DEPARTMENT OF MIMES AND EMERGY
S0UTH AUSTRALIA

REPT.BK.NO. 86/83
BRUKUNCA MINE, INVESTIGATION
OF ACID DRAINAGE

GLUOLOGICAL SURVEY

by

R.E. READ
GRCUNDWATER AND ENGINEERING

NOVEMBER, 1986 DME.250/73



CONTENTS

ARSTRACT

INTRODUCTION

GEOLOGY & HYDROGEOLOGY
DRILLING

SEEPAGES

Northern Cut
Southern Cut

PRODUCTION OF ACID DRAINAGE
WATER CHEMISTRY

PRESENT SITUATION

POSSIBLE SCLUTIONS
CONCLUSIONS
RECOMMENDATIONS

REFERENCES

R
l-'l-ﬂmm.h-bwnuw

s g
= W

TABLES
Number Title

1. Wells Drilled, -~ 1985,

2, Chemical Analyses,

3. Estimated pollutant loads as at 13/11785,
4. Water levels in observation wells.

5. Uncontaminated groundwaters.

6. Water from holes in the mine area, 1985,
7. Water from quarry drains, 13/11/85,

APPENDIX A: Drillhole Logs, A~1 to a-4.

FIGURES
Fig. No. Title
1, Locality Plan.,
2. Weli Locaticn Plan,
3. Relation between iron and sulphate
concentrations in test wells and drains,
4o Chloride content of water v depth
below quarry bench,
56 Relation between chloride and sulphide

concentratidns in creek, wells an drains,
6. Layout of remedial works, November 19835,

§

Plan No.

518844
518845

818846
5188647

s18g48
818649



DEPARTHENT OF MINES AND ENERGY
SOUTH AUSTRALIA

Rept.Bk.No. 86/83
D.M.E. WNo. 250/79
Disk  No. 140

BRUKUNGA MINE, INVESTIGATION OF ACID DRAINAGE

ABSTRACT

The abandcned 3rukunga Pyrite Mine is a
source of acid drainage which pollutes nearby
creeks.

Six heles were .irilled in the quarry
benches to investlgate the producticn of acid
drainage. Comparison of chemical analyses of
drillhole samples with analyses of
uncontaminated groundwater and water in the
outflow draing shows that acid drainage is
produced in two ways:

. Rainwater 18 infiltrating the dquarry
benches and oxidizing pyrite.
. Groundwater from outside the quarry area

is emerging in the lowest quaxry £loor
and oxidizing pyrite.

Remedial work is pronosed as follows:

o The benchas should be sealed in the
'recharge areas’.
. Work should be carried out in the lowest

cuts so that groundwater is discharged
without coming into contact with air in
the presence of pyritic material,

It is important that no work is dome to
cover up the quarry faces until it can be seen
that the scaling of the quarry fioor has been
effactive.

INYRODULTION
The Brukunga Mine lies about 30 km ESE of Adelaids and

4 km N of Nairne (Fig., 1},

Between 1952 and 1972, pyrite was mined for manufacturing
sulphuric acid for superphosphate production.

Since abandonment =acid drainage from the wmine has been
polluting the adjacent Dawesly Creek, causing low pH values in
the summer and unsightly deposits of iron and manganese oxides.



DEPARTMENT OF MINES AND BNERGY
SOUTH AUSTRALIA

Rept.Bh.lNo. 86783
D.-M.B. No. 256779
Disk Be. 140

BRUKUNGA MINE, INVESTIGATION OF ACID DRAINAGE

ABSTRACT

The abandoned 3rukunga Pyrite Hine Is a
wurge; of acid drainage which pollutes nearby
CroeKks.

S8ix holes wers .rilled in the guapry
benchez to investigate the productios of aeid
drainage. Comparison of chemical analyses of
drillhcle ' samples  with  analyses  of
uncontzminated groundwater and watar in the
outflow drains shows that .acid drainass is
produced in two ways: R , i

. Rainwater is infiltrating the gquarry
benches and oxidizing pyrite.

. Groundwater from outside the guarry aves
is emsvrging in the lowest quarvry ¢loor
and oxidizing pyrite.

