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1.0 ENTRODUCTION

Kalgoorlie Consolidated Gold Mines Pty Lid (KCGM) operates the Gidpt Roaster

tocared near Kalgooriie, Western Australia.

Prior to early-2001. a Calcir

facility (TSF). Between carly-2001 and early-2002, the process-tailings strearn

discharged to the TSF comprised a mixture of Caleine, Slimes and UFG-Solids.? Smee

carly-2002, the process-tailings stream has comprised Caleine and UFG-Solids.? The

active-lifetime of the TSE will hikely extend unfil ¢ 2008,

As shown in the GCA (2001) study, the UFG-5olids contain (finely-ground) pynie as &
major component, so that the process-tailings-solids deposited in the TSE have the
potential to acidify. However, since the UFG-Solids contain accessory amounts of
"ankerites", the pH will not immediately drop below 6 following tailings-deposition i
the TSFE. The relative rates of sulphide-oxidation, and dissolution of "ankentes". as
influenced by the semi-arid conditions of the Gidgi site, will govern the tailings-bed

geochemistry.

Since deposition of UPG-Solids had been in progress for ¢ 1-2 years, it was deemed
timely to assess the geochemical nature (especially pH-status) of the tailings-bed in the
TSES information of this kind will have a direct bearing on strategies for TSF

management (inchuding decommissioning).

Crraeme Campbell & Associates Piy Ltd (GCA) was commissionsd to carry out
seochemical testwork on tailings-solids sumnples from the tailings-bed profile in the

"

s, and UFG-Solids, are ¢ 30 dry-tonne per hour (tph)
HHHHER

= The production-schedules for the Calel
andd ¢ 10 aph, respectively (Mr Trevor Ty

i, Y

St fse recomrended in the GOA (2001 ) tavestization that the geochemisiry of the tulngs-bed 1n
the TSF w monitored on a regular basls o facilitate plapming for TSF-closure,
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TSEA A sample of 100%-Calcine was also tested, since this "end-member-stream” was

not inchuded in the samples characterised 1 the GCA (Z001) study.

The main aim of the Static-Testwork’ Programme was 1o determine the pH-status of the
upper 4 metres (notninal) of the tailings-bed, and thereby iafer the likely pH-regime of
the "shandy” of secpage-water/groundwater bencath the 'TSFS  Addinonally, the
sulphide-oxidation rate {SOR) during the "dormant-phase™ of ¢ 3-4 months between
tailings-deposition-cycles, 1s estimated. However, due to the occurrence of "trace-
gypsum” {chiefly associated with the Calcine-Solids), the estimated SOR is very
approximate. A 'Kinetic-Testwork' Programme (viz. Weathering-Columns) would be
needed to better estimate the SOR, depletion rate of alkalinity forms (chiefiy

"ankertes"), and ensuring pH-Bulfering behaviour.

The testwork results are presented and discussed in this report, and unplications for TSF

T 1t should be noted thai the ern § ; t5 emploved genenicaliy herein, and depending on the
depth of sampling within the tailings-bed, the tilmgs-solids may be a anxture of cither

UEGH aleroe/Stmes, or UFGCaleme (GUA 2001

A 'Gratie-Testwark’ Programme comprizes "whole-vock” analyses snd tests,
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2.8 STUDY APPROACH

Details of the sampling and testwork programimes ate presenicd and discussed i the

following sections.

2.1 Samples

The 180%-Calcine sample (¢, 10 kegs) was provided in a 10-L, opaque-plastic-patl. The

{moist) caleine-solids were removed, homogenised by hand-mixmg, and passed through a
S-mm-nylon sieve.®

The tatlinps-salids samples (o, 3-3 kgs each) trom the tailings-bed-profile in the TS were
provided in sealed-plastic-bags packed into 20-L, tin-drums. The tailings-solids samples

were collected from depths down w ¢ 4 m from a Beach-Head site, since:

{a) Tailings-solids are typically excavated from depths down to ¢ 3-4 m during
the raising of the TSF-cmbankments by the upstrearn-construction method,
and s0 the geochemical character of such tailings-solids has implications for

TsF-decommissioning; and,

(b} A drained/unsaturated stete 15 more-developed at the Beach-Heads where
coarser-pacticles mainly reside (c.f. Beach-Toesj. and where sulphide-

oxidation (as_governed by O-diffusive supply) is promoted.”

Prior to sarapling, the Beach-Head area had been dormant for ¢ 4 months, and during this

period, minimal raintalt occurred (Mr Trevor Tyson, pers. ¢ominu. .

¢ The 100%.Calcine sample emitted an N odour, and reflects break-down of cyanide forms,

7 Although the SOR of rne-waste maferiahs in "humid” environments is fnvari siy contrelied by the O
supply (e.g. O-diffusion), research and field work s incraasingly ¢ y of waier, us
serverned b the frequency of "flushing-epizodes”, 15 the drving mmmi an (he "-s{ !P in sern-anid/arud
environments (Campbell, unpublished results).
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Due to leskage of tattings-porewater from the plastic-bags, all samples were saturefed, 50
Accordingly, all samples were oven-dried at ¢. 40 °C, prior to crushing (nominal 2 mm),
and pulverising (nominal 75 pm), for specific tests. Due to their hypersaline-state, the
tailings-solids samples were slow to dry at 40 °C, and when sub-saniples were dried at 105

°C the "residual-MC3" ranged up to ¢ 5-6 % (wiw)®

b

. Testwork
The testwork methods employed in this study are based on recognised procedures for
the geochemical characterisation of mine-waste materials (e.g. Morin and Hutt 1997,

Smith 1997 Coastech Research 1991 8C AMD Task Force 1989).

Details of the testwork methods are presented in Appendix 4, and are sunslar to those

employed in the GUA (2001) study.

Part of the testwork was carried out by Australian Environmental Laboratories [AEL]

{(Welshpool), The analyses performed by AEL have NATA endorsement ?

GUA testing-Labovatory (Bridgetown).

Copres of the laboratory reports are presented m Appendix B.

& Such "residual-MCs" attest to the strong water-retention of process-tattings-solids that contain
apprecuable amounts of (hygroscopic) salts (Williem 2002,
il £

YONATA = Nationad Asso

n of Testing Authortties,
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B XL ACID-BASE CHEMISTRY AND SALINITY OF TAILINGS-SOLIDN
AND 100%-CALCINE SAMPLES

The testwork results on the acid-base chemistry of the tailings-solids and 100%-Caleine
samples are presented in Tables 3.1 and 3.2, and shown on Figures 1 and 2. These

resulis are discussed in the followimg sections,

3.4 pk and Salinity

The samples had pH-(1:2) and BC-(1:2) values within the range 8.7-10.0, and 16-56

m&/cm., respectively (Table 3.1).10

Although somewhat variable, the EC-(1:2) values indicate accumulation of salts (chiefly
halite) within the top ¢. 0.1 m of the tailings-bed 11 This finding accords with that
usually observed in TSFs at local gold-mines where solute-concentration (through
capillary-rise/evaporation processes) within the Surface-Zone, is operative at "spatial-

scales" of centimetres-to-decimctres.

