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EXECUTIVE SUMMARY

This report documents the results of the first part of a research project jointly funded by
Noranda Inc. and the Mine Environment Neutral Drainage (MEND) program. The sec-
ond part is covered in a separate report entitled Hydrology and Solute Transport in Oxi -
dised Waste Rock from Stratmat Ste, N.B., published concurrently with this report. The
overal objective of the project was to understand the geochemica and hydrologica inter-
actions between the partialy oxidised waste rock and water and to improve our capabili-
ties and techniques in the prediction of acidic drainage from waste rock piles.

Partidly oxidised waste rock was sampled from the Stratmat pile at Heath Steele Division
of Noranda Inc. by grabbing, trenching, and bulk excavation techniques. The samples
were physicaly and geochemically characterised in the laboratory whereas the bulk den-
sity was measured in the field. The trenched samples were used in column dissolution
tests in which 25-kg composite sub-samples were subjected to repeated washing with
water to observe the water quality evolution over time. The resulting data were used to
predict water quality for a hypothetical scenario where the waste rock were backfilled in
the Stratmat pit. In addition, water quality profiles were measured in the Stratmat pit.

Results of the column dissolution tests suggest the following mass balance for the Strat-
mat pile: Approximately 7% of the origina sulphide sulphur has been oxidised since depo-
sition, releasing a total acidity of 11 800 t CaCO; equivalent, of which 56% has been
neutralised in situ. Currently, the acidity inventory is approximately 5200 t CaCOs
equivalent whereas the inventory of soluble zinc is about 1660 t. The mass balance ap-
pears to support preferential oxidation of sphalerite over pyrite.

The column dissolution experiments further indicate that dumping the waste rock into the
flooded Stratmat pit will cause significant release of stored metals and sulphate. The long-
term pore water quality in the absence of ground water movement is predicted as follows.
pH 3.32, acidity 12 500 mg CaCOy/L, SO,* 19 500 mg/L, Zn 4500 mg/L, Cu 180 mg/L
and Pb 2.4 mg/L. In the presence of uncontaminated ground water movement, the water
quality would gradually improve as the initial pore water is displaced or diluted. It would
take nine pore volumes of flushing to reduce the concentrations of most metal's (except
Pb) to below 0.1 mg/L. For Pb, this would take many more pore volumes.

Geochemical modelling suggests various concentration control mechanisms. Concentra-
tions of Pb and Fe in the pore water are likely controlled by equilibria of the leachate
solution with anglesite and ferric hydroxide, respectively. On the other hand, concentra-



tions of SO,, Zn, Ca, Mg, Mn, and Al in the pore water seem to be limited in the short
term by dissolution/diffusion rate controls. The presence of gypsum is found to inhibit the
dissolution of anglesite. As aresult the anglesite stored in the waste rock would not dis-
solve appreciably until gypsum storage is exhausted by dissolution. Thisimplies that de-
commissioning of the waste rock by a backfilling-flushing-treatment process would last
along time before the pore water in the backfilled waste rock becomes acceptable for
discharge to the receiving groundwater.
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1.0 INTRODUCTION

Acid mine drainage (AMD) is the largest environmental problem facing the base metd, cod, and
uranium mining industry in North America, with finandd liabilities measured in hillions of dollars
(Feashy et d., 1997). Various degrees of AMD prediction (probability of occurrence, lag time, as
well as concentration and loading variation over time) are required for development of new mines
aswell as management of existing waste fadilities in operating and decommissoned mines.

AMD prediction for sulphidic waste rock piles and dumps is particularly difficult, despite pro-
gresses made in the last two decades in the battery of prediction techniques. Some progresses have
been reviewed under the auspices of the Canadian Mine Environment Neutral Drainage (MEND)
program by Norecol, Dames and Moore (1996), Smith et d. (1995), Perkins et al. (1995), and
Morin et d. (1991). MEND has also completed a number of case studies on AMD from waste
rock (e.g., Geocon et d., 1996; Gédlinas et al., 1997; Lefebvre et a., 1997; Isabd et al., 1997;
Payant and Y anful, 1997; Noranda Technology Centre, 1997; Norecol, Dames and Moore, 1994;
Nolan Davisand ANSTO, 1994; Nolan Davis, 1990).

This report documents the results of astudy of the hydrogeochemistry of partialy oxidised waste
rock from the Stratmat waste rock pile at Heeth Stedle Divison, Noranda Inc., located near Mir-
amichi, New Brunswick. The main intention of this work was to contribute, by means of a case
sudy, to our knowledge of the influence of oxidised waste rock on the qudity of water coming into
contact with the rock. Accumulation of such case studies should help improve our ability and confi-
dence in the prediction of water quality under avariety of environmenta conditions.

1.1 OBJECTIVES AND TASKS

The objective of thiswork was to study the present status of the partidly oxidised Stratmat waste
rock and its hydrogeochemicd interactions with water under smulated submergence. The specific
objectives were as follows:

to characterise waste rock samples physicaly and geochemicaly,

to reved the hydrogeochemical interactions between the waste rock and water,

to estimate the inventory of oxidation products stored in the Stratmat waste rock pile,

to predict the future water chemidiry of the flooded Stratmat pit for a hypothetical scenario
where the oxidised waste rock were placed in the pit for disposal.
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To fulfil the above objectives, five tasks were carried out:

field sampling of waste rock,

pit water sampling and profiling,

physicochemica characterisation of solid samples,
column dissolution tests and interpretation, and

reporting.

a s wbdpE

1.2 SITE DESCRIPTION

The Stratmat/N5 lead-zinc-copper-slver massive sulphide deposits were located within the mining
lease of the Heath Steele Divison, Noranda Inc., about 50 km north-west of Miramichi, New
Brunswick (Figure 1-1). The deposits were discovered in late 50s and early 60s. Open pit and
underground mining commenced a Straimat in fall 1989. The Straimat pit was depleted in summer
1991. The N5 pit mining began in winter 1991 and was completed by winter 1992, when a pres-
sure bulkhead was ingtdled between the N5 and the Stratmat underground workings to alow
flooding of the N5 pit. Underground mining continued at Stratmat until June 1993. Ingtdlation of
another bulkheed in the Stratmat decline fadilitated flooding of the Stratmat pit. A plan and a section
of the Stratmat/N5 area are shown in Figure 1-2 and Figure 1-3, respectively. Figure 1-4 isa
photograph of the Stratmat pile. The pink stripes on the dump face are crushed limestone layers
placed during condruction of the pile.
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Mining in the Stratmat/N5 area resulted in awaste rock pile of gpproximately 1.84 million t next
to the Stratmat pit and an overburden pile of about two million t north of the waste rock pile. The
wadte rock pile overdl isesimated to contain roughly 3% sulphide sulphur whereas the overburden
pile is congdered to contain little sulphide sulphur. The waste rock itsdlf possesses smdl amounts
of neutraisation potentia (NP), with measured NPs gpproximately varying from zero to 40 kg
CaCO; equivdent/t of rock (Table 3-1, p. 16). This combination makes the Stratmat waste rock
pile amenable to acid generation.

The Stratmat/N5 closure plan (Heath Stedle Mines Ltd., 1989) included a provision of blending
limestone with the Stratmat/N5 waste rock to prevent or delay acid generation before the waste
rock was eventualy returned to the mined-out pits. Thiswas partidly based on bench scde sudies
reported by Sheremata et d. (1991), which suggested that gpproximately 10 kg/t of limestone
addition would be sufficient to prevent acid generation. These bench tests were later followed by
laboratory column tests and outdoor lysmeter tests, in which 10 kg/t limestone mixed with the
Stratmat rock was sufficient to retard acid generation (Y anful and Payant, 1993).

Consequently, a Stratmat, crushed limestone was layered in at about 10 kg/t of waste rock at
approximately three-meter intervals. This measure later proved to be unsuccessful, and acidic
seepage with elevated zinc concentrations was detected &t the toe of the Stratmat waste rock pile
during the soring of 1991. Limestone addition was hdted a that time. The lack of successful neu
tralisation was attributed to coating of limestone surfaces by iron and manganese oxide or hydroxide
precipitates resulting from initid neutrdisation of acidic infiltration.

Since the Stratmat waste rock has become acid-generating, it is no longer considered feasible to
backfill the waste rock into the mined-out pits. Presently, contaminated water is collected in the
Stramat pit and pumped to the newly commissioned water trestment plant, congtructed next to the
Heeth Stede mill complex in 1997. The local water table position is known from a groundwater
monitoring network ingaled in 1989 (S-Arnaud, 1990) and the pit water level is maintained below
the levd of the origina water table to prevent outflow of contaminated ground water.



Figure 1-2 Site Plan of the Stratmat/N5 Area
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Fgure 1-4 Photogreph of the Stratmat Waste Rock Pile Viewing from South

1.3 SITE GEOLOGICAL SETTING

The Stratmat/N5 ore deposits occur in a poly-deformed volcano-sedimentary sequence thet is part
of the Ordovician Tetagouche Group. The minerd assemblages are typica of the greenschids facies
of regiona metamorphism (Hamilton, 1992). Minesble reserves for the Straimat and N5 deposits
were 3.65 million t averaging 2.28% Ph, 6.64% Zn, 0.68% Cu and 64 g/t Ag.

The host rocks of the area have been divided into three informa units: (1) the Southwall Frag-
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mentals, which form the footwall of the deposit; (2) the Stratmat Sequence, which contains the
ore zone; (3) the Northwall Sequence, which forms the hanging wall of the depost.

The Southwal Fragmentd's (coarse fragmentds, lapilli tuffs, bedded or sliceous tuffs) are the ol dest
rocks of the mine sequence. They are compaosed of fine-grained Sliceous fragments within a matrix
of phyllosilicates (muscovite > chlorite > bictite). These rocks contain an average of 2 to 4% dis-
seminated pyrite, minor sphaerite, gdenaand cha copyrite. They grade upward into the ore-bearing
sediments (chert and phyllites) of the Stratmat Sequence.

The Stratmat Sequence consists of disseminated and massive sphd erite-galena-pyrite and chal-
copyrite lenses. The sulphides are fine- to medium-grained. The depogits have ardatively low iron
content, averaging 15% to 20% pyrite. Talc and chlorite are abundant and associated with the ore.
Gangue minerds include muscovite, chlorite, tac, quartz and carbonates (cacite> ferroan dolomite
and 9derite). A sedimentary layer containing 1% to 2% disseminated pyrite is overlying the ore.

The Northwall Sequence rocks are dominated by feldspar-rich crysta tuff associated with other
tuff facies. Pyrite is the predominant sulphide, but occurs only in trace amounts.

1.4 PROJECT HISTORY

In December 1994, Supply and Services Canada and Noranda Technology Centre (NTC) signed
a contract (DSS Contract No. 23440-4-1316/01-SQ) to share the cost of a research project
entitled Hydrogeochemistry of oxidised waste rock and AMD prediction techniques for Strat-
mat/N5 waste rock at Heath Steele Mines, New Brunswick. The study was to be carried out
under the auspices of the Mine Environment Neutral Drainage (MEND) program. The government
funding was made available under the Canada-New Brunswick Minera Devel opment Agreement
(MDA).

The fiddd work was completed in 1994-95 and the column rinsing (dissolution) tests were finished
in 1995-96. Progress reports have been issued (Noranda Technology Centre, 1996 and 1995).
A part of the column dissolution tests has been published in apaper (Li et d., 1997). This report
updates the results presented in that paper.

Thisreport is one of two concurrent reports resulting from the present research project. The other
report, entitled Hydrology and Solute Transport in Oxidise Waste Rock from Stratmat Site,
N.B. (Li, 1999), describes the large column experimentd results.

