Water Research Commission
40 Year Celebration Conference
31 August — 1 September 2011; Emperor’s Palace, Kempton Park, Johannesburg (South Africa)

BLUE vs. TRUE GOLD
Impacts of deep level gold mining on water resources in South Africa
—insights from selected case studies

Frank Winde
NWU Potchefstroom Campus fl\’ NORTHANEST UNVERSIY s

NOORDWES-UNIVERSITEIT

Mine Water Research Group



Contents

(1) Introduction

(2) Au mining impacts on water resources: 3 x case studies

(A) Dewatering of karst aquifers
(B) Uranium pollution

(C) Flooding of mine voids (AMD decant)

(3) The future?



Largest urban agglomeration in Africa:
- trlggered by Au rush 125 years ago, today:
25% population SA  *
- 50% of energy consumption in Africa
- 70% GDP SA

- 70 km from nearest majoriiver: strongly
negative water balance - imports from Lesotho
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125 years of Au production:
>6 bn t of tailings covering ~400 km?

Mayhem’, a mine dump out5|de Boksburg

Gathering speed ... Jon Geall (19) takes a fun run down 'Mount e o

The Star .... Wednesday April 11 2001

In the absence of snow, daredevils do it on dusty mine heaps, writes John Murphy
‘Dumpboarding’ is
I




Au - price [US$/ ounce]
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,Sunset industry‘?

SA: 35.000t Au still available

- 15 kt accessible with current technology

—> 20 kt ultra deep mining needed
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http://newsletter.creamermedia.co.za/lt/t_go.php?i=234&e=MTQwMzk3&l=-http--www.miningweekly.com/article.php--Q-a_id--E-135109

1. Background: Au-mining and dolomite

Case study 1:
Dewatering (FWR)
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Case study 1.

Dewatering
of karst aquifers

(Far West Rand)



Case study 1.
Dewatering

Dolomitic
compartments
-> highly karstified
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Case study 1: Dewatering of karst aquifers - consequences




Case study 1: Dewatering - altering recharge rates
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Case study 1: Rewatering — decant of AMD
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Case study 2:

Uranium
contamination

- Wonderfonteinspruit




(2) Case study 2: U pollution -

Tailings + by-prod .+ U-plant
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(2) Case study 2: U pollution- sources
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West Rand -zmined out)

Slimes dams in WFS catchment:
Mass: ~1.5bnt

Surface area covered: ~50 km?2
U-contents: ~150,000 t of U

(most mines E.qi

(DWAF 2006) %
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(2) Case study 2: U pollution - studies

Selected studies (16 out of 35)

1967 — CoM/ DWAF — Onderstepoort study on healt
1991 — Deelkraal GM — U-levels in urine of miners
1991 — Pulles (COMRO) — Health hazard of radionuclid
1992 — Slabbert (Dfnt. GM) — Radioactivity concentratio
1996 — IWQS (DWAF) — Screening on water radioactivi

1998 ... ongoing: DWA - Mooi Rivier radioactivity surve
2000 — Wade et al. (CSIR for WRC) — Radioactivity in s
2000 - Nel (Potchefstroom municipality) — U-monitoring
2002 — CGS (for DWAF) — Radioactivity in sediments o
2003 — Metago (for WRC) — U-pollution by filling sin
2004 - Blyvooruitzicht Gold Mine U-monitoring program
2004 — Coetzee, Winde, Wade (WRC 1214) - U-pollut
2005 — DWAF — U-contamination of mine canal sedime

2007 — Sediment analysis by GFL Ltd. (WAG)

m elago

Environmental Engineers (Pty) Ltd

2008-2011: 10 x more studies added

AN ASSESSMENT OF SOURCES, PATHWAYS,
MECHANISMS AND RISKS OF CURRENT AND
POTENTIAL FUTURE POLLUTION OF WATER

AND SEDIMENTS IN GOLD-MINING AREAS OF

THE WONDERFONTEINSPRUIT CATCHMENT

H Coetzee * F Winde « PW Wade

WRC Report No. 1214/1/06
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" Driefontein
Cons; GM