The tesiwork resulis indicate that the tailings-solids and 100%-Calcine samples were
all alkaline (viz. pH 9-10). and hypersaline,

Accordinely, any tailings-porewater that seeps from the itop 4 m (nominal) of the
L 5 \&:5 - g

tailings-bed should be alkaline, and not acidic.,

R LG S FALILRd LA Ll b e PRy Lef R TRAS

i £ = plectrical-Conductivity. The pll-(1:2) and BO(1:2) Tests are desoribed in Appendix A
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3.2 Sulphor Forms

Caleine sample had TotalS and SO4-8 values of 2.3 %0, and 2.0-2.4 %,
rcspectivcly (Table 3.1). The Sulphide-S content of the 100%-Calcine sample was

therefore less than 0.1 %, and the $C4-5 should oceur chiefly as gypsum (CaS0,. 2H0)
Y as £5T

2 %, and $.75-2.2
%, respectively (Table 3.1). The Sulphide-5 contents of the tailings-solids samples
were therefore 6.1-23.0 %, and should occur chiefly in the form of pynite (GCA 2001).
If the $04-S content of the Calcine is ¢ 2.6 %, and if the overall mass-ratio (w/w, dry-
solids} of UF(r:Calcine is ¢ 113, then the SO4-S content of the "UEG/Caleme-Solids™ in
the TSE should be . 1.5 %7 This estimated-50; content is near the measured-50,
conteits of the tailings-solids samples, and suggests that the SO4-5 produced through

sulphide-oxidation in sifu s well within the sub-percent range.

The testwork results indicaie that. as expecied. the 100%-Calcine sample contained
negligible amounts of sulphide-minerals. corresponding to o Sulphide-S confent less

than 0.1 %, The tailings-solids

aul’f”}“ los coprain }.J‘}”Ifé’ as o minor-io- *?’s’i!;’(ﬁ’ f‘*’)?!é’p(ﬁ?éff’z‘f‘

Althoush difficult 1o sstimate accurately, when due account s faken of the S0,8
content of the Calcine in the "UFG/Calcine-Solids" overall, the indications are thar

808 produced through sulphide-oxidation i

i is well within the sub-pevcent range,
and probably ‘of-the-order' 0.1 % (as 5). On this basis, the omount of acid produced
through sulphide-ovidation following toilings-dizcharge to the TSF is likely less thon

approximately 5 kg H.8O stonne

1P The sreater BC-(1:2) values within ihe top 0.1 m of the tailings-bed reflect mainly chiorides [Table
4 i g 5
321

! The "freshAmesidised” sampie of the UFG/Calcine/Simes tesied m the GCA {20013 study had a 50,
- N . e - p . . e " -y oy L . ) N P .
S value of 0.97-1.2 %, and s consistent with the SO.-5 content of the 100%-Calene sample fosted herein,
3 The complete-oxidation of o 0115 % of Pyitte-S would produce ¢ 4.6 kg 15O /tonne (Appendix A).
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3.3 Acid-Consuming Properties

-y

3.3.1 Acid-Neutralisation Capacity

The 100%-Caleine saraple had an Acid-Neutralisation-Capacity (ANC) value of 26 kg
H,SOy/tonne, and a CO5-C value of 0.25 % (Table 3.1)1* If all of the CO5-C occurred
as "CaCOy", then the "Carbonate-ANC" value would be ¢. 20 kg H,;50,/tonne.
Although the carbonate-mineral in the 100%-Calcine sample was not characterised in
this study, weakly/moderately-ferroan varieties (viz. "ankerites") should predominate.
The occurrence of reactive-carbonates was evident from the effervescence (i.e.

"fizzing") produced upon the addition ('in-the-cold’) of HCl in the ANC Tests.

The tailings-solids samples had ANC values of 66-130 kg H;8O,/tonne, and CC -C
values of 0.46-1.4 % (Table 3.1).15 If all of the CO;-C occurs as "CaCO;", then the
"Carbonate-ANC" values would be ¢. 38-120 kg H.SOy/tonne. However, "ankerites”
should dominate the carbonate-mineral suite {GCA 2001). The occurrence of ferroan-
carbonates is indicated by the drop in pH to ¢. 3-4 upon the dropwise-addition of Hy0,

as the pti=7 end-point was approached in the ANC Tests.

The testwork results indicate that the 100%-Calcine sample had a moderate capacity to

consume acid, due to trace-to-accessory amounts of carbonates (e.g. "ankerites”).

The tailings-solids samples had a high capacity to consume acid, due 10 accessory-to-
minor amounts of "ankerites” (GCA 2001).

4 Ap ANC value of 26 kg HaSOy s equivalent to o 2.6 % (as CaC0s).
15 ANC values of 66-130 kg H.S8C/tonne are equivalent to ¢, 6.6-13 % (as "CaCO:")
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332 pH-Buffering Properties

The pH-Buffering properties of selected samples were determined using 0.05 M-H.50,,
and an agto-titrator (see Appendix A). The Ho50 -addition rates emiployed during the
auto-tirations ranged up to ¢ 5-10 % 10* kg H,SO/tonne/year, and so correspond to

SORs, at circume-neutral-pH, that are very-fast.

The pH-Buffering curves for all samples exhibited & more-or-less steady decrease i pH
with progressive addition of acid (Figures | and 2), and the shapes of the curves are
similar to those generally observed where "ankerites” conribute appreciably to the

Total-ANC (Campbell 2002a.b).

At the rapid rate of H,S0,-addition employed. the auto-titrations indicate that the
tailings-solids semples (viz. GCA4758 and GCA4759) from the Surtace-Zone (viz. 0.0-
0.1 m) of the tailings-bed are capable of consuming ¢. 40 kg H,50 /tonne, betore the
pH drops below 6. Although ditficult to quantify a priori, at the slower SORs expected
for the Surface-Zone-Tailings at circum-neutral-pH, scid-consumption should be
considerably greater than 40 kg H:30 /ionne, before the phi falls below & i s
Since the amount of acid produced through sulphide-oxidation is estimated 1o be less
than ¢, 2 kg HaSO,/tonne (see Section 3.2, it follows that after an exposure-period of ¢.
1 months, the "reserve” of alkalinity-formns within the Surface-Zone-Tatlings has been
depleted only marginally, The indications are that the duration of the "lag-phase” (Le.

the period during which sulphide-oxidation occurs, but acidic conditions do not

16 Ag an appreximate gaide, it would be atypies for provess-tailings-sofids that aie "selphide-nich” {e.g.
Sulphide-§ contents of ¢. [0-20 %) to be charactenized by SORSs at cireurn-neutral-pH that are much
ahove 50 kg H:SOyftonmefvear (as determined through 'kinetic' testing where samples are subjectad 1o
weekly weathering-cyveles),
7 At circum-neutral-pH, the SOR of the UFG/C
SOkgiweek, as determined from weekly weathenng-cyeles b 'kinetic! testing (= ¢ 50 kg
SOytormelyear). A programme of kinetic’ testing would be needed to confitm (ore refine) fhis estitnated
SOR for the UFG/Caloine-Solids in the TSE

aleine-Solids is untikely to be faster than ¢, 1,000 mg

Groeme Campbell & Associares Prv Lid



develop) may amount to at least 2-3 years. However, 'kinetic' testing would be needed

to better estimate the duration of the "lag-phase”.