Remedial work is pronosed as follews:

. The banches should be sgezled in the
'vecharge areas’.

. Wozk should be carried out in the lowest
cuts szo that groundwater is discharged
without coming into contact with air in
the presence of pyritic material,

It is important that no work is done to
cover up the quarry faces until it can be zeen
that the sealing of the guarry floor has basn
effective.

IRV RODUCTION

The Brukunga Mine lies about 30 ka ESE of Adelaide and
4 km N of Nairne (Pig. 1.

Between 1952 and 1972, pyrite was mined for manufacturing
sulphuric acid for superphosphate production. E

Since mbanéonméﬂt acid drainage from the wine has besn
poliuting the adjacent Dawesly Creek, causing low PR values in
the summer and unsightly deposits of iron and manganese oxides.,



Most of the problem has stemmed frnm tha tailings dam on the
eastern side of Davesly Cresk, Hmmver a significant amount of
acid drainage is being produced by seepage from the muilock‘heapx
and mine faces on the western side of Dawesly Creex,

The object of this program was to investigate the nature of
tha 8eepages in the quarry face.

GEOLOGY & HYDROGEOLOGY

The orebody was beds of the Hairne Pyrite Hember which opeur
in pyritic phyliites of the Talisker Ca*c-sfltat@nu “aolgerto,
1985). Like most Ranmantoo Group rocks . ‘of Cawbrian aga thess ave
generally of low permeability and yell-yieads are nmalla

Groundwater salinities are typically abaut 2 000 mgiﬁ, :
refiecting poor circulation and low recharre rates. S

Groundwater circulation is on a lecezal scal@gfta fissurs
aguifers of limited extent, which discharge into croeks, such as
Dawesly Creek,

DRILLING

In November 1985, a totsl of eight lolew were drilisd at
locations shown in Figure 2. Results are summarized ip Tabla i
and drilihole logs are shown in Appendix A. Water analyses are
in Table 2.

TABLE 1
Wells Drilled - iags
Unit No.* Depth Water Yield pH
(m} Cut (m) L/s
7454 20.% 12 VQrg smali 4.7
7455 25 9 .25 4.9
7456 20.6 15 and 19 Very amali
7457 25 7 and 18 Very smali . 4.3
7458 7 2 0.z 3.4
7 . 0.5 3.7
7459 25 3 and 11 Very small -

*Add prefix 6627ww



Unit  Depth Date ™ M deidity R w0 m® e g gt g o ¥ a m
No.* (m) t> piag.3 % <
6 18/ 1/56 1796 - - 202 - 103 - ® 3% 1 - wm 1155 M5 W
; 1972 953 7.4 - 1.4 - - - 49 3 263 12 143 8 4w <
18/ 1/52 2186 - - N1 - - - 8 97 sss - 158 27 w06 w
4  25/5/50 1947 - - - - - - 51 7. %63 - 131 7 M 9w
18/ /%5 2427 - - - 0 == 128 L3 3 - 147 27 184 W

_ S/ /73 11207 2.5 - 848 - = = 548 720 660 & mia 0 530
1976 1458 3.8 - 67 - 47 - 5 56 @ o w 80 3 <«
10 .18/13/85 9800 3.4 3430 1350 24 8 21 600 315 175 20 Wil 7660 129 <
9  14/11/85 16700 3.3 90586 3520 41 5 2 380 225 36 10wl 12600 3 <
20 27/11/85 17206 3.5 12000 5250 73 82 s5 ¥ XS 1% 12 wil L5209 227 <.
8/ 5/86  1400¢ 2.9 4380 72 4% 45 247 250 125 18 mil 12000 4350 <o0.
9/ 5/86 12500 2.9 4050 63 45 37 240 240 130 13w 11600 258 <0,
7 15/11/85 16700 3.2 9300 3020 42 3680 24 30 195 53 18 miL 13800 8% <
2 16/11/85 1560¢ 3.0 9080 2750 51 85 29 30 190 30 18 il 119060 5B <
7 16/11/85 15100 3.0 9230 2670 49 285 32 255 190 32 11 wmil 11600 50 <
27/11/85 14800 3.3 9500 4430 95 75 S0 450 375 205 22 mi1 13500 187 <0,
8/ 5/86 27600 3.1 8500 110 430 80 340 400 48 8 wiy 25700 M0 20,
9/ S/06 21200 2.3 8100 113 478 83 30 420 53 8 mEi 26300 156 <.
13/11/65 18700 2.7 9560 2130 37 425 8 430 380 200 ¢ wii 14800 311 2
13/11/85 21600 2,7 11750 2600 47 578 35 3 /0 WS 7 mil 17100 m i