A rdated study under the auspices of the MEND program, aso carried out by Noranda Inc.,
Technology Centre, entitled Evaluation of Techniques for Preventing Acidic Rock Drainage,
has been recently reported (Payant and Y anful, 1997). This four-year long research project Sarted
in 1991 and looked at various techniques of acid rock drainage prevention using the South Wall
type waste rock from the Stratmat pit. As aresult of the study, awedth of information has been
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generated on this rock, including detailed geochemica and minerdogica characterisation. A part
of the result of this study was also described by Aubé et a. (1995).

1.5 ORGANIZATION OF REPORT

Chapter 1.0 setsout the background information. Chapters 2.0 to 4.0 each report a coherent
agpect of the project, giving the objectives, the methods used, the results acquired, and interpreta-
tions. Chapter 5.0 gives acknowledgements and Chapter 6.0 provides references. Field work on
physicochemicd profiling of the Stratmat and N5 pit water is presented and discussed in
APPENDIX I. Thisis because the pit weter profiling work is not directly relevant to and islargely
independent of the study of the Stratmat waste rock. APPENDI X 11 provides detailed experimenta
data for the column dissolution tests discussed in Chapter 4.0 .



2.0 FIELD SOLID SAMPLING AND MEASUREMENT

2.1 OBJECTIVES AND METHODS

The objectives of fidd solid sampling were to provide samples for laboratory testsincluding physi-
ca and chemical characterisation, column dissolution tests, and large column tests.

Solids for chemica analyses were taken by grab sampling from the Stratmat waste rock pile and
by discretion sampling from archived drill cores. Solids needed for the column dissolution tess were
obtained by trench sampling on the waste rock pile. Solids used for large column tests were ac-
quired by bulk sampling with a backhoe.

2.2 GRAB SAMPLING

Eleven grab samples were taken by ingpection on the top surface, the dopes, and the north excava-
tion area on the Stratmat waste pile. The main consderation was to select materias representing
the three major rock types (refer to section 1.3 ), with sulphide contents varying from low to high
within each rock type. In addition, sx samples were retrieved from drill cores stored at the mine
dte. The grab samplesarelisged in Table 2-1.



Table 2-1 Grab Samples from Stratmat Waste Rock

Sample
I.D. Location Description
ST1 south dope of waste pile | north wall rock, low sulphide
ST2 south dope of waste pile | weathered sediments, low sulphide
ST3 south dope of waste pile | limestone bed, dump face cemented with brwn ppt.
ST4 south toe of waste pile white ppt. Accumulated on rock surfaces
ST5 west of waste pile pink, crushed limestone from limestone stockpile
ST6 wade pile white ppt. on rock pieces
ST7 north excavation area internal limestone bed in pile exposed by excavat'n
ST8 top of waste pile north wall rock, high sulphide
ST9 top of waste pile sediments, unknown sul phide content
ST10 | top of waste pile sediments, low sulphide
ST11 top of wadte pile sediments, high sulphide
North Wall | drill corefile typical rock, grab
R&S
South Wl | drill corefile typical rock, grab
R&S
Bedded | drill corefile typical rock, grab
Pkg 20
Seds 10 - | drill corefile typical rock, grab, low sulphide
Low S*
Seds 10 - | drill corefile typical rock, grab, medium sulphide
Med $*
Seds 10 - | drill corefile typical rock, grab, high sulphide
High &

Note: The "high" or "low" sulphide content assessment was based on visua observation only.

2.3 TRENCH SAMPLING

Sixteen trenches were dug with a hydraulic backhoe. Twelve of these were excavated on the top
of the rock pile dong two straight lines perpendicular to each other, four in the eest-west and eight
in the south north directions (see upper photograph in Figure 2-1). Each trench was excavated
longitudinaly, about Sx meterslong, one meter deep, and Sx meters from its nearest trench. The
remaining four trenches were excavated on the lower lift exposed by borrow-pitting on the waste
pile for the condruction of the internd tailings dam. These four trenches were dong an east-west
direction and excavated according to the same specifications as those on the upper lift. These
trenches were excavated shortly after arainfall and intercepted perched water tables, presumably
formed dueto locaised low permeshility strata

One wagte rock sample was taken from each of the sixteen trenches. Thiswas done by shovelling

-9-



continuoudy aong the entire length of the two side walls of the trench at about 0.5 meter below the
surface (see lower photograph in Figure2-1 for aview of the trench wal). Only materias smdler
than two inches were taken, and the sample from each trench weighted gpproximately five kilo-
grams. The tota sample weight was gpproximately 70 kg.
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2.4 BULK SAMPLING

Bulk sampling was conducted with a hydraulic backhoe at four locations: trench no. 6, trench no.
8, the summit of the north end of the waste pile, and the east wal of the excavation area. At each
location, the backhoe shoveled indiscriminantly to load the bucket, which was then unloaded dowly
into a reinforced nylon bag with dimensons of 1 mx 1 m x 1 m (see photograph in Fgure 2-1).
Boulders (> ~0.4 m) were removed. Fifteen bags were |oaded with approximately 14 t of moist
waste rock. These bags were then trucked to NTC.

2.5 IN-SITU BULK DENSITY MEASUREMENT

Bulk density was measured in situ at two locations. near the top centre of the waste pile and on
the east wall of the borrow pit on the northern part of the waste rock pile. At eech location, a cavity
in aregular geometric shgpe was excavated and measured (Figure 2-1). All of the materid resulting
from the excavation was |oaded on to a truck, which was then weighed on a truck scale. All the
dimensons of the cavity were measured. The moist bulk density was caculated by dividing the totd
net weight of the materid by the volume of the cavity. The moist bulk dengties measured & the top
and on the wall of the borrow pit were 2291 and 2589 kg/nT, repectively. Assuming amoisture
content of 7% on the basis of |ater |laboratory gravimetric messurement, the corresponding dry bulk
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densities were 2131 and 2408 kg/nT, respectively. The average dry bulk density is then 2270
kg/nT. The accuracy of these bulk dengity figuresis estimated at +10%.

.. "’ P ’- ' b ey "“'?"' :
Figure 2-3 Cavity for In Stu Bulk Density Measurement
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3.0 WASTE ROCK CHARACTERIZATION

3.1 OBJECTIVES AND METHODS

The objectives of waste rock characterisation are:

to edtimate the variations in chemicd characteridtics of different rock materidsin the Stratmeat
waste rock pile,

to measure some physica characterigtics of the materials contained in the pile,

to estimate the inventory of potentidly acid-generating waste rock and neutraisation materids,
and

to generate chemica and physicd datato be used in the interpretation of later tests and mathe-
matica moddling exercises.

Methods used for materid characterisation are conventiona. Whole rock chemistry was carried
out by ICP or AAS andysis following acid digestion of pulverised rock samples. Acid base ac-
counting was achieved by one of the three procedures. Sobek Standard ABA, extended Sobek
ABA, or B.C. Research Initid Tests. For adiscussion of the ABA procedures refer to Sobek et
d. (1978) and the following MEND reports: Wang and Lawrence (1996), Sherlock and Lawrence
(1995), Kwong (1993), Norecol (1991), Coastech (1991, 1989). Size distribution, moisture, and
dengty were measured using gravimetric means. Specific details of andyses are given under their
respective headings below.

3.2 RESULTS AND DISCUSSION

3.2.1 Whole-Rock Analysis

Whole rock chemidtry is available on selected dements for samples of selected rock types. The
total sulphur content (Sr) was determined on a Leco furnace. The data are presented in Table 3-1.
Note that the samples are representative only of a part, not al, of the South Wall and the North
Wall materids. Nevertheless, it can be seen that the South Wall materid contains much more su-
phur than the North Wall materid, and that neither materid contains sgnificant amount of ore min-
erds, eg., ohderite, chacopyrite, and gdena. The sulphide-sulphur, thus, is mainly associated with
iron, in pyrite.
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Table 3-1 Whole Rock Chemicd Andyss Results for Selected Samples

Sample Rock Y ear of Elemental Concentrations (in % by weight except where specified)

I.D Type Sample | As(ppm) | Ca Cu Fe Mg Ni Pb Zn Sr
ST163-103m SWF 1987 143 0.07 | <0.01 | 6.16 | 0.27 | <0.01 | <0.01 | <0.01 | 6.62
ST163-105m SWF 1987 123 0.09 | <0.01 | 865 | 0.16 | <0.01 | <0.01 | <0.01 | 9.32
ST163-111m SWF 1987 100 0.05 | <0.01 | 355 | 052 | <0.01 | <0.01 | <0.01 | 3.48
ST164-107m SWF 1987 <100 0.06 | <0.01 | 1275 | 153 | <0.01 | <0.01 | 0.02 | 9.21
ST164-112m SWF 1987 <100 0.19 | <0.01 | 436 | 049 | <0.01 | <0.01| 004 | 364
ST164-114m SWF 1987 120 1.26 | <0.01 | 553 | 191 | <0.01 | <0.01 | 0.02 | 225
ST165-79m SWF 1987 322 002 | <001 | 333 | 069 | <0.01| 008 | 0.22 | 213
ST165-83m SWF 1987 <100 0.05 | <0.01 | 243 | 042 | <0.01| 0.01 | <0.01 | 1.80
ST165-88m SWF 1987 <100 004 | <001| 337 | 038 | <0.01| 003 | 0.04 | 271
ST165-90m SWF 1987 <100 004 | <001| 510 | 052 | <0.01 | 0.04 | 0.04 | 3.30
ST166-92m SWF 1987 <100 0.06 | <0.01 | 2.07 | 097 | <0.01 | <0.01 | <0.01 | 0.68
ST166-94m SWF 1987 116 014 | <0.01 | 448 | 0.28 | <0.01 | <0.01 | <0.01 | 4.73
ST166-104m SWF 1987 149 022 | <0.01 | 566 | 427 | <0.01| 001 | 0.08 | 0.78
ST166-108m SWF 1987 169 004 | <0.01| 285 | 060 | <0.01| 001 | <0.01 | 1.63
ST169-42m SWF 1987 <100 0.04 | <0.01| 845 | 045 | <0.01 | 001 | <0.01 | 8.13
ST169-127m SWF 1987 <100 046 | <0.01 | 546 | 1.74 | <0.01 | <0.01 | 0.02 | 1.64
ST169-139m SWF 1987 116 039 | <0.01| 933 | 144 | <001 | 001 | 0.01 | 6.45
ST169-145m SWF 1987 110 0.04 | <0.01 | 1438 | 050 | <0.01 | 0.01 | <0.01 | 15.34
RPC6885 NWCT? 1988 <100 0.28 | <0.01 - 153 | <0.01 | <0.01 | <0.01 | <0.01
RPC6886 NWCT 1988 <100 0.16 | 0.02 - 1.22 | <0.01 | <0.01| 0.03 | 0.07
RPC6887 NWCT 1988 <100 0.21 | <0.01 - 1.04 | 0.01 | <0.01| 0.01 | 0.08
RPC6888 NWCT 1988 <100 0.16 | 0.01 - 132 | <0.01 | <0.01| 0.02 | 0.12

! South Wall Fragmentals 2 North Wall Crystal Tuff
All andyses conducted by Research and Productivity Council (RPC) in New Brunswick
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3.2.2 Acid-Base Accounting

Prior to this study, there were 42 ABA analyses done from 1987 to 1988 on various samples
acquired from development or mining. These samples, however, were only representative of soe-
cific parts of the Stratmat/N5 pit and underground workings. A relationship between these samples
and the materialsin the Siratmat waste rock pile is undetermined.

In September 1994, the Stratmat rock pile was walked and 11 grab samples were taken by in-
gpection, with an attempt to represent the wide variety of rock materials and the wide range of
sulphide contents in these materias. In addition, Six grab samples were taken from drill corefiles
gtored in ashed on the Ste. These 17 samples have been described in Table 2-1. Twelve of the 17
samples were subjected to ABA analyses and the results are given in Table 3-1 dong with those
for two South Wall samples used by NTC in 1989 for column tests. The term “ extended Sobek
ABA” amply refersto the conventional Sobek ABA plus sulphur speciation (into sulphate-sul phur
and sulphide-sulphur as aminimum) and CO, analysis. For a description of rock types and their
geology, refer to Section 1.3 .