The testwork results indicate that the "ankerites” in the tailings-solids samples should
be capable of maintaining the pH above 6 until at least 40-50 kg H,SO y/tonne of acid
has been consumed. Such pH-Buffering properties are consistent with "ankerites” that

are only weakly/moderately-ferroan.

Although approximate, and subject to confirmation/refinement through kinetic’ testing,

the indications are that, under the semi-arid conditions of the mine-site, the "lag-phase”
to acidification of exposed Surface-Zone-Tailings may amount to years (c.f. weeks-to-
months). Such inferred dynamics of weathering-processes within the Surface-Zone-
Tailings reflect the "flushing-frequency” depéndence of sulphide-oxidation in semi-

aridiarid environments, as typically encountered at local gold-mines.

The estimated duration of the "lag-phase” is therefore long, compared with the
dormant-phase ranging up to 3-4 months between tailings-deposition-cycles to the TSF
(Mr Trevor Tyson, pers. commun.). However, the Surface-Zone-Tailings on the outer-
surface of the TSF-embankments raised via the upstream-construction method will
likely be exposed for periods considerably longer than 3-4 months. Further information
(especially 'kinetic’ testing) is needed to indicate the timing for, and form of, the
capping-layer to be placed over the outer-surfaces of the TSF-embankments, as part of
TSF-closure.

3.4  Acid-Formation Potential
The 100%-Calcine sample had a Net-Acid-Producing-Potential (NAPP) value of -22 kg

H,SO,/tonne (Table 3.1), and reflects the occurrence of "trace-carbonates”, and

negligible amounts of sulphides.

Graeme Campbell & Associates Pty Ltd



4.0

CONCLUSIONS

Based on the testwork results obtained in this study, it is concluded that:

Within the operating-TSF, the SORs are sufficiently slow, that neutral-
to-alkaline conditions should prevail within the tailings-bed throughout
the active-lifetime of the TSF (scheduled to be complete by c. 2008).18
Although subject to confirmation/refinement through 'kinetic’ testing
(viz. Weathering-Columns), the "ankerites” are believed to be
weakly/moderately-ferroan varieties that are capable of maintaining the

pH above 6 until ¢. 1-2 % (as S) of Pyrite-S has been oxidised.

As a "first-pass" estimate, the SORs (at circum-neutral-pH) may be "of-
the-order’ 10 kg H,SO/tonne/year, as governed by the (infrequent!)
"flushing-episodes™ arising from sizeable (e.g. greater than 10 min over a
24-hr period) rainfall-events. On this basis, the duration of the "lag-
phase" (i.c. the period during which pyrite-oxidation occurs, but acidic
conditions do not develop), may amount to years (c.f. weeks-io-months).

The estimated "lag-phase” is therefore long, compared with the ¢. 3-4

months that typically elapse between deposition-cycles on the tailings-

beaches m the TSF.

Tailings-porewater that seeps from the top 4 m (nominal) of the tailings-
bed where the UFG-Solids reside should be neutral-to-alkaline.'?
Accordingly, the "shandy” of seepage-water/groundwater beneath the

TSF should also be neutral-to-alkaline.

18 TSF = Tailings-Storage Facility; SOR = Sulphide-Oxidation Rate.
19 UFG = Ultra-Fine Grinding.
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® Since the outer-surfaces of the TSF-embankments raised via the
upstream-construction method will comprise PAF-Tailings, placement of
g capping-layer as part of TSF-closure must occur before the Surface-

Zone-Tailings acidify 20

In brief. the expectution that the PAF-tailings in the TSF at the Gidji site would not
acidify "immediately” (GCA 2001), has been confirmed by the findings of this study.
Since completion of the GCA (2001) investigation, it has become very clear through
bhoth research- and field-work (Campbell, unpublished results) that, within semi-arid
environments, sulphide-oxidation in 1ailings-beds is not a continuous process (and
controlled by Ox-diffusive supply). as commonly encountered in "humid” environments
where rainfall is plentiful. Instead, the SOR in semi-arid environments is directly linked
to the frequency of "flushing-episodes”, as governed by sporadic vainfall-events. When
taken over the annual hvdrological-cycle, weathering of PAF-Tuilings in the semi-arid
regions of Western Australia is best viewed as a "stop-start” process wherein the
“oxidation-cyele” is largely complete within days following « "flushing-episode”.
During the extended duration (often months) that typically elapses between successive
“flushing-episodes”, sulphide-oxidaiion essentially "shuis-down”. Such exiended
periods between inundations also mean that slowly-dissolving-gangue phases (e.g.
ferroan-carbonates and primary-silicates}) are more effective in buffering near pH=/

fo.f "humid” envirommnenis).

It is recommended that kinetic' testing is undertaken to confirm/refine the estimated
SORs and "lag-phase” duration presenied in this study, since these estimates are "first-
pass” only. Better estimation of the "lag-phase” duration will facilitate development of
a TSF-closure strategy (e.g. use of the "store-and-release” approach for capping-layers

over PAF-Tailings in semi-arid/arid environments) {Wilsor 2000,2002].

20 pAT = Poientially-Acid Forming.
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Figure |

pH-Buffering Curve for 100%-Calcine Sample

8 GCA4668 (Run-1) |
B GCA4668 (Run-2)

2.0 o
i.(} B : f
o - ; ;
0 5 10 15 20 25
Acid-Consumption (kg sulphuric acid)
Note N The H,50 -addition rates employed in the auto-titrations
serre%pnnu to

These SORs are therefore up to 10%10° faster than those typical for the
weathering (at least at circum-neutral-pH) of mine-waste materials that
contain "trace-sulphides”.



Higure 2

pH-Buffering Curves for Tailings-5Solids Samples
from TSF-Beach-Head Site

140 l i 1
13.0 L 3 AR |
e 0.00-0.05m (GCA4T58)
12.0 : -
-+t 0.1 m (GCA4759)
o4 B 02 m(GCA4TE0)
100 ... | @ 4.0m(GCA4T66)

T
¥,

2.0 10

1.0 . : . : :

0.0 | j | i : o

0 20 40 60 &0 106 120
Acid-Consumption (kg sulphuric acid per tonne)
Note: The H,80 -addition rates employed in the auto-titrations

correspond to ,
sulphide-oxidation (SOR) rates of ¢. 1-2 z 10° mg SO fkg/week (= ¢ 5-10 %
10* kg H,S0 Jtonnefyear).