* ndd prefix 6627
{Hote: WW are water wells
WP are water points)



SEEPAGES

Numerous minor seepages can be seen in the faces of the
upper benches as high as 465 m AHD,

Water from these cdoes not flow any distance before being
iost to evaporation. These seepages are belleved to be
intermittent, operating for a limited time after cainfall.

The significant sespages are those oceurring in the two
lowest cuts and are described below.

Morthern Cut

This area is the major source ef acid drainaaﬁ. the tatui
outflow being gauged at 0.22 L/m on 18/11/85. A water analgSLa
iz shown in Table 2 and pollutant outpuis im Tgbzé 3
(66279P7462),

TABLE 3
Estimated pollutant loads as at 13711785
Northern Southern
Cut Cut

WE7468 WPT46s Total
outflow, m3/day 20 3.3 22
BDissolved zmolidsg, kg/day 432 62 480
Acidity as CaC0y kg/day 230 32 260
Iron, kg/day 52 7 80

Three groups of springs can be seen on the upper part of the west
face of the cut. An attempt to gauge the flow from one of these
was unsuccessful’ becauses of its small size and the parmaatia
nature of the quarry floor.

The visible springs are too small to account for the total
ouzflow an¢ other inflows must be - occurring either uitder the
rockpiles at the southern end of the cut or upwards through the
floor. This is confirmed by the water chemistry (sse
Bincussion). s
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Southern Cut

There are three groups of vigible Seepages 21l in the uprer
half of the face:

One at the northern and of the westera wail,
Onc at the southwestarn cornar,
One near the 8outhern end of the western wall.

On the quarry f£loci at the southera end, there is also a
small area of less acig (oH alout 4,3) water which has besp
coionizad by clump of reeds. resumably this markas t¢ho
omergence of mors deeply circulating wroundwater,

The vizible Seapages appear to be large encugh to RCCoUnRE
for the smai: outflow of this cut.

A water analysis of the outflow from thig cut {2 ghown ia
Table 2 (6627 wp 746%) and pollutaat cutpus in Tabls 3,

PRODUCTION OF 2CID DRAIEAGE

Acid 8eopage is gererated by the oxidation of pyrite, as
represented by the equatiovns
Fe82 + 77203 + Hyo + o2t &+ 280,23~ 4 ay+

The reaction is catalyzed by Thiobacciilus bacteria ang
probably proceeds through a number of intermedizte steps.,

Water emerging from seeps in the Quarry face has bseen
cbserved to d2creage from a PH of about 3.5 to 3.1. A decrease
in pH wae alss observed in a sample of water taken from the rock
face. Apparently thisg decrease ig due to axidatior of the
forrous Lo ferric forn and subgequent hy.drolysis of the ferric
ions

o2t 4 2m* 4150, 4 2pe3+ 4 Hao

*e3t 4 1,0 + 7o (0u)2% 4 e {pxy = 2.2)

+

It can be seen from Figurs 3 that =uch of the iron preduced in
the quarry area is not reaching the outflow draing,

Precipitated brown iron oxides are evident on the rook facen
and in the pools on the pit floor, eapecially on the £ilementous
green algae which grow in the water,
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The solubility of oxygen in water at 2690 is 0.04 g/L
(Aylward and Findlay, 1966), sufficient to raise +he sulphate
concentration by 69 mg/L by oxidizing pyvite.

Since obsarved sulphate cencentrations are many times hivher
than this, it is obvious that pyrite is being oxidized in contact
with air, not merely by contact with water Carrying dissoived
Gxygen. Thercfore acid im being produced eithar ciose to the
water tabls or by descending waters above the water txble.

The quarry banch is a bare wvegeiaticon-frss surface with
crushed rock overlying ftactuted,;ock. it 15 therefure an ideal
surface for inflleratien of rainfali.