From Table 3-1, the following statements can be made:
With the exception of sample ST8 (which is uncertain with respect to acid generation), al waste
rock samples tested are potentidly acid-generating. The sulphide-sulphur content varies from
aminimum of 0.25% to amaximum of 10%. The degree of AP variaion islarge and follows
the following order: North Wall Crystal Tuff > South Wall Fragmentals » Stratmat Se-
guence Sediments

Generdly spesking, the order of acid-generating potentia is South Wall Fragmentals »
Sratmat Sequence Sediments >> North Wall Crystal Tuff.

The degree of NP variation is smal, normadly within the range of -10 to +15 kg CaCOs
equivaent/t.

The mgor sulphide minerd is clearly pyrite for al three rock types.

Little oxidation had occurred in the samples, asindicated by the near-neutrd to dkaline paste
pHs and small sulphate contents.
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Table 3-1 ABA Results of Stratmat Waste Rock Samples

Sample Rock Andytical Proce- Acid-Base Accounting (ABA) Sulphur Speciation®
I.D. Type dure PastepH | AP NP NNP | NPAP | S Sos | Seo Sy | See
Kg/t* kg/t* Kg/t* % % % % %
s1 SWF? | B.CR. Initia Test 6.15 203 6.9 195 | 0034 | 699 | 051 - 6.48 ]
S2 SWF | B.CR. Initid Test 7.35 213 | 152 198 | 0077 | 733 | 053 ; 6.80 -
COF‘;Z%W SWE Extended Sobek 8.9 713 | 690 | -644 | 0097 | 228 | <001 | 002 | 226 | <001
ST2 SSS° Extended Sobek 4.10 241 | -64 | -305 | -0266 | 097 | 020 007 | 070 | <001
ST10 SSS Extended Sobek 5.00 653 | -1.99 | -67.2 | -0030 | 214 | 010 | <0.01 | 209 | 001
ST11 SSS Extended Sobek 6.2 137 5.03 -132 0.037 4,40 0.07 <0.01 4.38 <0.01
CoreSeds | ooq Extended Sobek 7.10 111 | 120 | -990 | 0108 | 357 | 002 003 | 352 | <001
10 Low S
%’r'a :;d; Sss Extended Sobek 7.90 316 | 620 | -310 | 0020 | 101 | <001 | 038 | 972 | <001
%’ﬁsﬁd; SSS Extended Sobek 7.50 719 | 596 713 | 0008 | 230 | <001 | 180 | 212 | <001
ig
CoreBd | sss | Extended Sobek 89 | 325 | 643 | -261 | 0198 | 104 | 001 | <001 | 103 | <0.01
g
ST1 NWCT* Extended Sobek 9.4 7.81 5.03 -2.78 0.644 0.25 <0.01 0.02 0.23 <0.01
ST8 NWCT Extended Sobek 8.8 20.0 34.1 14.1 1.705 0.64 0.01 <0.01 0.61 0.02
CO;{Z’;W NWCT | Extended Sobek 7.8 838 | 596 | -77.8 | 0071 | 269 | o0.01 008 | 260 | <001
ST7 ';(';"neé Extended Sobek 7.9 56.9 | 547 490 0613 | 338 | 156 006 | 176 | <001

! kg CaCO; equivaent/t of material. > South Wall Fragmentals. * Stratmat Sequence Sediments. 4 North Wall Crystal Tuff. ® The sulphur speciation was
carried out by the following methods. Total sulphur Sy was measured on one sub-sample using a Leco induction furnace. Using a second sub-sample, the
following sequentia analyses were performed: (1) The solids were leached with Na,CO; solution at boiling temperature and filtered; the filtrate was used
to measure sulphate sulphur Sso4 gravimetricaly. (2) The filter cake from the previous step was leached with concentrated HCI to expel H,S resulting from
the reaction between HC| and pyrrhotite. The mixture was filtered and the filtrate discarded. (3) The filter cake from the last step was leached with a mixture
of HNOs and Br, at boiling temperature. The mixture was filtered and the leachate was used to determine pyrite sulphur Sp, by gravimetry. (4) The filter
cake from the previous step was dried and analysed for total sulphur using the Leco furnace. This was the residual sulphur Sge. (5) The pyrrhotite sulphur
Sro Was obtained by difference: Spo = St - Sres - Ssos - Sey
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3.2.3 Size Distribution Analysis

Size digtribution data of the waste rock are important for estimating the surface area of exposed
ulphide minerds, for assessing the hydraulic parameters of the materid, for calculating the oxidation
product inventories, and for modelling the hydrologic and transport processes in the waste rock.

A sze digtribution analysis was carried out on the bulk-sampled rock from the Stratmat pile. Ap-
proximately 350 kg (moist weight) of the -12 inch material was used. The procedure employed is
briefly outlined below:

1.

Dump dl the rocks from the bags (about 13 t) onto one large pile in a cleaned pavement
area. Mix the rocks thoroughly by coning and quartering back and forth three times using
acombined hydraulic backhoe/front loader.

Take arepresentative sample, about 500 kg (record exact weight), for Sze analysis.

Hand-pick dl large rocks greater than 8 inches in the longest dimension and record the totd
weight. Screen the -8 inch rocks through a 4-inch and then a 2-inch mesh. Weigh and the
+4 inch and the +2 inch fractions, and record the weights.

Mix the -2 inch fraction thoroughly and representatively sub-sample a 150-kg (moist
weight) portion; record the exact moist weight. Air-dry this sub-sample and weigh again.
Record the exact weight. Use a vibrating screen to separate and weigh the following frac-
tions: -2 inch +1 inch, -1 inch +2 mesh, -2 mesh +4 mesh, -4 mesh +8 mesh, and -8 mesh.

Thoroughly mix the -8 mesh fraction and take a 5-kg (record exact weight) sub-sample.
Oven-dry thissample a 80 °C and record the exact dried weight. Perform a standard
Seve andyss on a Rotap machine down to a screen size of 325 mesh.

The cumulative Sze didtribution curve determined is shown in Figure 3-1. The figure shows that
Stratmat bulk sample contains 20% sand, 70% gravel, and 10% cobble by weight. Please note that
the sze didribution of the field materid is expected to be dightly coarser than that shown in Figure
3-1, since boulders were deliberately avoided during bulk sampling.
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Figure 3-1 Size Didribution of the Stratmat Waste Rock Bulk Sample

3.2.4 Moisture Content

Moisture content was determined on the same bulk rock sample as that used for the size anayss.
The overal moisture content was 5.7%; the moisture was 6.0% in the -2 inch fraction and 6.1%
in the -8 mesh fraction. Therefore we can conclude that the bulk sample isfairly dry.

3.2.5 Density and Porosity

The in-situ bulk dengity of the Stratmat waste rock in the traffic-compacted surface strata was
measured to be 2270 kg/nT (see Section 2.5 ). RPC (New Brunswick) measured the dengity of
the South Wall waste rock from the Stratmat pit and found it to vary within the range of 2.64 to
3.25 g/en?, with an overal average of 2.87 g/ent. Using the average bulk density of 2270 kg/n,
the average rock density of 2870 kg/nT, and a 7% moisture content, the average porosity of the
traffic-compacted surface dratais calculated at 26.4%. This figure is quite low when compared
with typica porosity vaues of waste rock in the range of 30-40%. This could have been produced
by compaction due to haul traffic and/or generation of fines due to weethering.
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4.0 COLUMN DISSOLUTION TESTS

4.1 OBJECTIVES

A part of the results presented in this chapter has been published in a conference paper (Li et d.,
1997). The content of this chapter updates and augments the results dready contributed. The ob-
jectives of the column dissolution experiment were to:

investigate the water quaity change upon dumping oxidised rock into fresh weter;
edimate the acidity inventory in the oxidised waste rock;

evauate the dissolution rates of different oxidation products;

assess factors controlling the release of contaminants; and

determine the effects of the rinsed waste rock on awater cover.

4.2 METHODOLOGY

The column dissolution experiment commenced in March 1995 and lagted for over 250 days. The
experiment was conducted in three stagesto:

monitor the water qudity upon dumping the oxidised rock into fresh weater in the column;
monitor the water quality evolution while ringng the oxidised rock with fresh water; and
monitor the water quaity of awater cover ingtaled after rinsng ceases.

4.2.1 Test Sample

The oxidised waste rock sample used in this test was a composite of sixteen trenched samplesin
roughly equal proportions, and therefore is regarded as being representative of the surface strata
of the Stratmat waste rock dump (refer to Section 2.3 for the trenching sampling).

4.2.2 Experimental Set-up

The experiment was conducted in duplicate using two plexiglass cylinders measuring 1.3 m tal and
20 cm indde diameter. The cylinders were sealed at the bottom with acentra drain hole to alow
the water to circulate or drain. Ports with septa were ingtdled on the sdes of the cylinders for
profile sampling. A geotextile membrane was placed on the bottom of each cylinder and overlaid
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by a 10-cm-thick layer of polyethylene beads, which was in turn covered by a second geotextile
membrane. A perigtdtic pump was used to circulate the weter in each cylinder from the bottom to
the top in the second stage. The purpose of water circulation was to create a well-mixed water
body and to induce turbulence to accelerate the dissolution of stored salts or secondary mineras.
Large-diameter tubing was used to achieve the required flow rate.

The experimenta sat-up is shown photographicaly in Fgure 4-1. The test began by pouring 20 L
of de-ionised water into each cylinder while the bottom vave was closed. Then 25 kg of the waste
rock sample was dumped into the water from the top of each cylinder.

Figure 4-1 Photograph of Experimenta Set-Up for Column Dissolution Test
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4.2.3 Experimental Procedure

Thetest procedureisillugtrated in Figure 4-1. The experiment consisted of three stages:

Stage |, or the rock-dumping stage, included only Cycle 0 in which the oxidised rock sample
was dumped into de-ionised water in each cylinder. Two hours were dlowed for suspended
solids to settle before awater quality sample was taken. Stage | was designed to measure the
immediate impact of dumping oxidised waste rock into fresh water.

Stage 11, or the rinsing stage, included Cycles 1 through 18. In each cycle, the water in the
cylinder was continuoudy circulated from the bottom to the top, creeting a well-mixed water
body and some turbulence around rock particles. The cycle length was determined as either
two days or the time required for the conductivity of the water (monitored regularly) to sabilise,
whichever was longer. Cycle lengths ranged from 2 to 11 days during the experiment. At the
end of each cycle, the water in each cylinder was drained; the volume measured; and awater
quality sample taken. Stage I was designed to estimate the acidity inventory, and to investigate
the controls on dissolution rates of secondary mineras.

Stage 11, or the datic stage, included Cycles 19-23. This stage began following Cycle 18 by
flooding the washed rock with de-ionised water and maintaining a 60-cm water cover. The
water was not circulated (hence gtatic). Water quaity was monitored monthly for three con-

secutive months and bimonthly theresfter, at two depths: the water surface and the water-waste
rock interface. Stage 111 was designed to estimate the water quaity and contaminant release
ratesin awater cover.

