitation of
dumps. This area could be used as a model with which these post-closure
impacts can be studied. and parameters such as the rate with which pollution
from a previously affected areq decreases, could be defined.

34 POTENTIAL WATER TREATMENT/MANAGEMENT PROBLEMS AND NEEDS

As a result of the discussions and site visits, a number of issues were identified
where knowledge gaps still exist..
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34.1 Flow _rjneasurement

Accurate fiow data is an essential component of a monitoring programme
aimed at providing input info a water management strategy. In view of the
waste load allocation policy advocated by the DWAF, it would not be
possible to formulate an effective water management strategy if salt loads
cannot be predicted or calculated.

With regard to surface water systems, pump curves and pumping hours are
often used fo calculate flow rates for some of the water transfer operations.
The inherent inaccuracies of this method render it unsuitable in the long term
and proper flow measurement methods should be employed. Considering
the practical problems with monitoring flow in the mining environment, this is
ako considered to be a challenge for the personnel responsible for water
management.

it is believed that the construction of a continuous monitoring station in the
Springbokspruit, as envisaged by the mine, will go some way in gddressing this
need.

Presently the mine cannot characterise the groundwater system in terms of
flow characteristics, Quadlity can be monitored with the various boreholes and
piezometers but flowrgtes into differert areas through aquifers and other
features cannot be predicted or defined.

3.4.2 Prediction and simulation facilities

One of the gops discussed was the absence of a definitive model for the
mine's water systems. The data coliected in the monitoring programmes
should idedlly be fed into a model or system that can be used to predict
impacts, decant points and flows or qualities {o be expected from certain
sources or at specific points. Such a system will enable the mine to define
more effective management strategies and will help with prioritising remedial
or preventative actions.

Although potential impacts can be qualitatively described, they cannot be
defined quantitatively. Prediction of long term and post closure impacts is not
possible at present.

3.4.3 Modeling of discord dumps before and after rehabilitafion.

Al present the mine cannot define the impact of water seeping through the
discard dumps on the environment. The volumes and qudlity of the water
originating from this source cannot be quantified or estimated. The whole
question of a water and sait baiance around a discard dump is an issue which
requires further. investigation and can be considered to be an industry-wide
issue.

SIT:: visa REPom GQEDEHOOP COLLIERY
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3.4.4 Water management functions.

The water management structure on the mine has recently been changed. In
addition, a number of people are currently taking responsibility for a number
of issues with which they are not fully familior. This problem is expected to be
a very temporary problem as the people concermned are fully capable and
quaiified to take on the responsibility.

4. GENERAL IMPRESSIONS
4.1 ROLE OF THE EMPR

It is believed that the EMPR has played a significant role in focusing attention
on water management aspects. The personnel interviewed, held the view
that the highly visible project at the Springbok dump site helped to promote a
general awareness of environmental and water issues among the workforce.

4.2 RESPONSE TO THE SITE VISIT AND QUESTIONNAIRE

The impression was obtained that the mine, at least initially, viewed the site visit
and interviews with apprehension. it was stated by the mine that they would
not like to emphasise the foults and it is hoped that this approach did not
affect the responses obtained during the site visit and interviews. The
impression was formed that the apprehensions regarding the site visit having
negative implications for the mine, were somewhat aliayed towards the end
of the site visit.
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Appendix A - List of pH and Conductivity readings taken during the
site visit.

During the site visit, a number of pH and conductivity readings were taken at
various locations on the mine. The following is a list of the readings taken:

Dascription pH Cond.
mS5/m

i Oty wnoff chagnnel - Goedehoop ared 7.4 RO

2 Clean water runoff channe) 8.1 277
3 Clean woter chonngl - temporarily conlaining contominated | 7.3 282

. water
4 Goedehoopspruit at bridge next to siale dump 7.5 182
5 Channel frormn Hape shaft, plant and offices areas into return | 6.9 224
water dam _

é Koringspruit &t 4 seam road crossing 2.9 418
7 Water cutgft drain north wast of maturation pond as 830
a Seep from subsurioce pipe belgw maturation pond 3 1191
? Discharge from "pen stock” in gcid water dam 2.9 1173
10 Northem acid dam bypass channel 2.8 836
11 Acid dom 2.9 753
12 Stonding water below acid dam &5 183
13 Hopespivil downstteam of dump 3.6 134
14 Springbok vailey Dam & 4.9 47
i5 Daom & 3 366
16 Dom 5A . 4.5 100
17 Dam 58 4.4 100
18 Dom 4 4.2 173
19 Dom 3 [in valley - not inéd dam) 4.2 185
20 Dam 2 4,1 162
2 Maturation dam 3.7 170
22 Dam | 3.4 375
23 sump 3.5 541
24 ieep between road and dump 2.9 1141
25 Runctt next to dump 4.4 252
24 Im surp ang drainoge channels gt Sgringbok. 3.4 253

SITE VISTT REPORT - GOEDEHOGP COLLIERY
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Appendix B - List of photographs taken during the site visit.

- ,e"-hh‘f‘!rﬂ’(""'*.-h’

During the site visit, a number of photographs were taken at various locations
on the mine. The following is a list of the photographs taken:

| Photograph No Description

1.2 Current siimes disposal taciity

3 View from top of cument co-disposal fociiity jowards Goedenoopspruit
4 View trom top of curent co-disposal focility towards return water dam
2 View of new co-disposal facility

& Dirdy runoff chonnel - Goedehoop area

7 Pofluted water cotectiom dom (empty)

8 Clean water runoff channel

9 Claan water channel - temporgrily containing contaminoted water

10 Goedehoopspruit of bridge next 1o siate dump

11 Channet from Hope shaft, plont and offices areas inte retumn water dom
12 Retum woter dam

13 Koringspruit af 4 seom road crossing

i4,15 Toe paddocks at Hope dump, suvbsurfoce bidum  drain  pipe,

moturation pond and acid dam

16 water cutoif drain north west of maturglion pond

37 Subsurioce pipe below maturation pond

18 Discharge irom “pen slock” in acid water dam

19 Northem acid dam bypass chonnel

20 Acid dam

21 Hopespruit - view towards Hope dump

) View of fined dom ond new dump at Springhok

23-28 View of Soringbok valley

'yl Water from surface dams into underground workings

30 Rehabifilaied aump at Springbok

31 Runoff between road and dump

32 Crain around lined dam {waier not from dam)

33 Sm sump and droingge chonnels o Springdok,

SITE VISIT REPOET GOEDEHOOP COLUERY
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Report on Greenside Colliery Site Visit

9 - 10 March 1994

1. GENERAL INFORMATION

Name of mine Greenside Coliiery
Name of person(s) interviewed D Botha
Position of person(s} inferviewed Chief Engineer

Nearest town Witbank

Name of catchment Qlifants River, Witbank Dam
Monthly coal throughput {rom) 420 000 tons

Monthly saleable product 243 000 tons

Monthly discard production 128 000 tons

Monthly slurry production 49 000 tons

Main product and market Various

Current age of mine 44 years

Expected remaining life of mine 2 & 5seam - 12 years
4 seam - 70 - 100 years
Type of mining carried out Underground (bord & pillar, stooping)
Opencast
Transport mode- mine 1o plant Conveyor for ufg. road for opencast
Has the mine already produced
an EMPR Draft available

2. SITE VISIT PROGRAMME

21 Day 1 -9 March 1994

* Short discussion of project background and objectives with Messrs A
Mclaren and D Botha.

*  Detailed site visits with Messrs MclLaren and Botha.

2.2 Day 2 - 10 March 1994

. Complete site visits with Mr Botha
. Underground visit
. Completion of questionnaire
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3. DISCUSSION OF THE MINE'S CURRENT WATER MANAGEMENT
AND TREATMENT PRACTICES.

3.1 Description of water circuits
The mine operations can be divided into three different greas as follows:

*  Piant and main dump areq;
* Underground workings: and
*  QOpencast areq.

Detailed plans of the different Qreas were made available and a schematic
sketch, prepared by outside consultants, showing the pH and conductivity
sampling points is attached qs Figure 1. A schematic water balance is
attached as Figure 2. Both Figures 1 and 2 confain errors which wilt be
discussed loter in the report.

The mine is bounded by surface water courses to the North and to the West,
The Noupoortspruit runs in a west to east direction atong the Northern edge of
the mine and accepis effluents which overfltow from the Quarry dam, the pH
plant, workshop wastewater, plant washdown water, treated sewage and
discharge from the evaporation ponds adjacent to the discard dump and
slumy dams. A ngtural watercourse, referred 1o here as the Greenside spruit
flows in & south to north direction and joins the Naupoortspruit close to the
point where effluent is discharged from the evaporation dam to the
Navpoorispruit. This stream originates as a clean spring and is contaminated
by effluent from No 13 shaft and seepage from the discard dump and sturry
ponds.

3.2 DESCRIPTION OF WATER TREATMENT/MANAGEMENT SYSTEMS
- 3.2.1 Sewage freatment systems

The sewage treatment plant at Greenside is based on the use of fricking
fiters. Sludge produced at the sewage plant is buried. No operational
problems are experienced with the sewage plant. Effluent from the sewage
plant is used for imigation of sports fields and the golf course, with excess
reporting 1o the Naupoortspruit.

3.2.2 Polable water systems

Potable water is purchased from Witbank municipality and the mine does not
have a potable water treatment plant. Potabie water is softened for use in
locomotive boilers, Potable water is supplied to the plant, offices, workshop,
plant, village, hostels and underground for drinking purposes.

SITE \'ISIT REPORT GREENS]DE COLL ERY
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3.2.3 Plant water circvits

The coal washing plant uses water which has been neutralised in the pH
plant. The pH plant takes water from No 2 and No 12 shaft, as well as the
evaporation dam draining the discard dump and slurry dam. An unknown
volume of water is recycled within the plant circuits. Water is discharged from
. the piant in the product. coarse discard and slury.  Rainfall runoff and
excessive plant spillages will report to the plant sump which, in extreme cases,
could overflow to the Noupoortspruit. Washdowns from the plant area are
drained to the Noupoortspruit. No water balance exists for the plant and
associated water circuils. A schematic representation of these circuits is
shown in Figure 3 below.

2 A Discharge 2 ? Evaporation
T Seepage
EVAPORATION
—— pH PLANT [t ESAM © Discharge
_———*
Siuny tank or
2 [
No 1 prewet screen s
4030 m¥/d eepage
¢ A Overflow to , 2800 m/d - 2
. SLURRY 2
e
Ncupoortsprgn Reloned
el . 300 mird
PLANT SUMP PLANTS b - DISCARD

L2 ) oo

?

PRODUCT

[

STORM WATER
DRAN

Figure 3 : Plant Waler Circuits
3.2.4 Underground water circuits

A schematic diagram showing the underground mining water circuits is given
in Figure 4 below. The underground mining operations obtain water from the
- pH plant and from inflows from the surrounding ground waier aquifers. An
unspecified amount of water is reused in the underground operations for dust
suppression purposes. Excess water from the underground operations is
pumped up to surface for treatment and reuse through the pH plant, while
substantial volumes of the water are discharged to the various evaporation
dams on the mine. As is the case for the plant circuits, no waler balance has
been developed for the underground mining operations.

3.2.5 Discard dumps
The mine operates one large discard dump of which large portions have

been burnt. The slumy dams are constructed inside the discard dump. The
total discard dump system is in the process of being modified and

"SITE VISIT REPORT . GREENSIDE COLLIERY
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rehabilifated. Seepage from the discard dump and slurry dams occurs as is
evident from the data shown in Appendix B. This contaminated seepage
mixes with relatively clean water draining from No 2 dam. A portion of this
flow is returned t¢ the pH plant for treatment and reuse, while an unknown

portion is discharged to the Noupoortspruit. No water balance exists for the
discard and slurmry circuits.

BIG AND SMALL _._960 mid
EVAPORATION DAMS
— 2100 misd '
pH PLANT
230 mé3/d
. EVAPORATION DAM
180 md/d QUARRY DAM Bal—
A N

? 2 2
5 SEAM L e - ¥ INTERNA L REUSE —_—

? ?
4 SEAM L - -—] ?' INTERNAL REUSE

2 2
2 SEAM L - ?' INTERNAL REUSE

L GROUND WATER

Figure 4 : Underground Water Circuits

3.2.6 Water monitoring systems

The only regular {(monthly} monitoring being undertaken by the mine is as
follows:

flow of potable water supplied by Witbank Council

water flow to/from pH plant, except discharge to the Noupoorispruit
flows of water pumped up from underground

flow and quality of treated sewage

quality of water supplied by the pH plant

Additional water quality analyses have been undertaken at additional points
on an infrequent ad-hoc basis.

SHE VISIT REPC.‘IRT GREENSIDE COLLIERY
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3.2.7 Water management structure

The water management structure is shown in Figure 5 below.

ENGINEERING
MANAGER

CHIEF ENGINEER

T 1
ENG SUPERINTENDENT ENG SUPERINTENDENT
PLANY WORKSHOPS CHIEF CHEM}ST
siury handling waoler sampling

evaporation dams

FOREMAN FITIER
potable water
pH plant

PLUMBER
sewage

Figure 5 : Greenside Colliery Water Management Structure
3.3 POTENTIAL WATER TREATMENT/MANAGEMENT PROBLEMS AND NEEDS

As a result of the discussions and site visits, a number of issues were identified
where knowledge gaps still exist.

3.3.1 Water and Salt Balance

The most fundamental and important water management tools available to
the mine are the water and sait balances. To be useful, such balances must
be accurate and contain sufficient detail to account for all significant inputs
to and losses from the water circuits. Like most other mines, Greenside Colliery
does not have a water balance and therefore cannot efiectively manage its
water circuils and effluent discharges. Due to the fact that no water balance
is available and insufficient water quality data is collected. no salt balance is
available either.

The water balances prepared for the EMPR and attached as Figures 1 and 2
are not sufficient for water management purposes and contain a number of
errors as follows:

* overflow from coatchment dam to Noupoorspruit is not shown or
quantified;
* treated sewage discharge to Noupoon‘sprun is not shown;

Site VIS REFORT - GREENSIDE COLLIERY
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s diffuse pollution sources are not shown;

* overflow and underflow from pH plant discharged to the Noupoortspruit
are not shown;

* affluent from the workshop and washdown from the plant to the
Noupoortspruit are not shown;

¢ plant storm water drain and sump system and overflows to the
Noupoortspruit are not shown;

*  seepages, evaporation and other lasses from the discard dump, slurry
ponds and evaporation dams are not shown;

* the fact that the Greensidespruit starts as @ high quality spring is not
shown.

3.3.2 Management of point source discharges

The mine has a number of point source discharges to the surface water
systems which are not quantified in terms of volume or quality. A number of
these are discussed in section 3.3.1 above. Without a proper water baiance,
and monitoring of these point sources, the mine will not be able to regulate or
recduce its iImpact on the surtace water environment.

The Noupoortspruit upstream of the mine has a measured conductivity of 110
mS3/m, while the Greensidespruit upstream of the mine has o measured
conductivity of 2 mS/m. The Noupoortspruit downstream of the mine and
downstream of the confluence with the Greensidespruit, has a conductivity of
281 mS/m, indicating very significant pollution from Greenside mine. The bulk
of this poliution can be traced back to point source discharges.

Proper management of the water balance, together with adherence to the
principle of keeping clear and dirty water separate, could significantly reduce
point source discharges. Design and implementation of a water rec:!cmchon
strategy will also assist in reducing point source discharges.

3.3.3 Management of diffuse polivtion sources

Interpretation of the data presented in Appendix B, indicates that there are a
number of sources of diffuse poliution at Greenside. These sources include
the evaporafion dams, discard dumps and slumy ponds and the impact will
be felt on both the ground and surface water environments.

The bulk of this diffuse source pollution reports to the Greensidespruit. This
spruit starts as g very clean spring {cond. 2 mS/m) and is still uncontaminated
in No 4 dam (cond. 2.7 mS/m}. By the time this water leaves the downstream
No 2 dam, which has received water pumped up from No 13 shaft, the
conductivity hos increased to 60.6 m$/m. The outflow from No 2 dam flows
through an evaporation dam and then adjacent to and eastwards of the
discard dump and slumy ponds. The spruit is joined by another stream
draining off the C1 block opencast area before being led into the
evaporation dam systemn. Prior o entering the evaporation dams, the

STE VIS REPORT - GREENSIOE COLUERY
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conductivity of the spruit has increased to 136 mS/m. The continuous
 deterioration of the Greenside spruit as it flows from its source to its confluence
with the Noupoortspruit indicates the extent of diffuse poliution reporting to
this spruit. Additional, but unquantified, diffuse poliution will also be reporting
to the ground water sysiem.

3.3.4 Management of clean and dirty water

One of the fairty fundamental principles of water management is to keep
clean and dirty water sysiems separate. There are a number of instances at
Greenside where this is nof occurming.

The Greensidespruit originates as an ulfra-pure spring with a conductivity of 2
mS/m. This stream becomes contaminated, as discussed in section 3.3.3
above. before being led into the evaporation dam system adjacent to the
discard dump. The water discharged from the last evaporation dam (also
known as the catchment dam) has a conductivity of 328 mS/m, in order {o
apply the principle of keeping clean and didy water separgte on the .
Greensidespruit, the following actions should be appiied :

* Do not discharge water from No 13 shaft into Greensidespruit.

s Do not feed spruit into evaporation dam and catchment dam system.

* Isolate diffuse pollution source from C1 block opencast area and prevent
it from entering the Greensidespruit,

* Route all uncontaminated runoff and rainfall into the Greenside spruit.

3.3.5 Lime dosing plant

The lime dosing plant is undersized and cannot properly freat the fiowrate
which enters it, in particular, the system does not allow for proper clarification
and removal of the precipitates which are formed. As a result the ireated
water still contains significant amounts of suspended precipitates and the
underflow is very dilute, thereby wasting water. The pH plant should be
vpgraded to include a proper clarification stage and ithe sludge which is
generated should be disposed of in the slury dams and not in the veld
adjocent to the Noupoortspruit.

The present operating cost of the pH plant is approximately 8 ¢/m3, excluding
maintenance.

3.3.6 Management and monitoring systems

The staff employed by the mine to deal with the water management issues
are shown in Figure 5 in section 3.2.7 above. Based on discussions with the
Chief Engineer, it can be stated that all the staff require training in the basic
principles of water manggement. The senior levels of management clso
require better access 1o information on research and deveiopment gspects
relating to mine water management.

SHE VISI REPORT - GREENSIOE COLUERY
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The mine aqiso needs to institute a proper water quality and flow monitorng
programme 1o enable it to manage its impacts on the water environment. All
point source discharges should be monitored in terms of both flow and
quality, white an attempt should be made to quaniify the diffuse pollution
sources. The development of an appropriate monitoring programme should
be driven by the needs of the water and salt bolance, in order to institute
effective water management, the mine should consider setting up a
- computerised water and salt balance system which can agid management in
identifying, monitoring and solving problem areas.

3.3.7 Ground water systems

No information is available on the impact of mining activities on the ground
water systems and this will need to be rectified in order 16 manage the mine's
environmental impact.

4. GENERAL IMPRESSIONS

It is believed that the EMPR has played a significant role in focusing attention
on water management aspects at Greenside. The mine staff who were
interviewed also exhibited great interest in improving their level of knowledge
on mine water management, the most important aspect which needs to be
addressed is the development of a water and salt balance with the required
moenitoring programme to provide the balances with the necessary data.
These balances will assist the mine in addressing the point and diffuse
pollution sources.

T T I T L T R e L R T T R B T 3 o T i, SO
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Appendix A - List of pH and conductivity readings taken during the
site visit.

During the site visit. a number of pH and conductivity readings were taken al
various locations on the mine. The following is a list of the readings taken:

No Description pH Cond.
1 Quory dam of golt course 7.97 128
2 QOverflow from quanry dam B8.00 139
3 Outfiow from No § gam 7.82 106
4 Naupoortspruil upstream of No § dam 8.70 110
5 Navpogrispruil of road from enfrance to moin plant 7.37 106
[ Drain from plant 1o Naupoortspril upstream of point § 7.34 113
7 5 seam water pumped inta No 1 evoporgtion dom 7.74 145
g Small evaporation dam for 2 seam waler 7.43 310
g Quitiow from NO 4 dom 7.50 2.7
10 Seepage through No 4 dam wall 4.90 15
1] Spring above No 4 dam 5.90 2.0
]2 NG 2 dom 7.10 &0.6
13 Cleon stormwaier drain below / adiocent to dump 7.20 134
14 Dscharge from evaporation / toe dam to Naupoortspruil 7.70 328
15 Inflow to pH plant 4.60 333
16 Dutflow frorm pH plont 9.27 307
i7 Neutralised warer storage tank 7.20 3i3
18 Piant & workshop wash water discharge 1o Noupoortspruit 8,90 -1
19 Naupoonsoruit at bridae below mine 7.50 281

Al conQuchivity measurements gre i ms/m

R 'W“i"‘:i-‘.::“:;l‘:’ g .{-:F":ll ‘ﬂﬁmmW' _— .
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Appendix B - List of photographs taken during the site visit.

During the site visit, a number of photographs were taken at various locations
on the mine. The following is a list of the photographs taken:

I Protograph No Dascription
1 Quarry dam at golf course
2 Breached wall of No § dam
3 Basefiow in Naupoorispruit exiting No 5 dam
4 Naupoortspivil under road from entrance to plant
5 5 seam waler pumped inte No 1 evaporation dam
) Disinfection contactor on finat sewage etfivent
7 Outlet from 14 shatt {2 seamn water) to small evaporation dam
8 Seepage through Mo 4 dom wall
9 Spring obove No 4 dom
10 No 2 dam_
H View of plant from discard durmp
12 View of pland from discard dump
13 View of plant from discord dump
14 View of piant from discard Guinp
15 Clean siormwater drain with discharge into evaporation / toe dams
14 Rischarge from Greenside evaporation / foe dam 1o Naupoordspruil
17 View from discharge pont to dump
18 View of pH plant
1? View af pH plant
20 pH plant ime dosing / pH probe system
21 Dutflow from pH plant to Naupoortspruit
| 22 Plant washwater / warkshop water discharge to Noupcortspruil
23 View of discard dump
24 Noupoorispruit ot bridge on main read below mine

e, # Fr o e TR 57 R A i T A B Y ey A ST Tt ST
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Report on Grootegeluk Colliery Site Visit.

27 - 28 October 1993

1. GENERAL INFORMATION

Name of mine
Name of person{s) interviewed

Nearest town

Name of catchment

Daily coal throughput {rom}
Daily saleable product

Daily discard production

Main product and market
Current age of mine

Expecied remaining life of mine
Type of mining carried out
Transport mode from mine to
plant

Has the mine already produced
an EMPR

2. SITE VISIT PROGRAMME
2.1 Day1-27 October 1993

Ammval

Grootegeluk Colliery
Mr P. Coetzer - Asst. Res. Eng.
Mr. C. Dreyer - Chief Geologist

Mr. W du Plessis - Sect. Head Mech.

Services

Mr. J. Esterhuysen - Chief Surveyor
Mr. C. van Loggerenberg - Process
Development Eng.

Mr. S. Vermaak - Lab. assistant
Ellisras

None - nearest Mogol river

NA

NA

NA

lscor and Escom

12 years

>100 years

Opencast

Titan Road havlers

Finat droft submitted

Shon discussion of project background and objectives

Present at meeting:
P Coetzer

C. Dreyer -

W du Plessis -

J Esterhuysen -

C van Loggerenberg -

S Vermaak -

L. de Lange -
Guided tour of the mine
Completion of quesiionnaire

T T AR T o S T L e T W T R TR AT

Assistant Resident Engineer
Chief Geologist

Sect. Head Mech. Services.
Chief Surveyor

Process Development Engineer
Laboratory Assistant

PHD

SITE VISIT REPORT - GROOTEGELUK COLLIERY
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2.2 Day2-28Oclober 1993

. Visit to coal preparation plant

. Completion of questionnaire

3. DISCUSSION OF THE MINE'S CURRENT WATER MANAGEMENT AND
TREATMENT PRACTICES. '

3.1 DESCRIPTION OF WATER CIRCUITS

There are essentially three sources of water available to the different users on
the mine. These sources are:

. Water from the Hans Strijdom dam
- water abstracted from the opencast pit
. Boreholes

The major users of water are the coal preparation plants and the mining
activifies in the pit. Other users include the workshops, potable water users
etc. Although water is also supplied to the town of Ellisras, the Matimba
Power Siation and others, this report will focus on the water issues directly
related to the mining activities on the Grootegeluk property.

A diagram showing the water balance for the mine, was supplied by the
mine and is attached as Figure 1.

The water reficulation system was designed to adllow the mine 10 supply major
users from various sources depending on the demand and availability of
water from a particular source.

From Figure 1, and as observed during the site visit, a high degree of
recirculation of water is gchieved.

3.2 DESCRIPTION OF WATER TREATMENT/MANAGEMENT SYSTEMS

There are no natural rivers or streams in the mining area and the terrain is flat
and sandy. Any water due to a rainstorm will infilfrate to the groundwater
system rather than entering a stream or river. The emphasis as far as
environmental water management is concemned, is therefore on the
groundwater system.

As far as the industrial or process water systems are concemed, the primary
objective of the water management philosophy is to recycle as much water
as possible and to minimise fosses as far as possible. During the site visit, it was
noted that this objective is actively pursued by the personnel responsible for
water management.

i, A ¥R T e e e e I L St ] e R TR I
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3.2.1 Sewage treatment plants.

The sewage generaied on the mine properly is treated in oxidation and
maturation ponds. The pond area is propeity fenced off o prevent animais
from using this as a watering hole.

The mine is responsible for operating the activated sludge plant freating the
sewage of the town, however, the treatment plant is not situated on the
mine's property.

3.2.2 Potable water treatment plant.

The mine is responsible for operating the water treatment piant producing
polable water for Onverwacht, Ellisras, Marapong, Matimba power station
and the Grootegeluk mine. Water is abstracted from the Hans Strijdom dam
and transferred via a pipeline 1o the treaiment plant where a portion of this
woter is treated for potable use. No potabie waier tfreatment plant is situated
on the mine itself. :

The treatment plant is staffed by properly trained operafors and a
sophisticated computensed system for monitoring flow, pH, pressure efc. on @
coniinuous basis, is employed to assist in the operation of the water supply
and distribution systems,

3.2.3 Seflling dams and evaporation dams

A very high degree of water recirculation is achieved and only @ minor
portion of water is drained to ponds with the sole intention of evaporating the
water. Most dams are fitted with pumps for water to be recirculated to the
vanous users.

A study was done by the mine to determine the infiliration rate of water in the
dams. According {0 the results, the infilkration rote in the Olifantskopdam has
been estimated as 115 m3/day. A substantial amount of water is thus lost as
seepage into the groundwater system.