Water level measurements ave availabis for the time of
drilling (iate spring) when no rvain had falian for » feswr monthe
and after z wet winter i{Table 4),

TAEBLE 4
Water levels in observatiosn wells
Unit No,.* Water levels, m below sucface
27/4/85 16/%/86
7454 i.41 0.16
7455 2,52 0.42
7456 10.40 $,83
7457 1,68 .51
7458 1.60 i.21
7459 9, 75%% 8,95

* Add prefix 6627ww
*%jot recovered a2t time of measurement.

It can be seen that the water table rises almest to the
surface after rain., Mest of the problem geoms to be Sus o
oxidation within thres metres of the surface e* the bench,

Elemental sulphur can be seen on the lowey quarey floor, a
result of partial oxidation of pyrite under acidic conditons
(Krauskopf 1867, v, 276y,

FeSy +4h0y + 2% 4+ pe2* 4 yyc + 28



)

WATER CHEMISTRY

Waters in and around the wine fall into three broad groups
each with distinet chemigtry:

o uncontaminated groundwater,

s wWater below the guaryy bench,

« water in the outflow Srains.

Uncentarinatod Groundwaters

No wells nezrby are now svailable for sampling.

Howaver old analyses are available for a well aear the HMine,
one downstream and a2 diamond drillhole into the arebody which
zlw@}dc

These are shown in Table 5.

TABLE §
Uncontaminated Sroundvaters

Unit Ho.*  Date  Ca?t wg2t ¢ B3 8042 C1I"  Comments

WWS914 18/1/52 83 97 556 10 127 1082 Dimmond arilinole
in Pyrits Begs
wWi5920 25/5/50 51 71 89 1m =76 928 Wil g :ﬁns zite
5944 18/1/50 125 113 630 147 =37 1154 !t%z;ta well, south
of minre

* B prebix 6627

¥
The imporiant featuyres of thero watets are the relatively high
scdium and chloride contents and the moderate sulphate levels,
pH was not measured but the presence of bicarbonate shows that
the waters were not aclid.

It should be noted that although thesse analyses are sll cvep
30 years old this does not mean that uncontamirated Groundwetay
ne longer exists in the area, merely that no suitabls wells fop
sampling seill exist,

These are the watses intérsected during the 198s drilling
program and shown in Table 6,



ZABLE 6
Wator from holes in the mine area, 1933

Uit Noo* ve2* A12¥ ca2¢ o2t gt 3™ 5042 €1 pH  Acidity to

7066 128 3.4 2430
2400 33 3.3 zom

12500 456 2.9 -

W74Z4 1350 89 go0 ms 1w
W7455 3520 45 3= 235 33
W7455 5250 83 360 35
WW7455 4380 49 2en  2ep

WSS 4050 45 240 a0 0. 256 2,8 -
W4AST - 3020 380 383  1es i3800 3E 3,2 223060
u{g;}g 2750 285 325 199 11900 45 3.0 <080
u‘q’t:.f;:a 2670 425 285 150 11600 s¢ 3,0 2230

13500 187 3.3 <309
110 3.1 -
150 2;8 e

W52 4430 75 450 373
W7455** 8900 430 340 409
W45 3100 470 3B 429

$ R+ b COLDVDHOLHO
')
§

968 v wnEhE
3:
8

8
8

*  Add prefix 6527
* This water had been sitting in the well for months and thess anziyses
siuld be dizregarded.

These waters have the following charactorig=ics:

= Very high levels of suiphate, iron and acidity rosulting from
the oxidation of pyrite. -

N Zoro blearbonate, because of tha high acid conteat,

. High leveis of calcium apd magnesium resulting from reaction
between the acidic water and ths rock.
Exdivz and chloride ieveis ap much iower then in aatural
groundwaters of this avea (Tablie 4). Chloride contonts ond
to increase with depth {Fig. 4).

The samples fall into two groups: WW7454, WW7456 and WW7459
with sodium and chloride lsveis over 120 wmg/L and the remainder
- with sodium and chloride below 33 me /L,

The latter represent waters infiltrated direstly through the
bench.