These SORs are therefore up to 10°-10* faster than those typical for the
weathering (at least at circum-neutral-pH) of mine-waste materials that are
"sulphide-rich".
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APPENDIX A
TESTWORK METHODS
AlLS ACID-BASE-CHEMISTRY AND SALINITY TESTWORK

The acid-base chemistry and salinity of the tailings-solids and 100%-Calcine samples

was assessed by determining:

e pH and Electrical-Conductivity (EC) on sample slurries.

® Total-Sulphur (Total-8) and Sulphate-Sulphur (504-S).

° Acid-Neutralisation Capacity (ANC), Carbonate-Carbon (CO4-C), and
pH-Buffering properties.

® Net-Acid-Producing Potential (NAPP).

Relevant details of the testwork methods employed are discussed briefly below. Further

details are presented in the laboratory reports (see Appendix B).

AL oH-(1:2) and FC-(1:2) Tests

Measurements of pH and EC were performed on slurries prepared using deionised-
water, and a solid:water ratio of ¢. 1:2 (w/w). The sample slurries were allowed lo age

in contact with the air for ¢. 24 hours, prior to measuring pH and EC.!

The resulting pH-(1:2) and EC-(1:2) velues provide a measure of the inherent
acidity/alkalinity and salinity of the samples.”

! The sample slurries were stirred at the beginning of the testwork, and once again immediately prior to
measuring pH and EC. The tailings-solids samples had been oven-dried at ¢, 40°C, prior to preparing the
sample shorries,

2 The pri-(1:2) values approximaie the "Abrasion-pH" values emploved for identityimg mimerals in the
field (Stevens and Carron 1948),

Graeme Campbell & Associates Piv Lid



Al FTotal-& and 50,5 Tests

values were measused by Leco combustion (@ 1300 °C) with detection of

evolved 50y, by mira-red speciroscopy.

The 50

Murray-Stith 1986)% The difference between the Total-b and 504-5 values indicates

-8 values were determined by the Na-CO5y-Extraction Method (Lenahan and

the Suiphide-S (strictly Non-bulphate-S) content.

ft was assumed that the sulphide-mineral suite in the tailings-solids samples is
dominated by pyrite (GCA 2001).

ALZ Acid-Consniming Properties
Al31 ANC Tests

The ANC values of the samples were determined by a procedure based on that of Sobek
et al (1978). This procedure is essentially the "standard" method emploved for
estimating the ANC values of mine-waste materials (Morin and Huit 1997, BC AMD

Task Foree 1989).

The mmp}cs were reacted with dilute HCL for ¢ 2 hours at 80-20 °C, followed hy back-

The sémnwrmg step for ¢ 2 hours differs s;h;ghi.ly from the hc-satmg treatment of the
Sobek ef al. procedure wherein the test miztures are heated to near boiling until reaction

is deemned to pe compiete {viz. gas evolution not visually apparent), foliowed by boiling

¥ The Na{Osreagent extracts SOu-5 which acours as sotuble sulphates, and calciunm sulphates (e.g.
eypstn and anbydrite), I also exdracts %()f_ sorbed to the surfaces of sesguioxides, clays and silicates.
However, 50: present as barytes (BaS0.) is not extracted, and 50y associated wath jarositic-type and
ah!;utk tvpe corpotnds are incompletely @ acted.,

Two deops of 30 % (wiw) HaGs were added to the test mixtores as the pH=7 end-point was approached,
so that any FedIDy forms released by the acid-attack of terroan-carbonates md

icates are oxidised to re(iIl) forms {Whla,h then hydrotvse to "Fe(OHR").
residiing ANC values are not undudy ed "on-the-high-side”, due to the
.zus_lahs,,dimn/d' restion siep. Such potential bras m ANC values may be marked for mine-waste
in which "Fe-rich” ferroan-carbonates (¢.z. stdenie) donrmate acid consumpticn. The addinon of the
Ok reagent s noy part of the xux*h(uiuihm described by Sobek af al (1978},

This step ensures that the
se of Fed I8y du

CGraeme Campbell & Associares Pty Lid



for one minute. In terms of dissolution of carbonate, primary-silicate and oxyhydroxide

minerals, this variation to the Sobek ef af, method is inconsequential.

The Sobek ef al. (1978) procedure exposes mine-waste samples to both strongly-acidic
conditions {e.g. pH of 1-2), and a near-hoiling temperature. Provided excess acid is
added, this method ensures that carbonate-minerals (including ferroan and manganoan
varieties) are dissolved quantitatively, and that at least traces of ferro-magnesian
silicates {e.g. amphiboles, pyroxenes, chlorites, micas, etc.), and feldspars, are
dissolved. However, under circum-neutral (viz. pH 6-8) conditions required for mine-
waste and environmental management, the dissolution of ferro-magnesian silicates 1s
kinetically extremely slow (e.g. see review-monograph by White and Brantley [1995]).
Near pH=7, the dissolution rates (under 'steady-state' conditions, and in the absence of
inhibiting alteration-rims) of mafic-silicates and feldspars generally correspond to
1,S0,-consumption rates 'of-the-order’ 10771077 moles/m™/s (White and Brantley
1995). As a guide, for minerals of sub-mm grading, such silicate-dissolution rates
correspond to Sulphide-Oxidation Rates (SORs) ranging up to ‘of-the-order’ 1-10 mg
SOgkgiweek (= 0.05-0.5 kg SOy /tonne/year)? Maintenance of circum-neutral-pH
through dissolution/hydrolysis of primary-silicates is therefore restricted to both

"mineral-fines”, and slow rates of pyrite weathering.

Despite the aggressive-digestion conditions employed, the ANC values determined by
the Sobek er al. (1978) method allow an informed, mitial "screening” of mine-waste
materials in terms of acid-consuming and pH-buffering properties, especially when due
account is taken of gangue mineralogy (Morim and Hutt 1997). Jambor et al. (2000)
have presented a compendium of "Sobek-ANC' values for specific classes of primary-
silicates, and assists interpretation of the ANC values recorded for mine-waste materials

of varying mineralogy.
A13.2 CO5-C Values

The CO;-C value is the difference between the Total-C and Total-Organic-C (TOC)

valhues,

> SORs of this magnitude (at cireume-newirabpH) would typically only be recorded for the exidation of
"trace” sulphides {e.g. Sulphide-5 contents less than 0.3 %)

Graeme Campbell & Associares Pry Ltd



The Total-C was measured by Leco combustion (@ 1300 °C) with detection of evolved
COxy by infra-red spectroscopy. The TOC was determined by Leco combustion on a

sub-sample which had been treated with strong HCI to decompose carbonate-minerals,

It is assumed that the carbonate-mineral suite in the tailings-solids samples was
dominated by "ankerites” (GCA 2001). Although not determined as part of the present
study, the "ankerites" within the primary-ores produced from the Golden Mile are

believed to be weakly/moderately-ferroan varieties, and not "Fe-rich".6
Al133 pH-Buffering Properties

The pH-Buffering propertics of selected samples were determined via a Metrohm® 736
Titrino auto-titrator, and 0.05 M-H,50,.