3.2.4 Opencast area

The main applicafion for water in the opencast area is dust suppression. The
water used in the pil for dust suppression is mainly water previously pumped
from the pit areqa. The objective is to use as much of the groundwater that
originated from the codl bearing areaq, in the same area again, and to
minimise the use of this water in other areas. A certain portion of this water is
supplied to the plant on demand.

Water draining from @ small workshop in the area, containing @ certain
amount of oils and soaps, is also mixed with water from the Qlifantskop dam
and is used for dust suppression purposes.

oy et g o gt 4 e £ R o b A e e e L T S P v S e .'ﬂ—r-—h'\ﬂ
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3.2.5 Plant water circuits

The ptant receives raw water from the Hans Sthijdom dam, water from the
opencast pit and borehole water. Water lost from the plant water circuits is
mainly due 1o water retained in the product and discards. Some of the water
lost with product and discard material drains from the stockpiles and is
collected in sumps from where it is returned to the plant water circuits.
Another portion is suspected to report to the groundwater and is indirectly
recycled 1o the various users via this route,

A belt filter was installed and the water reclaimed in this manner is also
recycled to the plant. Previously the plant used the slury ponds to dispose of
slurry, and the water reclaimed from the siury ponds was generally less than
the volume currently reclaimed. This caused an imbalance in the plant's
woter circuits and a certain volume of water is periodically released to the
Olifantskop dam. In the Olifantskop dam, the water is mixed with water from
the pit, and some of this water can again be supplied to the plant on
demand.

One of the streams of recycled water used in the plant is sampled reguiarly
and the anaiysis is used to check the quality of the water in the particular
circuit. The extent of corrosion caused by process water has not been
formally investigated as it is not perceived as a serious problem.

3.2.6 Discard dumps

The aim of the storm water control strategy is to retain the water on the dump
itself and retaining walls have been construcied around the top perimeter of
the dumps. A number of depressions on top of the dumps also serve to
collect water and to prevent it from running off. The water running down the
sides of the dumps is either collected in channels and drained to g dam or is
left to drain into the ground. Due to the fiat sandy terrain, drainage occurs
quite rapidly.

Water percolating through the dumps can eventudily be expected to report
to the groundwater system, or to form seeps. However, to date no seeps
have been observed and it is uncertain how much water reaches the
groundwater systems. It is suspected that the high temperature of the burning
dumps evaporates a certain volume of the water. In addition, the area has @
relatively low rainfall, high temperatures and high evaporation figures and this
may also play a role in explaining the absence of any seeps from the dumps.

3.2.7 Water monitoring systems

The mine has an extensive and comprehensive ground water and surface
water quality monitoring programme. Water samples taken by the geology
department on a six monthly basis are subjected to a reasonably detailed
analysis schedule. In addition an ionic baiance is performed on the data to
verify the integrity of the data.

<1 /15 REFORY - GROOTEGELUK COLLIERY
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Water supplied to the plant is sampied weekly and more often if problems are
experienced or suspected. Water from the pit is sampled weekly and a very
basic analysis is performed by the mine's laboratory. Samples of the potable
water are analysed by the mine and by Eskem. It can be assumed that any
problems will be reported very soon after they have occurred.

Fiow is monitored on all the major surface water reficulation systems and
although it has never been attempted. a fairly good salt balonce should be
obtaingble, if required. As far Qs the ground water system is concerned, ii
would not be possible to produce an accurate salt balance in terms of the
contribution from different sources.

3.2.8 Wafer management structure

The following diagram,. representing the water management structure with
the various departments and personnel involved, was supplied by the mine.

Mine Manager

!

Water Management
/r Sirategic team
Ground water EMPR, Pollution Treatment &

management management & control distribution
! T T
Geology dept. Survey depf. Engineering
‘ T !
Chief Geologist Chief Surveyor Section head
snr Geologist mech services

T

Coal prep plant
potable & sewage plants

3.3 NOVEL OR UNIQUE WATER TREATMENT AND MANAGEMENT SYSTEMS
3.3.1 Water quality management structure / personnel

The day-to-day management of water quality, supply, ireatment and disposal
of effluents is camied out by suitably qudlified persons who exhibit a high
degree of understanding of the fundamential issues invoived. During the site
visit it was observed that the various depcrtments involved in water

—
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management issues, have a very good understanding of their function, role
and responsibilities in the management system. The impression was gained
that good communication channels exist. and the forum of the water
management team is used effectively, These factors indicate that water
quality and environmental management are accorded a high priority at the
mine.

3.3.2 Water monitoring and management systems

The mine uses sophisticated computerised systems fo assist in managing the
water supply and reficuiation systems. This is not only true for the water
distributed from the Hans Strijdom dam, but also for the groundwater
monitoring system,

The system monitoring the water supplied from the Hans Strijdom dam,
automatically records flow. pH, chioride concentration etc. According to the
mine personnel, the data collected so far, has proved to be very valuable in
estimating future water requirements.

Groundwater monitoring is also computerised and the Hydrocom system is
employed. Ground water levels, water chemistry and quality data, survey
data, borehole construction information as well as geological data can be
integrated to monitor the water system.

During the site visit it was observed that these systems are used continuously,
thereby enabling the mine o actively manage its water systems,

3.3.3 Project to predict the quatlity of water in the final void

A final water filled void will be left once mining activities have ceased. The
problem of predicting the quality of the water that will be left in the final void
is curently being addressed. The idea is to use a mixture of discard material
and power station ash as backfill material. The present focus of the study is to
determine the oplimum ratio for the mixture that will satisfy the required
structural stability criteria for it to be used as backfill material. Once this has
been determined, leaching ests will be conducted to enable the mine to
predict the quality of the water in the final void.

3.3.4 High degree of water recirculation

During the site visit it was observed that the objective of minimising water
wastage is actively pursued. As far as could be determined and observed,
no water is discharged into the veld. Most water streams are directed into @
reservoir or pumped to a point from where reuse can be facilitated.

3.4 POTENTIAL WATER TREATMENT/MANAGEMENT PROBLEMS AND NEEDS

As a result of the discussions and site visits, @ number of issues were identified
where problems and knowledge gaps still exist.

STE VISTT REFORT - GROOTEGELUK COLLIERY
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3.4.1 Computerised monitoring systems.

Problems are experienced from time to time with the computerised
monitoring systems on the water supply circuit from the Hans Strijdom dam.
The mine is currently too reliant on the original supplier for backup and service
and the service is not always satisfactory. Alternatlive sources with the
necessary technical expertise to service and maintain the system are often
difficult to locate among Souih African companies.

Protection of remote field stations against lightning is a problem. In addition
to the cost implication, information is also lost in the event of damage tfo
equipment. :

3.4.2 Rising water table north of the Daarby favlt

The water table in the area north of the Daarby fault has risen steadily from
the original level of 30m below surface to the curmrent level of approximately
10m below the surface. The coal preporation plants are suspected to be the
major contributors 1o ground water recharge with contaminated water. A
project is underway to establish the amount of water that must be removed to
lower the level of the water fable. The rising water table may cause damage
to foundations and infrastructure if unchecked.

It is hoped that this water can be used in the coal preparation plants instead
of water from the Hans Strijdom dam. [t is also the intention to contain any
contaminated water and o prevent it from contaminating o wider area.

The need 1o line the surface dams containing contaminated water has been
expressed by mine personnel,

3.4.3 Waler balance for coal preparation plants.

As mentioned elsewhere, the piants are experiencing difficulty in maintaining
a proper water balance and an unknown volume of waier is spilled regularly
to the Olifantskop dam. The excess water available due to filiration of the
slimes, cannot be accommodated as the coriginal design did not make
provision for this. The volume of water discharged by the plant is still under
investigation.

3.4.4 Salf accumulation and salt balance.

During the mining operations, there is a continuous liberation of salts and
these are exposed to the water environment. Continuous recycling and high
evaporative losses without any water streams leaving the mine, suggest that
ithere must eventually be a build-up of salts in the system. The most likely
possibility is an accumulation of salis in the soil profile. Although the available
soil analyses do not indicate such a trend, the data is very limited and no
official investigation of this nature has been launched.

STE VIS REPORT - GROOTEGELUK COLLIERY
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A salt balance could theoretically be produced for the major water streams
on the mine as flow rates are known for most of these streams and water
quality data can easily be incorporated, although the water quality database
may have to be extended. The quality monitoring programme, especially on
the various recirculating water streams, may have to be extended to provide
for more frequent sampling and more comprehensive analytical results. As
far as the groundwater systems are concerned, the stage has not yet been
reached where a confident salt balance can be produced.

3.4.5 Recharge and extraction dynamics of the groundwater system.

This has been identified as an area where a knowledge gap still exists. Future
projects can be initiated in order to address this issue, If a definitive model
can be developed to simulate this aspect, it could help the mine in more
effective management of the rising water table as discussed in Section 3.4.2.

3.4.6 Resvits of water analyses reporied by mine laboratory

The laboratory on the mine is primarily concerned with the analyses of coal
sampies. In some instances, water sampies are aiso send to the iab for a
kmited gnalysis. It is important fo recognise the limited application of these
results. If for example, the data is needed for database appilications, the
analyses shouid be more comprehensive in terms of the chemical
constituents identified and a reasonable ionic balance must be achieved.

3.4.7 Quadlity of water in final void.

Although this was also mentioned in the section dealing with novel treatment
and management systems, it should also be mentioned in this section as it is
still an unsolved probiem.

4. GENERAL IMPRESSIONS
4.1 ROLE OF THE EMPR

Due to the dry climate and general shortage of water, water management
has always been awarded a high priority on the mine. From the discussions, it
was concluded that although a lot of work in terms of water management
has preceded the EMPR, the EMPR served as a focus point and helped to
create a broader awareness of the implications and importance of proper
water management and treatment issues,

4.2 WATER QUALITY DATA REPORTED TO THE MINE

In addition 1o the water quality data obtained from the coal labaratory and
other sources, a comprehensive analyses is obtained from laboratories in
Pretoria on a six monthly basis. This data appears to be fairly comprehensive.
The reported data is complete enough to enable the mine to evaluate water
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reclamation strategies should the need arise. This is in contrast to some other
mines where important water quality determinants, for example alkalinity, are
often omitted.

4.3 INFORMATION SYSTEMS

The personnel responsible for water management on the mine, do receive
information and journails specifically related to water issues which will assist
them in their jobs. They are well qualified and good communication channels
exist. The key personnel are aware of relevant research being underiaken by
various organisations such as the Water Research Commission. Some are also
active members of professional bodies that have a direct relevance to water
related issues.

Although there are not always answers 1o all the questions, it is obvious that
the personnel involved have the ability to identify and prioritise the issues
involved.

44 OPENNESS ABOUT WATER AND ENVIRONMENTAL MANAGEMENT ISSUES

The mine and the personnel interviewed were very open and wiling to
provide all the required information with regard to their water management
and freatment systems.
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Appendix A - List of pH and Conductivity readings taken during the site visit.

During the site visit, @ number of pH and conductivity readings were taken at
varnious locafions on the mine. The following is a list of the readings token:

No Description pH Cond.
1 Channel te OQlifantskop dom downstream of | 7.58 235

desitfing pits ‘

2 Holding dam for spiled water, stormm water etc. | 8.5 193
{Qlifaniskopdam)

3 Pit water storoge tank for road wetling purposes 7.8 198

4 Pump station in open pit (bank 5) 7.7 230

5 Seep from bank in opencast pit 8.7 355

é Dam for receiving storm water and wash water from | 7,15 129
areq 06 gt splitterbox

7 Thickeners af the coal prep. plant 7.5 250

g Make-up tank ot GG 7.4 218

9 Channel collecting waier seeping from product | 7.4 285
stockpile

10 Water in dam north of plant receiving waier from | 6.6 244
slumy ponds

B! Water from slurmy ponds measured upon enten‘ng 10|48 245
above

12 Wwater of sluty reclamation site (suspected to be |78 88
largely rain)

i3 Storoge dam receiving water from decant towers in | 6.8 244
siumy ponds

o e A e  E e g R Y el T
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Appendix B - List of photographs taken during the site visit.

During the site visit, a number of photographs were taken at various locations

on the mine. The following is a list of the photographs iaken:

Photograph No

Description

1,2 Desilting pifs below GGI

3 Channel to Olifantskop dam downsiream of desilting pits

4 Pipeline transterring woter from holding dom fo plani

5.6 Holding dom for spiled water, storm  water etc.
{Chifantskopdami

7 Buffer dam - Starage capacity for future - to be lined

8 Pipeline from opencast pit

9 Facility for filing water trucks - read wetling

10 Pit water storage tank for rood wetlting purposes

11 Pump station in open pit (bank 5)

12,13 Storage faciity in open pit for runoff ond liberated
groundwater

14 Seep from bank in opencast pit

15-17 View of opencast acfivities

18 Dam for receiving storm water and wash water from orea 04
at spiitterbox

19 Storm water channel io damin 18 above

20 View showing typical flot topogrophy

21 Lucerne crop being imigated with borehole water

22 Thickeners gt the coal prep. plant

23 Raw water / make-up lank at coal prep plant

24 Make-up tank ot GG

25 Channel collecting water seeping from product stockpile

24 Dam north of plant receiving water from slunry ponds

27 Slurry reciomation site

28 Storage dom receiving water from decant towers in slumy
ponds

29 Retaining walls on top of dumps to retain water on top -of
dumps.

30 Sewage oxidation ponds.
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Report on Hlobane Colliery site visit.

23 Sepilember 1993.

1. GENERAL INFORMATION

Name of mine
Name of person(s) interviewed
Paosition of person(s) Interviewed

Nearest fown
Name of catchment

Daily coa! throughput {rom)
Daily saleabte product

Daily discard production

Main product and market
Current age of mine

Expected remaining life of mine
Type of mining carmed out

Transport mode from mine 1o
plant

Has an EMPR already been
produced

2.1 23 September 1993

SITE VISIT PROGRAMME

The Vryheid (Natal) Railway Coal and
Iron Company Lid.
Louw Poigieter
Jack Ross

Mining Technician
Head Laboratory
Vryheid

4 sub-catchments:
Sithebe
Kwa-Gamakazi
Kongoiwang
Tshoba

5156 tons per day
1679 tons per day
3331 tons per day (coarse & fine)
lscor

ca. 100 years

ca. Syears

underground - varying methods
depending on coal seam
characteristics

Conveyors and trucks from outlying
areas

In final draft stage

27.0 km2
10.7 krn?2
22.9 km2
2.5 km?

. Amival

. Short discussion of project background and objectives

. Discussion of the mining operations and various aspects of the water
system at the mine

. Present ot meetings:

L Potgieter - Mining Technician, Hiobane
L de Lange - PHD
. Guided tour of the mine premises
. Completion of questionnaire
. Visit potable water treatment plant and sewage freatment plant

3 LRIV R G AT A T Ay § AT L e
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3. DISCUSSION. OF THE MINE'S CURRENT WATER MANAGEMENT
AND TREATMENT PRACTICES.

3.1 DESCRIPTION OF WATER CIRCUITS

A plan of the mine showing all the sampling poinis and the major elements of
the water pollution control system was supplied by the mine. In addition, &
water balance for the mine's water reticulation system, was provided.

The mine has a separate potable and induémal water system. Potable water
is abstracted from the Vccﬂbcnk dam and treated at the mine's water
purification plant.

The main users of potable water on the mine are the office complex, the
hostel complex and as drinking water at the various other focations where
mining activilies are in progress.

The rmain source of industrial woter is the underground water. A large volume
of water is stored in underground reservoirs and the availability of water is not
perceived as a problem. The water is pumped to surface and used untreated
in the various applications.

The service water used in the underground operations is used in a closed loop
manner. The main applications are dust suppression and driling. Water
discharged by the users is collected at a low point in the working area and
recitculated to the users without treatment. it is assumed that some
suspended material is settled and removed in the collection dams.

The main mine complex includes the offices, the plant. stockpiie and
warkshop areas, and a fairly large discard dump. All the suriace runoff from
the mine office complex, which is situgted above the plant, workshops,
stockpile and dump areaq, is collected and transferred via a large diameter
concrete pipe undermneath the dump and stockpile area, and is discharged
directly into the Sithebe river. Dirty water from the plant and dump area is
collected in a trench and is discharged into the slurry ponds below the dump.

A drawing was supplied which shows the main components of the surface
water systems of the mine. it shows the various sireams, sampling points Qs
well as the position of the various dumps and evaporation dams. No
information regarding the volume of surface runoff or infilfration rates was
available.

3.2 DESCRIPTION OF WATER TREATMENT/MANAGEMENT SYSTEMS

The following discussion draws on both the visual observations during the site
visit as well as the information contained in the EMPR.

e VISIT REPORT - HLOBANE COLERY



3.2.1 Sewage treatment plant

The general impression formed about the sewage treatment plant is that it is
well maintained and kept neat. As far as could be determined superficially,
all equipment was kept in a state of good repair.

The plant is an extended aercmon-cxchvated siudge plant which works on the
Pasveer Ditch principle.

inspection of the availabie chemical analyses, indicaied that the effluent
from the plant is not monitored for phosphates. It could not be estabiished if
problems due to high nutrient.loads are experienced after disposal of plant
. efftuent into the Sithebe river. According to the mine personnel, no indication
of this happening has been observed.

3.2.2 Potable water treatment plant

The potable water freatment plant is operated by the mine with one full time
operator on duty. The piant is situated some distance from the main complex
and at the time of the site visit the operator was engaged elsewhere and not
available for an interview regarding the treatment plant's operational
ospects.

Water is purified by dosing @ flocculant [Floccotan, a watile bark extraction)
directly into the main pipeline. Settling takes place in six settiing cones with V-
noich launders at the top to collect the clear water overflow. The water is
gravity fitered in three circular steel sand filters. The filtered water is
disinfected with chlorine gas and pumped fo the main pofable water sump.
The filters are backwashed daily.

3.2.3 Reedbeds

There are two reedbed systems on the mine to be considered. The one
reedbed system in the Sithebe river, receives water from the area to the south
west of the main plant complex. The reedbeds are clearly indicated on the
poliution control plan, (drawing supplied by the mine}. In this area there are
dumps, rehabiliiated old opencast areas etc. that influence the quality of
water flowing info the reedbed.

An analysis of the water entering the reedbed and the water drgining from
the reedbed was obtained from the mine. Table 1 below 5 a summary of the
data.

Although the data in the above table suggests that the reedbed is having @
beneficial effect on the effluent, e.g. reductions in hardness and sulphate, the
table also exhibits some inconsistencies. In particular, the reported reduction
in total dissolved solids is not reflected in the conductivity which has not
decreased by the same amouni. The substantial increase in pH is also
somewhat unusual. The precise mechanisms which are opergtive within the

SITE VISIT REPORT - HLOBANE COLLIEEY
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" reedbed can only be verified on the basis of a proper water ond salt balance
around the réedbed. The reported analyses do not allow an ionic balance to
be prepared and propet evaluation of the reedbed would require additional
data such as magnesium and carbonates.

Table 1 : Water Quality Before and After Hlobane Reedbed

Determinant |Before After Detorminant | Before After
pH 5.1 8.1 Cl 8.83 19.9
Susp Solids 17 5 K 52.6 349
03 4004 2606 Cu ND ND
Ca-hardness [1080 | 670 Pb ND ND
2502 1049 - Na 108 8.6
Tot Hordness
Conductivity 362 314 MnN 7 0.2
S04 1386 1202

The other reedbed is a very small sysiem and is essentially o small dam
overgrown by reeds. Water pumped from the underground workings through
the Tshoba adit is discharged to this dam/reedbed system. The water flows
overland for approximately 500 - 600m and is mostly in contact with
sandsione. According to the observations of the mine personnel, the woter
pumped from the adit is fairly acidic with a pH of 3-5 and cattle in the vicinity
have historically refused to drink the water. However, after the introduction of
the reeds, the cattle started drinking the water and a watering point for cattle
has been constructed directly below the outlet of the dam.

3.2.4 Settling doms and evaporation dams

A number of evaporation and setting dams were constructed at various
locations. The following were identified as the more important evaporation
dams on the mine: :

* Three evaporation dams in series receiving water from the plant, dump,
stockpile area and workshops. Water from these areqs is collected and
transported {o the evaporation dams via storm water ditches constructed
for this purpose. These dams also receive water seeping and flowing
from the main discard dump.

It was observed that water is seeping from the side of the dump away from
the evaporation dams. This problem will be addressed by excavating a
drainage ditch down to bedrock, and lining it with an impervious material,
probably clay. The intent is 1o intercept any water from this side of the dump
and to redirect it into the evaporation dams.

* Three slurry ponds on top of the main discard dump receiving the slurry
from the coal preparation piant.

* A series of evaporation dams beiow the dumps in the vicinity of the HCP
plant,

STTE visT aspom HLOBANE cou.uemr
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*  Two evaporation dams under construction in the area close to the
Langgelegen adit. These dams will serve the proposed new scalping
rock dump.

Problems with seeps and separation of clean and dirty water are experienced
at some of these dumps. The mine is aware of these problem areas and is
taking steps to address these problems.

3.2.5 Underground circuits

Except for the potable water supply. all the water used in the underground
circuits is extracted from the underground workings. The old workings are
being utilized as an underground storage compartment (ca. 654 000 m3). This
compariment also receives water seeping through the surface from dumps
and rehabilitated opencost areas situated above it. Water entering other
mining areas is aiso pumped to this reservoir. Water for mining purposes and
water for yse in the coal preparation plant is extracted from this reservoir.

The two main applications for water underground are dust suppression and
driling. Each area has a local closed loop waler circuit where spent or used
water drains to a dam af the lowest point in the area, from where it is
recirculated. No treaiment (e.g. oddition of flocculont, softening, pH
adjustment) is applied. The water is not sampled for analysis and no quality
information is available for the service water. It was pointed out that, 1o date,
no complaints about bad smells, fouling and blocking of spray nozles, or
cornrosion have been received.

In the Waterfall area, there are two adlits: one is being used to bring coal to
surface and the other, somewhat lower down the slope, is not being used for
mining purposes. Provision is made for surface runoff from the coal stockpile
in this area o be diverted back into the underground system via the unused
adit, thereby preventing this water from entering the naturat watercourses.

3.2.6 Plant water circuits

The plant receives water from underground and this water is used in the plant
without any form of freatment. The water is not sompled nor analysed as the
need 1o do so has never arisen,

3.2.7 Liming plant at Vryheid Coronation

This plant was built to freat excess underground water from this adit before
discharge into the surface water sysiem. The plant is only operated when
excess woter from underground needs to be discharged. It is envisaged that
after mining activities have stopped, this plant will continue to be operational
for an indefinite period of time. There are plans to modify this plant in the
future to become fully automatic. The responsibility for maintaining this system
will revert back to Vryheid Coronation once Hlobane has finished its activities
on site.

SITE VISIT QEPGRT HLOBANE COLLIER‘I’
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3.2.8 Water management structure

Mr L Potgieter is the person responsible for the water management on the
mine. The head of the laboratory Mr J Ross, is responsible for the water
monitoring programme as well as the sewage water treatment plant.

The following diagram representing the water management structure with the
various departments and personnel involved was supplied by the mine.

MINING
TECHNICIAN

WATER SURFACE
SAMPLERS FOREMAN

3.3 NOVEL OR UNIQUE WATER TREATMENT AND MANAGEMENT SYSTEMS
3.3.1 The design for a new dump for disposal of scalping rock

A new approach regarding the handling of water from this dump is discussed
in a report provided by the mine. A detailed drawing showing the main
features of the design was also provided by the mine.

In summary, the design philosophy postulates that for a dump constructed of
sized material, in the absence of fine material, it is only the first 10% and the
last 5- 10% of the water volume represenied by the hydrograph that is
poliuted. The rest of the water from the dump should be of an acceptable
quality, suitable for direct discharge into the suriace water systems,

The structure collecting and deflecting runoff water from the dump is
therefore designed to deflect the contaminated water i.e. the first 10% and
the last 5 - 10%, into the evaporation ponds. The design allows the rest of the
waier 10 overflow into the surface water sysiem.

3.4 POTENTIAL WATER TREATMENT/MANAGEMENT PROBLEMS AND NEEDS

The following are observations that were made during the site visit and are
related to potential problems or knowledge gaps that still exist.
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3.4.1 In house waler quality and management experlise of personnel
responsible for water management

Environmental management staff and activities are focused largely on land
rehabilitation. The mine does not have staff with formal fraining in water
related aspects and with primary responsibility for water management. The
personnel involved are specidlists in other mining related activities with water
management constituting an additional/ sideline responsibiiity rather than a
main responsibility.

3.4.2 Water management coordination with external parties

The mine cannot quantity how it is or could potentially be influenced by
activities on neighboring mines, nor can it quantify its own influence on its
neighbors. The concept of investigating water reiated issues in a co-
ordinafed fashion with neighbouring water users and adopting water
monagement principles that make provision for external participants, was
raised. The mine assesses the potential impoct of the discharged effluents on
downstream users to be minimal and has, therefore, not identified a need for
such regional co-ordination.

3.4.3 Water quality data reported to the mine

The mine obtains its water quality data from the iscor laboratory in Newcastle.
Inspection of the laboratory results indicated that neither the alkalinity of the
water, nor the carbonate speciation of the water is indicated in the results. |t
will be to the advantage of the mine to include alkalinity in the data reported,
since it would allow the mine to perform certain calculations with the data.
For example, water characteristics such as the potential for CaCO3 and
CaSO4 scaling and the chemical dosing requirements for neutralisation or
softening with various chemicals could then be determined.

Inspection of the water quality data indicated that an ionic balance could
not be obtained. i must, therefore, be concluded that the performed
analyses are inadequate and that some major constituenis are being
ignored.

3.4.4 Waler quality - "fitness-for-use” criteria

The mine appears io be in the fortunate position of possessing underground
water which is of a sufficienily high quadlity, that it is possible to use it for a
variety of applications without concern. For this regson, the mine does not see
a need lor fitness-for-use critenia for its various water users.

However, the lack of appropricte fitness-for-use crtena is judged, by the
research team, as o need which will have to be addressed before optimal
water management can be applied. Such criteria would enable the mine to
reuse its dirtiest water {up to the allowable limits} and discharge its Cleanest
water, while ensuring that no process or materials problems occurred due to
poor water quality.
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3.45 Prediclion of water quality impacis

The mine has a water balance which shows the different users of potable and
process water, as well as the estimated consumption of each. However, if the
definition of the system is expanded to include other surface water and
groundwater systems, the information is less detailed. For exomple, the
amounts of water that wilt reach the surface water systems once ail mining
aclivities have ceased, the probable decant points, and the quality to be
expected cannot be predicted with the cumrent level of information.