The analysis for wWW7454 is consistent with mixing of
uncontaminated groundwater with directly infiltraced contaninated
water. The significance of analyses from WW7456 and WW7439 is
not clear,



Originally it was suspacted that the hich jevel of
contamination in thess weils wag » recult of Lailer Baeniing a
<ay or more after driiling.

The welis were pumped and sampled to cheek thiz. Zhen
Dumpes, BH7422 yislded only the volume in Storage and showes ‘Do
recovary overnight. The samples obtainaed hagd té‘,‘a;,hi:;m;; levais
¢Z sulphaze recorded in this area. It iz ccncluded that the
samples represent water which had been in the welr gor Bonths
¥eacting with the pyritic rock. ' :

¥W7456 produced sf‘mo water froa the aguifer when paam@edﬂwu ,
showed signifisant recovery overnight,

Sulphate wag significantly lower thaa in the ori@iﬂa."l baiied
s2mple showing that this had baen afferted by roacilon setwsen
a:r, water and the rock,

The varistion in chloride content Letwean samplos tiken oa
consecutive daye ig probably due to analytical ervor,

The results from thig wall can be inzerpreted in twn ways:
- The high isvel of sulphate results from the oxidation of
pyrite in the well #all, and the samples can mdiangamu
+ HNative groundwater is in fact oxidizing pyrite at the water
takle,

The former seems the more likely, but, the possibilisy than
oxidation ig occur zing st the water table 2aanct Su siininated,

The Outflow Drains

Analyses of water from the ouiflow drains tre shown ia
Tabie 7.

TABLE 7 »
Water from the quarry drains 13/11/8%

Unit Noo* Ped¥ A13* g2+ g2t ¢ m03” 50,2 €1 o mcidiey o
BB an Ca00y

WP7469 2130 428 430 380 200 0 14800 31 2.7 9560
Wp74¢8 2600 570 370 350 185 ¢ 17100 372 2.7 11750

* add pretix 6627
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These samples have similar levels of cmmmtﬁm Erom
oxidizing pyrite to thosa in the test holes shown in T-blo 5,

However aodium aud chloride concentrations are much.
higher. 1t {s conciudes thzt ths acid water floving -wt =f the
open cut 18 a mixture of waters formed in two Ways. ;

..atly. auidic waters of tae typc found in the test ﬁhzﬁgéi
(Ted. S) are formed witiin ithe cuarry benches and seen ireo the -
open cut : T ‘ .
se_ondly, come local gteunduator (high sodive amé ch&er&dr
is emerging in the floor of the cut and rmacting wi‘h pyxit
matariai on the quarwry floor.

Tha followiag suppovting evidence is nffereds

. In the northern cut, the seepages visinle in the gides oF the -
cut are cleerly isss than whar is flowing out of ‘thn drnin. |

. In the zouthern cut i8 a ama’l avea, where the water ia t&%ky
broken material of the guarrv floor is less a¢iﬂ {pk sbaufﬁf
4), and which has been colonized by & clusp of veeds.
Presumably elightly contaminated groundwater is an.rqiag 1ntoi§
the guarry floor.

« In the flour of the cut boulders of pyritic wock - ara .
crumbling under caecmical aitack and native c&lpkhe iu |
abundant, clsar svidence that oyrite is oxidizing, .

Chioride ana suipn&te ontents are sghown in Pigure S.

The proportion of sulphates produced by the two nrocesses
can be ecastimated as follows.

Estimated average sodium & chioridesccncentrntioﬁl aves

mat(mg/L) Ci~{mp/L}
Croundwater 590 10@9
Water under bench 37 40
Water in outfilow drain 1835 i

Assuming that evaporation can be neglected, the droundwater
contribution to outflow {is calculated as 0.27 and 0.28
respoctively.
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Yrom this it {g estimated that at th: time of “pasvrvoment,
€3% of sulphate in the outflow had baa, srotuced in che plt
flmvﬂ )

¥

Calcium and magnesium cencertretions ave higher in :he
Gutflow drain than in aither uncontaminated groundwater or the
centarinatsd geoundwaters under the guarcy benach. Thiz shows teat
the acid waters are dis=olving calcivm and megnesium frow vock on
the pit flaor, ‘ |