The auto-titrations comprised regular addition of the H,SO, reagent to monotonically
decrease the pH of the test-suspensions to 3.0.7 The Start-pH values of the suspensions
were ¢. 9. Under the testwork conditions employed, the H,SOy-addition rates
correspond to SORs 'of-the-order’ 10°-10° mg SO /kg/week (i.e. 'of-the-order’ 5,000-
50,000 kg I1,SOy/tonne/year) , and so represent very-rapid rates of acid addition.

Further details of the auto-titrations are presented in the laboratory reports (Appendix
B).

Al 4 NAFP Calculations

The NAPP values of the samples were calfculated from the corresponding Total-S, SOy

S and ANC values, assuming that all of the Non-Sulphate-5 occurs in the form of

6 This statement is based on Dr. Graeme Carnpbell's experience with numercus local gold-
mines where "ankerites" eccur, and their composition determined via electren-microprobe
analyses.

7 1t should be noted that, in titrating to a pH=3.0 end-point, any Fe(1]) released through acid attack of
ferroan-silicates and -carbonates is not quantitatively oxidised to Fe(1II). Furthermore, under the
conditions employed in the auto-titration, the equivalent of e. 0.5 kg HzSOw/tonne was required to
decrease the pl of the "solution-only” (i.e. without tailings-solids sample) to pH=3.0. Ng correction was
rmade for such "electrolyte-consumption” of the (.05 M-H,S5C, tifrant.

Graeme Campbell & Associates Pty Lid



T

pyrite. The NAPP calculations serve ag a starting point in the assessiment of the acid-

ormation potential of sulphide-bearing materials,
The complete oxidation of pyrite may be described by:

If the Sulphide-S (in %8) occurs ouly as pyrite, then the amount of acid (in kg

1,580 /tonne ) produced through the complete oxidation of pyrite is given by 30.6 x %8

Note: The asbove treatment of oxidation-reaction stoichiometry is restricted to
oxidation by ‘atmospheric-O; which is the dominant oxidant at circum-neutral-pH. A different
oxidation-stoickiometry applies under acidic conditions (e.g. pH less than 3-4) where soluble-

Fe(iil) forms prevail, and then function as the chief oxidant,

AZD WATER-EXTRACTION TESTWORK

The tailings-solids samples were subjecled to Water-Extraction Tests by preparing

sample-shurries using deionised-water, and a solid:solution ratio of 1:10 (w/w).

The sample-slurries were "bottle-rolled” for ¢. 1 day, and after leaving to stand to allow
“fines” to setile. the slurry-waters were vacuum-filfered (0.45-pm-membranc). and
Y .

analysed for Cland 50,

Graeme Ceamphell & Avsociares Pty Lid
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Anstraban
Environments
Laboratories

16 December, 2002

Graeme Campbetl & Assoclates Pty Lid
At Dr G Carapbell

PO Box 247

BRIDGETOWN WA 6255

Qur Reference: 6R676
Your Beterence: GCAN233
NATA Accreditation: 2RG2(TT05)

Drear Sir

On the 15 of November 2002 you forwarded testwork instructions for nine (9) tailings solids samples
(GCA47T58-GCA4T66) which were received on the 19% ot November at our laboratory. Additional
instructions were also received on the 3 of December

The samples were received as 1-2 kg of moist tailings solids which were initially oven dried at 40°C prior
to crushing to a nominal 2mm particle size. A sub sample of the crushed marterial was then dried at 105°C
prior 1o pulping to a nominal -75pm particle size for total sulphur analysis. The loss in weight of the 40°C
dried sample at 105°C is reported as the moisture content. The crushed sample not retained for testwork
was forwarded to the GCA Testing Laboratory as requested.

Results of all testwork performed follow:

Sample Muoisture (@ nif (pH Conductivity (12} Total Carbon Total Organic
Number 105°C Units) (8/em) (% wiw) Carbon
{Sow/w) (% wihwy
GCASTSE 0.43 4.0 36000 (ral .07
GCA4759 5.47 4.9 40000 G52 0.06
GCA4T6Y 654 39 39000 0.53 (.06
GCALTGE 4.00 8.9 43000 0.85 0.068
G ALTED 1.90 5.8 3000 NA -
GCA4T763 261 10.0 43000 A -
GUALT6L 177 4.5 32000 NA -
GEALTES 187 9.0 18000 MNA -
GCA4T66 479 BB 16000(16000) 1.6 0.26
Sample Water Soluble Water Sojuble Total Sulphur ¢ Sulphate Sulphur | Carbonate Carbon
Number Chloeride, C1 Sulphate-Sulphur, 5 (% whiy 05 (Na,COy) CO-C
(Yowiw) SO-5 (Mol % wiw) (% wWha)
GUAS758 4.7 679 23.2 1.2 (.55
GCA4TES 36 0.76 204 {4 0.46
GCA4TED 30 078 210 i £.48
GLA4761 34 .73 116 232 03,78
GUALTED 2.7 072 N 1.6 -
GUASTES 3.0 085 5.7 1.2 -
GCA4T4 23 (.69 9.5 13
G0A4765 2.6 0.71 A 1.6
GCA4TO6 1.5 0.68 14.9 (L78(6.75) 14

Page of 3
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PROJECT N

NOTES:
i

oy

Graeme Campbell & Associates Péy Led OUR REFERENCE: 58676

GCADZ3S

Moisture content was determined on the 30°C dried sample os loss in weight afier 24 hours
drying at 105°C and is reported on that basis. Bracketed vesults are from duplicate
analysis.

pH and conductivity were determined on a 1.2 wiw 4P C dried crushed sample 10 deionised
water extract after 24 howrs amblent aging

Sulphate sulphur was determined ond (PC dried crushed sample by NaCO; extraction,
BaSQy precipitation with resulls reported back to the 105°C dried sample basis. Bracketed
Fesult from duplicate analysis.

Total sulphur, total carbon and fotal organic carbon (noncarbonate or acid insoluble
carbon) were determined on dried pulped sample by LECQ induction furnace, IR detection,
and is reported on that basis. This testwork was performed by SGS Analabs, Welshpool,
report numbers WMOG7281 and WMU67342.