3.4.4 Information sy;tems

Although a lot of interest is shown in water related problems, the personnel
involved were not aware of the substantial amount of information that is freely
available to them. Information such as results of research projects and
periodicals and magazines dealing with water issues, is not reguiarly
accessed by the various persons involved. This may be largely due to the fact
that water management is not their primary interest or area of expertise.

3.4.7 High DS levels in water discharged from the mine

Release of sulphate to the surface water bodies was not considered by the
mine to be a major water quality probiem. The DWA has never indicated that
they have a specific probiem with regard to any of the effluents leaving the
boundaries of Hlobane. There are no major dams directly downstream of the
mine that are used as a potable water source for any large communities.

However, the mine is concerned about the receiving water quality objectives
approcch of the DWA, In particular, the major problem is with regard is the
high TDS of the water released. As far as the mine is concerned, the same
water was discharged and used by the downstream farmers for many years,
with no major complaints. The concern was expressed that the quality
requirements for downstream users, especially the farmers, will now be set ot
levels unobtainable by the mine. The need for revised or site-specific fitness-
for-use criteria was therefore expressed.

4. GENERAL IMPRESSIONS
41 LOW SULPHUR CONTENT OF COAL - RECOVERY OF WATER QUALITY

It was pointed out that the coal mined at Hlobane is of a very high quality
and contains very fittle sulphur {0.7 - 0.8%). The potential for acid mine
drainage is therefore very low. Past experience with water draining from
underground workings has indicated that after an initial period of poor guality
water, the quality of the water improves such that it can be used directly by
farmers for stock watering. An example quoted is the water flowing into the
Kwa-Gamakazi from old adits on the northern side of Viede mountain.
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4.2 ABSENCE OF CARBONACEOUS MATERIAL

As far as could be observed during the site visit, the mine property is kept fairly
clean of any loose carbonaceous material. This material was only observed
in areas where it would be impassibie to avoid this, such as the stockpile areas
and transport routes to the dumps etc.

4.3 REEDBEDS

During the site visit it became evident that reedbeds are considered as a very
important component of a water treatment/management system with a lot of
potential for application on the mine. Mine staff are particularly interested in
such systems and have undertaken a number of related ad-hoc
investigations. It may to the benefit of the mine and the industry as a whoie,
if these investigations can be undertaken on a more formal scientific basis.

44 MIXING OF LIMING PLANT SLUDGE "YELLOW BOY" WITH MATERIAL USED
TO FILL OLD OPENCAST PITS :

Old opencast pits are currently filled with a material consisting mainly of
sandstone. The sludge from the liming plant containing ferric hydroxide
precipitate {"yellow boy") is also dumped in the pits. The scndstone material
used to fill the pits, contains only a relatively small proportion of
carbonaceous material. The infent is that the yeliow boy shouid have a
neutralising effect on the initial acidic conditions that may exist due to
leaching of water through the pit into the underground workings.

This approach has, however, not been properly investigated and validated.
The volume of applied sludge is small compared to the volume of filler
material and it is uncertain whether any beneficial effects in terms of
neutralisation will be achieved. The potentiat for resolubilisation of the femc
hydroxide and resultant confamination of the water is also unknown.

4.5 WATER QUALITY MONITORING PROGRAMME

All indications are that the water sampling and monitoring programme of the
surface water systems is fairly comprehensive in terms of number of sampling
points. The only concern is with regard to the determinants being analysed
for, as discussed in 3.4.3 above. In addition, flow measurements are also
made at the various sampling points, thereby supplying the mine with a lot of
the basic information required to compile an accurate water and salt
balance. The accuracy of the flow measurement sysiems, and their ability o
record peaks and dips in the flow was nof assessed.

4.6 ROLE OF THE EMPR

From the discussions, if is concluded that the EMPR is an important factor that
has guided the mine in identifying and addressing its water management
issves.
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4.7 WILLINGNESS TO PROVIDE INFORMATION

The mine has been very willing to provide information with regard to aspects
relating to their water management and freaiment sysiems. The mine was
fully wiling to provide copies of documents and/or drawings and also
provided a full copy of their draft EMPR,

4.8 DURATION OF SITE VISIT

The site visit had to be condensed into a single day due to other
commitments of the mine personnel involved in the visit. This led to the
situation where the questionnaire could not be completed to the desired
level of detail and additional information had to be obtained subsequent to
the visif.
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Appendix A - List of photographs taken during the site visit.

During the site visit, a number of photographs were taken at various locations
on the mine gs listed below.

i Photograph No Descripfion
1 Waterval gdits - diverting surtace runoff back underground

2 Consiruction of evaoporatfion ponds for the new scalping
dump

inpit pumping - dirty water circuit

Vrede liming plant
Dirty water ditches around dump to evaporation ponds

Evaporation ponds below dump and plant areg

Tshoba seep before small reedbed/pond

Tshoba small reedbed/pond

OO IO [l | (L

Pollution control below dump ot High Carbon Products

10 Wetlaonds in Sithebe river

1] Exit point of wetland in Sithebe river

12 Dump, stockpile and main piant area

13 Potable water freatment plant

14 Sewqge treqiment plant
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Report on Kleinkopje Colliery Site Visit.

16 - 17 November 1993

1. GENERAL INFORMATION

Name of mine
Name of person(s) interviewed

Nearest town

Name of catchment
Monthly production (ROM)
Monthly saleable product
Monthly discard production
Main product and market
Curent age of mine

Expected remaining life of mine
Type of mining carried out
Transport mode from mine to
plant

Has the mine already produced
an EMPR

2. SITE VISIT PROGRAMME
2.1 Day 1 - 16 November 1993

Arrival

Kleinkopje Colliery

Mr DRW Dingemans - Div. Geologist
Mr S Timm - Hydrologist

Witbank

QOlifants 210

400 000 t/m

400 000 1/m

200 000 t/m

Export steam coal, Inland steam coal
Opencast - 14 yrs, Previously
underground mining - 70 yrs
Opencast - 20 yrs

Opencast strip mining

Road haulers

In process - ca. 80% complete

Presentation by mine personnel on water management

Guided tour of the mine

2.2 Day2-17 November 1993

. Completion of questionnaire

. Visit various places on mine premises

3. DISCUSSION OF THE MINE'S CURRENT WATER MANAGEMENT
AND TREATMENT PRACTICES.

3.1 DESCRIPTION OF WATER CIRCUITS

A locality plan showing the major components of the surface water systems
was supplied by the mine and is attached as Figure 1. In addition, a diagram

SITE VLS'T REPO'RT KLEINKCPJE COLLIERY
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showing the various components of the various water users on the mine was
also obtained and is attached as Figure 2, :

3.2 DESCRIPTION OF WATER TREATMENT/MANAGEMENT SYSTEMS
3.2.1 Sewage treatment plants,

The Kleinkopje sewage treatment plant. treats approximately 300 m3/d of
sewage effluent. The treated effluent is disposed of by returning it fo the
Kleinkopje clear water return dam. The water from this dam is mainly used in
the coal preparation plant. Due to time constraints, it was not possible to visit
this plant. No phosphate removalis done in this plant.

3.2.2 Potable water treatment plant.

Water for use as potable water on the mine and for gland service water in the
Kleinkopje coal preparation plant, is treated at the Kleinkopje water treatment
plant. According to information supplied by the mine, the water is sampled
and analysed weekly for various constituents. The possibility exists, therefore.,
that problems with regard to the quality of potable water, may only be
detected too Iate.

3.2.3 Seftling dams and evaporation dams

The major settling dams are the slurry ponds receiving slurry from the coal
preparation plant. Slurry from the coao! preparation plant is disposed of in the
new co-disposal facility. Water from this facility is returned 1o the clear water
dam for reuse in the plant.

One of the water management options considered by the mine, is the use of
the Tweefontein pan 1o evaporate excess water. Although there are
evaporation losses from other water bodies, the Tweefontein pan will be used
with the sole intent of evaporating excess water,

3.2.4 Clear water or return waoter dam

A central dam functions as the hub of the process water circuits. Dirty water
from various points on the mine is pumped to this dam which is referred to as
the clear water dam. The plant abstracts most of its water from this dam.
Concern has been expressed about the limited capacity of this dam in
relation to the volumes of water in circulation, especially in wet seasons.

3.2.5 Opencast area

The main use of water in the opencast area is for dust suppression. Water
accumulating in the pits, mostly rain water, is normally pumped to the clear
water dam. in the past, the situation has arisen where excessive amounts of
water accumuloted in the pits, and the disposal of this water became a
probiem. Because the water could not be discharged to public streams, it
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had to be left in the pils for long periods of time, leading to excessive
deterioration in water quality and the associated disposal problems. The mine
believes that the quality of the water would not be too severely affected if it
could be discharged o public streams soon after a rainfall event.

A water management strategy curently being employed in the opencast
areas, is to minimise the operating mining window. This strategy requires that
rehabilitation keeps up with the mining operation and that the exposed and
disturbed area is kept to a minimum. By reducing the active / disturbed
operating window. the amount of water that can accumulate due to the
- poor runoff characteristics of these areas, will be reduced.

3.2.4 Plant water circvits

The coal preparation plant receives most of its make-up water from the clear
water dam and as such, uses recycled water. Potable water is supplied as
gland service water. Raw, untreated water from the Olifantsriver is also used
as process make-up water when required, but not on a continuous basis. The
total amount of water in circulation in the plant at any given time was not
immediately avgailable, but could be caiculated from pump curves if
necessary.

3.2.7 Water monitoring systems

The mine has a fairly detailed water monitoring programme. Most of the
important points for monitoring water have been identified and are being
monitored. The quality data reported to the mine is fairly comprehensive and
the data is checked by the responsible personnel. Spot checks are performed
on some of the data by way of an ionic balance and results are queried if
problems are detected.

Information with regard to the flow rates of various water streams, both
natural streams and those due to various mining activities, is very limited.
Unforfunately, as the flow monitoring programme is not complete, the water
monitoring programme cannot be regarded as complete and it is not
possible to calculate or manage the sait loads being generated.

3.2.8 Water management structure

The following diogram, representing the water management structure with
the various departments and personnel involved, was supplied by the mine.
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3.3 NOVEL OR UNIQUE WATER TREATMENT AND MANAGEMENT SYSTEMS
3.3.1 Water qudlity management structure / personnel

The day-to-day management of water qudiity, supply, freatment and disposal
of effluents is camied out by suitably qualified persons who exhibit a high
degree of understanding of the fundamental issues invoived. The impression
was gained that good communication channels exist, and the forum of the
water management technical committee is used effectively. These factors
indicate that water quality and environmental management are accorded a
high priority at the mine.

3.3.2 Water monitoring and management systems
Computerised models varying in sophistication, are widely used for water

management purposes. Groundwater monitaring is computerised and the
Hydrocom system is employed. At the time of the site visit, only a certain
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portion of the full capacity of the system was used. The personnel interviewed
expressed the intent of utilising the full potential of the system in future.

The responsible personnel are actively and continuously involved in identifying
methods and instrumentation that wilt enable them to optimise the monitoring
programme within budget and practical constraints. For example. new
coniinuous monitoring stations are under consideration for some of the major
water courses on the mine's propenty.

The perscnnel involved are employing sophisticated hydrological modeils
such as the SCSSA and WRSM?P0 in predicting surface runoff volumes. They
are also familiar with methods for statistical manipulation of continuous flow
data as well as other computerised models that may be used to assist them in
their tasks.

During the site visit it was observed that these sysiems are used continuously.
Provided the current expertise available on the mine is uiilised 1o the full, and
is allowed to steer further developments, the mine should be in g position
where it can actively manage and control the water systems.

3.3.3 Project to investigate the functioning of the natural wetland in the
Landagu Spruit

The personnel involved with maonitoring the nalural wetiand situated in the
Landaou spruit, believe it is effective in removing sulphates and improving the
acidity of the acid water leaching from the Landau dump foe dom into the
wetland. The services of the CSIR were obtgined with the view of
investigating the syster on a scientific basis. Unfortunately, due io the fact
that this is g joint project between the CSIR and the mine, the results and
reports related to this study were not made available. However, the
endeavors of the mine {0 come to an understanding of the system on a
scientifically sound basis, is recognised.

3.3.4 Acid water organic studge amelioration system (AWQSAS)

This project is also a joint project between the mine and the CSIR and again
the results and reports relating to this study were not made available. The aim
of this study is to investigate the option of treating acid mine water by utilising
the sulphur reducing bacteria in sewage sludge. The bacteria will remove
sulphates by reducing it to H2S which will then be relegsed into the
atmosphere.

3.3.5 Impact of improved rehabilitotion methods on water monagémeni
strategies.

The weathered C-horison of the geological profie is removed in a pre-
stripping operation ahead of the dragline operation. This material is then used
to fill the spoils behind the drag line operation before the final top soil layer is
added. The purpose of using the C-horison as a filler materiai, is to reduce the
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permmeability of the rehabilitated spoils. 1t is believed that less waier will
infittrate into the spoils and therefor less water will be contaminated due to
contact with spoils material.

3.4 POTENTIAL WATER TREATMENT/MANAGEMENT PROBLEMS AND NEEDS

As a resuit of the discussions and site wsuts a number of issues were identified
where knowledge gaps still exist.

3.4.1 Practical implementalion of continuous monitoring systems.

There are a number of praciical issues concermning the protection of remote
field stations against lightning, theft and vandaiism, t is found that these
installations are often a target, and although a lot of useful information can
be generated, the systems can become impractical if solutions to these
problems cannot be found.

In addition, it is ofien found that probes on continuous monitoring stations ore
unrefiable and do not last long. Replacement cost becomes a practical
consideration.

3.4.2 Long term functioning of wetlands.

During the site visit, the concept of wetlands as a long term management
strategy was discussed.  Although the factors that moke wetlands an
atiractive option are recognised, the danger of regarding wetlands as the
cure-afl for all effiuent treatment probtems must be recognised.

3.4.3 Sulphate removal

The effective treatment / management of sulphates in the effluent streams,
was identified as one of the more important chalienges facing the mine -
hence the studies and proiects aimed at ameliorating this problem.

3.4.4 Flow measurement

As mentioned eisewhere, accurate flow data is an essential component of a
monitoring programme aimed at providing input into a water management
strategy. In view of the waste load allocation policy advocated by the
DWAF, it would not be possible o formulate an effective water management
strategy if salt loads cannot be predicted or calcuiated.

With regard to surface water systems, pump curves and pumping hours are
used to calculate flow rates for some of the water transfer operations. The
inherent inaccuracies of this method render it unsuitable in the long term and
proper flow measurement methods should be investigated. Considering the
practical problems with monitoring flow in the mining environment, this is also
considered to be a challenge tor the personne! responsible for water
management,
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During the discussions, the problem of quantifying the volumes of water
infiltrafing into the oid underground workings was mentioned as another area
where more work could possibly be done.

3.4.5 Modeling of discard dumps before and after rehabillitation.

The relative merits of retgining rainwater on top of dumps rather than
shedding the water as soon as possible is unknown. The effects of sealing
discard dumps to reduce the amount of water seeping through the dump
and reporting as an acid seep, or reporting in the groundwater system, need
further investigation. Different- considerations were mentioned for which the
practical implications are not clear. These were:

* sealing the dump with an impermeable layer before rehabilitation
* lining the dump site before construction
* the method of construction - whale back or terraced.

The method of construction favored by the mine is the terraced consiruction.
The whole question of a water and salt balance around a discard dump is an
issue which requires further investigotion and can be considered to be an
indusiry-wide issue.

3.4.6 Disposal of excess water.

The mine has an excess of water and has to investigate options for disposal of
the excess water. The underground storage capacity is nearly exhausted and
cannot be used as a storage facility for much longer. The option of using the
Tweefontein pan as an evaporation faciiity is currently under investigation.

Another aspect that is receiving atfentfion is the concept of free mine
drainage where the aim is o discharge the water from the opencast pits and
spoil areas as soon as possible after a rainfall event. This is in order to minimise
contact time of the water with the spoils and it is hoped that the level of
polivtion will be small enough for discharge into public streams.

3.4.7 Gland service water

The coal preparation plant is currently ufilising potable water as gland service
water on the slumy pumps. The main quality criteria for gland service water is:

* ihe water must be free of suspended solids
* it must not be corrosive
* it must be non scaling

Al present it is assumed that the potable water supply to the mine satisfies the
abovementioned criteria. The daily water demand for this application is
approximately 850 m3/d. During the discussions it was suggested that the
mine look into the possibility of treating woter from another source such as
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water from the clear water dam in order to replace the potable woter.
Considering the fact that the disposal of excess water is a problem, there may
be some merit in investigating this option.

It is not clear where the 850 m3/d of potable water is coming from as only 330
m3/d is freated in the water treatment facility ot Kleinkopje.

3.4.8 Final river diversion.

The impacts of the placement of a final river diversion over rehabilitated spoits
is an aspect that requires further research. The mine is curently planning such
a research project and this could be of benefit to the whole industry

3.4.9 Calibration of runoff model parameters.

The hydrological models used for prediction of runoff volumes rely on the
accuracy of input parameters. Some of these parameters reflect the
percentage of water infiltrating into the ground, the percentage of the water
that evaporates ond the percentage that actually reports as runoff. The
values of these parameters, especially for the operating mining window, are
currently under investigation.

3.4.10 Leakage of underground water along the Ogies dyke.

Based on certain inconsistencies in the data for the underground water levels,
one of the hypothesis is that water is actually legking from the underground
areas along the Ogies dyke. An investigation will be launched to confirm or
discard this theory. '

4. GENERAL IMPRESSIONS
4.1 ROLE OF THE EMPR

it is believed that the EMPR has played a significant role in focusing attention
on water management aspects.

4.2 INFORMATION SYSTEMS

The personnel responsible for water management on the mine are well
qualified and good communication channels exist. The key personnel are
aware of relevant research being undertaken by various organisations such
as the Water Research Commission,

Although there are not always answers o all the guestions, it is obvious that
the personnel involved have the ability to identify and prioritise the issues
involved,
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4.3 OPENNESS ABOUT WATER AND ENVIRONMENTAL MANAGEMENT ISSUES

The mine and the personnel interviewed were quite prepared 1o provide all
the required information with regard to their water management systems. This

is also true for the treatment systems, excluding the projects jointly undertaken
with the CSIR.
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Appendix A - List of pH and Conductivily readings taken during the site visit,

During the site visit, o number of pH and conductivity readings were taken at
various locations on the mine. The following is a list of the readings faken:

No Description pH Cond.
} Slimes disposal within co-disposal facility 78 242
2 water below new discard dump 7.1 : 342
3 NE spruit beneath NE rehab area - flow into Witbank ) 5.6 0
dam
4 wetland in Landau spruit - star? 7.4 262
5 Londou dump {oe dam 3.8 530
3 Weftland gt Landayu dump - close 1o dump 6.4 281
7 Some as 6 above but more towards center of | 7.0 219
welland
8 End of Landau spruit welland 7.05 109
River diversion at overfiow into Qlifanis river 7.35 119
Clear water / holding dam 7.4 225
10 Clarified woater at coal preparation plant 7.5 238
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Appendix B - Ust of photographs taken during the site visit.

During the sife visit, a number of photographs were taken at various iocations
on the mine. The following is a list of the photographs taken:

Phologmph No Descrintion

1- View of mining operation - direction towards Qlifants river

4 Ramp in block 3A area’

5 View of 3A area

[ Slimes disposal within co-disposal facility

7 Water below new discard dump

8 North East area - rehabilitation in progress

9 NE spruit beneath NE rehab area - flow into Witbank dam

10-12 Wetland in Landau spruit - start

13 Landau dumg toe dam

14 Wetland - direction upstream of Landou dump

15 Wetland - direction downstream of Landau dump

16 End of Landau spruit wetiand - direction towards Landau
dump

17 River dliversion - overfiow inta Olifants river

18.1% Clear waler / holding dam - direction towards plant

20 Areq below clear water dam wall

21.22 Coal prep plant thickeners
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Report on site visit to Landau Colliery -
Kromdraai Colliery

25 April 1994

1.  GENERAL INFORMATION

Name of mine
Name of person{s] interviewed

Nearest fown

Name of catchment
Monthly production [ROM)
Monthly saleable product
Monthly discard production
Main product and market
Current age of mine

Expected remaining life of mine
Type of mining camed out
Transport mode from mine to
plant

Has the mine already produced
on EMPR

2. SITE VISIT PROGRAMME
2.1 25 April 1994

Armrival

Kromdraai Colliery

Mr DRW Dingemans - Div, Geologist
Mr S Timm - Hydrologist

Mr P de Garis - Planning Manager
Mr D Limpitiaw - M Sc Student
Witbank

Wilge and Olifants

400 000 t/m

300 000 t/m

100 000 t/m

Export coal (0%}, inland coal (10 %)
Opencast - 1.5 yrs

Previous underground - 1926 - 1964
Opencast - 27 yrs

Opencast mining

Road haulers to ROM crusher piant -
1o Navigation HMS plant by rail
Completed - reviewed copy
submitied fo DWA

Fage 9.1
fogert

Brief discussion of project objectives
Short overview of mining activities
Guided tour of the mine
Completion of questionnaire

3. DISCUSSION OF THE MINE'S CURRENT WATER MANAGEMENT
AND TREATMENT PRACTICES.

3.1 DESCRIPTION OF WATER CIRCUITS

A locdlity plan showing mainiy the location of the mine relative to the major
components of the surface water systems in the region, was supplied by the

SIE VISIT REPORT - LaNDay COLLIERY
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mine and is attached as Figure 1. This plan shows the position of the old
underground workings, as the cument opencast pit is still a relatively small
porfion of the mining area. The mine is situcted on the watershed between
the Wilge and the Olifants rivers catchments. In addition, a flow diagram
showing the various water users on the mine was aQiso obtained and is
ottached as Figure 2.

Due to the geology of the areaq, the water seeping from the old underground
- workings has a very low pH {pH 2.8 - 3.5}, but at the same time a suprisingly

low electrical conductivity {100 - 200 mS/mj. In addition, the lack of caicile
resulted in oxidation of feldspars and sandstones and aluminum is more easily
released than in most other mining areas. Pyrite got into the alunite stage
which is less soluble than normal pyrite and this is probably the reason for the
lower than expected electrical conductivity of the water.

3.2 DESCRIPTION OF WATER TREATMENT/MANAGEMENY SYSTEMS
3.2.1 Sewage treatment planis.

The sewage treatment plont at Kromdraai is designed to treat 42 ki/day. The
effluent from this plant flows into a polluted water dam. Water from this dam
Is pumped to the raw water reservoir at the crushing plant. A diagrom
showing the layout of the sewage treatment plont is attached as Figure 3.

3.2.2 Potable water treatment pilant.

There are two polable water treatment plonts at Kromdraai and both are
considered as unusual as both are reverse osmosis plants. Sources of potable
water are too far away from the mine to consider piping potable water to the
mine. Boreholes are not a feasible option as the whole area is undermined
and the water in the old workings is very acidic. The RQ process for
producing potabie waier enables the mine to utiise poliuted water as a
source of potable water. :

One plant is designed to treat 14 kifh. it treats a mixiure of water from a
pollution control dam, water treated in the liming plant and water from the
Klipspruit. A diogram showing the layout of the plant is attached as Figure 4.

- A second 2 ki/h RO plant is situated at the Kromdraai liming plant. The water
treated in this plant is abstracted from Graham dam, which typically has a
low pH (3-4) and low conductivity (30 -40).

3.2.3 Selling dams
There are two dams functioning as settling dams. One is situated near the pit

and receives water pumped from the opencast pit. Most of the seitieable
solids is removed from the water before it is discharged to the liming plant.

A RS e T i G BT RS SRR T e
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Another settling dam is situated close to the ROM tip area. This dam receives
mainly dirty water from the ROM tip area. crushing plant area and workshops.
Water from this dam is allowed to evaporate and a portion of this water is
pumped to a small dom where it is mixed with water from the liming plant
ond water from the Klipspruit. This mixture is used for road wetting and a
portion is fed to the potable water treatment plant {14 ki/h)

A series of cut-off drains are constructed around the poilution control dams to
prevent clean surface runoff from entering these dams,

3.2.4 Evaporation dams

There are a series of evaporation dams situated below the liming plant. These
dams were specially designed for the purpose of evaporating the treated
water discharged from the liming plant - approximately 10 Mi/d. There are 5
dams each gpproximaiely 1.5 - 2 km long, 50 m wide and 0.5 - Im deep.
Figure 5 is map showing deiails of the surface water monitoring points. This
map is included as it is useful for obtaining an idea of the size and location of
the evaporation dams.

Water from the evaporation dams seeps into the Kromdraaispruit and this is
problem areq. Investigations indicated that the existence of seeps from an
old dump above the evaporation dams, aggravated the pollution problem.
The dump is being removed and the situation will be monitored to determine
if there is any improvement in the sifuation.

3.2.5 liming plant

Due to the geology of the area. the mine produces an agcid water. Acid
water is decanting from the old underground workings and a liming plant was
installed to treat this water. A diagram showing the process layout and details
is attached as Figure 4. The plant is currently treating an approximately of 10
Ml/d of acid water.

The sludge or “vellowboy” is discharged to an evaporation facility and the
freated water is used in various mining opergations, however, the bulk of the
treated effluent is discharged to the evaporation dams for evaporation.

3.2.6 Opencast areag

The main use of water in the opencast area is dust suppression. The opencast
operation is primarily concerned with re-mining the areas which were
previously mined in an underground operafion. As a result, water
accumulaling in the pits is waler from the old underground workings, as well
as rain water and ground water inflow. The waler has a low pH and is
pumped o a settling dom from where it is pumped to the liming plant.

SIE VIS REPORT - LANDAU COLLIERY
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3.2.7 Plant water circuits

The coal extracted at Kromdraai is treated in the HMS plant at Navigation
Colliery. The ROM coal from the pits is transported by road to a crushing
plant. After crushing, it is fransported by rail to Navigation Colliery. There is no
HMS plant with it's ossociated water circuits in the Kromdraai woter
retficulation systermn.

3.2.8 Water in the old underground workings.

There are a number of water bodies in ihe old underground workings. The
water contained in these sections is very acid and g number of seeps have
developed over the years. One of the management strategies is to transfer
water via a series of boreholes and pipes from the different underground
areas (Excelsior block and South block) to @ central point from where it is
allowed o decant. The water is then pumped to the liming plant for
treatment.

Despite the efforts to transfer water from the outlying areas, there are still a
number of seeps present which are scattered throughout the mining area.

The water collected in the underground workings has to be removed before
any opencast activities can proceed in any particular area. This is done by
making an excavation in the area ahead of the opencast pit. Water
collected in the excavation is pumped to the iiming plant.