PRESENT SITUATION

At pragent the following remedial measures have beer taksn
(?iq. Sle

o Daws, drains ang Pipes have noep construcied to divert
surface runoff from the pit avrea. '

o Acid drainsqge is collacted znd Lumped te the dan balow the
tailings pond to be treated by the lime neatraiization olane,

The effectiveness of these messures 83 Dbesn reduced by
broken pipes ang Partly blocked éraing rg@uiting from inadaquats
majintenance,

POSSIBLE SOLUTIONS

The treatment of acid drainage in the 1'me soutrelization
plant cannot be congidered tn be = lzag term 8GiUTiOn, ard ways
muet be founi to reduce acid produstion.

At the itime of measurement sbout 808 of sulphatag originated
within the quarry hench and 46%_ wsre produced by dﬁergine
groundwater within the quarry floor.

Theze proportions will vary through the yesr because of
diffarent r2Cponsaes to reinfail, but ¢leariy both pProcasies are
important and need to be controlled.

+ [Prevention of Infiltration.

The quarry benches, being free of vegetation and natural goll
cover allow ready’ infiltration of rainfall. To prevent this
the following measures are needed,
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. The existing system of drgins to pravent surface runofs
Gatering the pit area should bé maintained and uagraded
wnere necessary.

° The bench flooes should be sealed with clay, bitumen pr
piastic, '

. The sealed arcas must be drained without water comiag
into contact wizh pyritic material, .

. CQatra;,gfwﬁ:ggngwat@rkgntagiaé the guarry,
It is not feasibls o TIvent fiztural grounduwater from
entering the quevry at the lowes: level,

Acid productior could ba stooped by pProveating water and air
coming inte comtact with prrite uim&itanaausiy. This could b@
achieved by levelling out the broken ~ock in the floor of the cut
and covering with a layayr of clay. By keeping a water tabip
within the clay layer, oxyger would be prevented from coming inte
contact with: the pyrite, and groundwassr could be éischat@eﬁ wizh
only slight contaminztion.

Becauss of the uncertaluties surrounding mechanisms:of acia
production and their sontrol, remedial work should be careled out
in stages.

It i8 wmost important that the bench near the Pistol Club
should be gealed firat sc that the eff:ctiveness or otherwise of
sezling can he evalurted before Guy meSures are taken Lo cover
the seepage faces,

COMCLUS TONS
i. Acid drainage ias being preduced in two ways:
o Rainfall infiltrzteg into the quarry benches, oxidizes
pPyrite and ré-emerges in the lowee: cut.
. Ratural groundwater from outside the nine area Beepy
into the lowest cut and oxidizag pyrite in contact with

the air,
2. The first mechanism of acig production could be controlled by
sealing the quarry benches to prevent raiawater from
intilttating.
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The second mechanism of acid production could be controlisg
by leveiling the floor of the lowes: cut and 2ovaring wish
clay te aliow groundwater to drais out without coming fpeg
contact with air,

The norshern and of the guarry oco supied by the ?isfol Ciub g
the m;}nr source of aeid dzainageﬁ :

mmmﬁmrmns :
The quarry E:ench in the qwea of the am ol Tiub mho- £ E e
seahed with clay ccverad ‘with mil Mﬂ gmm@d o p‘mm:
vator fiom irzﬁlrrat'ng.
Drains chould be constructed to conduct surface runoff ey
from the sezled area without coming into contact with pyrum
material,
No work shculd be done to cover the Guarey faces unt:
sealing of the benches has proved o ba mf‘%ct‘" 2. This wi
mean leaving it for =+ least one winter.
Wher acid production from iqfil trating rainwster haz Deen
effectively controlled remedizl work 8h0ulé be carrisd out afa
the lower cut ss £ollows: )

. The broken pyritic rock shorid be levellsd azcroess the
base of the cut.

s The above should be covercd with about a metre of oclay.
N A bund and ocutflow drains should ba eeagtraetsd oo
maintain an artificial water table within the =lay.

s The clay could then be coversd with wsek from tae
mullock heaps to produce the desired contuurs. This in
turn shculd be covered with clay and soil and vegetated,

¢ e
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