Water soluble sulphate and chloride were determined from a 1. 10w/w 40°C dried crushed
sample to deionised water extract after overnight bottle rolling and stunding 24 hours et
are reported back to the 105°C dried sample basls.

Acid Nevtralisation Capacitv {ANCY:

Sarple Number Fizz. Sample Titre MNormality [nitial Effervescence ANC ANC
Rating | Weight | NaOH | HCWNaOH | Effervescence | on Warming Solution (kg
{2) {ml) (N} pli H.30tonne)

GUA4TSE 0 200190 1810 0.5 Slight Nit (.3 83+
GLALTS9 { 20106 15.00 (.5 Slight i 0.8 75*
CGUALTEN l 20007 19 80 0.5 Slight il 0.8 66*
GCA4T6E -3 26031 17.80 4.3 Modorate Nil .9 L
GCA4TG2 2.3 2.0083% 20,50 0.5 Moderate i 0.8 Sa*
GUA4TE2 R 2.3 2026 20,50 0.5 Moderate Nii 1A 54%
GCAGTE3 3 2.0193 14.60 0.5 Moderate Mit 1.0 130
GUALTOL 3 2.0097 i9.00 3.5 Moderate Ni 0.8 73
CA4765 3 20470 1610 0.5 Moderate il 0.9 110+
GCA4766 3 2.6097 16.70 0.5 Moderate Nl 0.8 HO0*
_ANC 511200 £.0086 17.10 0.5 - - 0.6 189

NOTES.

Acid neutralisation capacity was determined on 40°C dried crushed sample with results
corvecied back to the 103°C sample weight basis, Unless otherwise stated, 23mL of HCI is
used. Reagent blank titre of 0.5N NaOH was 24.80mL.

Samples marked with an asterisk (¥} gave a pH drop to approximaiely 5 fo 4 on addirion of

the hydrogen peroxide. Twe drops of hydrogen pevoxide are added to each sample as the
pH=7 endpoint is approached 1o oxidise any ferrous iron.

ANC Std200 is an internally produced standard of CaCO; end quariz pulped to a nominol
75um particle size which hes a nominal ANC of 200kg of HxSO/tonne.

This procedure is based on Sohek et al. 1974,

Page 2 of 3



CLIENT: Graeme Campbell & Associates Pty Lid OUR REFERENCE: 68676
PROJFCT KO:  GCAQL23S

It is noted that the NaxCO; extraction procedure 18 not covered by our terms of NATA acereditation.

Yours faithfully,

PETER BAMFORD JANICE VENNING
Muanager Laboratory Services Manager, Perth

This repori supersedes our prefiminary results sent by focsimile on the 1171272002,

Page 3 0f 3
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20 December, 2002

Graeme Campbell & Associates Pry Lid
Atin: Dr G Campbell

PO Box 247

BRIDGETOWN WA 6255

Our Reference: 65016
Your Reference: GCAD233
NATA Accreditation: 2562(1705)

Dear Sir

On the 3% of December 2002 you forwarded testwork instructions for a tailings solid sampie (GCA4668)
previousty received on the 1% of October 2002 at our laboratory. Due to the time since receipt of the
sample, the as received sample was re tested for moisture content the result of which is reported below.

Results of all testwork performed follow:

Sample Number pH Conductivity | Water Soluble Water Soluble Fotal Sulphur | Sulphate Sulphur
{pH Units) {uS/om) Chioride Sulphate Sulphsr 8 3065 Na,COy)
(Yowiw) SOS (Yawiw) Y WiW) (% wiw}
GUAADGOE 8.7 340030 1.6 1.4 2.3 2.0
GUALGHE Bpt 8.1 32000 - - 2.4
NOTES:
i Moisture content was determined on the as received sample as loss in weight after 74 hours

drying at 105°C and is reporred on that basis.

b

sample to deionised water extract after 24 hours ambient aging.

T

pH and conduciivity were defermined on a 1:2 whw dry weight correcied as recetved

Total sulphur was derermined on the original dried pulped sample by LECO induction

furnace, IR deicction, end is reporied on that basis. This testwork was performed by SGS

T fa

dnalabs, Welshpool, report sumber WADGT625,
4 Suilphote sulphur was determined on an as received sample by Nu:CO; extraction. BaSO,
precipitation with results reporied buck to the 105°C dried sample basis.

Ly

detonised warer
seoaple basis,

Anzlabs Pry b

Water soluble chioride and sulphate were defer

£

a5

7

gy

21

Ishpoat WA 6106

mined from a 10 as received sample to

RUPIRPRTRS NPT SR ) B RO 3 RPN P ey o G907 feedood
xivacl {0offle .'(}.E.{L[(h' 24 }Ei’zurq; il e ¥ o bk jo the 10570 dvied
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CLEENT: Ciraeme Campbell & Associates Piy Ltd OUR REFERENCE: 68916
PROJECT NI GCADLES

The Na, (O extraction procedure and the bottle rolling procedure are not covered by our terins of MATA
accreditation.

Yours faithfully,

PETER BAMrORD

JANICE VENKNING
Marmeer Laboratory Services Mageger, Perth

This report supersedes ovr preliminary results sent by facsimile on the 11 December 20022,




Graene Camphell & Associates Piy Lid - Loboraiory Repori

pH-BUFFERING TESTWORK (GUA4T58)

Cminulative Cumulative Cumplative Cumvitdaiive
Yolume of Ackd Avid Copsarnpiion pH Yolume of Acid Al Cnpsuinpiion pi!
Added {mL) (s HLSOhStoune) Added {m1) (eg B 500/ tomae)

.40 0.0 9.2 16,40 544 4.4
6.40 i3 &7 16.80 35 LR
030 e £S5 11X 37 4.7
{3} 10 8.4 1760 aE 4.0
.60 5.3 8.3 15,00 24 4.3
2,00 6.6 8.5 18,40 61 +.4
180 7.8 9 1880 62 4.3
.80 9.z 83 1920 a3 4.2
330 it &1 15.60 5 A4
3.00 12 §.1 26,00 66 40
4.00 13 840 20,40 67 39
.40 13 &.0 20,80 64 33
480 16 7.9 2120 T 3.7
320 7 75 3160 7t 3.6
260 18 T8 TG0 73 35
6.00 20 IR 2240 74 As
6,40 24 1.7 75 34
480 s 7.6 77 3.3
720 24 73 78 s
7.60 25 1.5 79 32
&.00 26 74 &1 1.2
§.40 it 75 o 3.2
.50 9 73 &3 K
Q.20 30 7.2 2560 &4 34
4.60 32 7.1 26,00 16 3.1
1.0 34 7.0 .40 17 340
165,40 34 6.5
0.8 RIS 6.8
L1206 37 a7
.60 i
1200 40
240 4t
1280 2
1320 {
136 13
14.00 e
1440 18
thED 44
1520 b
PE60 51 2
16.00 33 A0