3.2.9 Water monitoring systems

The mine has a fairly detgiled ond sophisticated water monitoring
programme, Most of the important points for monitoning water have been
identified and are being monitored. The water quality data reported to the
mine is comprehensive and the data is checked by the responsible personnel.

Information with regord to flow rates of various water streams, i.e. natural
streams, those due to various mining activities, as well as water decanting
and seeping from the old workings, is limited. Some of these aspects are
being addressed, e.g. a confinuous monitoring station will probably be
installed in the Kipspruit in the near future. Unforunately, as the flow
monitoring programme is not complete, the water monitoring programme
cannot be regarded as compiete and it is not possible to calculate or
manage the sait loads being generated.

3.2.10 Water management structure

Figure 1 represents the water management structure with the varous
depariments and personnel invoived, was supplied by the mine.
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3.3 NOVEL OR UNIQUE WATER TREATMENT AND MANAGEMENT SYSTEMS
3.3.1 Water quality management structure / personnel

The day-to-day management of water quality, supply. treatment and disposal
of efftuents is carried out by suitably quolified persons who exhibit a high

Director -} Mine Manages
Envionmental services 7\
Pianning - Engineesring

Acs |<—| pivisionai f——| Flonning
- geologist g  Manager

{Kromcraai)
Forerman
woter management
Hydrologist and monitoring
Artisan
Responsible for

pipes, pumps etc,

Figure 1 : Water Management Structure

degree of undersianding of the fundamental issues involved. Regular
meetings involving senior management are used effectively and the results of
this policy are clearly visible in the efforts to address environmental and water
issues in particulor. These factors indicate that water quality and
environmentat management are accorded a high priority at the mine.

3.3.2 Water monitoring and management systems/personnel

Computerised models varying in sophistication, are applied for water
management purposes. The personnel involved are skilled in the use of
sophisticated hydrological models. They are olso familiar with methods for
stafistical manipulation of confinuous flow data as well as other computerised
models that may be used to assist them in their tasks.

The responsible personnel are actively and continuously involved in identifying
methods and instrumentation that will enable them to optimise the monitoring
programme within budget and practical constraints. For example, a down-
the-hole EC logger is used to provide EC profiles for selected boreholes, This
enables the mine to determine which aquifers are polluied. Packer iests and
Theis pump tests are also done by the responsible personnel in order io
determine the potential of the rock 1o store watler and to determine the
flowrate of water through the rock.
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During the site visit it was observed that these systems are applied. Provided
the current expertise available on the mine is utilised to the full, and is allowed
to steer further developments, the mine should reach o stage where it con
 actively manage and control the water systems.

3.3.3 Potable water plants

This aspect was discussed previously but it is considered to be a unique
teature of the water freatment systems on the mine. The concept of utilising
polluted water as a source of potable. water by treatment in an RO plant,
guailifies it to be regarded as unique.

3.3.4 impact of improved rehobilitaiion methods on water management
strategies.

After the layer of topsail has been removed, a further layer of weathered
material is removed in a pre-stripping operation chead of the dragline
operation, This material is then used to fill the spoils behind the drag line
operation before the final top soil layer is added. The purpose of the pre-
stripping operation, is 1o reduce the permeability of the rehabilitated spoils. 1t
is believed that less water will infiltrate into the spoils and therefor less water
will be contaminaled due 1o contact with spoiis material.

3.3.5 Ilrrigation trials

A project to determine the viability of using high salinity water to imigate
various crops and grass, is under way. The trials will be conducied over a
period of 5 years.

3.3.6 Use of Eucalyptus trees to manage water seeping from the old
vnderground workings.

As mentioned previously, there are a number of acid seeps scattered
throughout the mining area. At a number of these sites, trials are under way
to evaluate the effectiveness of Eucalyptus trees to evaporate the woter
seeping out, as well as to reduce the recharge into the seep.

Two different types of Eucalyptus species are used. E. nitens above the seep,
and the more acid resistant £. mcArthii in the area affected by the seep.
Preliminary indications are that despite ¢ good raining season and the
relatively young and smal frees, the amount of visible water seeping from the
various areas. was reducead.

3.3.7 Project to investigate the functioning of constructed wetlands to freat
acid mine water,

The Dixon dam is fed by a natural spring and acid water seeping out of the
underground workings. caused contamination of the dam. In order to
prevent continued pollution of the dam, a heringbone system of drainage
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channels was constructed, togeiher with a plantation of Eucalyptus trees on
the seep. The acid water droining away from the areaq, is curently contained
in g dam. However, the dam will eventually overflow ana the polluted waier
will enter the Klipspruit.

A wetland will be constructed in this area and will be the subject of a M Sc.
thesis. The aim of the thesis wilt be to quantify the eftectiveness of the
wetland as far as amelioration of water poliution s concerned. In particulor
the effectiveness in terms of the removal of heovy metals and sulphates will
be investigaied. In aoddition, operating .parameters ond monagemeni
guidelines for effective operation of the wetland will be established.

3.3.8 Recycling of ail

A system of oil traps were constructed in the storm water drains around the
workshop area. Qil frapped in this system is extracted for re-use on the mine.
It is used mainly for generat ubrication applications in the opencast pit. It is
from time to time sold 1o local firms specialising in the recycling of used oil.

3.4 POTENTIAL WATER TREATMENT/MANAGEMENT PROBLEMS AND NEEDS

As a result of the discussions and site visits, a number of issues were identified
where knowledge gaps still exist.

3.4.1 Establishing a water model for the mine,

The development of a calibroted and reliable water mode! for the mine was
mentioned as an area where work still needs to be done. This will include
testing and validation of assumptions and refining model parameters such as
recharge rates, run off volumes, evaporation etc.

3.4.2 Corrosion due to acid water

Pipes and especially pumps are quickly coroded due {0 the acidic nature of
the water handled on the mine. The cost implication of replocement and
prevention of corrosion is a cause for concern.

343 Acid mine drainage, sulphate ond aluminum removal

The eftective tregtment / management of acid water seeping from the old
workings, as well as removing the suiphates and aiuminum in the effluent
streams, can be viewed as one of the more important challenges facing the
mine.

3.4.4 Flow measurement
The measurement of flow is an important ospect of any monitoring

programme. Development of methods to measure or estimate the volumes
of water transporied in the mining environment, especially the volumes

SITE VISIT REFORT LANUAU COLUER!"




Poge 9.8 MANUAL ON MINE WATER TREATMENT AND MANAGEMENT PRAGTICES - APPENDIX VOLUME 2

seeping from various areas or flowing intfo and out of the underground
workings. will be of significant value 1o the mine.

3.4.5 Prediction of post closure scenarios

The lack of reliable methods for predicting long term water guality and
quantity aspects, such as in a post closure scenario, was identified as a
problem areq.

3.4.6 Praclical implementatfion of continuous monitoring systems.

There are a number of practical issues concerning the protection of remote
field stations against lightning, theft and vandalism. # is found that these
installations are often a target, and although a ot of useful informaiion can
be generaled, the systems can become impractical if solutions to these
problems cannot be found.

3.4.7 Effects of unknown sources of pollution

During the discussions and the site tour, it wos mentioned thot there ore a
number of areas that have never been visited by the personnel presently
involved in the wafer management program. As there are aiso many
unknown factors regarding the water bodies in the old underground workings,
there is always the potential for seeps and sinkholes 1o appear af any fime on
the mine property. Therefore o number of undiscovered seeps and/or
sinkholes may exist.in the mining area. The possibility of flying over the area in
order to make an assessment of affected areas was discussed.

The potential for these "unknown™ sources to have an influence on the water
quality of water bodies in the region. could be investigated.

3.4.8 Disposal of excess waler,
The mine is currenily evaporating quite a substanfial amount of water from
the evaporation dams. There are certain projects in progress to iry and find

alternative applications for the water e.g. the imigation trials. A viable
alternative to evaporation wili have significant benefits for the mine,

4. GENERAL IMPRESSIONS
41 ROLE OF THE EMPR
The EMPR is regarded as being an important element in the process of

identifying problems and focusing the efforts of the personnet in systematically
identifying and addressing the water and environmental problems.
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4.2 INFORMATION SYSTEMS

It is obvious that the personnel involved in the water management issues on
the mine, are well qualified and have speciaiist knowledge that, given the
necessary support from senior management, will enable them to formulate
strategies and manage water issues successfully.

in this regard it was mentioned that quarterly meetings are heid with senior
mine and group managers aboui pollution control issues. The view was
expressed that these meefings are very successful. Better financial support for
projects related o pollution issues has been obtained as a direct result of the
increased interest and involvement of senior management.

43 OPENNESS ABOUT WATER AND ENVIRONMENTAL MANAGEMENT ISSUES

Information was readily obtained and the personnel interviewed were quite
prepared to discuss oll the issues raised during discussions.
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Appendix A - List of pH and Conductivity readings taken during the site visit.

During the site visit, @ number of pH and conductivity readings were taken at
vanous locations on the mine. The following is a list of the readings taken:

No Description pH Cond.
} Water from Fairview adit 3.0 100
2 Water in poliution control dam - expit water 3.2 i15
3 Seen close to iiming plont 4.3 31
4 Water tiowing into liming plant 29 170
5 Liming plant effluent - treated water 7.0 133
é Excelsior adit 2.9 150
7 Seep in Excelsiorarea 2.9 160
8 Turnbull dam 3.1 170
9 Dixon dam 3.0 120
10 Seep in Dixon dam area 3.2 130
1 Spring water ﬂowing into Dixon dam 2.9 15

SII'E VISI.T REPORT LANDAD COLL!ERY



Appendix B - List of photographs taken during the site visit.

During the site visit, @ number of photographs were taken at various locations
on the mine. The following is a list of the photographs taken:

Pholograph No Description

| Fairview adit draining north mining block

2 Water pollution conirol dam for water pumped from pit

3 Seep at liming ploni

456 Liming plant - aerator and settier

7a Liming plant efftvert - freated water

b Spillage at liming plant

8 2-Upner dump - in process of being clegned up

9,10 “Yellowboy” - liming plant siudge discharge area

k! Morth pit rehab area with cument mining activities in
background

12 QOpen cast operation

13 Sink hole with owl nests

4 Excelsior adit

15 Seep in Excelsior area

16 Arega beiow seep in Excelsior areq

17 Dixon dam .

18 Seepn above Dixon dam

19 Dixon dam - future wetland study areg

20 Clear waier spring flowing into Dixon dam
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Figure 1 : Water Quatity in the Kromdraai Area
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Figure 2 : Kromdraal Water Flow Network



LEGEND

——— SEWER MAIN
~—— EFFLUENT
{——SLUDGE TO BEDS

R

CHLORIMATION
SLUDGE —JF
DRYING BEDS H... — INCOMIHG
RAW SEWAGE
EFFLUENT MXED | - l OIL TRAP OVERFLOW
willy UhDERRLOW === | FROM WORKSIIOPS
Lt o
.................. e T T e e e e T a e e o s
1 I ] "“'"_ﬂ' ' ) ————‘
g —
S N | \

13M1 POELUTED WATER DAM

R

Figure 3 : Layout of Kromdraai Sewage Treatment Piant



e
t ¥ -10 ]40 .
HS ~n
- -
S 3

7
\
- POVABLE WATER TO EXISTING .
KROMDRAA! LIMING PLANT I e ot LA NN LA B
14li\hr POTABLE WATER 1
: TREATNENT PLANT 150k CLEAN WATER N
; O RESERVOIR L L L B
] | .
P FILTERS, PUNMPSTATION

\W 2+ %

i / ] l/ hEEE"ﬁ’\;om‘

I:P BYPASS

L - =
wt
25kl RAW WATER \ ] ¥
HOLDING  TANK y 3
R e e e . 5
m‘ Z Z Hr ‘é
= e —
3 / B e g |} & !
L] : 5 a
A\ 2l 2
a o] 0O
8 '_‘I% 7] )
. ga LEGEND -
\ 0.2 -——— RAW WATER
| » ’ " —~——— POTABLE WATER
\ P 3 ——— SCOUR
\ b &

Figure 4 : Layout of Kromdraai Waler Treatment Plant



)

1
N\

Ly
RN

LEGEND

— = =  FARM BOUNDARIES
: ROADS
RAHLWAY

- g1 (VERS, DANS
T PANS

, 1) WATER SAMWPLING

PORITS
[ Tm Zum Jem
[ === —— e —

EEOCHD  CADTHIIDGN  DIC. wi)

Blsira £ 1 1 anatiane nf Rurfnce Water Monitoring Points : Kromdraal



OBJECTIVE

1. TNCREASE pH 10 7.5
2, REWOVE HIAVY METALS
1. ACDUCC TS

KROMDRAAI ACID MINE WATER TREATMENT PLANT

llur']
1L

- d 5173
WIDRATE
vuc | + LIWE CONTENT 20% Mar” jG -———]  wixane I"
MIXIHG * pH 120 ¥, L___1amK b
TAHK ]I -

r"‘""_"_"""l

w010 wingl

LCLILE - FLRAOUS 0. VOngA — ; -1t y
« 1ERRIC 0 . 200mgA | AR _'O 1- ....h._...’-_"::‘l"?" ]
+ W5 175Mrng e ’ | y
. 0] 1\!;ln|-g(l e
- 10T, JHON 120muby

F-'—"""-_-'.L!--'-_—__-‘L'_-_'___—-"-

R « RETERTION THWE

|

{1

Conp) T HING 1m-J
R = 20 umur[s]

ALUATOR ‘ '
TAHK
R = 10 WDIUTES)

=

CLARIFITR I
(DADIHE 73R kg fr I

PROBLEM

IRON DXIGE PRECIPITATE HEAS LOW PEHSETY

[ awE sLuRrY ca(oH), ]

[ conpITIONING OF RETURNED su.uosc']

HETURNLD SLUDGE AGED

FERRDUS TRON HIGH_ (Fe")

FERRIC 10U LOW (Fv

WIXING SLOW 10 PROVENT FLOC DISINTECALIION
- M wo

[ACID MINE WATER|

HEACYIONS 11 WnE
HaS, + H, D ¢ TD, 3 a0, 1 DILEO, ~ PACKALA
Fefi, + 14fe™ + BB X Giet+ 250, ¢ M

*pH 15

[NEUTRALISATION & PRECIPITATION]

ELCTIONS T LIME PEANT

l::nioelg. + 1,50, - Cah0, + H,0
Colrq), + Fetl, - Fe(DH),ll cuin,

ACo(QMI}, + 4780, 4 D40 ¢ O, » Aielii]ygd CaSD,
IHON HYDROYIVE P RECTF 1M TS
SLow TO SEVNRL g £aUst

SOLUTION

1. RECYCLE PRECIPITATE
2 AGE RETURMED SLUDGE
3. IROM SHOULD BE 1N FERROUS FORM 1N CONDITIDHING 1°

L] MTHI
[ SnET @2

Y

-

il S A A i A A A A I A

el

e e Sy

o cotDI oM
) - TAHK

e o e ey

-

. — 4
Ct ARIF G TRERT )
MG kG I )

2

JRON MOULCULTS SURROLMGED 8% 1) O MOLFCULES 1 & vor <~| b
2 e TMICKEHING FOOR DI EAUSE ¢ ! i
T HYDRATED 1AON MOLECIALS tGANVITY CHARGED & = SAT ] ~Fioi ] |] )
1 REVEL EACH OIHER THERET{AE BEQUIRTS RECIRLULLVEON £ VAP ORATION Lvrposarion w=q{l:1 lﬁ‘ [{IXTRTS I
R —— J —— — -, Y s | Lk
i |CLA.RIFICATIOI{E I .
i aa o o S § PYIg I s |
) { S0 : .
‘Fe 420y A 4 F
IHDLFTNETE . .
o 20 DAYS J---— . 2 (!;51-. N RO | (.t,n.#m-,.-.. He.
N ’ DRY AIS15 \sec 4
FLRRIC o | - bor 4t 7 2 P I o a7 o A
SLURRY EVAPDRATION DAK EFFLUEMT EVAFORATION DAMS REL-0 (5 D oy
« gk 753
= FTERRDUS nngA
PLANT LAYOUT + FERR1E YimgA
TWANY LAY + s 1800n CURRENT FLOW NETWORK
PPN icicTTy 71 0?2 s 1800mg A CHDRELD hLas




MANUAI. ON MINE WAIER TREATMENT AND MANAGEMENT PACT!CES APPENDIX VOLUME 2 Pg 10.1

e R R T e Pt o

Report on Matla Colliery Site Visit

2 December 1993

1. GENERAL INFORMATION

Name of mine Matta Colliery
Name of person(s) interviewed [ Cronje
Position of person(s) interviewed  Superintendent Environmental

Services
Nearest town Kriel
Name of catchment Olifants River
Monihly coal throughput (rom) 790 000 t
Monthly saleable product Eskom power station - 790 000 1
Monthly discard production 0
Monthly slurry production 0
Main product and market 100 % coal to Kriel power station
Cumrent age of mine 14 years
Expecied remaining life of mine 30 years
Type of mining carried out U/g bord & pillar, longwall, shortwall

Transport mode- mine o piant Overland conveyor
Has the mine already produced Yes, final draft
an EMPR

2. SITE VISIT PROGRAMME
2.1 Day 1 -2 December 1993
*  Short discussion of project with Mr J Cronje

* Detailed site visit with Mr J Cronje
*  Completion of questionnaire with Mr J Cronje

3. DISCUSSION OF THE MINE'S CURRENT WATER MANAGEMENT
AND TREATMENT PRACTICES.

3.1 DESCRIPTION OF WATER CIRCUITS
This is a large underground coal mine situated in the Qlifants River catchment,

In general terms, the mine has minimal impact on the water resources for the
following reasons:

“SHTE VIS REPORT - MATLA COLLIERY



« all mining operations are underground
« coal fransport is by overland conveyor
+ there is no washing plant and only small amounts of discard are produced

A simplified water distribution network ond balance is shown in Figure 1
below.

For drinking & refuge bays R ] Su line
' eservoir
Down frc;m r‘vlgﬂa 1
borehole To continuous miners Mif
* 1.14 Mi/d y 186 Myd
2.8 Mifa. | Underground | 0.9 MI/d Offices and

Groundwater | &° 0, | workings 7 changehouse

3.25 Mi/d
Y Coal
: 2
Discharge g Surface 0.6 Mi/d
to spruit setting ponds —— —| Sewage piant

Figure 1 : Matia Colliery simplified water system diagram

As shown in Figure 1, the basic supply of water to Matla 2 and 3 mines is as
potable water from the Kriel power station. The potable water is used for
normal domestic purposes in the offices and changehouse and is also piped
underground via a borehole for drinking purposes o the working oreas ond
refuge bays.

A substantial amount of ground water is liberated by the longwall mining
process and this water, together with the returmn water from the continuous
miners, is pumped to settling/evaporation dams on surface.

The sewage is treated in a sewage treotment plont ot each mine ond the
treated effiuent is then also discharged into the settling dams. A ceriain
amount of water evaporates and seeps from the settling dams, with the
balance being discharged to the surface water systems.

The mine has a small waste rock dump {receiving about 3 tons/day of waste
rock). This dump is constructed on a compacted base with pollution control
berms to keep clean water out and direct polluted runoff 1o lined pollution
condrol dams,

Diversion berms are also in place to divert clean runoff around the shaft areas
to the surface water courses. The mine has no major diffuse pollution sources
other than the setting/evaporation dams. The surface hydrology and needs
of downstream users are fairly well defined and understood by the mine.
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A number of points are sampled reguiary for water quality. The mine also
plans to implement a continuous monitoring system for conductivity, flow and
. pH at a number of key points.

32 DESCRIPTION OF WATER TREATMENT/MANAGEMENT SYSTEMS
3.2.1 Sewage treatment piant

The sewage freatmeni plant at Motla Colliery is @ conventional activated
sludge system with secondary clarifier and sludge recycle to the aerated
reactor. Clarified effluent is disinfected with chlorine gos before being
discharged to the settling ponds where it is mixed with water pumped up from
underground. Waste sludge is dried in drying beds.

3.2.2 Shaft and Workshop Areas

Effluent and runoff from the shaft and workshop areas is isclated and passed
through oil separators before being discharged 1o the settling ponds.

3.2.3 Water Monitoring & Data Management Sysiems

The mine has a fairly comprehensive water quality monitoring sysiem covering
surface and ground water. All monitoring data is entered into Hydrocom ond
comprehensive monthly reports are produced using this data. Although there
are still some notable deficiencies in the monitoring programme (see section
3.4.4), the system in place at Matla can be considered as advaonced in
comparison with most other mines visited (see 3.3.1}.

3.2.4 Water management structure

The water management structure is shown in Figure 2 below.

Trans-Natal I General Manager ]
Envitonmental {— 1
Seqrvices
Shategic .
Services Engineering
T
l i
Environmental Services ' | Survey/Geology | [ General Servicas ]
! 1
Technician
Laboratory ﬁenﬂlaﬂcm Departrneni] Fote
Sampler )
Groundwater ‘ Potable water disiribuiion
Pollution control Sewage freatment
Surfoce water monitoring
Cost assessments of pollufion
conirol and closure
Liaison with authorfies and
lacal farmers

Figure 2 : Matia Coiliery Water Management Structure
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A discussion on perceived deficiencies in the mine's water mcnagemenf
structure is given in seclion 3.4.7.

3.3 NOVEL OR UNIGUE WATER TREATMENT AND MANAGEMENT SYSTEMS
3.3.1 Monitoring Programme and Information Management

As mentioned earlier the mine has a fairly extensive water quality monitoring
programme in place and is planning to install @ number of continuous
rnonitors. More importantly, however, the environmental services department
appears {0 make fairly good use of the information at its disposal for
management purposes.

3.3.2 Diffuse Pollution Sources

Of qii the coal mines visited during the survey, Matla stands out as being
visually the cleanest mine with only minimal ditfuse pollution sources such as
the settling dams, conveyor routes, drive houses and workshops.

3.3.3 Personnel

Matla Colliery is one of the few mines that clearly has suitably gualified
personnel in charge of the environmental and water management activities.
In addition to the academic qualifications and expertise, the personnel also
have access to and utilise specuohst water management journals to obtain
information.

3.4 POTENTIAL WATER TREATMENT/MANAGEMENT PROBLEMS AND NEEDS

As a result of the discussions and site visits, a number of issues were identified
where knowledge gaps still exist.

3.4.1 Impacts of Longwaoll Mining

The proctice of longwall mining hos ¢ number of potential negative impaocts
on surface and groundwater systems, including :

« destruction of near-surface aquifers and production of large volumes of
water which then need fo be discharged to the surface water
envirgnment

« surface subsidence which can result in the formation of pans and
destruction / interference with normal drainage patterns

« potential iong-term effects on the quaiity and level of re-established
aquifers

The long-term effects, in particular, require further quantification.

SIiTE VISIT REPOR'I' MATLA COLLIERV
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3.42 Discharge / Treatment of Excess Water

As mining continues and larger areas are subjected to longwall mining, more
and more excess effluent is generated and pumped to the settling dams.
Already this excess water is causing problems in terms of disposal and this
problem will get bigger all the time. it is also possible that the quality of the
excess water will deteriorate as it moves through a more tortuous path
through the collapsed strata with associated pyrites. Treatment of this water
by way of a desalination plant will prove to be expensive and aiternative
solutions must be found (see section 3.4.3).

3.4.3 Waler Reclamation Strategies

A significant need can be identified to investigate, develop and implement
appropriate water reclamation strategies at the mine. At the moment large
volumes of potable water are purchased from Eskom and large amounts of
poiluted water are discharged. A significant potential exists for the successiul
reclamation and reuse of contaminated water pumped up from under-
ground - to replace potable water sent 10 the continuous miners.

3.4.4 Monitoring systems

Due to the lack of reliable and accurate flow measurements, it is not possible
to properly quantify the impact of the mine on the water environment or to
evaluate the beneficial effect of applied water management strategies.
Although the mine could benefit from water reclamation strategies, the lack
of important water quality data such as alkalinity will hinder this process as
scaling fendencies cannot then be calculated.

There is also a distinct need to institute appropriate monitoring measures to
enable the accurate determination of a water and sait balance around the
settling doms to provide the data missing from Figure 3 below.

Treated sewage

SETILING / Discharge to s ruu’r
EVAPORATION rge 1050
Underground DAM ?

]

Seepage Evaporation

Figure 3 : Schematic Water Balance Around Setiling Dams
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3.4.5 Setlling Dams

The setting dams / evaporation ponds at Matla 2 and 3 are not being
operated comectly for @ number of reasons, including :

hydraulic short-circuiting (poor inlet and outlet arangements)
poor settling of suspended solids |

no facility for removal of settled siudge frorm setlling damns
seepage and leakage through dam walls

‘Although these problems prevent the settling dams from working properly,
they can be rectified fairy easily.

3.4.6 Water and Salt Balances

Although the mine coilecis g substantial amount of data for surface water
systems which enable the production of coarse overall water and salt
balances, insufficient data is available to support the development of
properly detailed and complete water and salt balances. Due to the size of
the operations at Matla and the amount of data which will need to be
manipuloted o provide up-to-date and useful water and salt baiances, the
mine will require access to computerised balance models to prevent the
generation of these from becoming a full-time task.

3.4.7 Water Management Shructure

Although the mine has well qualiied personnel looking after water
management issues and the environmental services section does not report
to engineering or production mangers, a problem of proper co-ordination still
exists. In particutar, the potable and sewage water circuits are managed
independently of the environmental services section.

4. GENERAL IMPRESSIONS

The general impression gained from the site visit is that the mine has a minimal
and manageable impact on the surface water environment and perhaps
also on the groundwater environment., Environmentali and water
management are accorded & high pfiority as is evidenced by ihe
employment of appropriately gualified professionol staff. It is again clear that
the advent of the EMPR process has been instrumental in improving water
management at the mine.

The most important need for the mine is to address the issue of waler
reclamation to deal with the ever-increasing volumes of excess woter
pumped from underground,

SHE \r‘fSTT REPORT - MATLA COLLIERY
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Appendix A - List of pH and conductivity readings taken during the
site visit.

During the site visit, a number of pH and conductivity readings were taken at
various locations on the mine. The following is a list of the readings taken.

No Dascription pH Cond.
| Matla 3 - settling ponds 4 at sump 8.6 76
2 Matla 2 - settiing pond overflow to viei 7.5 72
3 Rain water from culvert under.road to Matla 2 72 29
4 Rietspruit upstream of Maoila 2 {at road bridge} 8.2 21
5 Rietspruit gownstream of Matia 2 7.4 62
& Evoporation pan receiving u/q water from Matla 2 9.2 245
7 Stream from Kriel power station - Rietspruit 7.0 &9
8 Rietspruit tributary downstream of Matlo | - stagnant | 7.4 38
9 Matla | - big evaporation pond 9.2 54
10 Evaporation dam below waste rock dump 7.9 108

"STE wsrrnwom MATLA COLUERY
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Appendlx B - List of photographs taken durlng the site visit.