Swaarmetaal

Elise Tempelhoff

U raanbesoedeling, veral
vloed daarvan op die ge-
E eid van inwoners in die

die Wonderfon-

veral die “etlike dui-
wat in die informele ne-
dersettings langs die Wonderfon-
teinspruit woon en die water
daaruit drink, behoort verskuif
te word, het prof. Frank Winde
van die Noordwes-Universiteit
se skool vir omgewingsweten-
skappe en ontwikkeling gesé.
Winde het bevind minstens
3,5t uraan het tussen 1997 en
2008 in die Wonderfonteinspruit
opgelos. Daarmee het hy uitspra-

e
uraan (sowat 50 ton per jaar) wat
die afgelope 80 jaar van die goud-
myne in die Wonderfontein-
spruit beland het, 1¢ in die sedi-

Beeld, Vrydas

wDaa’l; loop dalk
gou uraan uit
Potch se krane

tas niere en die brein aan

ment (modder) van die rivier.
Volgens die reguleerders is die

23 Oktober 2009

fonteinspruit gestyg.
Die Boskopdam kry sy water

water in die
spruit veilig om te drink.

Winde het by die pas afgelope
internasionale konferensie oor
mynwater in Pretoria gesé onge-
publiseerde waterontledings wat
die afgelope tien jaar by 3400
punte in die Wonderfontein-
spruit gedoen is, toon uraanvlak-
ke het “drasties verhoog”.

Hy het voorts gewaarsku as
die goudmyne nie hul water ver-
antwoordelik bestuur nie, kan
uraan binne enkele jare uit Pot-
chefstroom se krane begin loop.

Al verdwyn die Wonderfon-
teinspruit ondergronds kort
voordat dit by die Mooirivier
(wat by Potchefstroom verby-
loop) aansluit, beland minstens
800 kg uraan jaarliks in die Bos-
kopdam (Potchefstroom se ver-
naamste waterbron), het Wilde

gese.

Navorsing het gewys die
uraanvlakke in die Boskop-Turf-
fonteinwaterdraer (dolomitiese
Kkompartement) het die afgelope
dekade die vinnigste in die hele
opvangsgebied van die Wonder-

uit dié 3
Winde het bygevoeg uraan, 'n
radioaktiewe swaarmetaal, hou
baie ernstige gesondheidsrisi-
ko's vir die mense van informele
nedersettings by Carletonville,
Khutsong en Fochville in omdat
van hulle steeds water uit kana-
le en direk uit die rivier drink.
Van die uraan wat die afgelope
dekade in die Wonderfontein:
spruit beland het, het sedertdien
begin oplos weens suur mynwa-
ter wat uit ou myne begin uit-
loop het. Dit is volgens Wilde
ontstellend dat die uraanvlakke
in die Wonderfonteinspruit ver-
gelykbaar is met dié in die
Noord-Kaap (waar besondere
hoé konsentrasies uraan in die
natuur voorkom) en waar “baie”
inwoners aan bloedkanker ly.
Onlangse studies in gebiede
waar mense rondom ou uitge-
werkte uraanmyne in die voor-
malige Oos-Duitsland en die
Tsjeggiese Republiek woon, het
aangetoon uitgewerkte uraan tas
nie net die niere aan nie, maar
val ook die brein aan.
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(2) Case study 2: U pollution - Wonderfonteinspruit
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Uranium pollution of the Wonderfonteinspruit, 1997-2008
Part 2: Uranium in water — concentrations, loads
and associated risks

Mot Lty Sened o

Frank Winds

frmnien

2830 Sxum A
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Uranium pollution of the Wonderfonteinspruit, 1997-2008

Part 1: Uranium toxicity, regional background and
mining-related scurces of uranium pollution
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Case study 2: U-pollution

.
e

Potch
water works

standard
potabilization:
chlorination,
flocculation,
filtration

Boskop dam
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32 years

2003: Kettle
21vs 1 ppm

Natural dissolution of
dolomite results in
abundance of:
Ca?*, Mg?*, HCOg

each ion found to reduce U-
removal effiency of standard
potabilization processes to 60%

l.e. In dolomitic water U
is more likely to slip
through treatment
plants

scale



- 1995: Dr de Villiers (Stellenbosch
Univ.) high number of leukaemia
patients from area around Poffadder
(N-Cape)

- blood samples of 418 people from
120 localities (>16 a of age, 1993)

- water quality: 126 boreholes, AEC
data (early 1980s)

THE ASSOCIATION OF GROUNDWATER CHEMISTRY AND
GEOLOGY WITH ATYPICAL LYMPHOCYTES (AS A BIOLOGICAL

INDICATOR) IN THE POFADDER AREA, NORTH WESTERN CAPE,

SOUTH AFRICA

P.D. TOENS, W. STADLER AND N.J. WULLSCHLEGER

Toens & Partners
Geological, Hydrogeological and Engineering Consultants
PO Box 18959
WYNBERG
7824