All water samples werefiltered and analysed for acidity, pH, and concentrations of fourteen ele-
ments (including S), and Fe*".
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4.3 RESULTS

Water qudity results for the three stages of the duplicate column tests are given in APPENDIX 11
and are plotted againgt cycle numbersin Figure 4-1. In these graphs, Cycle O represents the rock-
dumping stage, Cycles 1-18 the rinsing stage, and Cycle 19-23 the datic stage. Data from the
water quaity monitoring during the static Sage are a0 plotted againgt time in Figure 4-2.
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Figure 4-3 Reaults for Duplicate Column Dissolution Tests

-23-



1000 -E e Znl e Zn2 ca Cum. 1 s Cum. 2 2230 10 _ ~®-pp 1 ¥ Ppb2 & Cum. I Cum. Z—2
i i
P RE mee % + A 3 w"ﬁ'" 25 8
4 ﬁ =
5 -
100 3 -'E 20 2 . 2
I : s | 25 =
=y % Cycle 1. Start of water circulation 1] % E’ %
£ Cycle 19: Start of static mode et 15 g =2 g
o - g -
c . .
N E 34 E
10 10 © ©
Sk T i ;
&3 i L 2 - -~ Cycle 1: Start of water circulati
St 5 s E+ Cycle 19: Start of static mode
q 3
1] L L
1 0 0 +# LA L e B B | 0
0 2 4 6 8 10 12 14 16 18 20 22 24 0 2 4 6 8 10 12 14 16 18 20 22 24
Cycle No. Cycle No.
100.0 w5 "™ Conc. 1 -+ Conc. 2 &+ Cum.1 -+ Cum. 2 — 2 - Nal f Na2 % Cum.1 ~%- Cum.2 2
- N A Prbd
4
P LILLLLLLLLLL]
> k. Cycle 1: Start of water circulation Cycle L: Start of water circulation
£ Cycle 19: Start of static mode 1.5 ’um? 12 Cycle 19: Start of static mode 15
£ 100 &= E £ 3
= El ~ t
= 1 .2 :‘ c
4 Y = > =]
S L 13 E s 1 8
& ° 5 £ =
o : : E
3 £ E ©
> i O
© - = 0.5 4 0.5
[2]
0
[a]
0.1 0 0 0
0 2 4 6 8 10 12 14 16 18 20 22 24 0 2 4 6 8 10 12 14 16 18 20 22 24
Cycle No. Cycle No.

Figure 4-3 Results for Duplicate Column Dissolution Tests (continued)
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Figure 4-4 Results for Duplicate Column Dissolution Tests in the Static Mode
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4.4 INTERPRETATION

4.4.1 Rock Dumping Stage

Simply dumping the oxidised waste rock into standing de-ionised water caused Significant quantities
of soluble minerdsto dissolve (Figure 4-1). Conductivity reached 1000-2000 pS/'cm; the differ-
ence in conductivity between the two columns shows that the quantity of sats dissolved probably
depends on the manner in which the rock was dumped into the column. Acidity reached about 700
mg CaCO; equiv./L, SO, 1500 mg/L, Zn 250 mg/L, Ca+Mg+Mn 9 mmol/L (equivaent of 360
mg/L Ca), Fe5mg/L, Pb 1.5 mg/L, and Na6 mg/L.

The collective molar concentration of Ca+Mg+Mn is taken as a measure of the amount of acid,
origindly produced by sulphide oxidation, which was later neutrdised by carbonate minerds. This
satement has two underlying assumptions: (1) the sole sources of dissolved Ca, Mg, and Mn are
carbonate mineras, (2) no secondary minerds containing Ca, Mg, and Mn precipitate. When
secondary minerals such as gypsum (CaSO42H,0) do precipitate, the metas Ca, Mg, and Mn
reporting to secondary minerals must be accounted for when caculating the total acidity neutraised
by carbonates. The chemical reactions taking place under the conditions prevailing in the test col-
umns are asfollows:

2H" + CaCO; (cdcite) b Ca® + CO, (g) + H,O

4H" + CaMg(COs), (dolomite) P Ca®* + Mg™* + 2C0O; (g) + 2H;0
2H" + MgCO; (magnesite) b Mg™ + CO, (g) + H,O

2H* +MnCO; (rhodochrosite) b Mr?* + CO, (g) + H,0

The pH upon dumping the oxidised waste rock into fresh water was about 4.0, suggeting thet there
isnot agreat ded of free acid (H") in the oxidised waste rock. Thisindicates that the acid origindly
produced by the oxidation of pyrite has dready been neutrdised within the rock itsdlf, presumably
by carbonates of Ca, Mg, Mn and, to alesser degree, slicates. It is aso possible that some of the
acid generated by oxidation has been lost to drainage over time.

By comparing Cycle 0 (rock dumping, no water circulation) with Cycle 1 (rock settled, water
circulated), one finds that, from Cycle 0 to Cycle 1, conductivity, acidity, and concentrations of
S0,Z, Zn, and Ca+Mg+Mn dl increased by an approximate factor of 3. In other words, in Cycle
0 these parameters did not reach their maximum potentia values (taken asthose in Cycle 1) be-
cause of short contact time and lack of mixing, both of which regtrict the mass transfer from the
solid phase (the rock) to the liquid phase (the solution).

Dissolved Ph, Fe and Na behaved differently. In Cycdes 0 and 1, Pb dissolution appears controlled
by the solubility of anglesite (PbSO,). As the SO,* increased by a factor of 3, the dissolved Pb
decreased proportiondly by afactor of about 3. Saturation index (Sl) calculations (discussed later)
support this point. The concentrations of Fe are redtricted by the solubility of its hydroxide: asthe
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pH did not change much from Cycle 0 to Cycle 1, the dissolve Fe remained nearly constant. Na
concentrations tend to remain at the same level from Cycle 0 to Cycle 1, probably suggesting its
ease of dissolution and alow inventory of soluble Nain the waste rock.

4.4.2 Rinsing Stage

There are three ways to index the progress of rinang: the cycle number, the length (in days) of te<t,
and the number of pore volumes flushed. Cycle numbers cannot be converted linearly to the length
of testing and thus the length of testing will be provided when needed. However, the converson
from cyde numbers to pore volumes flushed is linear: number of pore volumes = 4 x cyde number,
where cycle number = 1 to 18 inclusve.

The saturation indices (SIs), caculated usng MINTEQAZ2 (Allison et d., 1991) from the solution
compositions, are plotted in Figure 4-1. The individud and cumulative amounts of sulphate sdts
dissolved in each cyde and the proportions of different mineras dissolved in each cycle are graphed
inFgure 4-2.

Note that Figure 4-2 is not meant to indicate that the dissolved congtituents are present in the solu-
tion as molecular meta sulphate species. No speciation information is suggested by the graphs. In
redity, the dissolved condtituents exist as hydrated metd cations, sulphate anions, charged or neu-
tral complex ions or ion pairs. Rather, Figure 4-2 is presented to show the following points:

Thetotd dissolved solidsiinitidly decrease quickly with the number of washing cycdles and then
gabilise starting from Cycle 10.

The only significant anion in the leachate is SO,

The mgjor cationsin the leachate are Ca&¢*, Mo, Zr*, APF*, and Mré*.

After Cycle 3, the rdlative proportions among the mgor cations remain roughly constant.
Asthe number of washing increases indefinitely, the total amount of dissolved matter washed
tends asympitoticaly to a vaue probably between 60 and 70 mmol/kg.
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Theringng curvesin Figure 4-1 can be classfied into three groups according to ther distinct pat-
terns. Group | includes the rinsing curves for conductivity, acidity, SO,%, Zn, and Ca+Mg+Mn.
Group Il includes the rigng curves for pH and tota dissolved Fe. Group 111 includes the ringing
curve of Ph.

The common shape of Group | curvesis recognised as follows: (1) alinear decrease (on aloga-
rithmic scde) from Cycdle 1 to Cycle 5; (2) a plateau of nearly constant vaues from Cycle 5 to
Cycle8; (3) another linear decrease from Cycle 8 to Cycle 10; and (4) asecond plateau of roughly
congtant vaues from Cycle 10 to Cycle 18. This common shape is a reflection of the release of
relatively soluble components that are not subject to solubility condraints. For Zn, Mg, and Mn(l1),
the leachate is well under-saturated with respect to dl of their possible minerd phases. For SO,,
gypsum (CaS0O,2H,0) is below saturation after Cycle 2 (FHgure 4-1). Although anglesite (PbSO,)
isat saturation for the duration of the tests (Figure 4- 1), it has a strong solubility control only on the
concentration of Pb, not on the concentration of SO,. Thisis because the concentration of SO, is
severd orders of magnitude greater than that of Pb. The conductivity variesin the Group | pattern
because it is primarily determined by the dissolved mgor ions induding SO,%, Zr?*, Ca*, and
M. The acidity follows the Group | pattern because it is primarily determined by dissolved Zn.

Although Group | species are not subject to solubility (equilibrium) control, ther ringng is subject
to three other possible rate control mechaniams: (1) flushing of species dready dissolved in the pore
water; (2) dissolution of secondary minerdswhose rate is controlled elther by dissolution kinetics
or mass trandfer rates (an example of mass tranfer rate contral is the diffuson of ions through static
liquid phases within micro fissures and cracks in arock particle); (3) oxideative dissolution of pri-
mary minerds (primarily pyrite, FeS,, and sphderite, ZnS). The measurements made in the experi-
ments, however, do not alow the differentiation of these processes.

For Group |1, the shape of the rinang curvesis aresult of pH buffering. The leachate pH gradudly
rose from about 3.8 in Cycle 1 to about 5.0 in Cycle 5, then buffered at that level until Cycle 18.
Correspondingly, dissolved Fe gradualy decreased from about 7 mg/L in Cycdle 1 to between 0.03
and 0.1 in Cycle 5, then remained roughly congtant at that level from Cycle 5 to Cycle 18. This
inverse relation between pH and tota dissolved Fe suggests that the concentration of Fe is con-
trolled by the solubility of goethite, FeOOH. MINTEQ modelling shows that the solubility indices
for goethite fluctuated between -1 and 0.3 from Cycle 1 to Cycle 18 (not shown in Fgure 4-1
because of too few Fe** anayses).

For Group 111, which includes only Pb, the shape of the ringing curve forms a sharp contrast with
those of Group | and Group 1. Po follows an increasing trend from Cycle 1 to Cycle 18 (Figure
4-1). Moreover, the Pb curve exhibits an inverse relationship with the SO, curve, suggesting that
concentrations of Pb are controlled by the solubility of its sulphate, the minera anglesite (PhSO,).
Thisis supported by the S's of anglesite, which are roughly congtant and close to zero throughout
the ringng period (Cycles 1-18), indicating saturation of anglesite in the leachate solutions (Figure
4-1).
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4.4.3 Static Stage

The pH, SO4, Fe(totd), Zn, Pb, Ca+Mg+Mn, and Na during the static phase of the experiment
are compared with those during the rinsing stage in Figure 4- 1. The same parameters plus Fe3+
and Cu are plotted againgt time of the gatic phase in Figure 4-2.

It isinteresting to note that, dthough the 60-cm water cover was "static'”, it in fact was well-mixed
throughout, as indicated by the fact that the parameter values monitored at the top coincided with
those at the bottom (rock-water interface).

Asin therindng stage, SO, Zn, and Ca+Mg+Mn vary in asimilar manner: they al show aquasi-
linear increase with time (on alogarithmic scae). Immediady &fter the inddlation of the Satic water
cover, these parameters showed a decrease as compared with the last rinsing cycles. With time,
they recovered to vaues comparable to those in the last rinsing cycles and eventually exceeded
them. This probably reflects the effect of two processes: the dow dissolution of remaining sulphate
mineras (controlled by ether dow kinetics or dow mass transfer) and the oxidative dissolution of
ulphide mineras.

As discussed for the rinsing stage, the Pb concentration in the Static Sage is again limited by the
solubility of angleste, whereas the Fe concentration is once again limited by the solubility of
goethite.

The pH of the water cover started declining immediately after the ingtalation of the water cover
from about 4.5, to eventually stabilise at about 3.5.