During the site visit, @ number of photographs were taken at various locations
on the mine. The following is a list of the photographs taken:

1 Photogiaph No Description
1 Matig 3 settiing ponds
Z Moatla 2 setiling ponds t & 2 inlet
3 Matla 2 viei below setting ponds
4 Matla t big evaporation pond

SFTE VIS REFORT MATLA COLLlER‘I’
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Report on Middelburg Colliery Site Visit.

22 - 23 November 1993

1. GENERAL INFORMATION

Name of mine
Name of person(s} interviewed

Nearest town

Name of catchment

Monthly production (ROM]
Monthly saleable product
Manthly discard production
Main product and market
Current age of mine

Expected remaining life of mine
Type of mining carried out
Transport mode from mine io
plant

Has the mine already produced
an EMPR

2.  SITE VISIT PROGRAMME

Middeiburg Mine Services

Mr R Armsirong - Geologist

Mr J Visagie - Planning Officer
Mr | Price - ARE mechanical
Middeiburg

Qlifants river - subcatchment B128
640 000 t/m

425000 1/m

215000 t/m

Export steam coal

12 yrs

25 yrs

Opencast strip mining

Road haoulers

Still to be submitied

2.1 Day1-22 November 1993
. Arrival
Short discussion on site visit objectives
. Guided tour of the mine
22 Day2-23 November 1993
. Compiletion of questionnaire

3. DISCUSSION OF THE MINE'S CURRENT WATER MANAGEMENT
AND TREATMENT PRACTICES.

3.1

DESCRIPTION OF WATER CIRCUITS

A map, showing the layout of the mine and the locality of surface water and
ground water flow monitoring stafions was supplied by the mine. This map is

attached as Figure 1.
supplied by the mine.

Two diagrams, compiled by exiernal consultants, were
These dicgrorns show a summer and winter water

NG TS i TR B T o 4T T Bt
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balance for the mine and are gttached as Figure 2 and Figure 3. These
diagrams show the various users and producers of water on the mine as well
as the way they interact to form the water reticulation system on the mine.
Another diagram, showing a schematic plan of industrial water flow was
supplied by the mine. This diagram is attached as Figure 4.

3.2 DESCRIPTION OF WATER TREATMENT/MANAGEMENT SYSTEMS
3.2.1 Sewage treatment plants.

The sewage treatment plant at Middelburg mine is treating approximately 400
m3/d in on activated sludge process. The plant is supervised by personnel who
have sufficient expefience in operating a sewage treatment plant. During
discussions it appeored as if the person responsible for the sewage treatment
ptant, has a good vunderstanding of the principies involved in operating the
sewoge treatment plant. The plant is over designed and problems are
experienced with maintaining appropriate siudge ages. Certain  design
problems which cause short-circuiting of influent were pointed out.

The effluent from the tregtment works is dischorged into the Niekerk spruit.
inspection of the analyses of the effluent showed a phosphate concentration
varying between 1 and 4 mg/l. No signs of excessive algal growth could be
detected in the Niekerk spruit downstream of the sewage works.

3.2.2 Potable water treatment plant.

The same person responsible for the sewage treatment plant, is also
responsible for operating the potable water freatment piant. Again it became
apparent that the unit processes employed at the plant are well understood
and operated occordingly. Water enters the plant and is floccutated and
settled in an upflow clarifier. The clarified water is passed through three sand
filters and is disinfected using gas chlorination. Lime is dosed at a rate of 2 - 3
mg@/l to obiain a positive Langelier saturation index.

3.2.3 Suttace water systems

There are two streams of note on the mine property - the Niekerk spruit and the
Spookspruit. Spookspruit enters the property from the neighboring Bank Colliery
and exits onto a farmer's land. The Niekerkspruit originates on the mine
property and exits onfo a farmer's land. Both these streams eventually flow
into the Clifants river.

Spookspruit receives predominantly clean run off and only flows after good
rains.  During the site visit it was observed that there could be a possibility of
. contamination from two sources. The one source is seepage from the
Bankfontein rehabilitated area and the other is the water spilled at the water
transfer point where tankers are filled with pit water for road wetting purposes.

ke e e e S e B T e T S e e S T T S
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Although a small stream, the Niekerk spruit flows continuously for most of the
year. The reason for this is probably because it receives the effluent from the
sewage freatment plant. The Niekerk spruit flows alongside a series of five
dams receiving contaminated water from various sources on the mine. There
was some debate as to whether the Niekerk spruit was diverted to allow
construction of the five setflement dams in the original water course and to
prevent contaminatfion of the Niekerk spruit with dirty runoff from the dump
and plant areas. The last of the five dams has an overflow into the Niekerk
spruit. The Niekerk spruit is monitored daily for flow {V-Notch readings) and
weekly for quality parameters.

An extensive series of channels and ditches was constructed in areas such as
the plant and discard dump areas, as well as around the opencast operations
fo separate the clean surface runoff from the runoff from spoil piles etc. Water
from unmined or rehabilitated areas is, for management purposes, classified
as clean water and any water that was in contact with disturbed areas, is
considered as dirty water. Dirty water is either used in the plant, for read
wetting or it is evaporated.

All dams on the property as well as some of the farm dams downsiream of the
mine's property, are monitored for water quality on a monthly basis. The results
of the water quality monitoring programme are faifly comprehensive. The
possibility of including alkalinity or acidity in the results could be considered.

Groundwater is monitored by a series of 20 piezometer holes scattered across
the property. 32 Piezometers are installed with two of the holes in spoil
material. The holes have been placed according to decisions of the mine in
consultation with exfernal specialists. The piezometers are mosily situated on
the boundaries of the mine with some in places of specific inferest such as
expected decant points and around the slurry ponds.

The water monitoring programme will start in earnest as soon aos all the
equipment that was ordered has amived. It is expected that the monitoring
programme will be on a monthly basis for the first year and quarterly
thereagfter.

3.2.4 Evaporation dams

There are four dams in the Goedehoop area with the sole purpose of
evaporating difly water, At the time of the site visit, there was some
uncertqinty about the volumes they were designed to dispose of.

3.2.5 Clear water or return water dams

A series of five dams collects ail the dirty water from the Hartebeestfontein

areq, including the plant and workshop areas. The water in these dams is
vsed in the plant and for road wetling purposes.
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3.2.6 Opencast area

The main use of water in the opencast area is dust suppression. Water
accumulating in the pits, mostly rain water, is normally pumped as soon as
possible to the clear water dams or evaporation dams, depending on the
position of the pit.

According to the mine personnei, the water in the Bankfontein area does not
deteriorate as quickly and severely as the water in the Goedehoop area. The
specific reasons for this are still . uncerain but could be related to the
geological characteristics of the two areas.

In the past, the situation has arisen where excessive amounts of waler
accumuiated in the pits, especially in the Goedehoop area and the disposal
of this water became a problem. The water is associated with a dyke in the
area as weli as with water seeping as a fountain from the highwall into the pit.
The accumvlated water has deteriorated 1o a point where pumping is
extremely difficult due to the corrosive properties of the water. It is hoped that
the roin will diluie the water in the pit and make it easier to pump the water
out of the pit.

3.2.7 Plant water circuits

The coal preparation plant receives most of its make-up water from the clear
waler dam and as such, uses recycled water. Normal process water is used
for gland service water but potable water is used as flocculant make-up
water. The plant treats the water from the return water dams with slaked lime
to increase the pH and 1o reduce the chances of comrasion. time is added at
a rate of gpproximately 330mg/m3.

3.2.8 Water monitoring systems

The monitoring programme on the mine is fairly comprehensive as far as
quality monitoring of surfoce water is concemed. No sophisticated
computerised systems are employed to manipuiate data or to predict impacts
or frends. The data is manipulated on a spreadsheet and reports, mostly for
the Department of Water Affairs, are generated on this basis.

The groundwater monitoring system is still in the process of being developed
and should be operational in the near future.

3.2.9 Water management structure

The following diagram, representing the water management structure with the
various departments and personnel involved, was supplied by the mine.

SITE WisT REPORT MIDDE' BUEG COLUER‘E’
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3.3 NOVEL OR UNIQUE WATER TREATMENT AND MANAGEMENT SYSTEMS
3.3.1 Siit traps to reduce the amount of top soil lost with runoff.

In the initial phases after rehabilitation, the runoff from the newly rehabilitated
areas couses erosion of the topsoil. In an effort to reduce the amount of
topsoil lost in this manner, a series of silt traps were installed in the channels
collecting the surface rmunoff. The traps consist of @ rectanguiar pit
approximately 4m deep with the channel veering off at right angles to the pit
with the overflow outlet Close to the inlet to the pit. Visual inspection of these
pits indicated that they are successful in collecting silt but the effectiveness in
terms of the percentage of the totalsilt load trapped in the pits. is unknown.

3.4 POTENTIAL WATER TREATMENT/MANAGEMENT PROBLEMS AND NEEDS

As a result of the discussions and sife visits, a number of issues were identified
where knowledge gaps still exist.

3.4.1 Fiow measurement

Accurate flow data is an essenfial component of a moniloring programme
cimed at providing input into a water management sirategy. In view of the
wasie load dllocotion policy advocated by the DWAF, it would not be
possible to formulate an effective waler management strategy if solt loads
cannot be predicted or calculated.

With regard to surface water systems, pump curves and pumping hours are
often used to caiculate flow rates for some of the water transfer operations.
The inherent inaccuracies of this method renders it unsuitabie in the long term
and proper flow measurement methods should be investigated. Considering
the practical problems with monitoring flow in the mining environment, this is

i A Rl L Y ey
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also considered to be a challenge for the personnel responsible for water
management.

it is believed that the construction of continuous monitoring stations in
Spookspruit and Niekerkspruit, as considered by the mine, will go some way in
addressing this need.

Presently the mine cannot characterise their groundwater system in terms of
flow characteristics. Quality can be monitored with the various piezometers
but fiowrates into different areas through. aquifers and other features cannot
be predicted or defined.

3.4.2 frediction and simulation facilities

One of the gaps discussed was the absence of a definitive model for the
mine's wafer sysiems. The datc collected in the monitoring programmes
should ideally be fed into @ model or system that can be used to predict
impacts, decant points and flows or qualities to be expected from certain
sources or at specific points. Such a system will enable the mine to define
more effective management strategies and will help with prioritising remedial
or preventive actions.

3.4.3 Modeling of discard dumps before and after rehabilitation.

At present the mine cannot define the impact of water seeping through the
discard dumps on the environment. It is assumed that the water will flow
along the impermeable geological layers below the dump towards the pits
from where it can be pumped to the return water dams. The volumes and
quality of the water originating from this source cannof be quantified or
estimoted. The whole question of o water and salt bolance around a discard
dump is an issue which requires further investigation and can be considered
to be an industry-wide issue,

3.4.4 Water management functions.

Various departments and people are responsible for various aspects of the
water management and treatment functions on the mine. During the visit and
the discussions with the various people involved it appeared as if there is not a
strong co-ordinated water management system in place. There is uncertainty
in the various deparments with regard to issues resorting under other
departments.

One of the reasons for this may be the fact that there is not o single center of
responsibility and expertise for water related issues. Most of the people
interviewed characterised their involverment with water management as an
additional  “sideline” responsibility. Their qualfications and  primary
responsibilities are centered around other mining activities.

T m My T Y IR P L W =1 it T8 A T 4 Tl e 0 Wm0
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3.4.5 Possibility of contamingtion of natural water courses.

During the visit it was observed that the Niekerkspruit is situated directly
alongside the five settling or return water dams containing highly polluted
water. in addition, the igst of the five dams has an overflow into the Niekerk
spruit and the Niekerk spruit receives the overflow from the sewage treatment
plant. To date the analyses of the water as collected at the point where the
spruit exits the mine's property do not indicate serious pollution from the return
water dams. To date no formal investigation was launched to investigaie the
situation and to quantify the potential for poliution under different
circumstances.

It was also observed that o side stream is flowing into the Spookspruit from an
adjacent property. The water appears to be coming from an area on which a
brickworks and old adits with smallish spoil heaps are situated. The potential of
this area to act as a pollution source is unknown and could be investigated.

3.4.6 Reliance on external consultants.

it was observed that the mine is very reliant on the results of studies by exiernal
consultants. Although this in itself is not a problem, it may be o problem if the
mine does not have personnel who could evaluate the results of these studies
in the context of the mine's needs. priorities and circumstances.

3.4.7 Silt entrainment

As discussed elsewhere, the topsoil lost from rehabiliiated areas with surface
runoff was identified as a problem. If the silt cannot be intercepted on the
mine's property, the farmer's doms may silt up forcing the mine to clean the
dams and in addition, valuable soil has been lost.

3.4.8 Impact of water used for road wetting purposes.

Although it is assumed that the water used for road wetting purposes either
evaporates or infitrates, and that the pollution impact is negligible, this
assumption needs fo be validated as the salts within the wetling water musi
be accumulating on or near ithe roads.

4. GENERAL IMPRESSIONS
4.1 ROLE OF THE EMPR

It is believed that the EMPR has piayed a significani role in focusing attention
on water management aspects but, according to the personnel interviewed,
mostly in those departments or sections that deals directly with the EMPR, The
view was expressed that a greater awareness of water management issues,
especiaily among production staff, should be cultivated and promoted.

SITE VIST REPGRT . MIDDELBURG C OLLIERY
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4.2 OPENNESS ABOUT WATER AND ENVIRONMENTAL MANAGEMENT ISSUES

Practically all of the personnel interviewed were prepared to provide all the
required information with regard to their water management systems.

B oo D e R e A S S e e e
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Appendix A - List of pH and Conductivity readings taken during the
site visit.

During the site visif, @ number of pH and conductivity readings were taken at
various locations on the mine. The following is a list of the readings taken:

Descripficn PH Cond,
[mS/mj]
1 Dam 3 - dirty/process water storage on Hortebeestfoniein 5.8 262
2 Niekerk spruit - exit point 7.3 38
3 Spookspruit - exit point 70 42
4 Spockspruit below Bonkioniein rehab area 8.1 33
Spookspruit upstream of MMS property - entry point 7.3 22
5 Side stream entering fram brickworks and adits on adjacent | 6.4 33
_property
& Fit water gt tonker filing poing 7.7 2472
7 Hartebeestiontein fresh water doms in unmined areg 9.2 B.2
8 Dirty water collection ditch from discard dump areo 43 385
? Dam No 1 - return water dom 5.5 335
10 Strearn from Open pitinto dom No 3 8.0 256
11 Dams 3 & 4 7.4 282
12 Seen into G2 ramp in Goedengop areg 6.5 a0
13 Pit water in Goedenoop qrea - to be pumped to evaporation | 2.7 300
gam
T4 Evaporgiion dom - Howard's gam 3.7 23 {%]

R T T TN Y, P . e
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Appendix B - List of photographs taken during the site visit.

During the site visit, a number of photographs were taken at various locations
on the mine. The following is a list of the photographs taken:

Photograph No Description

i Dam 5 - diny/process waler storage on Harfebeestantein

2 Nigkerk spruil - exit point

3 Spackspruil - exit poini

4 Spookspruit betow Bankfontein rehab areq

5 Spookspruit upsiream of MMS property - direction towards MMS
& Side stream entering lrom brickworks and adits on adjacent property
7.8 Wwater in pit - used for road wetting

9 water tanker ing paint - spilling into Spookspruil

10 Spookspruit below water tanker filing point

1,12 Cpencast operahons

13,14 Hartebeestfontein fresh water doms in unmined aregc

15 Dirty water collection ditch from discard dump ored

14 Dam No 1 - retum water dam

17 Stream from Open pit into dam No 3

18 Dams 3 & 4

19 Slurry dam in old North pit area

20 Pizzometer hole - below slury dam

2 58 trap - in cleon water runotf system

2 Seep into G2romp in Goedehoop areg

23 Pit water in Goedehoop area - 10 be pumped 1o evapeoration dam
24 EvaponGiion dam - Howord's dom

25 Evggoroiion coms - Goedehoop area - empty

SITE visiT REPORT MIDDELBURG CDL].IERY
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Report on Natal Anthracite Colliery Site Visit

3 November 1993

1. GENERAL INFORMATION

Name of mine Natal Anthracite Colliery
Name of person(s) interviewed HC van 2yl
Position of person(s) interviewed  Senior Divisional Mining Engineer

Nearest iown Vryheid

Name of catchment Black mfolozi & Mkuze

Monthly coal throughput {rom) Mine closed - fotal of 37 Mt mined
Monthly saleable product 80 %

Monthly discard production 15%

Monthly slurry production 5%

Main product and market Anthracite (steam coat)

Current age of mine Boschhoek - 50 years

Enyati - 33 years
Expected remaining life of mine 0 years
Type of mining carried out Underground total extraction
Transport mode- mine to plant Endiess rope haulage
Has the mine already produced Not applicable
an EMFR

2. SITE VISIT PROGRAMME

2.1 Day 1 - 3 November 1993

¢ Short discussion of project with Messrs. G Hutchinson, L Longueira and
J Pressly

* Deftailed site visit with Mr G Hulchinson, Mr L Longueira & Mr J Pressly

2.2 Day 2 - 8 December 1993

* Completion of questionnaire with Mr HC van 2yl

SITE VISIT REPORT N}.TAL &NTHRACITE COLLERY
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3. DISCUSSION OF THE MINE'S CURRENT WATER MANAGEMENT
AND TREATMENT PRACTICES.

3.1 DESCRIPTION OF WATER CIRCUITS

This is a defunct mine which is in the process of being decommissioned for
closure. The washing plant is stil operational treating some of the waste
material from earlier mining operations. The main octivifies, however, are
related to decommissioning and rehabilitation. Although the mine does,
therefore, not have major operational water circuits, a number of peint and
diffuse water poliution sources exist. and the surface water circuits can be
divided into different areas from this perspective, as follows:

Qld sturry dams;

Enyati water adit;

Office and Butfalo dumps;
Boschhoek No. 1 water adit; and
Boschhoek No. 2 water adit;

. T & 9 @

A detailed plan of the whole area was made available ond a simplified plan,
showing the pH and conductivity sampling points is shown in Figure 1.

Watsr
supphy dam

¥
@)
L

Enyat Gid
wyte adit §i 20 sluTy
ponds T 12

Cusd

Office dump g"sq

wetland
_ % Wetland d
Buytfaio dump
BLACK MFOLOZI
17
[ ¥4 B pHI conduchvity sampling pobml

Figure 1: Natal Anthracite Sutface Water Systems

The site visifed consists of two distinclly different and separate mining
operations - the Enyati {(not mined by NAC) and the Boschhoek {mined by
NAC) mines. These mines gre situated on opposite sides of a valley which

ITE VISIT REPORT - NATAL ANTMRACHTE COLLIERY S
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makes up the headwaters of the Black Mfolozi river. The washing plant is
situated at the Enyati section as are the two main discard dumps - the Office
and Buffalo dumps and all coal from the Boschhoek mining operations was
transported across the valley to the plant by a continuous rope haulage.
Sturry discard from the washing plant was also disposed of in slury ponds on
the Enygti side of the nver.

The mining operations have ceased and the adits have all been sealed off.
However, as this area makes up the headwaters of the Black Mfolozi, the
springs are very active and the underground workings which were located in
the upper sections of the hills surounding the valiey, are flooded. For this
reason, water adits have been constructed into the underground workings in
order to enable the water to be drained out as point source discharges rather
than as seepages along the outcrop. The Enyati section has one water adit
which discharges neuiral water with a moderate conductivity into the Black
Miolozi. The Boschhoek section is drained by two different water adits. At the
time of the site visit, both adits were draining acid water with a pH of between
3 and 4, although water quality records held by the mine indicate that the
No. 1 adit is generally close to a neutral pH.

Additional features of the water systems at NAC are as follows:

« A canal has been constructed to take water from the upper reaches of
the Black Mfolozi, before it becomes contaminated. to a storage dam for
use by the mine.

« The slury dams are situated directly alongside the Black Mfolozi and
discharge effluent into the river.

» The mine has two lime dosing plants which dose lime to the Boschhoek
Nos. 1 and 2 water adits.

» The area beilween the points where Boschhoek Nos. 1 and 2 adils
discharge into the Black Mfolozi contains a large wetland known as the
Aloeboom wetland.

« The Black Mfolozi and its tributaries have various water quality sampling
points which are sampled regularly by the mine.

3.2 DESCRIPTION OF WATER TREATMENT/MANAGEMENT SYSTEMS
3.2.1 Lime dosing plants

The mine operates two lime dosing plants, which feed lime directly info the
streams receiving the droinage from the Boschhoek Nos. 1 and 2 water adits.
These lime dosing systems are automated to discharge lime in accordance
with a pH probe reading in the siream. However, the location of the pH
probes and the layout of the dosing sysiems indicated that the pH control
would not be smooth and would fluctuate between overdosing and
underdasing. These lime plants also require a fairly high degree of supervision
in terms of closure requirements, insofar as lime needs to be added to the
dosing tanks on a daily basis. According to information provided by the mine,
the operating costs of the lime dosing systems was 55 c/m3.

SITE vIstT REPORT NMAL AN‘[HR&IIECOLLIERY
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3.2.2 Waier adits

NAC has constructed 3 water adits into the underground workings to drain
these workings as a point source effiuent which can then be monitored,
managed and freated. Without these water adits, the water would emanate
as series of seeps along the outcrop which would create a poliution problem
which would be difficult 1o manage. As these mines are located in the head
waters of the Black Miolozi, there i§ a very high flux of water through the
underground workings. The guality of water emanating from these adits varies
from one to the other and over time. The reasons for this cannot be defined
"~ with certainty and the driving forces influencing the water quaiity are not
undersicod. These water adits will continue to discharge in perpeluity, with a
water of unknown quality.

3.2.3 Wetlands

The site visited has two major wetlonds which accept mine drainage. The
smaller one accepts drainage and runoff from the Enyati Buffalo areo. At the
time of the site visit, the water quality was deteriorating, in terms of macro
contaminants, as it moved through this smalier weitland as shown in Table |
below. On the other hand. a number of the heavy metals, including
atuminium, barium, cobait, iron, manganese, nicke! and zinc decreased. This
dato suggests that the dynamics of the wetland are not understood and
there is either an additional unknown stream entering the system, or the
wetland has received past spillages of carbonaceous material which are still
oxiclising to contaminate the water.

Table 1 : Water Quality Through Small Weﬂand.

PARAMETER UNIT WATER IN WATER QUY
pH pH unit 3.70 3.75
Conductivity mS/m 135 200
Sulphate mg/l 432 800
Calcium mg/l 85 191
Magnesium ma/l 37 69

Iron mg/! 1.87 0.18
Manganese mg/l 9.1 40
Aluminium mg/t 4.04 2.56

The Aloeboom wetland is fairlly iarge and has been the subject of numerous
previous studies. Problems are being experienced in managing the wetland
to serve both as a purification system and a source of water for local farmers.

3.2.4 Discard dumps
The discard dumps at NAC have been profied and rehabilitated to shed

water rapidly to minimise infillration and seepage. Water is not retained on
top of the dumps - despite this seepages ore occurring from the dumps and it

SITE \ﬂSﬁ EEPORT NM’AL ANTHRACITE COLUERY
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is planned 1o contain and treat them. These dumps have been constructed
on very steep stopes and special precautions are being taken to address
potential problems with erosion.

3.2.5 Water monitoring systems

The mine does not have any continuous water flow or guantity measurement
or monitoring systems. Flow measurement from the water adits is fairly crude
and with unknown accuracy. Grab samples are taken at a number of points
on a monthly basis for a quaility anaiysis. These poinis give a good coverage
of the area affected by the NAC mining operations. The mine has a fairly
comprehensive water quality database going back a number of years.

3.2.6 Water management structure

The water management structure is shown in Figure 2 below.

AAC Civil Senior Divisional
Engineering |[— —— — — = - Mh:ig;hg:&gs:n ————— Mining Engineer
Department Mr MC van Zyi

Dump designs and Liaise with I1&APs
drainage systems [— and authorities
Section Surveyor A i
Manager Mr L Longieura Envi mecoa "
Mr G Hutchinson nvironmenta
Services
Water sampling
Operation and and flow Or P Tanner
maintenance of measurement Mr D Salmon
lime dosing planis. Dr M Aken
Supervise decom-
n'.tisfsionivng & rehab. Advise on
Liaise with |8APs environmental and
civil design and
water matters

Figure 2 : Natal Anthracite Water Management Stuclure

The decommissioning operations at the mine are being undertaken by
suitably qualified staff who are backed up by an assortment of technical
specialists as and when required.

3.3 NOVEL OR UNIQUE WATER TREATMENT AND MANAGEMENT SYSTEMS
3.3.1 Decommissioning procedure
The mine is undertaking a very thorough decommissioning operation to

address all the environmental aspects of its past operations. A number of
skilled staff are being employed to supervise this operation.

P s i e S AT LT TN T R T T
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3.3.2 Enya_ti Valley Commiltee

Some years ago, the mine initiated the Enyati Valiey Commitlee to co-
ordinate all aspects of water pollution and manogement. on a sub-
catchment basis. A consulting company was contracted to undertake the
necessary studies and these were paid for by the contributing mining
companies. The requirements of various downstream users were determined
and, in consultation with the authorities, waste load allocations were made.

3.3.3 Wellands

The Aloeboom wetland on the Black Mfolozi has been studied fairly
extensively by the mine and consultants appointed by it. The water into and
out of the wetland has also been monitored on an ongoing basis for many
vears and a large database is available. These wetlands are definitely
performing a positive function in removing contaminants from the effluent
streams, particularly in terms of heavy metals.

3.3.4 lime dosing plants

Although the fime dosing plants at NAC have certain problems in terms of
their design, operation and maintenance, the fact that outomated lime
dosing systems, which are controlled by a pH probe feedback loop. are in
place is faily unique within the South African mining industry where most
control systems are manual and ineffective.

3.3.5 Water adits

the water adits extending into the underground workings are beneficial in
terms of preventing widespread diffuse pollution problems. An interesting
detail of these water adits is that they have been designed with air locks on
the outlets in order to prevent oxygen entering the workings fo drive the pyrite
oxidation reactions. The beneficiol impact of the air lock will depend on the
mine ensuring that oxygen does enter from other sources such as cracks in the
overlying ground.

3.4 POTENTIAL WATER TREATMENT/MANAGEMENT PROBLEMS AND NEEDS

As a result of the discussions and site visits, o number of issues were identified
where knowledge gaps still exist.