Final report submitted to the Water Research Commission emanating from the
Project : The correlation of high uranium, arsenic and
other chemical element values in groundwater with
abnormal haematological values related to the
occurrence of leukaemia in the
North Western Cape”

ISBN 186845 446 0
WRC Report No 839/1/98

The Association of Groundwater
Chemistry and Geology with
Atypical Lymphocytes (as a
Biological Indicator) in the Pofadder
Area, North Western Cape,
South Africa

PD Toens ¢ W Stadler e NJ Wullschleger

Report to the Water Research Commission
by
Toens & Partners

WRC Report No 839/1/98




(2) Case study 2: Uranium pollution — health effects

U-levels Lymphocythe count

in 126 boreholes RN (418 residents from 120 localities)

19°00° 19°15' 1930 45 °00" 15" o - =0 __ _
Doy 19°00" 19°15' 19°%0° 19°45 1]

. Reddish colours; = s | ~=|—Reddish-calours:-30-100%
+U: >70 —(300 ;y( : = D Qﬁgopulatlon with aphorme

R B S|
q

ymphocyte coum

Atlantic '\

tsematological Samping Poirts.

/\/ Magsteral District Boundary

Boundary of 1:50 000 Wap Sheets

The correlation coefficient was derived from the standard formula, which was applied to
each of the roughly 500 000 cells in the grid being analysed. The following is a grapjica
ation of the procedure employed:

[ ABIKWASKOLK

Scale 1:1000 000

L) 90  Kilometres
- 2 E1 51 1

WES: >300 (upper) ... 80 ug/l (lower)
Mlne Water: 200 . >3000 ugll Grid X- Atypical Lymphocytes Grid Y- Uranium Concentration

Each grid cell of the first grid is compared to the geographically identical cell of the
second grid. The statistical relationship is quantified by using the following formula:

500 000 grid cells correllated

Cov(X Y)

Pxy (correlation coefficient) = 5 7 3 1

where Cov(X,Y) = —— 7 E(x ;1)/,» Py

Ox = STANDARD DEVIATION of X

My = ARITHMETIC MEAN of X

- 3 x follow-up studies confirmed high U-levels and domestic use of water



Case study 3

Flooding of
mine volids



(2) Case study 3: Flooding of mine voids
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(2) Case study 3: Flooding of mine voids

Hoofrif wat lel van Oos(Springs) na Wes(Randfontein

WYNDHAM HARTLEY
Parliamentary Editer

CAPE TOWN — Monthly seismic
events in Johannesburg and the
West Rand and East Rand have
alm_ost doubled since acid mine
dr'amﬂge began to fill derelict
mines in 2008, Parliament's water
and environment affairs commit-
tee was told yesterday.

’Fhe government is racing
against time to get pumping
statibns and treatment plants in
place before March nexr year
wher the toxic water is predicted

"

to reach the environmentally
critical leve! of 150m below the
surface, The committee is holding
public hearings to assess progress
towards a solution.

Henk Coetzee, one of the gov-
?mment‘s team of experts that
lm_fes_rigated acid mine drainage,
said increased seismicity was one
of the risks associated with the
flooding of mines. The water lubri-
cated faults in the earth's crust
and allowed them to move.

Mr Coerzee said since pumping
stopped at the ERPM mine in
December 2008, the monthly
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Toxic mine water ‘causes more quakes’
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average of seismic events had
risen from 5,3 to 11,7. Some were
strong encugh to cause concern.

He also confirmed fears about
the pollution of underground
water resources, possible land
instability and the threat to the
foundations of buildings.

Once the 150m level was
breached, the acid water would
enter shallew aquifers and con-
taminate groundwater, Mr Coet-
zee said. It would dissolve
dolqmite and cause underground
erosion, increasing the possibility
of sinkholes. On the western basin

of the Witwartersrand, about 30
megalitres of acid water was
decanting every day, threatening
the Cradle of Humankind.
Committee chairman Johnny
de Lange demanded the names of
mining houses responsible for
acid drainage and was told that in

the west it was Rand Uranium, .
Dl.}rba}l Roodepoort Deep and i
Mintails, A water affairs official,

Marius Keet, said the problems in v

the central basin were caused by |
the ERPM mine, and in the east- :
ern basin by the Grootvlei mine. ‘
hartleyw@bdfm.coza - |

NGS IS OORDREW

6 The Times Wednesday July 28] 2010

Mine water
disaster
looming

Seepage can cause cancer in humans

SIPHO MASONDO

RADICAL action is needed to
avert the looming catastrophe
caused by highly acidic, toxic
water seeping from the Grootvlei
mine, on Gauteng’s East Rand.