The datic stage data reved that even after washing the waste rock with 72 pore volumes or 18
cycdles of water, the water cover quality would gtill not meet the MMLER with respect to pH, Zn,
and Pb.

4.4.4 Oxidation State of Dissolved Fe

The leachate chemidtry indicates that the Stratmat oxidised waste rock exhibits alack of soluble
ferrous sulphate minerds such as mdanterite (FeSO,H,0O) which are sometimes found accompa-
nying pyrite oxidation. This suggests thet the Fe** initialy produced from pyrite oxidation has been
oxidised to Fe**, congstent with the fact that the samples were taken at the waste rock dump
surface and supply of oxygen is ample for the oxidation of F&** to Fe**.

4.4.5 Rinsing Sequence

A sequence designating the ease of ringng for different metals can be derived from Fgure 4-1,
which shows the changing concentrations of various metas as a percentage of their initid concen-

-32-



trationsin Cycle 1. Thisrinang sequenceisAl > Cu > Mg > Zn > Mn > Ca> Pb. The practica
importance of this sequence is that the later an dement appears in the sequence, the more difficult
it becomes to decrease this eement's concentration in the leachate by rinsing.
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Figure 4-7 Dissolved Metal Concentrations Normalised to Those of Cycle 1

Severd processes co-exig to cause the variation in the ringng behaviour of different species. These
processes are therefore respongble for the ordering of the dementsin the ringng sequence: equilib-
rium solubility control, dow dissolution kinetics, and dow mass trandfer processes. Figure 4-1
shows three different patterns of concentration variation: (1) dissolved Pb, which increased during
Cydes 1-6 and then remained roughly congant during Cycles 7-18; (2) dissolved Ca, which exhib-
ited adow decrease over the 18 flushing cycles, and (3) dl other dissolved metds shown (Zn, Cu,
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Mg, Mn, Al), which showed relatively fast concentration decreases, down to about 2% or lower
within five flushing cydes

The Pb concentration in the leachate is dictated by the low solubility of anglesite (PbSO,); as a
result it increased as the SO, concentration decreased. The dissolution of anglesite will be inhibited
until the leachate SO, concentration decreasesto avery low leve, which would only be possible
when the stock of gypsum becomes depleted by rinsing. The concentration of Cain the leachate
is controlled by the dow dissolution rate of gypsum, thus decreases dowly due to the large stock
of gypsum in the waste rock. The rinaing of Zn, Mg, and Mn is subject to rate control by mass
transfer after Cycle 8; before Cycle 8 their concentration decreases rapidly. The concentrations of
Cu and Al, besides being controlled by mass transfer processes, are probably aso controlled by
the solubility of their hydroxides or oxy-hydroxides. This explains why their concentrations de-
creased more rapidly than those of Zn, Mg, and Mn did when pH increased.

4.4.6 Buffering of Leachate pH

Since the leachate pH likely exerts a solubility control on the concentrations of some dissolved
metals, it is advantageous to increase the leachate pH as quickly as possible to prevent the release
of these metals. However, the column rinsing experiment shows that the leachate pH is buffered
between 4.0 and 5.0 for Cycles 1-18. One possible buffering reaction is the precipitation of dis-
solved AI** in the pore water upon dilution by the flushing water, which takes place in the gpproxi-
mate pH range of 4.0 - 5.0:

AP* + 3H,0 = Al(OH);3 (amorphous) + 3H"

The leachate pH may dso have been buffered by the following reactions involving solid phases:
AIOHSO (jurbanite ) + xH,0 = AI(OH );% (ag) + SOZ +X H*  where x =1,2
AIOHSO, (jurbanite ) + 2H,0 = AI(OH ), (gibbsite) + SO + 2H"

Lower leachate pH would favour the firgt reaction over the second, giving rise to ahigher Al con-
centration, wheress higher leachate pH would favour the second over the first reaction, resulting
in alower Al concentration. Both reactionsrelease H' to buffer the leachate pH, i.e., to resist the
rise of the leachate pH. Note that the presence of jurbanite in the oxidised waste rock has not been
confirmed by independent means such as XRD (x-ray diffractometry).



4.4.7 Sulphate Modelling

Sulphate was chosen to represent Group | parameters for the modeling exercise. Other parameters
in Group | can be determined by their corrdation with sulphate once sulphate is known. The pur-
pose of sulphate modelling discussed below is neither to predict leachate sulphate concentrations
nor to predict sulphate loadings, but rather to probe the mechanisms controlling sulphate release
to flushing water. All calculations were performed based on averages of the two columns.

The SO, concentration in the pore water associated with the waste rock used in the column disso-
lution tests is an important parameter in this moddling exercise. Since it was not measured, it is
estimated as follows. The 25-kg waste rock loaded in each column contains 1.5 L (kg) of pore
water a the estimated moisture content of 6%. Addition of the 23.5 L of de-ionised water in Cycle
1 dilutesthe origina pore water by 16.7 folds. Now if we assume that the 1533 mg/L SO, inthe
solution phase immediatdy upon dumping the waste rock into the columns derives entirdly from the
SO, dissolved in the origind pore water, reversing the dilution gives a pore water SO, concentra-
tion of about 25 600 mg/L. This setsthe lower limit for the pore water SO, concentration. Smilarly,
if we assume that the 4270 mg/L. SO, in the solution at the end of Cycle 1 (after two days of circu-
lation) derives entirdly from the SO, dissolved in the origingl pore weter, reverang the dilution gives
aporewater SO, concentration of about 71 300 mg/L. This sets the upper limit for the pore water
SO, concentration. The true pore water SO, concentration is bracketed by these two limits. Study
of the ringng data and corroboration from other related studies put the pore water SO, concentra-
tion at an estimated value of 50 000 mg/L.

Another important parameter for the modelling exercise is the rate of dissolved SO, production
from sulphide oxidation during the ringng tests. Analysis of the rinang data points to a production
rate of 5.0 mg SO./kg rock/day for the Stratmat oxidised waste rock.

Given the pore water SO, concentration, the rate of dissolved SO, production, and the rinsing deta,
the total release of SO, to the rinang solution in each cycle can be partitioned into three parts: that
deriving from the origina pore water, that deriving from rate-controlled, smple dissolution of sec-
ondary minerd solids, and that deriving from agueous oxidation of sulphide minerds. The result of
this partition is presented in Figure 4-1.
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Figure 4-8 Partitioning of Totd SO, Release among Different Mechanisms

Figure 4-1 showsthat flushing of initia pore water is the dominating mechanism for SO, releasein
thefirg rindng cycle; however this mechanism atenuates very rgpidly and is essentidly completed
after three cycles. SO rdesse due to secondary minera dissolution starts to dominate from Cyde
2; it dows down as dissolvable secondary minerds become gradudly depleted. By Cycle 15, the
rate of SO, release due to secondary minerd dissolution has falen below that due to oxidative
dissolution of sulphides. At the end of Cycle 18, the SO, released due to pore water flushing and
that due to secondary minerd dissolution are roughly equd, and the sulphate rel eased from agueous
oxidation of sulphides accounts for about 6% of the total SO, flushed.

To investigate what controls the rate of the Smple (non-redox) dissolution of secondary minerds
(i.e,, themiddle portion of Figure 4-1), the SO, concentrations deriving from this release meche-
nism arefitted to an eguation of the following form:

Cn,f =a (Cn—l,f - Cn,i)b tnC

where
C.+=find SO, concentration in the nth rinse cycle, mg/L;
C,,i = initid SO, concentration of the nth rinse cycle, mg/L;
Ch-1¢= find SO, concentration of the (n-1)th rinse cycle, mg/L;
t, = duration of nth cycle, days.

Theresults of fitting are shown in Figure 4-2. The modd predictions are in good agreement with
the experimenta vaues. Note that only the first seven cycles are moddlled; cycles after the seventh
cannot be fitted successtully. The least-square best-fit equiation representing the multi-segment line
inFgure4-2 isasfollows:
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Fgure 4-9 Comparisons between Modeled and Measured SO, Concentrations

Chi=2234 (Cn_l’f - Cn,i)0'539 tn0'904

This equation shows that, for the first seven rinang cycles, the SO, concentration at the end of a
cydeisamos linearly proportiond to the length of the cycle, suggesting surface disntegration rates
as an important control on sulphate release. In addition, the SO, concentration is gpproximately
proportiond to the square root of the difference between the initid SO, concentration of the current
cycle and thefind SO, concentration of the last cycle. This difference is a rough representation of
the “driving force” for diffuson-controlled minerd dissolution. The exact nature of this “driving
force’ cannot be identified with existing experimental data. Nevertheess, the fitted equation sug-

gedsthat the rate of sulphate release from secondary minerasin the early rinsing cycles are con-

trolled primarily by the surface dissolution rates of these minerals and secondarily by some sort of
diffuson control mechaniam.

4.4.8 Sulphur Balance and Total Acidity Inventory

Assuming 100% efficiency in the removd of sulphate by the 18 washing cycles, the tota sulphate
inventory in the Stratmat waste rock sample would be 6.15 g SO,4/kg of rock (Figure 4-1, exclud-
ing the contribution from oxidative dissolution). If we further assume negligible loss of sulphateto
infiltrating water in the fidd, the sulphate inventory would correspond to an acidity generation of
6.41 g CaCO; equivaent/kg of waste rock from sulphide oxidation. Part of this acidity has been
neutralised, asillustrated by the sulphate balance depicted in Figure 4-1.
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Figure 4-10 Sulphur-Acidity Mass Baance FHow Chart

The column test data show thet the acidity in g CaCO; equivadent/kg of rock presently stored in the
oxidised waste rock is 45.5% of the total sulphate storage in g SO4/kg rock. This gives a tota
acidity storage of 6.15 x 45.5% = 2.80 g CaCO; equivdent/kg of waste rock. The acidity exists
primarily in the form of Zn, Al, and Mn sulphate sats.

The column experiments reved the following sulphur balance for the samples examined: snce depo-
gtion, 1.34 g sphderite (ZnS)/kg of waste rock (equivaent of 0.134% of the waste rock mass) has
been oxidised. The oxidation of sphaerite does not produce acid (H™) but does produce acidity
in the form of ZnSO,. All the acidity produced by sphaerite oxidation (equa to 1.38 g CaCO;
equivaent/kg of waste rock) reports to the present acidity inventory, accounting for 49.3% of the
tota present-day acidity storage in the waste rock (which is 2.80 g CaCO; equivadent/kg of waste
rock).

Meanwhile, 3.02 g pyritelkg of waste rock (or 0.302% of waste rock mass) has been oxidised to
produce an acidity of 5.03 g CaCO; equivdent/kg of rock, mainly in the form of acid (H"). 71.8%
of thisacidity (or 3.61 g CaCO; equivaent/kg of rock) has been neutrdised in situ by carbonate
mineras and, to much alesser degree, slicate mineras. The 28.2% unneutralized acidity (or 1.42
g CaCO; equivaent/kg of rock), mainly in the form of Al sulphate (0.88 g CaCO; equivdent/kg
of rock) and Mn sulphate (0.14 g CaCOs equivalent/kg of rock), reports to the present acidity
inventory, accounting for 50.7% of the total acidity storage today.

If one assumes that the samples used in the column tests are representetive of the 1.84 million t of

wagte rock in the Stratmat pile, the total acidity inventory would be 5152 t CaCO; equivaent. In
redity, the acidity inventory may be more or less, depending on a suite of factors.
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With an estimated average sulphide sulphur content of 3% in the Stratmat pile, only about 7% of
the origina sulphide sulphur, or 0.436% (0.134% as ZnS plus 0.302% as F€S;) of the waste rock
mass, has been oxidised. There are about 1660 t of soluble zinc present in the form of ZnSO, that
has resulted from the ZnS oxidation.