3.4.1 Management of diffuse pollution sources

During the 50 years of operation of the mines, large amounts of carbon-
aceous material have been deposited in the valley due to spillages from the
dumps, sluiry ponds, plant area and contfinuous rope haulage. it can be
anticipated that this material, unless it is removed or rehabilitated in an
acceptable manner, will provide a long term source of diffuse pollution

SRE VJS.'T REPORT NATAL ANTHEACITE CC)I.I.IER":'Ir
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3.4.2 Management and freatment of point source discharges

The water adits at NAC can be expected to discharge contaminated water
in perpetuity, although it is probable that at some unknown time in the future,
the quality of the watsr wilt start to improve as the exposed pyrites become
exhausted. In order to deal with these discharges, the mine requires a
sustaginable, low maintenance passive water treatment sysiem, primarily
capable of removing sulphates and increasing the pH.

3.4.3 Overall water and sait balance

Although the mine is presently in the process of final decommissioning, it does
not have an overall mine-wide water and salt batance which pinpoints and
quantifies the different sources of pollution - both diffuse and point sources.
The discussion presented in Section 3.2.3 highlights but one of the unknown or
unquantified sources of pollution - the site visit indicated that due to past
spillages and practices. a number of sources of pollution exist. The waier and
salt balance remains the maost powerful 1ool available to the mine to manage
its water systems and impacts.

3.44 Control of lime dosing plants

The sife visif indicated probiems with the lime dosing plants in terms of their
control. The feedback loop on the lime dosing plant and the effectiveness of
the conirol is very dependent on the comrect placement of the pH probe and
adequate upstream mixing of lime and effluent. Where the pH probe is too far
downstream, such as at the NAC plants, the pH of the treated water will vary
between 3 and 12 as the probe is teo slow in reacting to the dosage of ime -
this precise varigtion was observed and measured during the site visit.

The lime dosing systems installed are also not optimat for a closed mine as
they require electrical power, daily recharge of lime and regulor
maintenance and supervision. A "passive” or low maintenance lime dosing or
neutralisation systemn is required.

3.4.5 Monitoring systems

Due to the lack of reliable and accurate flow measurements, it is not possible
to properly quaniify the impact of the mine on the water environment or to
evaluate the beneficial effect of applied water management sirategies.

3.4.6 Findl slunry disposal

The slurry ponds are situated directly next to the Black Mfolozi and, although

they will be rehabilitated prior to closure, there is a potential that they may
have a long term impact on the water quality of the river.
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3.4.8 Seepage from dumps

Although the dumps have been rehabilitated to shed water and to minimise
water retention and infiltration, some seepage is still occurring at the base of
the dumps. This may prove o be a long term problem which will require
collection and some form of passive treatment.

4. GENERAL IMPRESSIONS

The general impression gained from the site visit is that the mine has significant
impacts on the surface water systems, Although these impacts are well
understood and are being oddressed. the lack of a salt balance for the
whole mine makes it impossible to say for certain that the mine is addressing
all the issues adequately. The decommissioning procedure being followed by
NAC is very thorough and is being driven by weili qualified peopile.

The mine and its staff appear to be dedicated 1o achieving a successful mine
closure which addresses all the major impacts - this is evidenced by the
numerous technical studies which have been undertiaken aond the
caichment-wide studias which the mine initiated. -
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Appendix A - List of pH and conductivity readings taken during the
site visit.

During the site visit, @ number of pH and conductivity readings were taken at
various locations on the mine. The following is a list of the readings taken:

No Description pH Cond.
1 Overflow from stury pond 5.4 § &0
2 Swart Micloz downstreom/adjiacent slumry pond 4.05 5&
3 Lower wates supply daom é.45 33
& Swan Miolozi gbove mine at takeaft canal 7.1 21
5 streqm drgining dump below catchment dom 3.55 2561
4 Stream draining from wetland ot rope haukige 3.80 132
7 Swart Miolozi of houlage bridge 6.13 44
8 Upstream of No, 1 iiming plant 4.04 128
L waler leaving Mo,  adit 3.80 140
10 « | Kwo Mowelawela stream 7.02 88
11 Mine sampling point 14 - from N.Ammonium 3.53 174
12 Schmidts bridge - inflow to top of viei 4.83 &
13 sample ooint NS 6.70 13
14 No 2 adit 3.13 187
15 No 2 adit liming plant 3.40 115
16 Aloepoom bridge - exit from viei 378 112
17 Top end of wetiand for sgmple é 3.57 82
18 seepagae from office dump 3.32 380
9 seengas from wesiern side ot office qump 3.25 291
20 P03t Office stregm 7.5 73
21 Seenoge cut of top of ndl 4.6 52
2 jeepage out of top of hill 486 52

Al conductivity measuremenis are in ms/m
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Report on Opﬁmum Colliery Site Visit

22 - 23 November 1993

1. GENERAL INFORMATION

Name of mine
Name of person(s) intferviewed
Position of person(s) interviewed

Nearest town

Name of catchment

Monthly coal throughput (rom}
Monthly saleable product

Monthly discard production
Monthly slurry production
Main product and market

Current age of mine

Expected remaining life of mine
Type of mining carried out
Transport mode- mine to plant

Cptimumn Colliery

R Hugo & D Kruger

R Hugo - Environmental Manager
D Kruger - Environmentat Officer
Middelburg

Klein Qlifants, Middelburg Dam
1.2 mt

Export coal - 475 000 t

Eskom power station - 475 000 t
200 000 t

50000+

S0 % coal o Hendring power station
50 % coatl to export customers

22 years

20 years

Open cast

Road and conveyor

Has the mine already produced Yes, draft stage

an EMPR

2. SITE VISIT PROGRAMME

2.1 Day 1 -22 November 1993

* Short discussion of projéc:t with Messrs. R Hugo and D Kruger
» Detailed site visit with Messrs. R Hugo and D Kruger

2.2 Day 2 - 23 November 1993

* Detailed site visit with Messrs. R Hugo and D Kruger
»  Completion of questionnaire with Messrs. R Hugo and D Kruger
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3. DISCUSSION OF THE MINE'S CURRENT WATER MANAGEMENT
AND TREATMENT PRACTICES.

3.1 DESCRIPTION OF WATER CIRCUITS

This is a large open cast mining operation in the drainage basin of the
Woestalleen, Zevenfontein & Klein QOlifants Rivers. Earlier open cast operations
in the Optimus area have mined through the watercourse (Eastern
Woestalleen) and have then re-established the watercourse and o dam on
the rehabilitated, backfilled pit area. The Optimus section contains a number
of ponds and dams on the rehabilitated spoils, resulting in the formation of a
large sponge which is confributing contaminated seepage water to the
Woestalieen Spruit at the rate of aimost 7 Ml/day.

The new mining operations in the Pullens Hope section are being preceded
by a iarge scaie river diversion to dam the Eastern Woestalleen Spruit and its
tributaries and o divert it by gravity pipeline around the mining area. Open
cast operations along the Zevenfontein and the Western Woestalleen Spruit
remain outside the 1:50 year flood lines.

Discord and slurry are disposed of in the pit (ramps and final voids) and refurn
water from the slurry is recycled fo the washing plant. Runoff from the plant
areq is collected in pollution control facilities and reused within the plant and
for dust suppression on the haul roads.

Potable water is obtained from the Hendrina power station and treated
sewage is discharged to the Eastern Woestalleen Spruit, although it was
planned to route this info polivtion control facilities.

A number of points are sampled regularly for water quality. The mine has also
implemented a continuous monitoring system for flow, pH and conductivity at
6 points within the mine's area. A groundwater monitoring programme is also
in operation at the mine.

Additionat detail is given in the following attached figures:

Figure 1 : Catchments and drainage paths
Figure 2 : Optimum Colliery simpiified water system diagram
Figure 3 : Opfimum Colliery water balance

3.2 DESCRIPTION OF WATER TREATMENT/MANAGEMENT SYSTEMS

3.2.1 Sewage treatment plant

The sewage treatment plant at Optimum Colliery is a conventional Pasveer
ditch system with mechanical aeration. Aerated effluent is treated in a

secondary clarifier with sludge recycie to the Pasveer. Clarified effluent is
disinfected in a plug flow contactor with chiorine before being discharged to
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the surface stream (this effluent was planned to be sent to an evaporation
dam).

3.2.2 Plant water circuits

The coal washing plant uses a combination of raw water supplied by
Hendrina power station and recycled decant water from the slury pond in
the Optimus final void. Losses from the circuit include surface water on the
plant product and coarse discard. Contaminated runoff from the plant area
is collected in evaporation ponds where water is lost through evaporation,
seepage and overflow to the West Woestalleen spruit.

The wash bay and workshop area collect the runoff in an oil and grease trap
where the oil is skimmed off for recycling. The effluent from the grease frap
flows info a concrete storage dam from where the water is either recycled to
the workshop/wash bay or is abstracted for use in dust suppression on the
haul roads.

3.2.3 Discard Disposal

As mentioned eaqrlier, the mine discharges its discard material to the
remaining voids with coarse discard going into the ramps aond slunry being
pumped into the final voids. As a result, the water management activities
associated with conventional disposal methods are not required. However,
approximaiely 2 Ml/day of water is recovered from the slurry and is pumped
to an evaporation dam from where it is reused in the plant and for wetting of
haul roads.

3.2.4 River Diversion

The Optimus opencast operation which included mining through and
reconstituting a water course has resuited in substantial water pollution
(seepage} problems. To prevent a re-occurrence of this, the new opencast
operation in the Pullens Hope area is being preceded by a major river
diversion exercise. The Woestalleen East Spruit and its tributaries upsiream of
the Pullens Hope area have been impounded in dams which are inter-
connected to a mgjor dam from where the water is pumped o the
Woestalieen West Spruit, thereby bypassing both the Pullens Hope and the
Optimus areas.

3.2.5 Water Monitoring & Data Management Systems

The mine has a faidy comprehensive water quality monitoning system covering
surface and ground waier, The mine qlso has six continuous menitoring
stations at various points as shown in Figure 1. Ali monitoring data is entered
into Hydrocom and comprehensive monthly reports are produced using this
data. Although there are still some notable deficiencies in the monitoring
programme (see section 3.4.6), the system in place at Optimum can be
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considered as very advanced in comparison with most other mines visited
(see 3.3.4).

3.2.6 Water management structure

The water management structure is shown in Figure 4 below.

Trans-Naial General Monager
Environmental 1
Services Mine Manager Mine Manager
Opencast Process
|
Environmental Manager Opencast Engineer Engineer Byposs
Environmental Officer Superintendent Superiniendent Bypass
Maintenance

Pollution control Potable water Raw water
Generol environmenital Plant make-up wafer
management

Continuous moniforing
Grab samples

Figure 4 : Optimum Colliery Water Management Structure

Optimum Colliery is one of the few mines that has an appoinied
Environmental Manager. A discussion on perceived deficiencies in the mine's
water management structure is given in section 3.4.7,

3.3 NOVEL OR UNIQUE WATER TREATMENT AND MANAGEMENT SYSTEMS
3.3.1 End Land Use Planning

In the rehabilitation planning for the opencast areas, the mine is embarking
on a number of novel initigtives, including the foliowing:

o planting fruit trees on rehabilitated lond

¢ planting Eucalyptus trees on 800 ha of rehabilitated land at a density of
1000 trees/ha

e undertaking studies to develop initiatives to promote the establishment of
small scale farmers on rehabilitated land

Although these initiatives may, at first glance, appear fo be unrelated fo
water management, it is believed that success will lead to improved water
management and reduced impact [particularly of the Optimus sponge) on
the water environment.

oo g
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3.3.2 River Diversion

The river diversion around the Pullens Hope opencast area has been planned
in great deiail and is, to a large degree, indicative that the mine has iearnt
from the problems which have maonifested themselves with the Optimus area
and has planned activities to ensure that these problems are not repeated.
This particulor river diversion exercise may prove to be a good example to
other collieries regarding how to undertake a diversion with minimal
significant impact on the broader environment.

3.3.3 Discard Disposal

The use of ramps and final voids for disposal of coarse discard and siumy Is
unusual within the South African mining industry. Although some of the long
term effects of this strotegy {particularly on groundwater} have not been
quantified, intuitively it appears to be a good solution to the long term
problems associated with conventional discard dumps and slurry dams,
certainly from a surface water and land use viewpoint. The cost-effectiveness
of this option {bearing in mind long ferm rehabilitation and post-closure costs)
I$ unknown.

3.3.4 Monitoring Programme and Information Management

As mentioned earlier the mine has a fairly extensive water guality monitoring
programme in place, including six continbous monitors. More importantly,
however, the environmental management department appears to make very
good use of the information at its disposal for management purposes.
Detailed monthly reports are produced and the information is evaluated
against set requirements and objectives, with comective actions being
initiated in the event of variance. Although this is the only logical use for
monitoring data, the standard practice af many mines is simply to file
collected data and never to use it.

3.3.5 Infiltration Studies

The mine is undericking a series of detailed infiltration studies in order to
evaluate the effect of different covers, slopes. topsoil thickness, spoil size
fraction. compaction, etc. on infiltration, runoff, evapoiranspiration,
evaporation, etc. Unfortunately, the results of this study will remain confidential
to Trans-Natal (now Ingwe Coal Corporation).

3.4 POTENTIAL WATER TREATMENT/MANAGEMENT PROBLEMS AND NEEDS

As a result of the discussions and site visits, ¢ number of issues were idenfified
where knowledge gaps still exist.

SlTE VISFI REPORT - OPT]MUM o OLLIER'I'



Pope I3.6 MANUAL OM MINE WATER TREATMENT AND MANAGEMENT PRACTICES - APPENDIX VOLUME 2

AT ¢ PR s e 1 A0, P R A 2 N A T T i Tt E TR Ay L g R T W S

3.4.1 Monggement of diffuse pollution sources

The mine has a number of diffuse pollution sources, in addition to the Optimus
sponge, which are either not adequately understood, monifored or
managed. For example, a number of the haul roads {particularly in the
Zevenfontein area} are constructed from discard/spoils and are adjacent to
surface streams without adequate pollution control faciities. Contaminated
Optimus pit water is also used for dust suppression on the haul roads, with
unquantified effects in terms of adding to the diffuse pollution problems.
Detailed water and salt balances are not underiaken to quantify the diffuse
pollution problems,

3.4.2 Oplimus Sponge

The long-term behaviour of the Optimus sponge is uncertain aithough it is
currently being extensively investiagated. The effect of the upstream river
diversions may prove io be beneficial in the long term. During the site visit, a
number of ponding areas were observed on the rehabilitated area which will
act as recharge points fo the sponge. This sponge is the mine'’s biggest
pollution problem and probably contributes significantly to the catchment’s
water quality problems.

3.4.3 Groundwater Systems

Although the mine has commissioned g number of ground water studies and
has improved its knowiedge in this area substantially, there are stil @ number
ot unresolved issues which need to be addressed, including aspects relating
to in-pit discard disposal and prediction of long term behaviour, monitoring
and managemeni of the Optimus sponge. The mine would benefit from
employing a suitably qualified person to address these issues on an ongoing
basis.

3.4.4 Discard disposal

Although the in-pit disposal of coarse discard and slurry may prove to be a
cost effective and environmentally-friendly” option, there are a number of
unresolved issues such @s the long-term behaviour of these discards and
impact on ground water systems.

3.4.5 Monitoring systems

Due to the lack of reliable and accurate flow measurements, it is not possible
to properly quantify the impact of the mine on the water environment or to
evaluate the beneficial effect of applied water management strategies. The
level of water quality and flow monitoring within the plant water circuits can
be substantially improved. Although the mine has stated a desire to increase
the level of water reclamation within the plant, the lack of important water
quality data such as alkalinity will hinder this process as scaling tendencies
cannot then be calculated.

SKE VISIT REPORY DP'HMLIM COLLIEEY
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The mine also does not have an adequate groundwater monitoring system in
place although plans have been made to address this problem. Practical
problems are also experienced with the collapse of monitoring holes being
drilled into the spoils. The confinuous monitoring stations are also prone fo
damage from theft and vandalism and problems with data reliability
stemming from probe damage and calibration / maintenance problems.

3.4.6 Water and Salt Balances

Although the mine collects a substantial amount of data for surface water
systems which enable the production of coarse overall water and sait
balances, insufficient data is available to support the development of
properly detailed water and salt balances. Very little data is available for the
internal plant water circuits and no useful water and salt balances can be
developed.

Due to the size of the operations at Optimum and the amount of data which
will need to be manipulated to provide up-to-date and useful water and salt
balances, the mine will require access to computerised balance models to
prevent the generation of these from becoming a full-time task.

3.4.7 Water Monagement Shucture

Although the mine is progressive insofar as it has an environmental manager
with environmential support staff, the foliowing problems with the existing
water management structure can be identified:

e poilution confrol, sampling, pofable water, sewoge and plant water
responsibilities are split and not co-ordinated at an appropriate level

e lhe environmental manager reports to production management personnel
rather than to the General Manager and conflicts of interest may arise
where environmental management considerafions become secondary

s the mine does not have resident groundwater expertise

4. GENERAL IMPRESSIONS

The general impression gained from the site visit is that the mine accords a
high priority to environmental and water management and is determined not
fo repeat past mistakes which have led to the situation where the mine
cumently has significant impacts on the surface waier systems. The personnel
at the mine were generally very well informed and technically competent in
addressing the issues at hand and were very helpful in providing the required
information. By and large, despiie having serious existing pollution problems
(particuiarly the Oplimus sponge) this mine stands out as one which has and is
implementing sirategies o address these problems and prevent future
problems. It is again clear that the advent of the EMPR process has been
instrumental in improving water management at the mine.
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Appendix A - List of pH and conductivity readings taken during the
site visit.

Due to a problem with the instruments, no pH and conductivity readings were
taken during the site visit.
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Appendix B - List of photographs taken during the site visit.

During fhe site visit, @ number of photfographs were taken at various locations
on the mine. The following is a list of the photographs taken:

Photogroph No Pescription

1 View of gil/greqse trop gt main Workshop

2 Close-up of oil trop belt removing oil

3 ity waler collection dam beiow workshop

4 Dom on rehab spoils

5 Fruit plartting fniat on rendab

-] Ponding on rehabbed. Grool Rieipon area

7 rReturn water from slury pond

) Siumy in fingl voig

9 Weir No § & contingous monitoring, downstream on Woestalleen

10 Typicat evap. dom for pit woter

11 Haul rogd from romp 3 paralel 10 Woesialleen spruit

12 wWater bowser ot main evap. dam

13 2eventontein hout road - seep to Zeveniontein spoult

4 Oxiy stormwater callection dam. Zevenfontein ieft. spilway ot end

15 Water bowser wetting houl road

ié Final effluent from sewage plant to Breedts Dam

17 sewage freatment plant

18 Stormwater dgrain rom Dypass plant ared. gdiocent to sewgge plgnt
Py
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Reportt on Tavistock Collieries Site Visit

1. GENERAL INFORMATION

Name of mine
Name of person(s} interviewed

Position of person(s} interviewed

Nearest town

Name of catchment

Daily coal throughput (rom)
Daily saleable product
Daily discard production

Main product and market
Current age of mine

Expected remaining life of mine

Type of mining carried out
Transport mode from mine to
plant

Has the mine already produced
an EMFR

2.  SITE VISIT PROGRAMME

.21 Day1-7Qctober 1993

7 - 8 October 1993

Tavistock Collieries Limited
Piet Wessels

Mark Surmon

P Wessels - Chief Ventilation Officer
M Surmon - Env. Superintendent
Withank

Qlifants river, Steenkoolspruit
10.5 Mia

Confidential

ATC  -73000t/m,

ATCOM -115000t/m
Phoenix - 42 000 t/m,
Tavistock - 8 000 t/m

South Witbank - 17 000t/m
ATC & ATCOM - Export
QOthers - inland market
ATCOM - ca. 2 years,

others - older

ATC - 18 yrs,

ATCOM - 22 yrs

Phoenix - 17 yrs,

Tavistock - 61 yrs

South wWitbank - 36 yrs

Open cast and underground

Conveyors

Final EMPR document submitted

. Arrival
. Short discussion of project background and objectives
. Present at meeting:

L. McEwan -JCl Head Office

M.Surmon -Environmental Supt.

P.Wessels -Chiet Ventilation Officer

W. Pulies -PHD
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L. de Lange -PHD
. Guided tour of the mine

2.2 Day2-8October 1993

Complete guided tour of the mine
Completion of questionnaire

3. DISCUSSION OF THE MINE'S CURRENT WATER MANAGEMENT
AND TREATMENT PRACTICES.

3.1 DESCRIPTION OF WATER CIRCUITS

A plan of the mine showing all the sampling points was supplied by the mine
and is attached as Figure 1. in addition, a summary waier palance for the
ming’s waiter reticulation system, was provided and is aitached as Figure 2.

The mine has separate potable water and processfindustrial water systems.
Potable water is provided in containers for use by the underground workfarce.

Although the visit is recorded as a visit to a single mine, Tavistock Collieries
comprises of the following five mines:

Arthur Taylor Colliery [ATC)

Arthur Taylor Colliery Open cast Mine [ATCOM)
Phoenix Colliery

Tavistock Colliery

South Witbank Colliery

As a result of the physical size of these mines it was impossible to visit and
assess all the water related aspects within the two days. The guided tour of
the mine took 1.5 days to complete. excluding any visits to plant-related
water freatment and management systems.

3.2 DESCRIPTION OF WATER TREATMENT/MANAGEMENT SYSTEMS
3.2.1 Sewage treatment plants.

The general impression formed about the sewage treatment plants, are that
they are well maintained with good housekeeping. As far as could be
determined superficially, alt equipment was kept in a state of good repair.

There are four activated sludge plants and one trickling filter unit at the
various sites. The sewage plants oppear to operate well, although analytical
results show that the final clarifiers are not as effective as they could be

3 et b gt B s e e R T e e g T N

SIE VS!T ?EPORT TAViS‘[OCK COLUERIES



MANUAL ON MINE WATER TREATMENT AND MANAGEMENT PRAC'HCES APPENDIX VOLUME2 e Poge sy
LT Sy Py o L SERCI

T e S NI g il "l =Y SR T P

Efffuents are discharged to the surface water systems except for one instance
ot the South Witbank Coal Mine plant where the sewage effluent is
discharged to the Dixon underground dam.

3.2.2 Potable water freatment plani.

The potabie water treatment piant usually treats water from the Olifants river.
Under certain conditions, for example when the Oilifants river salinity is too
high. water is extracted from Phoenix dam. At the time of the site visit, the
Olifanis river had a high TDS and was not used for potable water absiraction.
The treatment applied s flocculation, settiing, fittration-and disinfection. A
certain volume of water is softened by a cation removal plant for use as loco
boiler feed water.

The plant is well maintained and as far as could be visually determined, aii
process equipment was functioning properly. It was noted that the plant was
highly automated and designed for easy sampling of water to monitor plant
efficiencies.

3.2.3 Seftling dams and evaporation dams

Due to time constraints, it was not possible to physically visit all the settling and
evaporation dams at the various locations and only the three
settling/evaporation dams at ATCOM ramp 1 were visited. It was noted that a
number of the setiling dams are in fact being used as evaporation dams. i.e.
no settled water is recovered from the dams and all the water is allowed to
evaporate.

3.2.4 Underground circuits

The main application for water underground is dust suppression. No treatment
is applied o this water. The water is not sampled for analysis and no quality
information is availkable for the service water. The underground water circuits
. are essentially operated in a closed loop manner with a high rate of
recirculation.

3.2.5 Plont water circuits

The plant receives waoter from underground and this water is used in the plani
without any form of freatment. The waier is neither sompled nor analysed.
Although it has not been formally investigated, no complaints were received
about excessive corrosion or any other problems related to water quality.

3.2.6 Discard dumps
Problems are experienced at some of the dumps with separation of clean

and dirty water. The Phoenix Beath dump produces extremely acidic and
saline seepage which is captured in an evaporation dam. The dam waoll leaks

SI'TE VISﬂ' REPORT I’AWSTOCK COLLIER|E$
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and the highly saline seepage could, with sufficient rainfall, be washed down
into the Steenkoolspruit.

3.2.7 Water monitoring systems

The mine has an extensive and comprehensive ground water and surface
water guality monitoring programme, with the ground water component still
being expanded. The samples are subiected to a reasonabily detailed
analysis schedule. Additional samples are taken at less regular intervals and
analysed in more detail. Unfortunately, as no flow monitoring is undertaken,
the monitoring programme is not complete and it is not possible to colculate
or manage the sait foads being generated at the various sources.

3.2.8 Water management structure

The foilowing diagram, representing the water management structure with
the various departments and personnel involved, was supplied by the mine.

GENERAL
MANAGER [
GROUP HEALTH GROUP CIVIL ENGINEERING ENVIRONMENTAL
CONSULTANT CONSULTANT MANAGER SUPERINTENDENT
CHIEF VENTILATION REGENS
OFFICER . | WATER
? . Sompiing &
analyses
PLANT MAINTENANCE
FOREMAN
] _l 1 | I
ATCOM ATC TAVISTOCK | | SWCM PHOENIX
Flew rmonitoring

The Environmental Superintendent has responsibility for the environmental
aspects of water management and effluent discharge, while the Chief
Ventilation Officer has responsibility for water supply and sewage treatment.
Both these people co-ordinate their functions and communicate on a regular
basis.

3.3 NOVEL OR UNIQUE WATER TREATMENT AND MANAGEMENT SYSTEMS
3.3.1 Water quality management structure / personnel

The day-to-day management of water quadiity, supply, treatment and disposat
of effiuents is camied out by suitably qualified persons who exhibit g high
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degree of understanding of ihe fundamental issues involved. The
Environmental Superintendent also has a direct reporting fine to the General
Manager. These factors indicate that water quality and environmental
managemeni are accorded a high priority ot the mine.

3.3.2 Potable water treatment plant

The potable water freatment plant is automated and appears to perform
well. A number of convenient sampling/monitoring points are provided.
Flocculants and operating procedures are modified according to changes in
raw water supply. indicating that the process dynamics of potable water
treatment are well understood.

3.3.3 Potable water balance

The mine maintains a detgiled computerised record of consumption of all
potable water users, This means that potable water use and distnbution can
be actively managed.

3.3.4 Seepage through spoils

The mine intends underfaking o full scale test to determine the impacts of
establishing a permanent river diversion over rehabilitated spoils. This fest will
include extensive ground waler monitoring and, presumably, river flow rates..
The outcome of such a test would be of interest o the coal mining industry as
a whole.

3.4 POTENTIAL WATER TREATMENT/MANAGEMENT PROBLEMS AND NEEDS

As q result of the discussions and site visits, a number of issues were identified
where knowledge gaps still exist.

3.4.1 Measurement of flow

The need to guantify the volume of waler leaving the property was identified
as an important aspect of the water monagement system thai needs
attention. The importance of addressing this need. and ifs relevance with
regard to waste load allocation, is fully recognised by the mine. A detailed
knowledge of the volumes of waier legving the mine is a fundamental
requirement for caiculating the sait load discharged by the mine.