: Tilration performed using a Meiroha™ 736
1w owas L3 ominutes. 13
with air, ot minbient tv
s Blecirode:

s asymmetsy potenttal = -4 m (pH=7 061 slope-point = 138V (pHad 06y,
> for 25 (.

irino anto-fitra
noist sample (= LA g
¢, and contingousty

Eof dednntsod- weer,

mixture i gor
gion of phi-G

e

sad pH 07, Thess
(&3

& December 2002




Erpeme Comphell & Associetes Pov Led - Laboravory Beport
it | ] i

pH-BUFFERING TESTWORRK (GCA4739)

Cumulbative Cumelative Cumnlative Cemulative
Votume of Acid Ackd Consumption pH Vaolame of Acid Actd Consawption it
Added {(ml} {he BRS(Lonne) Added {mi) {ky Hesthdionne)
0.0 0.0 2.9 16,40 LB} N
G.10 1.3 A .80 55 18
G.80 26 3.2 1720 87 47
1,20 40 51 P76 S8 4.6
Lotk 53 £ 18.00 R 4.5
00 6.6 g4 15,40 ol 4.5
240 79 A PEB0 62 4.4
LEG 9.2 7.9 {9.20 &5 +3
3.2 il 79 19.64 6= 2
3.60 i2 74 .00 66 41
4.00 i3 7.8 HAG i 1.0
.40 18 7.8 KRS 69 ERY
480 16 17 2120 H 38
520 17 7.6 21.60 71 3.7
5.60 18 76 2200 73 36
&.00 20 7.5 2240 7 3.6
6.40 21 74 22 HG 73 35
&80 32 T4 77 14
7 ) 7.3 7& 33
T.60 2% 1.2 19 33
.00 26 g1 3.7
BA4G ek ¥ o
¥.B0 36 &3 3.1
.20 3G &4 31
9.60 32 86 31
10.00 13 87 3y
13,40 34
1030 36
112G i
160 EE]
1204 4G
41
45 53
1400 40 38
1440 48 36
480 4% 53
1520 50 5.3
13.60 31 32
1630 3 340

5 a Metrohm® 736 Tiiine 2
ey, L& gof
ambicnt temp

ation performed vsl
additions was |
v oontact with air
of pEL-Gilaes Blectrode:

ien as Yoty potential = -

3 M-HLS0, Bquilibeation s
sids) intially dispersed i 130wl of delonisea-water

21 mV (pr=T.00) slope-powt = 1348 my (pH=4.00);

44048 These



Gragme Compbell & Assoclaies Piy Ltd - Lebovaiory Report

pH-BUFFERING TESTWORK (GCA4760)

Cumnlative Comuiative Cumuiative Cumuluative
Yolome of Acid Azid Consumption pH Velume of Acvid Acid Consumpiion i3]
Added {mL) (kg Ho80fonne) Added (mi) (ke HL50/tonne)
.00 040 Lo} 16,40 34 37
0.4 1.3 8.3 16.&0 33 3.6
Q.80 26 8.0 17.20 7 3.3
126 4.0 A 17.60 38 13
1.60 53 7.8 18.00¢ 54 3.4
2,60 6.6 77 184G 61 3.4
2.40 7.9 7.6 18.80 6 3.3
250 9.2 7.5 19230 63 33
3.20 11 74 16.60 65 33
3.60 12 7.3 2006 6 K
4.00 13 7.2 2040 67 N
4.40 15 7.1 24,80 69 3.1
4,80 16 7.0 2120 70 3.1
3.20 i7 6.9 21.60 71 3.0
5.60 i [ 2200 73 3.0
6.00 i 6.8
0,40 21 6.7
6.80 32 6.6
7.20 24 6.5
7.60° 25 6.4
8.00 26 6.2
840 z8 6.1
8.80 26 60
9,20 30 5.8
2.60 32 5.6
1GOG 33 3.4
1240 3 33
10.80 36 5.1
iL30 37 5.0
11.60 38 4.9
12,00 40 48
12.40 44 4.7
12.30 42 4.6
13.20 44 4.5
13160 45 4.4
14.6G0 46 4.3
14,40 48 4.2
14,80 19 4.1
1526 ] 4.0
1560 51 39
1600 33 iw

Mote: Tiration periormed using a Metrohm® 736 Titrino auto-tirator, and .05 M-S0, Equilibration time

hetween tigrans additions was 15 minutes. 1.6 & of moist sample (= 1.5 g dry-solids) initially dispersed in 130 sal. of deionised-water,
Test mixture in contact with air, at ambient temperaiure, and continuously stirred.

Calibration of pHl-Glass Blectrods:

Immediately prior fo fitration: asvmmerry potential = <22 mV (pH=7.00); slope-point = 138 mV {(pH=4.00}%

101.6 % of Nemnstian esponse for 25 °C

lmediarely following ftration: pH=7.00 buffer read pH=7.02 and pH=4.00 buifer read pli=4.04. These

disciepancics represent dritt in pH-Glass electrode responss duting course of suto-titration,

D G0 Camphell 7 December 2062
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pH-BUFFERING TESTWORE (GUA4G6E)

Cumnalative Cumubative Cumalative Camulative
Volume of Acid Actd Consamption pki Volame of Acid Acid Consempiion pH
Added (ml) {lg H.50 /tonne) Added (mlL} ke ELSOn/tonne)
0.00 0.0 9.3 1} 4.8
G4 0.z g8 {1 47
Q.80 U 8.6 [ 4.7
1.20 0.6 8.4 12 4.6
160 3.8 8.3 37 4.6
2.0 1.0 8.2 24,06 12 4.3
240 12 8.2 34440 12 4.3
280 1.4 8.2 24 80 13 47
3.20 16 5.0 2520 i3 4.7
3.60 1.8 8.0 25,60 i3 4.0
3.00 2.0 T8 26,00 13 46
440 23z 78 26.40 13 4.5
480 24 7.7 3680 14 4.4
520 27 FEY 7.2 i4 4.4
560 EAY 7.6 27.60 i4 4.3
&.00 31 7.3 800 14 4.2
6.40 33 15 2840 14 47
&80 35 1.4 23.80 33 44
726 37 T3 20.20 Ia 4.1
7.060 38 7.4 29,60 I 4.1
R.00 4.1 7.3 30.00 13 4.0
§.40 3 ) 30.40 16 T 40
B.80 43 1.2 30.80 i6 39
9.20 4.7 T2 3120 16 19
9.60 72 31.60 ie 33
10.00 71 3300 i 38
10.40 T 32.40 17 38
LG.80 7.0 32.80 17 3.7
1120 7.0 3320 17 37
1160 6.9 3304 i a7
12.00 6.9 34.00 17 36
40 6.8 34.40 1% X
1280 B85 6.7 3450 i8 RS
1370 6.7 8] 35.20 1% 35
1300 b4 6.5 35.60 18 33
14.00 7 6.4 3600 18 i3
14.40 7.3 6.4 36.40 1o 3.4
14,80 7.3 6.2 366} 19 34
15,20 7.8 6.1 3730 19 3.4
1560 24 6.1 37.60 19 1.3
16400 8.2 4.0 38.00 iy 33
1640 8.4 59 38,40 Hy 3.3
16,80 86 ZE 3580 0 33
1720 Y 36 3920 2¢ 32
17.66 90 5.5 39.60 0 32
1B.00 9.3 5.4 ELREY 20 EN|
1840 xS 5.3 40.40 ! EN
P28 ER 5.2 40,80 Il 31
19.20 w8 N 41,24 1 30
19.60 i0 1 41 .64 23 30
20.00 10 50
.40 10 20
280 i1 4.9
31z b 4.8
21060 ] 4.8