On average pyrite is more than three times more abundant than sphderite in the pile, but the amount
of pyrite oxidised is only about twice the amount of sphaerite oxidised. This seems to suggest that
sphderite is preferentialy oxidised over pyrite.

4.4.9 Water Quality Predictions for a Hypothetical Flooded Pit

Water quality predictions will now be presented for the flooded Stratmat pit assuming that the
oxidised Stratmat waste rock had been back-filled in the pit. As pointed out in Chapter 1.0 , this
isahypotheticd scenario, as the current decommissioning plan does not provide for the backfilling
of the Stratmat waste rock, but rather callsfor the collection and trestment of the drainage from the
Stratmét pile. The water quality prediction is primarily conducted on the basis of the column disso-
lution test data, usng mass baance and geochemica equilibrium principles.

4.4.9.1 Water Qudity Immediatdy after Backfill

If the oxidised waste rock of the Stratmat pile were to be dumped into the flooded Stratmat pit and
water is just enough to keep al back-filled rock saturated (i.e., 0 m water cover), the sulphate
concentration immediately following the dumping can be predicted from the Cycle O ringng data
The porosity of the dumped rock is assumed to be 40% and the bulk dry dengty isassumed to be
2000 kg/nT. The acidity and dissolved metals are calculated by applying the proportions of these
parameters to sulphate as observed in Cycle 0 of the column test to the field. The pore water qual-
ity predicted on the basis of these consderationsis asfollows:

pH: 3.02
S0O,%#:12950 mg/L
Adidity: 6496 mg CaCO; equivadent/L (caculated from dissolved metals)

n: 2073 mg/L
Cu: 96 mg/L
Po: 14 mg/L

Ca 1511 mg/L
Mag: 812 mg/L
Mn: 146 mg/L
Al: 492 mglL

Fe 45 mg/L
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However, the above water quality represents the maximum possible vaues (minimum for pH) if no
minerds precipitate. Because of the high concentrations, it is likely that precipitation of secondary
minerals would occur. Thisis quantified with the computer equilibrium modd MINTEQAZ2. The
(equilibrated) water quaity immediately following waste rock dumping is predicted as follows:

pH: 3.43
Addity: 6429 mg CaCO; equivaent/L (caculated from dissolved metals)
SO4: 10000 mg/L

Zn 2070 mg/L
Cu: 96 mg/L
Pb: 24 mg/lL
Ca 218 mg/L
Mag: 812 mg/L
Mn: 146 mg/L
Al: 492 mg/L

Fe 35 mg/L

The MINTEQA2 modd precipitated gypsum, anglesite, and ferric hydroxide (synonymoudy,
ferrihydrite) to reduce the concentrations of SO,#, Ca, Pb, and Fe. Thisis in agreement with our
experimenta observations previoudy discussed that the concentrations of Fe and Pb are limited by
the solubility of ferric hydroxide and anglesite, respectively. Because of the high concentrations of
S0,* and Ca, the minera gypsum has aso reached saturation and regulates the concentrations of
Caand, to alesser degree, SO,%.

The pore water with the above quality amounts to 368,000 . At an acidity of 6429 mg CaCOs;
equivaent/L, it requires 2370t of limestone (CaCOs) or 1330t of quick lime (CaO) to neutraise
at 100% efficiency.

4.4.9.2 Mid Term Water Quality

In the months following the dumping of waste rock, minerd dissolution continues to dter the weter
qudity presented above. The sulphate sdts of Zn, Cu, Al, Mn, and Mg will dissolve whereas angle-
ste and gypsum will precipitate. In effect, the concentrations of Zn, Cu, Al, Mn, and Mg will rise
whereas those of Pb and Cawill decrease. The pH might decrease dightly, and the Fe concentra-
tion will increase by asmdl amount.

Suppose that the pore water has negligible movement on atime scde of years. Within thistime
frame the pore water qudity can be predicted by dissolving the totdl sulphate inventory determined
in the column experiments into the pore water then precipitating over-saturated minerds using the
MINTEQAZ2 modd. We dso assume that oxygen entry has been excluded ether through a soil or
awaer cover. Dissolution of dl stored sulphates before precipitating over-saturated mineras results
in the following water qudlity:
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pH: 2.32

S0,%:30750 mg/L

Addity: 12532 mg CaCO; equivaent/L (caculated from dissolved metals)
n: 4477 mg/L

Cu: 181 mg/L

Pb: 30 mg/L

Ca 4890 mg/L
Mg: 1705 mg/L

Mn: 383 mg/L

Al: 787 mg/L

Fe*:  29mglL

Fe”:  7mglL

By equilibrating the above solution usng MINTEQAZ, the following water qudity is predicted for
one year after rock dumping:

pH: 3.32

S0,#:19500 mg/L

Addity: 12500 mg CaCO; equivaent/L (caculated from dissolved metals)
n: 4480 mg/L

Cu: 181 mg/L

Po: 2.3mg/L

Ca 190 mg/L

Mg: 1700 mg/L

Mn: 383 mg/L

Al: 787 mg/L

Fe*: 107 mg/L

Fe”: 7.3mglL

The pore water with the above quaity amounts to 368,000 n. At an acidity of 12500 mg CaCOs
equivalent/L, it requires 4600 t of limestone (CaCOs) or 2580 t of quick lime (Ca0) to neutralise
a 100% efficiency.

4.4.9.3 Long Term Water Qudlity

In the long term (years, decades, centuries after backfill of the waste rock into the pit), the pore
water qudity is dependent on the hydrogeologicad conditionsin the pit. We will examine two sce-
narios below: no ground water flow and a ground water flow at arate of one pore water volume
peryear.

In the event of zero ground water flow, aswould be the case if the entire pit is lined with an imper-
megble layer of materid, the water qudity in years and decades following the waste rock backfill
would be the same as that presented above for one year after the dumping of waste rock in the pit,
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ignoring the neutrdising effect of dlicates. The neutrdising power of Slicate minerds comes into
effect when longer time spans such as centuries are concerned. In such a case, the acidity of the
pore water would be gradudly reduced and the pore water pH would dowly rise. Asthe pH rises,
Al, Fe, Mn, Cu, and Zn concentrations will gradually decrease, while K, Na, Mg concentrations
would gradudly increase.

In the presence of dow ground water moverment, the pore water qudity will improve over time, as
the heavily contaminated pore water is displaced. The pore water qudity has been predicted using
adilution-equilibrium mode, and the results for mgor parameters of concern have been plotted in
Figure 4-1. Note that the x-axis is expressed as number of pore volumes displaced; as we assume
that the ground water flow rate is equa to one pore volume per year, the x-axis can aso be read
as years after backfill. The assumptions made for this water quality mode are as follows:

The backfilled waste rock has a porosity of 40% and a bulk density of 2000 kg/n'.

A water content equal to 10% of the dry rock weight (or 50% of the pore volume) is tightly
bound within the solids (such as in fine fissures and cracks) and are not displaceable.

The pore water iswell mixed.

Oxygen entry isinhibited.

Thereis afinite source of gypsum (980 mg Calkg of rock) and infinite source of ferric hydroxide
and anglesite (Thisisjudtifiable from the case-gpecific conditions). The pore water isin equilib-
rium with these three minera phases.

An important feature of the predicted water qudlity is that, athough the concentrations of dl the
metals except Caand Pb have dropped to below 0.1 mg/L after 9 pore volumes, the concentration
of dissolved Pb remains a about 3 mg/L. Starting from pore volume 15, the Pb concentration
dowly increases until it reaches about 25 mg/L at pore volume 20. After thet, the dissolved Po will
reman a around 25 mg/L until the stored angleste is exhaugted. This phenomenon is explained by
the fact that aslong as there is gypsum remaining in the waste rock, the sulphate concentration in
the pore water will remain high at above 1000 mg/L, which depresses the dissolution of anglesite.
Only after the gypsum has completely been dissolved can the sulphate concentration start to de-
crease, unleashing the dissolution of anglesite and devating the dissolved P levels in the pore
water.

The inhibition of anglesite dissolution by the presence of gypsum crestes a potentid problem for
decommissoning. In an open system, dthough the water qudlity is acceptable for most parameters
after nine pore volumes are flushed, it is not for dissolved Ph. Therefore, one must continue to flush
the rock to dissolve dl gypsum, and &fter that, to dissolve dl anglesite sored in the waste rock. This
could mean well over 30 pore volumes (could be higher if anglesite Sorage is greater) of water to
be flushed and consequently treated, with the water after nine pore volumes flushed and treated for
removd of Pb. At an assumed flushing rate of 0.1 pore volume per year, the trestment requirement
iS 36,800 Nt per year for 300 years. A more redlistic ground water flow rate can be estimated by
congdering theloca hydrogeology around the Stratmet pit area.
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4.5 CONCLUSIONS AND IMPLICATIONS

A 25-kg composite sample, taken from trenches excavated across the surface of the Stratmeat pile,
was used in each of the duplicate laboratory dissolution column tests. The experimentd findings are
summarised below. In addition, the data were used to derive field implications based on a hypo-

thetical scenario where dl the partidly-oxidised waste rock in the Straimat pile were backfilled in
the Stratmat pit and kept saturated.

Thetotd acidity inventory in the Stratmeat pile is goproximately 5200 t CaCOs equivaent. About
7% of the origind sulphide sulphur has been oxidised, to release a totd acidity of 11 800 t
CaCO; equivdent, of which 56% has been neutrdised in Stu. Sphaerite seemsto oxidise pref-
erentidly over pyrite. The inventory of soluble zinc is about 1660 t.
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Dumping the oxidised waste rock into the pits would cause sgnificant release of metals and
ulphate gored in the rock and resullt in awater containing devated acidity and dissolved metas,
The pore water qudity immediatdy following backfill is predicted as follows. pH 3.43, acidity
6400 mg CaCO4/L, SO, 10000 mg/L, Zn 2000 mg/L, Cu 100 mg/L and Pb 2.4 mg/L. Inthe
event of backfilling, due to the specific circumstances a the Stratmat pit (underground connec-
tions, pit geometry, loca hydrogeology, €tc.), contamination of adjacent ground water could oc-

cur, which may not easily be collected and treated.

The worst long-term pore water qudity is found in the scenario where the backfilled waste rock
and its associated pore water remained datic (i.e. a hypothetica case of no ground water
movement). The water qudity in this caseis predicted as follows pH 3.32, acidity 12500 mg

CaCOy/L, SO 19500 mg/L, Zn 4500 mg/L, Cu 180 mg/L and Pb 2.4 mg/L.

In the presence of ground water movement, the pore water quality would gradudly improve as
theinitid pore water is displaced or diluted, provided that the local ground water is uncontami-
nated. Such ringng action by ground water would cause release of acidity and metals into the
ground weter that leaves the backfilled materid. It would take nine pore volumes of flushing to
bring the concentrations of most contaminant meta's (except Pb) to below 0.1 mg/L. For Pb,
however, thiswould take many more pore volumes Redigticdly, thelocd ground water islikdy
dready contaminated. This means that the quality of the pore water in the backfilled materia

would not improve beyond that of theloca ground water.

The dissolution of anglesite and the precipitation of ferric hydroxide, hence the concentrations
of Pb and Fe in the pore water, are controlled by equilibrium. The concentrations of SO,, Zn,
Ca, Mg, Mn, and Al in the pore water are limited in the short term (days to weeks) by dissolu-
tion/diffusion rates. In the long term (years), the concentrations of these metals are dependent

on their tota amounts of storage in the waste rock.

The presence of gypsum inhibits the dissolution of angleste. Anglesite stored in the waste rock
would not dissolve appreciably until the gypsum storage in the rock is exhausted by dissolution.
This makes the decommissioning of the waste rock by backfilling-flushing-treatment a very long

process.
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OBJECTIVES AND METHODS

The objectives of pit water profiling were to detect chemica and physical dratification, possible
turnovers, active volumes, and hydrologicd patterns. The resulting datawould provide inputs to pit
water qudity prediction for the future. Since pit water quaity prediction was deleted from the ob-
jectives, the pit water profile data are not used further. The profiles are reported here for quditative
observations of the flooded pits.