Mine water and salt balances should be seen as the most fundamental and
dynamic management tools available. Without flow information (including
sub-catchment hydrology) this basic tool will remain unavaiiable and the
mine will not be able to manage its allocated waste load.

This knowledge will also assist the mine in estimating the contribution from
neighbouring mines in instances where a cerlain stream leaves the mine
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boundaries at a certain point, flows through the.properly of an adjacent
mine, and re-enters the mine again at another point.

3.4.2 Sulphate and fluoride removal

The effeciive freatment / management of sulphates. and in some instances
flueride, in the effluent streams, was identified by mine personnel as one of
the more important medium term challenges facing the mine.

3.4.3 Wetlands

During the discussions it was noted that wetlands are perceived as being
almost a cure-all for the treatment of effluents. The use of wetlands was
mentioned in terms of problems with sulphate, sodium and fluoride - non of
which can presently be effectively removed by wetlands. This perception of
wellands . as a solution to most effluent problems appears to be fairly
widespreoad within the industry and is considered worrisome. The danger exists
that wetlands and other passive treatment systems will be incomrrectly applied
with the inherent potential for later bockiash against such treatment systems.

3.4.4 Separation of clean and dirty water systems

A number of sites were pointed out by the mine personnel where they are
considering options to separate clean and dity water systems. The
management of diffuse pollution sources, such as waste coal on haul roads,
discard used for road construction, etc. requires attention. it would appear
that the mine is aware of this and is planning 1o implement management
strategies at the more obvious problem sites.

In the proposed management strategies, the mine has defined "clean” water
as that which does not exceed the old General Effluent Standards. This
definition is considered too lax. as surface runoff which just complies with the
General Effluent Standard could still result in a major poilution load to the
surface water systems and could. in certain instances, account for the bulk of
the mine's waste load allocation.

3.4.5 Final river diversion

The impacts of the final placement of the river diversion over rehcbilitc:fed}
spoils i§ an area that requires substantial research. The mine is cumently
planning such research which would benefit the industry as o whole.

3.4.6 Regional water management co-ordination

As is the case with other mines, no formal co-ordination of water supply and
pollution issues occurs. Although the mine has some idea as to how it could
be impacted on by the activities of upstream water users and how it could
impact on downstream users, no formal forum exists for discussing these issues.
The mine pointed out that although initial and informal contact was made
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with some of the neighbouring mines in this regard and that the initial
response was positive, at present, no formal co-ordination takes place.

3.4.7 Prediction and management of surface water quality impacts

The mine has g fairly detailed water balance with regard to piped potable
and process water. However, substantially tess information is available with
regard to the surface water and groundwater systems. In order to properly
predict and manage the water quality impacts, a total mine water balance
must be developed which takes account of ground water systems,
catchment hydrology and diffuse water pollution sources.

For example, the volume and quality of surface runoff water that will reach
the surface water systems during and after mining operations, the probable
decant points and quality of ground water entering the surface streams,
cannot be predicted with the cumrent level of information.

Access to a reliable total mine water and salt balance will enable the mine to
predict the beneficial impacts of proper separation of clean and dirty water
and residual impacts after closure. This would facilitate cost comparison and
benefit studies of various water management strategies.

3.4.8 Ground water systems

with the possible exception of ATCOM, insufficient information exists to
understand the geohydrology and its impacts on the mine and the mine’s
impacts on the ground water systems. For example, although groundwater
levels in the affected areas may be restored within 35 years of closure, it
would appear that there is insufficient information to predict the occurrence
and position of seep zones / springs, the quality and volume of the seep, and
the regional impact thereof on ground and surface water systems.

3.4.9 Water management on dumps

The relative merits of retaining rainwater on top of discard dumps rather than
shedding the water as soon as possible is unknown. The whole question of o
water and salt balance around a discard dump is an issue which requires
further investigation. This could be viewed as an indusiry-wide issue to be
resolved.

3.4.10 Wetting of haul roads

The long-term impacts of using saline water for haul road wetting are not
understood. This practice essentially converts a point source salt load into a
diffuse one and the significance of the impacis of such an action require
further investigation. Again this is a widespread practice within the coal
mining industry.
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4. GENERAL IMPRESSIONS

4.1 ROLE OF THE EMPR

From the discussions, it was conciuded thot the EMPR is a major factor that
has guided the mine in identifying and addressing its water management
1ssves.

42 WATER QUALITY DATA REPORTED TO THE MINE

The mine's water quality dato appears to be fairly comprehensive with the
exception of some heavy metals. The reported data is complete enough to
enable the mine to evaluote water reclamation strategies should the need
arise. This is in confrast to some other mines where important water quaility
determinanis, for exampile akaiinity, are often omitted.

4.3 INFORMATION SYSTEMS

The personnel responsible for water management on the mine, do receive
information and journals specifically related o water issues which will Qssist
them in their jobs. The Group Head Office appears to be fairly instrumental in
providing relevant technical information. The mine personnei were, however,
not aware of the relatively large amount of potentially useful information on
prior research that is available from the Water Research Commission free of
charge.

4.4 OPENNESS ABOUT WATER AND ENVIRONMENTAL MANAGEMENT ISSUES
The mine and the personnel interviewed were very open and wiling to

provide all the required information with regard to their water management
and freatment systems.
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Appendix A - List of pH and Conductivily readings taken during the site visit.

During the site visit, o number of pH and conductivity readings were taken at
various locations on the mine. The following is a list of the readings taken:

No Description pH Cond.
1 South Witbank Coal Mine dam 8.2 250
(2 Rainwaier on dam wall ‘ 8.2 23
3 SWCM railway line nunoff 9.3 134
4 South Witbank Plant runoff - sampling peint 26 8.1 193
5 SWCM sewage drginhole fo Dixon u/gdam 78
6 Treated sewage ot SWCM sewage - freatment | 7.9 126
plant
7 Water upstream of Tavistock dam 79 38
8 Qver flow from maturgtion pond at Tavistock STP 7.1 120
9 Tavistock dam 79 25
10 Leakage from Tavistock dam 7.9 95
N Under ground water pumped to Tavistock coai | 7.7 220
rep ptant
12 Raw water from Phoenix dam to Tavistock PWTP 7.8 118
13 Purified water at Tavistock PWTP §.2 117
14 "Suez canal' - monitoring poinit 11 8.4 58
15 Confluence of u/g water and ATC stream 58 152
16 ATC stream - upsiream of monitoring pt 11 19
17 Gillfilan stream 109
18 Zagiwgterspruit ypstreom of dump 104
19 Overflow from Phoenix dam before confluence 134
with Zaaiwater spruit
20 laagiwater spruit downsiream of Phoenix North 100
Dump
21 Qlifants river - pump station - Monitoring pt. 6 7.4 115
22 Phoenix Beath pond 674
23 Dam below Phoenix Beath pond - seepage water 1100
24 Steenkool spruit downsiream of ATCOM 44
25 water from Albion mine flowing into 400
Steenkoolspruit upstream of ATCOM
26 Continuous monitoring pt in Steenkool spruit | 7.4 39
upsitream of ATCOM - monitoring pt 25
27 Kromfoniein dam 62
28 Setiing / evaporation dams - ATCOM - sampling | 8.3 13
pt 20
29 Gilfitlan spruit upstream of Zaaiwater - monitoring 133
pi
30 Product of spoils seepage experiment 7.5 3466
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Appendix B - List of photographs taken during the site visit.

During the site visit, a number of photographs were taken at various locations
on the mine. The following is a list of the photographs taken:

Photogroph No Description

] South Witbank Coal Mine dam

2 South Witbank Plant runoff - sampling point 26

3 South Witbank discard dump

4 SWCM sewage drain hole to Dixon u/g dam

5 Aerators at SWCM sewage freatment plant

6 Maturation pond ot Tavistock sewage treatment plant

7 Chigrine contactor - Tavistock sewage freatment plant

8 Pump station 1o plant - downstreamn of Tavistock dam

2.10 Tavistock dam

11 Automatic filter at Tavistock water purification plant

12 Settier and fiter ot Tavistock water punification plant

13 Sample take off points at settler - Tavistock water purification
plant

14 Water softening plant - Tavisteck water putification piant

15 “Suez canal’ - monitoring point 11

16 Eifluent siream leaving mine property - Monitoring point 10

17 “Suez canal’ next to AT stockpile

18 Glenfillan stream

19 2aaiwaterspruit upstream of dump

20 Overflow from Phoenix dom belore confluence with
Zoaiwafer spruil

21 Biofilter ptant - towards dump

22 Zoaiwaiter spruit downstream of Phoenix North Dump

| 23 Qlifgnts river - pump station - Monitoring pt. 6

24 Phoenix Beath pond

25 Dam below Phoenix Beath pond - seepage water

26 - 29 Steenkool spruit downstream of ATCOM

30 Water from Albion mine fiowing into Steenkoolspruit
upstream of ATCOM

3i Continuous moniforing pt in Steenkool spruit upstream of
ATCOM - monitoring pt 25

32 River diversion at ATCOM showing the 90 degree deflection

33 Settling / evaporation dams - ATCOM - sampling pt 20
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Repoﬂ on site visit fo Tweefontein Colliery and
Witbank Consolidated Colliery.

1. GENERAL INFORMATION

Name of mine

Name of person(s) interviewed
Nearest town

Name of catchment

Monthly production (ROM}
mMonthly saleable product

Monthly discard production

Main product and market
Current age of mine

Expected remaining life of mine
Type of mining camied out
Transport mode from mine to
piant

Has the mine already produced
an EMPR

2. SITE VISIT PROGRAMME
2.1 25 April 1994
Arrival

Guided tour of the mine
Completion of questionnaire

. & 9 & »

19 April 1994

Tweefontein Colliery & Witcons
Colliery
Mr J. B. Du Plessis - Res. Eng.

Mr. J. D. Du Piessis - Section Manager
Exterior works supervisor

Mr. D Farrel -
Ogies / Witbank
Qlitantsriver

Tweefontein - 400 000 t/m
Witcons - 155 000 t/m
Tweefontein @ 300 000t/m
Witcons - 110 000 t/m
Tweefontein - 100 000 t/m
Witcons - 45 000 t/m
Export and Inland markets
Tweefontein - 20 yrs
Witcons - 50 yrs

No specific period meniioned, but it is

expected to be a lengthy period.
Mostly underground with g small
opencast areqa at Witcons
Conveyors

In process of developing EMPR

Brief discussion of project objectives
Short overview of mining activities
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3. DISCUSSION OF THE MINE'S CURRENT WATER MANAGEMENT
AND TREATMENT PRACTICES.

3.1 DESCRIPTION OF WATER CIRCUITS

The mine is still in the process of completing an EMPR and this is done targely
by outside consultants. As a resuit, the personnel interviewed were reluctant
o give information on various aspects for fear of the information given being
outdated and/or inaccurate. This was primarily the reqason why for example,
a flow diagram of the mine's water reficulation systems could not be
obtained.

A map showing the magjor elements of the mine’s surface water system was
supplied by the mine. The sole purpose of the diagram is to indicate the
positions of the various surface water monitoring points. Although it does not
contain detailed information, it does give some indication of the main
components of the surface water system. This map is attached as Figure 1,

The mining activities are mostly underground and the impact on surface
water systems is mostly the result of discard dumps situated in the areaq, water
decaniing from underground, and possibly runoif from the plant areas etc.
Large volumes of water is situated in the underground areas.

The mine has separate potable and industrial water circuits. Potable water for
the underground workforce is provided in containers.

3.2 DESCRIPTION OF WATER TREATMENT/MANAGEMENT SYSTEMS

3.2.1 Sewage freatment plants.

There are two sewage treatment plants - one serving Tweefontein and the
other at Witcons, Details regarding flowrates and capacities could not be
obfained ot the ftime as this information was sfill in the possession of the
consultants responsible for the drafting of the EMPR.

The overfiow from the sewage treatment plants is used in the industrial water
circuits and no effluent is discharged to public streams.

3.2.2 Potable water freatment plant.

Potable water is obtained from a natural spring and the water needs to be
disinfected only. During winter, it is often necessary io augment the supplies
with water from the Tweefontein dam. Water from the Tweefontein dam
requires additional treatment. The pH is adjusted with lime, followed by
flocculation,. settling, filtration, softening and disinfection before use as
potable water,
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The pH. chlorine conceniration and total dissolved solids conceniration of the
water is monitored daily. A more comprehensive analysis of the water is
performed once every two months.

3.2.3 Seiling/evaporation dams

There are a number of dams in the area functioning as settling and pollution
control dams. Some of the dams are situated around the dumps as well as
the coal preparation piant and stockpile areos. The water captured in these
dams is reused in various applications and the rest is left to evaporate.

One of the major dams in the mining area is the Tweefontein dam.
According to the personnel interviewed, the dam receives mostly naturai
runoff. However, the high conductivity of the waier as measured in the dam,
as well as inspection of water gquality data, suggests contamination from other
sources. The source of pollution could not be identified at the time, but it was
mentioned that the consuitants responsible for the EMPR are investigating the
situation and will identify the sources of pollution as part of the study,

3.2.4 Liming plant

Water pumped from underground is treated in ¢ liming plant. Water freated
in the liming piant is reused in the various mining activities.

3.2.5 Plant water circuits

Although most of the water used in the coal processing plant is recirculated
water, it is not considered fo be a cause of problems such as corrosion etc,
Flow meters are instolled to defermine the amount of make-up water used in
the plant. The volume of maoke-up water is gpproximately 51 m3/h while the
total amount of water in circulation in the coal processing plant is in the order
of 125 m3/h. Slurry from the coal washing process is pumped underground via
a borehole.

3.2.6 Underground water circvits

There are substantial volumes of water in the underground workings. Due to
the age of the mine there is a lack of information regarding the old worked
out areas, which makes it extremely difficulf to obtain an accuraile estimate
the volume of water in the underground compartments.

As far as water for underground mining activities are concerned, enough
" water is available to supply oll the users. Water is used in a closed loop
manner and is used mainly for dust suppression. The water is not treated in
any manner. No flowrates are measured underground as it is not considered
to be important.

3.2.7 Discard dumps

- 5|TE V!SIT RE?OET TWEEFONTEIN COLLIERY & WITBANK CONSOLIDATED COLLIERY



ge 13.4 ) MANUAL ON MINE WATER TREATMENT AND MANAGEMENi PRACHCES AP:&*ID!X VOLUME 2

R e 7 AT i s e Wi e AT AT LE T 11 AETERAT

There are a number of old disused discard dumps situated in the mining area.
Some of thése dumps are situoted partly in or very close to streambeds. The

. old dumps are not rehabilitated and no water management measures other
than pollution control / retaining walls around the dumps are presently in
place.

3.2.8 Water monitoring systems

The water monitoring programme of the mine is sl in the development
phase. The mine is fairly reliant on exiernal consultants for implemeniation
and scheduling of their water monitoring system. Most of the important points
for monitoring surfoce water have been identified and are being moniiored.
The water quality data reported to the mine is adequate in terms of the
parometers included in the analyses.

information with regard to flow rates of various water streams, i.e. natural
streams, those due to various mining activities, as well as water decanting
and seeping from the old workings. is limited. As the flow monitoring
programme 5 not complete, the water monitoring programme cannot be
regarded as complete and it is not possible fo calculate or manage the salt
loads being generated.

3.2.9 Water manacgement structure

The following diagram, represenfing the water management structure was
supplied by the mine.

Mine Maonagement

External EEEmaa—
consuianis -f———e—

Supervisor
Exterior works
Jewage water Polable water Water management, maintenance
treatment plants treatment plants rmonitoring

3.3 NOVEL OR UNIQUE WATER TREATMENT AND MANAGEMENT SYSTEMS
During the discussions with the mine personnel, it was concluded that there

are no systems or practices on the mine that can be regarded as unique or
novel,

3.4 POTENTIAL WATER TREATMENT/MANAGEMENT PROBLEMS AND NEEDS

As Q result of the discussions and site visils, @ number of issues were identified
where knowledge gaps still exist.
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3.4.1 Existing and potential sources of pollution

During the site visit, it was observed that a number of the old discard dumips
are situaied very close to and even partly in existing water courses. Although
measures for retaining runoff is in piace, it is still considered to be a source of
pollution. The effectiveness of retaining walls, if such a structure is already in
the stream poth, is doubtful. The potential for poliution due to subsurface
fransfer of polluted water should also be investigated, Boreholes could play
an imporant role in monitoring the existence and dynamics of potential
pollution plumes under these dumps.

Although the mine seems to be getting a handle on their point sources of
effluents, there still appears to be some uncertainty with regard to diffuse
sources of polivtion.

3.4.2 Flow measurement

The measurement of flow is an important aspect of any monitoring
programme. Development of methods to measure or estimate the volumes
of waier fransporied in the mining environment, especially the volumes
seeping from various areas or flowing into and out of the underground
workings. will be of significant value to the mine.

During the discussions. it was mentioned that the salt loads generated as a
result of mining activities cannot presently be predicted or calculoted. A
detailed knowledge of the quantities of water flowing to and from the mine. is
a fundamental requirement for caiculaiing the sait load discharged by the
mine. The importance of addressing this need when evaluated in the light of
a fuiure waste (oad allocation, is recognised by the mine. Without this basic
knowledge, it will be impossible for the mine to formulate strategies to comply
with a future waste load allocated to the mine.

3.4.3 Groundwater monitoring

At the time of the site visit, the ground water monitoring programme has not
~ started yet. This aspect of the monitoring programme will be implemented as
soon as the recommendaotions from the external consultants responsible for it's
development become available.

3.44 Presence of fluoride

The presence of a stream with a high fluoride concentration in the Witcons
arec was mentioned as a couse for concern since the water cannot be used
as a pofable water supply. The source of the fluoride is unknown and to date,
no investigation has been launched in order to identify the origin of this
element,
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3.4.5 Use of water quality data

The water quality data reported to the mine appears to be reasonably
comprehensive. The water qualily doto is inspected and then filed without
further manipulation. The data is adequate for further manipulation and it
could for example, be statisfically manipuiated to provide vaiuvabie
information such as frends etc. which in turn can be used as a predictive tool
or a mechanism that gives early warning of developing problems.

3.4.4 Water management functions and reliance on external consultants

The water management structure on the mine as shown in a previous
diogram, appears to be rather simplistic when all the aspects 1o be dealt with
in o detailed water management system are considered. At first it waos
believed that certain functions were omitted but the personnet interviewed
were satisfied that the diagram as shown, is complete.

A proper, effective and scientifically accountable water management system
has many different aspects such as the development of a definitive water
model for the mine, ongoing validation of model parameters, running and
calibrating hydrological models, predicting post closure  scenarios,
implementing and evaluating different rehabilitotion and remedial strategies,
interpreting and evaluating water quality data, effective implemeniation and
management of ground and surface water monitoring programmes. normal
production related water scheduling and supply, maintenance of equipment,
etc. to name a few. This normally calls for the involvement of a number of
specigiists from various disciplines.

it is therefore difficult to see how a single person can deal with ali these
matters as is suggested by the diagram. More than one conclusion could be
drawn from this observation. On the one hand it may indicate an
unawareness with regard to the components of an extensive water
management programme while on the other, it may indicate an over
reliance on externai consultanis to provide inpufs.

This situation is encountered on other mines as well. It could largely be the
result of the fact that mining has traditionally focused on issues related to the
production and selling of coal and water management was seen in a fairly
narow sense meaning largely the supply and disposal of water. As was also
observed by the mining personnel during the visit "it does not sell coal’. This
- resulls in the situation where @ number of people are taking responsibility for
issues which they are not fully fomiliar with. In addition, some water
management functions caolling for specialised knowledge or skills, are more
than often beyond their current level of training, or it is not their primary area
of expertise, nor in many cases their primary area of responsibility. It is
therefore not surprising that there are certain aspects of an extensive water
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management system that g mine is not aware of, or unaware of it's
importance.

H was observed that the mine is very reliant on the results of studies by
external consultants.  Although this in itseif is not o problem, it may be a
problem if the mine does not have the expertise on the mine who could
evaluaie the resulls of these studies in the context of the mine's needs,
pricrities and circumstaonces. :

4. GENERAL IMPRESSIONS
4.1  ROLE OF THE EMPR

The EMPR couid be an important element in the process of identifying
problems and focusing the efforts of the personnel in systematically identifying
and addressing the water and environmental problems. It may infroduce
new elements in the field of water management or change the perceptions
with regard to certain aspects that were previously considered not 1o be of
importance.

4.2 OPENNESS ABOUT WATER AND ENVIRONMENTAL MANAGEMENT ISSUES

The impression was gained that the personnel interviewed were not fully at
ease with the objectives of the site visit. For example, when asked to list the
major water related problems on the mine, the answer was that the mine
does not really have water problems of note. Although this might be true, it is
highly uniikely that a mine the size of Tweefontein and Witcons will be without
problems for which the answers are less obvious.

Information were not readily available as most of the information required is
stil with the consultants preparing the EMPR. The personnel interviewed
however, were quite prepared to discuss all the issues of which they had
knowledge but seemed to be careful not to preempt the findings and
recommendations of the EMPR.
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Appendix A - List of pH and Conductivity readings taken during the site visit.

During the site visit, @ number of pH and conductivity readings were taken at
varioys locations on the mine, The following is a list of the readings taken:

No Description pH Cond.
] Waterpan viei area above Waierpan plant 7.5 123
| Water in Waterpan reservoir . 7.3 280
3 Liming plant - freoted water 6.6 250
4 Waterpanspruit beneath Waterpan dump 7.3 155
5 water flowing into Tweefontein dam 7.3 187
é Tweefontein dam 7.4 175
7 Tweefonteinspruit 7.3 184
8 water at V-netch in spruit from Tavistock 7.7 138
? Klippoortjie/WCCM spruit at railway line 7.6 143
10 Kliopoorjie/WCCM spruit at V-notch beneath hostel | 7.4 144
1 Storage doms gt WCCM plant 7.8 167
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Appendix B - List of photographs foken during the site visit.

During the site visit. 0 number of photographs were taken at various locations
on the mine. The {ollowing is a list of the photographs taken:

Photogmph No Description

123 Waterpan viei - view of plant and old dump

4 Waterpan plant - collecting point for effiuent and runoff in
plant areq |

5 Waoterpan plant reservoir

& Waterpan iiming plant

7.8 View from new dump ai Waterpan towards boreholes &
avap dams

9 View towards Waterpon dump from Minnaar/Coalville road

10 Stream flowing towards Tweefontein dam - view away from
dam

M Stream ftowing towards Tweefontein dam - view towards
dam

12 Tweefontein dam

13 Sewaoge freatment works

14 No 2 dump ~ view from tarred road

15 Wilcons open cQst areq

14 V-notch in spruit entering from Tovistock

17 Kiippoortie spruit at Witcons

18 Old WCCM 4-segm dump

19 Water decanting from underground

20 Retaining wall for polluiion conirol around WCCM plant areg

2] Storege dams for industrici water ot WCCM plant

22 Slurry pumped underground
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Report on Dovuglas Colliery - Vandyksdnﬂ Section

Site Visit.

14 December 1993

1.  GENERAL INFORMATION

Name of mine

Name of person(s] interviewed

Nearest town
Name of catchment
Monthly production (ROM])

Monthly saleable product
Monthly discard production
Main product and market

Current age of mine
Expected remaining life of mine
Type of mining camed out

Transport mode from mine to
piant

Has the mine already produced
an EMPR

Douglas Colliery - Vandyksdirift
Section

Mr. W Grove - Man. Env, Services
Mr. G Trusster - Randcoal HO

Mr. D Hattingh - Snr. Env. asst.

Mr. D Qliver - Chief Surveyor (o/c}
Mr, G Venter - Chief Surveyor (u/g)
Witbank

Qlifants river and Steenkoolspruit
Dougias complex - LAC - 330 000 t/m
.......... PSS - 430 000 t/m
Van Dyksdrift - 300 000 t/m {u/g)
.......... 50000 t/m (o/c])
LAC - 210000 t/m

PSS - 280 000 t/m

18 000 t/m from LAC plant

25 000 t/m from PSS plant

LAC - Export

PSS - 80 000 local, 200 000 export
46 yrs

20 - 30 yrs

Underground (b&p}, mini pit
opencast

Conveyors from u/g

trucks from open pii

To be completed

2. SITE ViSIT PROGRAMME
2.1 Day1-14 December 1993

. Amrival

. Short discussion on site visit objectives
. Short overview of mining activities

. Guided tour of the mine

. Completion of questionnaire

SITE VISIT REPGET DOUGLAS COLLIEI?'!r VANDYKSDR‘IFI SECTION
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3. DISCUSSION OF THE MINE'S CURRENT WATER MANAGEMENT
AND TREATMENT PRACTICES.

3.1 DESCRIPTION OF WATER CIRCUITS

Vandyksdrift Section of Dougias Coliiery Limited is located on the northern
bank of the Olifants river, downstream of the confluence with the Koringspruit
and upstream of the confluence with the Steenkooalspruit.

A detailed water balance or diagrammatic representation thereof with
accurate information is not yet available. A report from external consultants
dated August 1992, contains o diagram which shows the major features of the
mine's water circuits. The information with regard to flowrates eic. was
discussed, and the conclusion was drawn that some uncertainty with regard
to flowrates and volumes of water used, still exists.

The mine operates a potable water as well as a sewage tfregtment plant. The
available underground storage capacity, is an important component of the
mine's water management strategy as water for different uses such as raw
water and recycled water is stored in different compartments. This ability to
store water underground is 1o the mine's advantage in times of drought when
limited amounts of water con be abstracted from the river.

Flowrates are measured at only two sites by means of a V-noich weir.
Readings are taken monthly and no continuous monitoring of flow is done.

3.2 DESCRIPTIOI;I OF WATER TREATMENT/MANAGEMENT SYSTEMS .
3.2.1 Sewage trectment planits

The sewage treatment plant consists of two identical activated sludge units
linked in series. Both units operafe on the Pasveer ditch principte. According
to a diagram supplied by the mine, the plant treats approximately 1900 m3/d.
The effluent is used in the PSS plant.

The quality of the effluent is determined monthly and no flow measurement is
done.

3.2.2 Potable water freatment plant.

The potable water treatment plant is fed from an underground storage
compartment. Raw intake water is dosed with PACI as coagulant and lime for
pH adjustment. Clarification tokes place in a floc blanket clarifier. Settled
water is stored in an intermediate storage tank from where it is pumped
through three pressure sand filters. Water is disinfected with chlorine atter sand
filtration and the water is stored in elevated tanks for distribution.

The ploant is designed to treat 2700 m3/d and under normal circumstances
cpproxnmoteiy 2235 m3/d is treated.