So said Maggie Sotyu, chairman
of the parliamentary committee
on water and the environment,
after yesterday’s visit to the mine,
near Springs.

Sotyu and the committee are on
a tour of areas under threat from
acid water draining from aban-
doned mines. The polluted water
can cause cancer and serious
damage to the environment.

«Radical intervention by all
stakeholders is needed. Some-
thing is not right but we don’t
know what exactly it is, that’s why
we are here,” said Sotyu.

“And I don’t see us winning that
battle without a straight fight.”

Grootvlei has been discharging
thousands of litres of polluted
water into the Blesbok Spruit.

The mine is owned by former

president _ Nelson Mandela’s
grandson, Zondwa Mandela, and
by President Jacob Zuma’s
nephew, Khulubuse, through
Aurora Empowerment Systems.
The owners made headlines
recently for failing to pay their
workers.

Grootvle’s management told
the committee that it was treating
40 million litres of acid water a
day but had the capacity fo treat
120 million litres a day.

Chemical engineer Brett du Toit
told the committee that the acid
water draining from the mine was
about 770m underground but
could start seeping to the surface
within a few months if not
attended to urgently.

He said that if the water level
rose by a mere 30m the mine’s

. only working pump, responsible

for pumping out the polluted
water, would be flooded.

If the pump were flooded it
would not operate. All the mine,s
shafts would then be flooded and
mining would become impossible

Du Toit said the government
stopped its R1.2-million subsidy in
October and it cost Aurora “over
R6-million to treat [acid water
draining from the mine] every
month”.

The mine had the potential to
produce about 200t of gold over
the next 70 years.

Mandela said the owners were
serious about making the mine
work.

“We've made our mistakes in
this operation ... [but] we come
with the intention of making a
suceess.




(2) Case study 3: Flooding of mine voids
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(3) Case study 3: Mine void flooding

Findings: (1) No flooding risk for CBD
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(2) Case study 3: Flooding of mine voids

(1) No flooding risk for CBD (single basin, many open shafts)
(2) No sinkhole risk for CBD (no dolomite)
(3) Ingress sources mainly from surface (50-60%), many managable

(4) Lower than predicted decant volume (35 vs. 60 Ml/d)
- pumping = ingress = decant - overestimation
—> - service water + natural cut off of ingress sources

(5) Primary pollution sources mainly on surface not underground

- plastic stope closure (>70% void volume reduction)
-> neutral water decant WB

(6) Lesser pollution impact on streams than predicted

(7) Slower rise than predicted, less depended on rainfall (37 vs. 57 cm/d)

Enough time to consider
alternative to very
expensive pump- and
treat option currently
proposed - sustainable
low-cost, low-energy
solution possible
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(3) The future: Post-mining opportunities (FWR)

Underground pump-storage schemes

ESKOM principle of pumping scheme at Sterkfontein dam: day-night tariff differences

- Use existing underground infrastructure such as shafts, reservoirs, pumping chamber, pipelines,
turbines, etc.

—> no electricity losses through long-distance transport
—> cost neutral pumping of water for irrigation/ utility

Old shaft

D ay Karst cavity
Night

Construction of underground Turbine
hydropower pumping scheme in
karst area on the island of Java
(Indonesia)
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(3) The future? Waste land transformation: wind energy
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(3) The future: Post-mining opportunities (FWR)
Underground hydro storage of wind energy

Use wind when it is vailabe to pump water up and let it run down if energy is required

Old shaft

wind

Karst cavity

Turbine
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(3) The future: Post-mining opportunities (FWR)

Waste land transformation: Solar-thermal up-wind power generation

Prototype:
Manzanares, Spain
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Greenhouse effect :

Slimes dam

- high albedo
- surface area SD (SA): ~400km?2

Groundwater pollution plume

Prevents wind erosion of tailings
and rainfall infiltration (no seepage)
- generates energy for sustained
pumping of plumes where
necessary

GW purification
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