Two rounds of chemica profiles of the Stratmat and the N5 pit waters were taken: the first on
October 24 and 27, 1994 and the second on June 6 and 7, 1995, using a Hydrolab integrated
profiling unit. The unit Smultaneoudy measures pH, redox potentia, conductivity, dissolved oxygen,
temperature, and depth. All parameter vaues were logged in a portable computer once every two
seconds as the unit was dowly lowered down or lifted up in the pit water. Five locations were
sdected for profiling in the first round: three located in the Stratmet pit (Stratmat East, Middle and
West) and two in the N5 pit (N5 East and West). For the second round the number of sationsin
the N5 pit was reduced to one (N5 Middle). Water was sampled from the two pits usng ames-
senger-activated Alpha sampler at various depths for chemica analyses (ICP 32-dlement scan,
acidity, akalinity, sulphate, phosphate, nitrate, nitrite, chloride, Fe™").

RESULTS AND DISCUSSION

The pit water physicochemica profiles from the first and the second profiling campaigns are pre-
sented at the end of this gppendix. Note that at each profiling station, a downward profile, meas-
ured when the Hydrolab probe was being lowered, and a upward profile, measured when the
Hydrolab probe was being lifted, were presented. The differencesin the downward and upward
profiles reflect the lag in response time of the various probes. Generally spesking, the downward
and upward profiles are nearly identica for conductivity, temperature, and pH, indicating the quick
regponses of these probes. In contragt, the downward and upward profiles for redox potentia (Eh)
and dissolved oxygen (DO) are Sgnificantly gpart, indicating that these probes have alonger re-
sponse time to the changes in water properties. The true profiles are approximated by the average
of the downward and upward profiles

STRATMAT PIT

In the first campaign in October 94, water was sampled at each of the three profiling Sationsin
Stratmat at an interva of about 10 m. In the second campaign of June 95, water was sampled dso
a each of the three profiling Sations, but thistime a an interva of 5 m. Station "Stratmat Eadt” was
Stuated above the origina open pit floor; sations "Stratmat Middle' and "Stratmat West" were
located above the desp depression excavated for under-ground mining access. The locations of the
dations were gpproximate, thus are not at the exact same places for the October 94 campaign and
the June 95 campaign. This explains the large differences in water depths between the two cam-
paigns for same-name saions. Reference zero was taken asthe water surface a the time of profil-
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ing and thus the depth underwater was negative (in meters). All profiles were taken down to the
water/pit bottom interface. The following quditative observations can be made of the profiling
results for the Stratmet pit:

Al three profiling stations indicate the presence of athin epilimnion” made of a "fresh water
lens' and about 1 to 2 m thick (see DO, conductivity, temperature, and pH profiles). Thislens
had a conductivity of 1.6 mS/cm (October 94) or 0.8 mS/cm (June 95) (compared with 2.8
mS/cm (October 94) or 2.0 mS/cm (June 95), respectively, in the lower strata), aDO of 11
mg/L (October 94) or 9 mg/L (June 95) (fully aerated), atemperature of 7.5 (October 94) or
13.5°C (June 95), and apH of 3.6 (October 94) or 3.3 (June 95). This evidence suggests that
the epilimnion was formed from water inputs to the pit from surrounding surface flows. It gp-
pearsthat the water inflows, having ahigher temperature and alower sdinity than the pit weter,
and thus alower dengty, did not mix deeply but rather spreed laterdly to form the "fresh water
lens' observed at the surface.

Bdow the epilimnion, there exists a well-defined thermodline® for both campaigns: dl three
stations showed a decline in temperature from 7.5 (October 94) or 13.5 (June 95) °C at the
surface to about 3.0 °C (both October 94 and June 95) at -7 m. Thisindicates that the thick-
ness of the thermocline does not vary significantly with time (season) or space (location).

Bdow the thermodiineg, there exists a hypalimnion® with relatively uniform physical and chemical
properties (e.g., conductivity, dissolved oxygen, some dissolved metals). In particular, afarly
uniform temperature profile, nearly a the temperature of maximum water densty, of about 3
to 4 °C, exigsin the hypolimnion at places where water depths are greater than 7 m. Thisiso-
thermad hypolimnion extends down to the pit bottom, which is up to 30 m deep. These obser-
vations suggest that there is alack of fall or spring turnovers' in the deep portions of the pit
water.

Stratmat Middle and Stratmat West, which were about 20 m apart and both located above the
depressed portion of the pit, demonstrated dmost identica profiles for both campaigns, indi-
caing that within the depression in the pit bottom, the water physical and chemica characteris-
ticsare quite invariant lateraly and with time. This aso provides evidence to the hypothesis thet
water in this"deep hole" in the pit does not turn over, or mix reedily with the overlying weter,
which is subject to diurnad and seasond warming and cooling and receives inflows from the
surrounding aress.

A meromictic* condition seemsto exist in the depression in the pit bottom. The conductivity,

! Definitions of terms:

Epilimnion - arelatively warm, homogeneous, mixed water stratum at the surface (Hutchinson, 1975a).
Thermocline - awater stratum with a high temperature gradient.

Hypolimnion - adeep, cold, and relatively undisturbed water stratum.

Turnover - aprocess in which the upper and the lower portions of awater body exchange position.
Meromictic - anon-circulating condition in awater body due to chemically-induced density difference.
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dissolved sulphate, zinc, caldum and magnesum are higher in the depresson then in the overly-
ing water. The higher sdlinity, coupled with the near-maximum-dengty temperature (2510 4.0
°C), rexultsin ahigher water dengty, presumably preventing mixing and turnover of thiswater.
Had mixing occurred during the fal and the spring, the water in the depresson would have been
warmer than observed for October 94 and June 95.

For October 94 at dl three locations, the pH remains generadly constant at about 3.4 for the
firs 5 m below the surface, then increased steadily deeper in the pit until apH of 4.5 isreached
at the bottom of the depression. Thisindicates a source of dkalinity in the degper water. For
June 95 this phenomenon was observed only at gation Stratmat Middle. The nature of this a-
kainity source is uncertain.

In October 94, dl three redox potentid profiles have a shape of the letter "U" lying on its Sde
for the top 7 m. The reason for this profile shgpe is unknown at thistime. In June 95, the upper
halves of the capsized "U" shape were truncated. The Eh decreased steadily in the depression
to about 300 mV (October 94) or 450 mV (June 95) a the bottom, indicating marginaly oxi-
disng (or reducing) conditions. These observations, when coupled with the observaion thet the
DO near the pit bottom is generdly low, gppear to suggest alack of driving force for reducing
reactions, such as decay of organic matter. It can be inferred, therefore, that the organic con-
tents dissolved in the water and settled in the sediments are low, and that sulphate reduction
does not take place in the water column.

The reasons for the duggish response of the DO probe are suggested asfollows: It may be due
to the mafunctioning of the dtirrer on the Hydrolab probe. The dirrer helps circulate the water
in the measuring chamber, the circulation being particularly important for the DO probe. With-
out awater current at thetip of the DO probe, the water film on the probe may not be able to
replenish sufficiently rapidly, thus giving a DO reading only representative of the water it con-
tacted previoudy. A chance also exigs that the water film on the DO probe may not get re-
placed at dl; awater film depleted of oxygen due to the dectricd current during measurement
may contribute to fasdy low (or nearly zero) readings. This may explain the nearly zero read-
ings of DO for the three upward oxygen profiles. For the DO profiles, the downward profiles
should be regarded as being more accurate than the upward ones, since the Hydrolab unit is
open a the bottom and, in the incident of a mafunctioning stirrer, sufficient agitation may be
provided by the turbulence created in the measurement chamber due to the action of lowering
the unit. Such agitation is not present when the Hydrolab unit is being lifted.

NS PIT

In the first campaign of October 94, two locations, N5 East and N5 West, were sdlected for phys-
icochemica profiling, but only a surface water sample was taken at the northern end of the pit. In
the second campaign of June 95, one location, N5 Middle, was used for profiling. This station was
a0 used for sampling the pit water a adepth interva of 5 m. The following qualitative observa
tions can be made of the N5 profiling results:
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The maximum depth in the N5 pit is about 20 m, 10 m less than the Stratmat pit. The maximum
horizontal dimengon of the N5 pit is aso less than that of the Stratmat pit. The differencesin
pit geometry are probably the main reason for the differences in the limnological observations

of the two pits.

In October 94, the Eh, conductivity, temperature and pH profiles suggest three strata: (1) an
upper, wdl-mixed, uniform layer (epilimnion), goproximately 7 m thick; (2) amiddle sratawith
gradudly changing properties from -7 m to about -10 m (thermocline), and (3) a lower, thin
drata from -12 m to pit bottom (hypolimnion), observed for N5 West only. In June 95, the
epilimnion thickness shrank to 2 m, the thermocline was devated to the depth from-2to-5m,

and the hypolimnion was thickened.

For both profiling campaigns, the pH profiles indicate a source of akainity in the pit bottom.

Aswith the Stratmat case, the downward DO profiles should be taken as more accurate than

the upward profiles presumably due to the mafunctioning of the stirrer.

The epilimnion (7 m and 2 m thick for October 94 and June 95, respectively), with a conduc-
tivity of about 0.6 mS/cm, seems "foreign” to the N5 pit. This strata was probably a result of
fresh water inflows from surrounding area. The variation in the thickness of this strata can be
explained by the fluctuations of water quantity input from surrounding aress. The conductivity
of the lower drata, about 2 mS/cm, is comparable to that of the lower Sratain the Straimat pit.

The October 94 temperature profiles suggest afdl turnover, with the turnover influence running
down to about -10 m. The evidence supporting this claim is that the strata from -6 to -10 m
showed much higher temperatures than the overlying water (0 to -6 m). The June 95 tempera-
ture profile suggests alack of oring turnover, with the meromictic condition extending from -6

to -20 m (bottom of the pit).

COMPARISON BETWEEN STRATMAT AND N5

The two pit water bodies are smilar in the following aspects.

Both can be classfied as temperate meromictic (mainly chemicdly induced) lakes limnolog-

cdly.

Both pit lakes are small, with water evations below those of the surrounding ground. These
features limit the influence of the kinetic energy from wind in cregting circulation in the water

bodies.

The water in both pits are contaminated with acidity and dissolved metds. The pH and conduc-

tivity ranges for the two water bodies are smilar.
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Both show a certain degree of dratification and occasiond fresh water lenses at the top of the
water surface.

All gations in October 94 and one ation in June 95 in the Stratmat pit indicate an dkdinity
source a the pit bottom. Similarly, dl stationsin October 94 and June 95 in the N5 pit suggest
asource of akdinity a the pit bottom.

Both the Stratmat and the N5 pits seem to lack a pring turnover.
The two pit water bodies are different in the following aspects:
The Stratmat is bigger in area and deeper than the N5.

There ssemsto be afdl turnover in the N5 pit, but not in the Stratmat pit.

CONCLUSIONS AND IMPLICATIONS
CONCLUSIONS

Both the Stratmat and N5 pit lakes are temperate, meromictic lakes. The Stratmat seems to lack
sgnificant mixing or turnovers. The N5 seems to be monomictic (one circulation per year), with a
fdl turnover. Both pit lakes have a meromictic hypolimnion conggting of water containing high
dissolved solids. The hypolimnion is stabilised by a high water dengty deriving predominantly from
high dissolved solids (i.e., chemicd gratification) and, to alesser degree, atemperature near 4 °C,
the temperature of maximum water dengty (i.e, thermd drdification). The high dissolved solids are
mainly due to dissolved SO,, Zn, Ca, and Mg, al of which are products of sulphide oxidation or
neutraisation of acid generated thereof.