SITE VIS[T REPOﬂ DOUGLAS CCILIJER‘E VANDYKSDRIH SECT!ON
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3.2.3 Surface water systems

One of the more important characteristics of Vandyksdrift Section of Dougias
Colliery Limited is the fact that it is located on the northermn bank of the Olifants
river, downsiream of the confluence with the Koringspruit and upstream of the
confluence with the Steenkoolspruit.

A series of wetlands was construcied in the Springbok spruit as part of the
rehabilitation of old opencast areas thai were situated in the spruit. The
wetlands are a combination of shallow and deep ponds with the aim of
creating aerobic and anaerobic secfions in the wetland.

The wetland receives a very poor quality water from the Springbok area of the
neighboring Goedehoop mine. In addition, a sewage fransfer station is
situated close to the inflow to the wetland and sewage is frequently spilled
into the system.

A series of storm water drains and pollution control dams, together with the
favorabie contours of the area below the dumps and coal preparation plants.
makes it possible to discharge the contaminated runoff at o single point into
the underground storage facilities for reuse in the coal preparation plants.

Backwash water from the water treatment piant is discharged into the veld
below the water freatment plant. The water eventually finds it way into the
underground storage facility via the system described above for the runoff
from the discard dumps.

A minipif is situated right on the banks of the Olifants river and at the time of
the site visit, the pit was flooded. An error led to the situation where the minipit
was situated in a position where water from the Olifants river could enter the
pit. The impact that flooding of the pit has on the quality of the water in the
QOlitfants cannot be quantified.

3.2.4 Evaporation dams

Although evaporation fakes place as a natural process at all the surface
reservoirs, they are operated without the intention of evaporating excess
water, All pollution control dams are fitted with pumps ond water is reused in
the coal preparation planis.

3.2.5 Clear water or return water dams

The return water dams are located close 10 the tregiment plants. They receivé
water from a number of sources of which the underground storage facility is
the mosi notable. Sewage effluent is returned to the return water dam at the
PSS plant.
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3.2.6 Underground operdations.

Water is used in the underground sections mainly for dust suppression. The
water is used in o closed circuit monner with spent water gravitating to the
lowest point in the section, where it is allowed to settle unaided and water is
returned to the point of use.

The exception is where conlinvous miners are employed as they cannot
tolerate a high suspended solids concentration in the water. The spray nozzles
used with the continuous miners have very fine aperfures and treatment to
remove suspended solids from the water is required. The following diagram
shows the steps included in the treatment applied to underground water that
is returned for use with the continuous miners.

From Lingenireuwnd
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Discowdin
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Untfortunately no flowrates are measured and the amount of water used in the
different applications is unknown.

3.2.7 Plant water circvits

The mine operates two plants, the power station smalls {PSS) plant and the low
ash coal (LAC) plant. The plants are the major users of water on the mine. The
plants are treqiing the combined ROM from the whole Douglas Colliery
complex of which Vandyksdrift is one section. According to estimotes done
for the mine by external consultants, the two plants have @ combined water
demand of approximatety 6000 m3/d. During discussions, the water balkance
around the plants was examined and the conclusion was drawn that there is
stit a lot of uncertainty with regard to flowrates and volumes of water entering
the plants and water volumes lost for various reasons. No ~awrates are
measured and this is the main reason for this uncertainty.
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3.2.8 Discard dumps

There are essentiolly two main areas with discard dumps namely the PSS
dump and the LAC dump. The main feature of the water management
system around the dumps is the construction of channels and pollution control
dams o retain the coniominated runoff ond prevent it from reaching the
Olitants river. The surface contours are such that some of the runoff can be
collecied and discharged into an underground storage facility at a single
point. Two boreholes are situated next to each other and water is fed into an
underground compartment.

The possibility of water seeping into the Olifants river via subsurface strata is
deemed to be remote when considering the very shallow sandstone bed. Ifis
the mine's opinion that the existence of a channel excavaied down to the
sandstone bedrock level will intercept any water seeping in the subsurface
layers. Unfortunately no boreholes exist and subsequently no groundwater
data is available to validate the assumption.

One of the discard dumps will be reprocessed in future and as such will
significantly reduce the available sources of contamination.

3.2.9 Water monitoring systems

At present no continuous flow measurement is done and the V-notch weirs are
monitored on o monthly basis. The question of fiow monitoring wil be
addressed in future for the purposes aof completing an EMFPR.

wWater quality is monitored monthly at a couple of selected sites in the
wetlands and the Olifants river, the potable water distributed to the various
users and the freated sewage effluent.

3.2.10 Water management structure

The following diagram, representing the water management structure with the
various departments and personnel involved, was supplied by the mine.
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3.3 NOVEL OR UNIQUE WATER TREATMENT AND MANAGEMENT SYSTEMS
3.3.1 Management of underground water storage facilities.

The underground areas are an integral part of the water management system
on the mine. The unique feature of this system is the accuracy with which
water levels and volumes in the different areas or compartments are known.
According o the personnel involved. these figures are accurate o within 10%.

Another unique feature is the fact that different companments are used to
store water for different purposes. The raw wafer for potable use is stored
underground as well as the contaminated runoff from the coal preparation
plants and discard dump areas. Excellent information with regard to the
dimensions and location of underground compartments enable the mine to
confidently store water of different gqualities underground.

3.4 POTENTIAL WATER TREATMENT/MANAGEMENT PROBLEMS AND NEEDS

As a result of the discussions and site visits, a number of issues were identified
where knowledge gaps still exist.

3.4.1 Monitoring systems

Accurate flow data is an essential component of a monitoring programme
aimed at providing input info a water management strategy. In view of the
waste load allocation policy advocated by the DWAF, it would not be
possible to formulate an effective water management strategy if salt foads
cannot be predicted or calculated., At present the fiow monitoring
programme and facilities do not support the calculation of pollution loads.
Considering the practical problems with monitoiing flow in the mining
environment, this is considered to be a challenge for the personnel responsible
for water management.
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Presently the mine cannot characterise their groundwater system in terms of
flow and quality characteristics. The dynamics of the groundwater systems
such as flowrates into different areas through aguifers and other features,
cannot be predicted or defined.

Although the data reported to the mine in terms of woter quality parameters is
fairly comprehensive, it may be worthwhile to consider more frequent
sampling of the various monitoring stations, especially the potable water
supplied to the mine. More frequent analysis of the potable water quality will
enable the mine to identify heaith hazards in time and will qid efficient
operation of the potable water treatment plant.

3.4.2 Prediction of impacts and simulation facllities

Largely through a lack of sufficient and reliable daia as well as insufficient
monitoring facilities, the mine cannot predict impacts, decant points and flows
or qualities to be expected from certain sources or ai specific points. The
present monitoring system will not be sufficient to allow the mine to develop a
model which can be used to infegrate the resulls of a monitoring programme
and subsequently simulate the effects of changes in the system, If such a
system can be developed. it will enable the mine to define more effective
management strategies and will help with prioritising remedial or preventive
actions.

Although potential impacts can be qualitatively described, they cannot be
defined quantitatively. Prediction of long term and post closure impacts is not
possible at present,

3.4.3 Quantifying the impact of the flooded minipit on the water in the
Olifants river.

The exact effects that flooding of the open pit may have on the quality of the
water in the Olifants river was discussed. it is the opinion of the mine that the
impact may not be significant for two main reasons. The first is the reasonable
low acid potential of the coal in the area and the second is based on the
quality data recorded upstream and downstream of the flooded areas,

To date no formal investigation has been launched and it may be worth the
effort to launch such a formal investigation with the aim of defining and
quantifying the impacis.

3.4.4 Modeling of discard dumps before and after rehabilitation.

The possibility of water seeping into the Clfifants river and groundwater systems
via subsurface strata is deemed to be remote when considering the existence
of a very shallow sandstone bed. it is the mine's opinion that the existence of
a channel excavated down to the sandstone bedrock level will intercept any
water seeping in the subsurface layers. Unforfunately no boreholes exist and
subsequenﬂy no groundwa’rer data is available o validaie the ossumphon
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At present the mine cannot define the impact of water seeping through the
discard dumps on the environment. The volumes and quality of the water
originating from this source cannot be quantified or estimated. The whole
question of a water and salt bolance around a discord dump is an issue which
requires further investigation and can be considered to be an industry-wide
issue,

- 3.4.5 Roads constructed from discard material.

A number of roads constructed from discard material, ore located on the
mine. Although the impact of these roads cannot be quantified, the mine is
fully aware of the potential for negative environmental impacts.

3.4.6 Water quality dala reported to the mine

Inspection of the laboratory results of water sampie analyses, indicated that
neither the alkalinity of the water, nor the carbonaie speciation of the water is
indicated in the resulls. It will be 10 the advantage of the mine to include
clkalinity in the data reported, since it would allow the mine to perform certain
colculations with the dala. For exomple, water characteristics such as the
potential for CoCOs and CaSQ« scaling cannot be determined, nor can the
chemical dosing requirements for neutralisation or softening be determined
from this data.

3.4.7 Training of personnel responsible for water management.

One of the needs identified during the discussions was the need for short
courses dealing with different aspects of mine water management.

4. GENERAL IMPRESSIONS
4.1 ROLE OF THE EMPR

it is believed that the EMPR has played a significant rofe in focusing attention
on water management aspects.

4.2 WETLANDS TECHNOLOGY

A series of wetlands have been constructed by the mine and the mine view
this as @ major component of their water quality management programme. It
is the mine's opinion that the wetlands have a beneficial effect on the very
poor guality water it receives from the neighbouring mine. The wetlands are
considered to be effective even if the benefits are limited to the enhanced
evaporation effects. According 1o the mine it helps to prevent the highly
contaminated water from reaching the Olitants river. The wetlands will only
overflow into the Olifants during flood conditions.

The concept of wetlands as a long term management strategy was discussed,
and although the factors that make wetlands an attractive option are
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recognised, the danger of regarding wetlands as the cure-ail for all effivent
treatment problems must be recognised. The perception of wetlands as a
solufion to most effluent treatment problems appears to be fairly wide spread
within the mdustry and is considered worrisome.

4.3 LOW ACID POTENTIAL OF COAL

During the site visit, it was observed that the pH values of the water from
different sources were not acidic. The only stream with a notably acidic
character was the stream that enters the wetlands from a neighbouring mine.

44 RESPONSE TO THE SITE VISIT AND QUESTIONNAIRE

The mine was very open and responsive to alt aspects of the site visit and the
information required was provided wherever it was possible to do so.
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Appendix A - List of pH and conduclivity readings taken during the
site visit.

During the site visit, a number of pH and conductivity readings were taken at
various locations on the mine. The following is a list of the readings taken:

Description PN Cond.
mS/m]

1 Poltion control dam gt old rock dump 6.9 184

2 Chonnet berween okd gnd new PS5 dumps 7.3 303

3 Waler next to road between okd and new PSS dumps 2.5 230

4 View towards LAC dump.plont ond old PSS dump showing dirty | 7.7 171
waler channel

5 Old siurry ponds 7.6 155

6 PSS plant tofings dam below new PSS dump (Roinwotes diluled) 7.6 39

7 Wel in Olifanis river - upstream of property 7.9 3

8 wetland in Springbok spruit - Contaminated with sewage 6.7 1564

9 wailer over wer into wetlands 3.7 150

10 Cogi preparation plant - retom water dom 4.7 140

T
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Appendix B - List of photographs taken during the site visit.

During the site visit, a number of photographs were taken at various locations
on the mine, The following is a list of the photographs taken:

Photograph No Description

1 Polabie water reqgtment pignt

2 Pollution confrol dam at okl rock dump

J.4 View towords Vandyksdrift wer from dump

5 Channel between olg and new PSS dumps

& water next to rood between oid cnd new PS5 dumps

7 Viei ared

&-10 View towards LAC dump.piant and oid PS5 dump showing dity water
chonnel

1 OHd shumy ponds

12 Water below gomwaoll of PSS plant taiings dam belkow new PSS dump
{Rainvwaier diluted)

13 Werr in Olifants river - ypsirearm of properry

14 Minipit - water from river pushes into pit when river has g high level

1516 Wetlond in Springbok spfuit - Contaminated with sewage

17 - 1% Sewnge freatment plant

20 Coal Preparation Plant thickeners

D T i T E
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Report on Vryheid Coronation Colliery Site Visit

4 November 1993

1. GENERAL INFORMATION

Name of mine Vryheid Coronation Colliery
Name of person(s) interviewed  HC van Zyl
Position of person(s) interviewed  Senior Divisional Mining Engineer

Nearest fown Vryheid

Name of catchment Nkongolwang

Monthly coal throughput {rom) Mine closed 1993 - 90 000t /month

Monthly saleable product 70 %

Monthly discard production 20%

Monthly slurry production 10%

Main product and market 50 % coking coal to Iscor
50 % as coke to various customers

Current age of mine 70 years

Expected remaining life of mine 0 years

Type of mining carried out Underground total extraction and
open cast

Transport mode- mine to plant Endless rope haviage, conveyor and
road

Has the mine already produced Not applicable

an EMPR

2. SITE VISIT PROGRAMME
2.1 Day 1 -4 November 1993

Short discussion of project with Messrs. L Longueira and J Pressly
* Detailed site visit with Messrs. L Longueira & J Pressly

2.2 Day2 - 8 December 1993

* Completion of guestionnaire with Mr HC van Zyl

7 STE ST REPORT . VRYHEID CORONATION COLLERY
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3. DISCUSSION OF THE MINE'S CURRENT WATER MANAGEMENT
AND TREATMENT PRACTICES.

3.1 DESCRIPTION OF WATER CIRCUITS

This is a defunct mine which is in the process of being decommissioned for
closure. The washing plant is still operational treating some of the waste
material from earlier mining operations. The main activities, however, are
reloted to decommissioning ond rehabilitation. Although the mine does,
therefore, not have major operational water circuits, a number of point and
diffuse water pollution sources exist and the surface water circuits can be
divided into different areas from this perspective, as foliows:

Old discard dumps and evaporation dams;
West water adii;

South water adit;

North water adit:

Seeps from rehabilitafed open cast areas; and
adits draining from Vrede section;

* 8 4 5 @

A detailed plian of the whole area was made available and a simplified plan,
showing the pH and conductivity sampling points is shown in Figure 1.

NKONGOLWANE RIVER

VREDE wab
SECTION

HLOBANE
COLLIERY

& pH and Conductivity messurement points

Figure 1: Vryheid Coronation Surface Water Systems

The mine consists of two distinctly different and separate mining operations -
the main VCC area and the Vrede section which is being mined by Hlobane

e srre VIS REPORT - VRYHEID CORONATION COLBRY
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Colliery. The Nos. 2 and 3 dumps are being rehabilitated while the No.1 dump
is being reclaimed. Al the time of the site visit, the No. 4 dump was still in use.

The underground workings at Coronation have been sealed off and three
water adits have been constructed. The North adit discharges to the
Gamakazi River on the other side of the hill. The West and South water adits
discharge into the Nkongolwana River. Again, as at Natal Anthracite, the two
water adifs (West and South) have very different water qualities. The West adit
is acid and saline {pH 3.23, Cond. 274 mS/m) while the South adit is neutral
and saline (pH 6.40, Cond. 250 m$/mj. The driving forces which are
responsibie for these differences in water quality are not understood and the
long term behaviour is qiso not known. A consuitant is {o be appointed to
address these problems and predict the long term behaviour of the
decanting water.

A number of the rehabilitated open cast operations have developed seep
zones which drain both into the Kwa Ceba River and the Nkongolwana River.
The No. 1 discard dump also has seepage at its toe, while the No. 4 discard
dump discharges water and seepage into a toe dam which itself ieaks badly
into the adjacent Nkongolwana River.

The mining operations at the Vrede section are being undertaken by Hlobane
Colliery, although the historical environmental responsibility remains with VCC.
There are a number of acidic discharges from old adits in the Vrede section,
with pH values as low as 3.4 and conductivilies as high as 320 mS/m. The
dominant flow and salt load in the Nkongolwana river at this point emanates
from Hliogbane Coliery with g pH of 7.7 and a conductivity of 224 md/m,
compared to the treated discharge {at a lower flowrate] from the Vrede
section with a pH of 6.7 and a conductivity of 266 mS/m.

Additional features of the water systems at VCC are as follows:

« A concrete canal has been construcied to take water from the upper
reaches of the Notshelwa stream (o fributary of the Nkongolwana River)
around and below the No. 1 dump, into a series of dams, before the
overflow, if any, mixes with the discharge from South adit.

+» The mine has two lime dosing plonts which dose lime at the Coronation
and Vriede sections (Coronation lime plant no longer in operation).

+ The Nkongolwana, Notshelwa, Kwa Ceba and Gamakaz Rivers and their
tributaries have various water qudlity sampling points which are sampled
regularly by the mine.

3.2 DESCRIPTION OF WATER TREATMENT/MANAGEMENT SYSTEMS
3.2.1 Lime dosing plants
The lime dbsing plants which have been installed at VCC's Coronation and

Vrede seclions are sophisticated well designed and controlled plants which
incorporate thickeners for removing lime sludge. These lime plants also require

SIT 3 VISIT EEPORT VRYHEID CORONATION COLLIER\'
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a fairly high degree of supervision and maintenaonce and are not really
suitable for operation and use in the post-closure phase of the mine, where
passive freatment systems would be preferred.

3.2.2 Water adifs

The mine has constructed 3 water adits into the underground workings at
Coronation to drain these workings as a point source effluent which can then
be monitored, managed and treated. Without these water adits, the water
would emanate as a series of seeps along the ouicrop which would create a
pollution problem which would be difficult fo manage. As these mines are
located in the head waters of the Nkongolwana River, there is a very high flux
of water through the underground workings. The quaiity of water emanating
from these odits varies from one to the other and over time. The reasons for
this cannot be defined with certainty and the driving forces influencing the
water quality are not understood. These water adits will continue to discharge
in perpetuity, with a water of unknown quality.

3.2.3 Seepages
The mine has a number of seepages emanating form the following points:

Bundu adit

No. 1 dump

No. 4 dump and toe dam
German adit/open cast grea.
East adit/open cast area

Far east open cast areaq

* o & 8 = »

Table 1 : Water quality of various discharges from VCC

SOURCE pH |Cond. | SO, | Ca | Mg | Mn Fe Al In 8
- I mS/m | mg/ | mg/t | mg/l i mg/l | mg/t | mg/l | mg/) | mg/)
Far Egst seep 3.3 400 2200 383 | 287 | 3 9.7 62 4.7 | 0.36
West adit 3.0 340 1700 [ 314 138 23 49 57 3.1 0.42

No 1 dump seep 3.4 480 | 2600 ] 532 | 232 32 13 71 33 | 072

Ne 4 durmp seep 4.4 800 { 4100 | 567 | 401 44 287 | 0.8 20 | 113

South water adit 6.5 380 | 1700 ; 491 | 208 12 13 | 04 | 05 | 0.42

North water adit - - 310 | 200 | 94 Gl 1002102 | 02 )| 0.1

These seepages tend to have a rather poor quality as shown in Table 1
above, although their impact, in terms of load, on the receiving water systems
was unknown and unguantified at the time of the visit.

3.2.4 Discard dumps

The discard dumps at VCC vary considerably. Dumps Nos. 1 and 2 were end
tipped and have been burning. Dumps Nos. 3 and 4 have been constructed
in compacted iifts. Dump No. 2 was about to be rehabilitated, dump No. 1 is
to be reclaimed, dump No. 3 has been rehabiiitated and dump No. 4 is still in

SITE VIS REPORT - VRYHEID CORONATION COLLERY
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operation. Dump No. 4 has a number of seeps at its toe which are collected
in g toe dam. The foe dam iiself leaks through at its base, with the seepage
possibly extending into the adjacent Nkongolwana River, above and below
the soil surface.

3.2.5 Water monitoring systems

The mine does not have any continuous water flow or quantity measurement
or monitoring systems. Flow measurement from the water adits is fairly crude
and with unknown accuracy. Grab samples are taken at a number of points
on a monthly basis for a quality analysis. These points give a good coverage
of the area affected by the VCC mining operations. The mine has a fairly
comprehensive water qudlity database going back a number of years.

3.2.§ Waler management structure

The water monagement structure is shown in Figure 2 below,

AAC Clvil Senior Divisional
Engineering |— — — — — — = M”fg:’g?:;ii:‘ ————— Mining Engineer
Department Mr HC van Zyi

Dump designs and Liaise with IAPs
drainage systems and authorities
{ |
Section Surveyor A i
Manager MrL Longieura ~meaa
WMr G Hutchinson Environmental
] Services
Water sampling
Operation and and flow Dr P Tanner
maintenance of measurement Mr D Salmon
lime dosing piants. Dr M Akan
Supervise decom-
missianing & rehab. Advise on
Liaise with IE&APs environmental and
civil design and
water matters

Figure 2 : Vryheid Coronation Water Management Structure

The decommissioning operations ai the mine are being undericken by
suitably qualified staff who are backed up by on assortment of technical
specialists as and when required.

3.3 NOVEL OR UNIQUE WATER TREATMENT AND MANAGEMENT SYSTEMS

3.3.1 Decommissioning procedure

The mine is vndertaking a very thorough decommissioning operation to
address all the environmental aspects of its past operations. A number of
skilled staff are bemg employed to supervnse this opero’non it would cppecr

STE Vish REPORT . VRYHEID CORONATION COLLERY



Page 17.4 _ - MANUAL ON MINE WATER TREATMENT AND MANAGEMENT PRACTICES - APPENDIX VOLUME 2

02 hr £ e T L e g e e T B (eI M i, A RIS ¢ e i B et e a2 L e AL T TR T ¢
however, that a solution for the water poliution problems is lagging behind,
with most of the other environmental issues being well addressed.

3.3.2 Regional Coordination

Although not as advanced as the Enyati River Committee, regional
coordination is being undertaken to address the pollution problems in the
Nkongolwana River - initiated by the Department of Water Affairs and Forestry.

3.3.3 Llime dosing plants

The lime dosing planis at VCC were designed by Anglo American and are
fairly sophisticated plants when compared with those found elsewhere in the
mining industry. The fact that automaied control systems are being used.
together with clarifiers for lime sludge removal is fairly unique within the South
African mining industry,

3.4 POTENTIAL WATER TREATMENT/MANAGEMENT PROBLEMS AND NEEDS

As a result of the discussions and site visits, a number of issues were identified
where knowledge gaps still exist.

3.4.1 Management of diffuse pollution sources

The mine has a number of diffuse pollution sources, in the form of seeps, as
shown in Table 1 above. The reclomation of the No. 1 dump will address
seepage problems from this areq, although the extent {6 which the soil below
the dump is contaminated, and its long term poliution potential, is unknown,
These seepages are characterised by low pH values and high heavy metal
contents and will need to be addressed in the decommiissioning and post-
closure phases. lf is also interesting to note that the discharges from the Bundu
and West adits are heavily infested with algae.

3.4.2 Managemeni and freaiment of point source discharges

The water adits at VCC ¢an be expected to discharge contaminated water
in perpetuity, atthough it is probable that at some unknown time in the future,
the quality of the water will start to improve as the exposed pyrites become
exhausted. In order to dedl with these discharges. the mine requires a
sustainable, low maintenance passive water treatment system, primarily
capable of removing sulphates and increasing the pH.

3.4.3 Overall water and salt balance

Although the mine is presently in the process of final decommissioning, it does
nof have an overall mine-wide water and salt balance which pinpoints and
quantifies the different sources of poliution - both diffuse and point sources.
The discussion presented in Section 3.2.3 highlights some of the unquantified
sources of polivtion. The water and salt balance remains the most powerful
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tool available io the mine to manage its water sysiems and impacts and
shouid be used.

3.4.4 Stormwater management

The existing systems at VCC do not enable runoff from contaminated areas
such as the dumps and seepage areas to be separated effectively from
clean runoff. Although a concrete canal has been constructed to divert the
Notshelwa River around No. 1 dump, the upsiream catchment allows free
mixing of clean and dirty water. The dams below No. | dump.are aiso full and
have no capacity to retain any significant runoff from their polluted
catchment area.

3.4.5 Monitoring systems

Due to the lack of reliable and accurate flow measurements, it is not possible
to properly quantify the impact of the mine on the water environment or to
evaluaie the beneficial effect of applied water management strategies.

3.4.6 Surace subsidence

The hillside above the total extraction underground warkings have slumped
badly in @ number of places, allowing free access to oxygen and water to
drive the pyrite oxidation process in the underground workings which feed the
water adits. This can be expected to result in an increased salt load which will
be discharged by the mine to the water environment.

4. GENERAL IMPRESSIONS

The generai impression gained from the site visit is that the mine has significant
impacts on the surace water systems. Although these impacts are well
understood and are being addressed, the lack of a salt balance for the
whole mine makes it impossible 1o say for certain that the mine is addressing
ail the issues adequaiely. The decommissioning procedure being followed by
VYCC is very thorough and is being driven by well quolified people.

The mine and its staff appear to be dedicated to achieving a successful mine
closure which oddresses all the major impacis - this is evidenced by the
numerous technical studies which have and are being underfoken.

Long term passive freatment solutions will need to be found to address the
pollution from the varnous seeps and water adits which can be expected to
coniinue after mine closure.
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Appendix A - List of pH and conductivily readings taken during the
site visit. |

During the site visit, a number of pH and conductivity readings were taken at
various locations on the mine. The following is a list of the readings faken:

No Descripfion pH Cond.
1 West Aqif (C10] 3.23 274
2 Seepage fromm u/fg (C12) .07 2i8
3 Geman adit o/cost drainage 325 166
4 Main Coronation watar adil &.40 250
) Main stream including seep. sewoge at adit act. 3.3i 18l
5 Seep from u/g workings egst adit o/c areo 3.27 226
7 seep for lor for east o/c 3.24 273
8 Seep irom toe oI No 1 VCC dump 3.23 340
¢ Bom below No | dump 3.60 178
10 Draingge from No 4 dump 4,10 588 - 620
11 Drainage from No 4 dump .80 415
12 Draingge from No 4 dump iz 720
13 seepage thfough No 4 dump 10e dom 3.2 472
14 Seepage through Na 4 dump toe darn info river 3.1 522
15 River below No 4 Jump toe drain 3.8 199
14 Seepage through Mo 4 dump toe dam 3.08 510
17 Droinocge into No 4 dump toe grain 3.36 377
18 River frarm Hiobgne mine under Cliffdgle Rd, 7.70 224
19 Mkongohvana River {vS8) leaving Vrede propedy 6.49 266
20 Water belote Viede lime plont 3.41 319
23 $eepage trom Viede west 3.5 164
22 Seeﬂe from Vrede west 4.4 185

All conductivity measurements ore in mb/m
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