Megohm 736 Tiw
1 fitrant addivions was 15 ninutes. 10.6 g of mo
Test misture i coniact with air, at ambient fermperaiure, and CODBDUOGS
Calibration of pH-{ass Flee
Iramedistely prior s
97.9 % of Nemsti
ely foilowing titra ;
discrepancies represent drift in pH-(l:
br D Campbell

25 Movember 2042

L Lquilibration tme
nitiaity dispersed tn 130 mL of defonised-water,

00 bufier read phl=7.03 and pHe=4.00 buffer read pH=4.0%. These
5 clectrode response during course of awo-titration.
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pH-BUFFERING TESTWORK (GUA4608)

Cumelative Comulative Cumulative Cumeulative
Yolame of Acid Acid Consumption pH Volume of Acid Acid Consumption pH
Added (ml) (kg H:80u/tonne) Added (mL) {ky H.50./tenne)

(.00 0.0 9.6 1920 12 3.4
0.40 0.z 4. 19.60 1z 5.2
0.50 (.3 §e 26,00 12 5.1
130 0.7 D 20.40 i3 st
160 1o 2.4 20.20 13 0
200 e 8.4 20120 13 49
740 L3 83 21.60 13 1.5
280 L7 52 2200 14 43
3.20 20 &2 22440 14 4.7
3.60 22 g1 RO i4 4.7
4.40 A5 8.0 23.20 i4 4.6
+.40 37 8.0 23.60 H 4.6
4.30 3.0 1Y 24.00 15 4.5
.20 3.2 79 24490 15 4.5
5.60 3.3 T8 24 80 15 44
6.00 37 7.7 2520 16 4.4
6.40 4.0 77 25.60 i6 43
6,80 4.2 7.6 26,00 1 4.3
720 45 7.6 26.40 15 4.2
7.60 4.7 7.5 26.80 17 4.2
£.00 5.0 1.5 2720 17 4.1
£.40 52 7.4 2760 i7 4.1
8,80 53 7.4 28.00 i7 4.0
9.20 5.7 T3 28.40 18 4.0
9.60 6.4 73 2880 18 39
0.0 6.2 7.2 29.20 1% 3
16.40 £t 72 29.60 ig 3R
HL.80 6.7 7.2 30.00 i 38
1120 69 T4 30.40 19 37
1160 7.2 71 3080 19 37
12,00 74 7.0 31.20 5 3.
12,40 1.7 7.0 31.60 ] e
12.80 1.9 6.9 1200 20 35
13.290 2 6.5 32.40 A0 35
1360 8.4 6.8 3280 24 B
i4.00 27 6.8 33.20 1 34
14.40 0 6.7 35.60 21 34
14.80 el 6.7 34.00 21 3.3
1520 9.4 6.6 34.40 2t 13
13.60 9.7 6.5 34.80 22 33
16.00 9.5 6.4 35 22 33
16,40 G 6.2 35.60 32
16.30 i &1 36.00 ERe
17.24 il 6.0 3640 23 3.2
17.60 11 59 36.80 23 32
18.00 11 7 37.20 23 3.
18.40 i 5.6 3760 23 3.1
18,50 12 5.5 38.00 24 140

Py

Mote: Tiration performed using a Metrohm™ 736 Titrine asto-titrator, and 0.0
between titrant addiions was 13 minutes. 10,4 g of molst sample (=8.1 g dry-s0l
Test mixtore in contact with air, at ambicnt temperature, and contimuonsty stirmed.
Catibration of pH-Glass Electroda:

immedizrely prior o titracion: asymmeiny potential = <13 mV (pH=7.00}, slope-point = 160 mV {phi=4.00},
98.3 % of Nernstian response for 25 °C.

fmvmediately following titratlon: pH=7.00 bufier read ph=7.0% and pH=4.00 builer read pH=4.03. These
discrepancies repeesent deitt in pH-Glass electrode response
e GD Camphell
20 November 1802

during course of auto-tRIation,
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pH-BUFFERING TESTWORK (GUASTO6)

Cwnalative Comuladive Cumnlative Camintive
Yolmme of Agid Actd Consumption i3] Volume of Acid Actd Consumption pkt
Added (min {hig IR Monne) Addad (mlj {ky H-ROtonne}

000 04 25 e
(30 L B4 B
(4G i B 0}

1.20 A1 1.0 &1
L.en : 1.9 60
.00 Tk (O8]
240 G0 kN 64 i
SED [ 77 66 31

67 £0
63 4.9
&9 4.4

20 B3 1.6
5.60 G4 To
4.00 G 7.6
440 i 7.5
180 12 7.5
226 14
60 [
&.00 Ié
6.4) 17
.80 ig

2760 7 4.7
280G 7 40
2840 T 4.5
ZR.E0 75 4.5
.20 76 1.4

e e =

R e

T.5HG 19 i 29.60 T 4.3
TEG 0 7 TE 43
800 1 71 79 4.3
240 ot 71 BG 4.

RO 13 7.0
G 34 Y
G£D 25 6.9
16.00 e [ 5

g1 4.1
s 4.0
g3 39
&4 1o

10,40 e 08 83 18

13,80 E £7 &6 38

11,20 X 6.7 &7 27

g0 Rid} .6 38 1T
{200 3t [ 3 i

1240 iz 64 40 36

RO 33 Gt ¥i 6

i [} 3 16

35 6.4 34 34

36 [N 95 35

7 GA 5.8

32 £ 3.4

40 g A4

By G4 34

42 100 14

43 33.50 101 £

EE 3920 [L 33

i £4 39,60 103 33
46 8 A0 4

5.1 WA 35
A iE 40,80 106
i 57 41.24) 167
40 57 41.60 103
i1 2 4200 1 N
i kR 240 110 34

e hed el el hed

i3 56 13N 34
3 it2 il
E 5.5 EXRH Tis
6 44 A 00 iid
27 w4 4440 13

A-HaR04 Equdiibration time
Beels) bwtially dispersed b

ane-thraton,

T 383 Camphell 8 Decesaber 2007