Both pit lakes are aso characterised by an epilimnion of seasondly-varying depth. The epilimnion
has much less inity (i.e,, dissolved solids) than the hypolimnion. The epilimnion seems to have
formed mainly from low-salinity surface water inflows from surrounding aress into the pits Because
of the dengty contrast, these water inflows do not seem to mix with deeper weter in the hypolim:
nion, but rather spread laterdly to form a"fresh water lens’ (the epilimnion) with alower dengty
and warmer temperature. The varying depth of the epilimnion isaresult of the baance between the
amount of water inflows and the amount of evaporation, both of which fluctuate seasondly.

Within the hypolimnion, dissolved oxygen is nearly depleted. But the redox potentia profiles and
presence of oxidised species such as Fe** do not indicate highly reducing conditions, suggesting a
low content of degradable organic content in both the water column and the pit bottom sediments.
Therefore, there is no sgnificant sulphate reduction in the water column. At some locationsin the
Stratmat and the N5 pits, there gppears to be asource of akalinity near the pit bottom, as indicated
by the pH risein these regions. The nature of the akalinity source is probably dkdine origind host
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rock or dkaine rock placed in the pit bottom. Therisein pH is generdly not sufficient to cause
precipitation of any metals except for Al.

Note that the preliminary conclusions stated above are drawn from the observations of only two
physicochemica profiling campaigns. Vdidation of these conclusons can be achieved through
further field measurements.

A recent paper by Stevens and Lawrence (1995) examined the contaminant transport and &-
tempted moddling of a pit lake & Brenda Mines near Peachland, British Columbia. The water
column graification found in the study was Smilar to that found in this report.

IMPLICATIONS

Since the hypolimnion (lower gtrata) is more concentrated in dissolved solids than the epilimnion
(surface grata) for both pits, it follows that, if this chemical dratification Structure perssis over an
extended period of time, pumping water from the hypolimnion to the water treetment plant is more
beneficid than from the epilimnion. This measure would reduce the overdl contaminant load in the
pits, thereby reducing the environmentd risk of an accidenta spill or leek. Practicdly, this measure
can be achieved by lowering the pump intake deeply into the hypolimnion, preferably near the pit
bottom.

Since the pit water in genera and the hypolimnion in particular are contaminated, to protect the
environment, the pit water should not be dlowed to outflow, either as surface overflow or ground
water discharge. The engineering solutions to ensure non-discharge of the pit water are (1) to
maintain through proper water management practice the pit water leve below the local groundwater
table at dl timesto create a hydraulic gradient towards the pit, (2) to ascertain that there is enough
water storage capacity for the design flood, and (3) to treat the water withdrawn from the pit.
These engineering solutions are currently practised at the Site and have been fully incorporated into
the closure plan. A date-of-the-art lime neutraisation water trestment plant was commissioned at
the Sitein 1997 to treat the pit water and other contaminated waters.
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Stratmat Column Rinse Test - Physichemical Parameters

L Cycle | Item | sC-1 | sc-2 |
Date : March 29, 1995
0 Initial mass (kg) 25 25
0 Inttial volume water (L)] 23 24
0 pH 3.88 4.01
0 Conductivity (uS/cm) | 1086 2100
0 Acidity (mg CaCO3/L)| 756 700
Date : March 31, 1995
1 Initial volume water (L) 23 24
1 Final volume water (L)| 19.3 21
1 pH 3.77 3.87
1 Conductivity (uS/cm) | 4790 4700
1 Acidity (mg CaCO3/L)] 2278 2030
Date : April 3, 1995
2 Initial volume water (L) 20 20
2 Final volume water {L)| 19.8 19.7
2 pH 3.84 4.12
2 Conductivity (uS/cm) | 1840 2240
2 Acidity (mg CaCO3/L)| 588 502
Date : April 7, 1995 4.61
3 Initial volume water (L) 20 20
3 Final volume water (L)| 19.9 19.6
3 pH 44 5.36
3 Conductivity (uS/cm) 1020 1280
3 Acidity (mg CaCO3/L)| 218 190
Date : April 10, 1995
4 Initial volume water (L) 20 20
4 Final volume water (L) 20 20
4 pH 4.05 433
4 Conductivity {uS/cm) 690 740
4 Acidity (mg CaCO3/L)| 120 96
Date ; April 12, 1995
5 Inttial volume water (L)| 20 20
5 Final volume water (L) 20 20
5 pH 4,53 4.82
5 Conductivity (uS/cm) 420 370
5 Acidity (mg CaCO3/L) 72 62

[ Cycle ] ltem | sc1 ] sc2 |
Date : April 17, 1995 4.97 4.75
6 Inftial volume water (L) 20 20
6 Final volume water (L) 19.8 19.9
6 pH 5.34 7.89
6 Conductivity (uS/cm) 484 399
6 Acidity (mg CaCO3/L} 94 58
Date : April 21, 1995 4.78
7 Inttial volume water (L) 20 20
7 Final volume water (L) 20 20
7 pH 4.32 5.08
7 Conductivity (uS/cm) 382 332
7 Acidity (mg CaCO3/L) 58 48
Date : May 2, 1995 4.80 4.84
8 Initial volume water (L) 20 20
8 Final volume water (L) 20 20
8 pH 5.75 6.4,
8 Conductivity (uS/cm) 459 390
8 Acidity (mg CaCO3/L) 142 96
Date ; May 9, 1995 4.82 4.87
9 Initial volume water (L) 20 20
9 Final volume water (L) 20 20
9 pH 412 7.38
9 Conductivity (uS/cm) 333 310
9 Acidity (mg CaCO3/L) 70 62
Date : May 12, 1995
10 Initial volume water (L) 20 20
10 Final volume water (L) 20 20
10 pH 45 4.64
10 Conductivity (uS/cm) 215 207
10 Acidity (mg CaCO3/L) 34 33
Date ; May 15, 1995
11 Initial volume water (L) 20 20
11 Final volume water (L) 20 20
11 pH 4.87 454
11 Conductivity (uS/cm) 183 181
11 - | Acidity (mg CaCO3/L) 20 22

Note: Bold italic figures are interpolated values. Normal italic figures are pH's calculated by Minteq.



Stratmat Column Rinse Test - Physichemical Parameters

| Cycle | ltem | sC-1 | sc-2 ]
Date : May 19, 1995 4.84 4.88
12 Initial volume water (I 20 20
12 Final volume water (L. 20 20
12 pH 5.91 5.11
12 Conductivity (uS/cm) 156 148
12 Acidity (mg CaCO3/L] 24 26
Date : May 23, 1995
13 Initial volume water (I 20 20
13 Final volume water (L] 20 20
13 pH 4.3 4.61
13 Conductivity (uS/cm) 165 160
13 Acidity (mg CaCO3/L 30 24
Date : May 26, 1995
14 Initial volume water (] 20 20
14 Final volume water (L] 20 20
14 pH 4.41 4.86
14 Conductivity (uS/cm) 143 139
14 Acidity (mg CaCQ3/L 28 24
Date : Jun 2, 1995 4.89 4.93
15 Initial volume water (| 20 20
15 Final volume water (L] 20 20
15 pH 5.68 6
15 Conductivity (uS/cm) 177 186
15 Acidity (mg CaCO3/L}] 102 80
Date : June 9, 1995 4.96
16 Initial volume water (i 20 20
16 Final volume water (L 20 20
16 pH 5.18 7.35
16 Conductivity (uS/cm) 174 181
16 Acidity (mg CaCO3/L 30 28
Date : June 16, 1995 4.92 4.96
17 Initial volume water (| 20 20
17 Final volume water (L 20 20
17 pH 5.22 5.26
17 Conductivity (uS/cm) 174 194
17 Acidity (mg CaCO3/L 30 30

Note: Bold italic figures are interpolated values. Normal italic figures are pH's calculated by Minteq.

|_Cycle | Item | sc1 ] sc2]
Date : June 22, 1995
18 Initial volume water (| 20 20
18 Final volume water (Li 20 20
18 pH 4.35 452
18 Conductivity (uS/cm) 197 207
18 Acidity (mg CaCQ3/L 34 32




Stratmat Column Rinse Test - Dissolved Elements

March 29, 1995

Cycle | Sample Al As Ca Cd Cu Fe K Mg Mn Na Pb S04 Se Zn Fe+3 Fe+2

1.D. mag/L mg/L mg/L mg/L ma/L ma/L. mg/L ma/L ma/l. mag/L mg/L mg/L mg/L mg/L mg/L ma/L

0 |[sC-1 64.14 0.37 174.69 0.84 12.79 5.87 5.00 101.70 18.42 6.60 1.58 1528.64 |< 0.50 245.19 4.29 1.58

0 _[sc-2 57.72 0.35 200.42 0.79 11.19 4.76 5.00 100.04 18.11 6.13 1.67 1637.10 |< 0.50 245.62 3.61 1.16
March 31, 1995

Cycle | Sample Al As Ca Cd Cu Fe K Mg Mn Na Pb S04 Se Zn Fe+3 Fe+2

LD. mg/L ma/L mg/L mg/L mg/L ma/l. mg/l mg/L ma/l mg/L mg/L ma/L mg/L mg/L ma/l ma/l

1 |SC-1 176.24 1.07 386.37 2.88 37.73 9.19 5.00 318.01 64.62 6.55 0.39 4311.37 |< 0.50 788.39 7.60 1.59

1_|sc-2 149.98 0.89 433.21 2.75 31.70 5.43 5.00 310.36 63.41 6.76 0.75 4229.01 |< 0.50 793.86 4.84 0.59

April 3, 1995

Cycle | Sample Al As Ca Cd Cu Fe K Mg Mn Na Pb S04 Se Zn Fe+3 Fe+2

I.D. mg/L mg/L mg/L mag/L ma/L mg/L mg/L mg/L mg/L ma/L mg/L m mg/L m mg/t. mag/L

2 {scC-1 31.18 0.25 215.04 0.74 8.45 0.72 5.00 72.36 16.48 6.58 2.00 1250.93 |< 0.50 205.63 0.56 0.16

2 |sc-2 27.71 0.25 351.97 0.77 7.47 0.63 5.00 77.24 18.90 7.35 1.97 1628.22 |< 0.50 239.08 0.49 0.14

April 7, 1995

Cycle | Sample Al As Ca Cd Cu Fe K Mg Mn Na Pb S04 Se Zn Fe+3 Fe+2

1.D. mg/L mg/L mg/L mg/L mg/L mg/L mg/lL mg/L mg/L _mg/L mg/L mg/L mg/L mg/l mg/l mg/L

3 |sC1 9.68 0.06 123.86 0.27 3.10 0.15 3.29 25.08 6.53 2.33 1.97 596.19 |< 0.05 69.99 012 0.03

3 [sc-2 7.74 0.05 190.38 0.25 2.53 0.13 3.38 24.55 6.83 1.38 1.93 71090 |< 0.05 72.97 0.10 0.03
April 10, 1995

Cycle [ Sample Al As Ca Cd Cu Fe K Mg Mn Na Pb S04 Se Zn Fe+3 Fe+2

L.D. ma/L mg/L mag/L mg/L mg/L mg/L mg/L mag/L. mg/L mag/L mg/L ma/L ma/L mg/L mg/L ma/L

4 |sCA1 2.99 0.25 112.50 0.08 1.09 0.10 5.00 11.27 3.49 6.38 2.86 383.21 |< 0.50 37.66 0.08 0.02

4 {sc-2 4.57 0.25 88.61 0.11 1.64 0.12 5.00 13.69 3.69 6.46 3.05 348.17 |< 0.50 39.38 0.09 0.03
April 12, 1995

Cycle |Sample Al As Ca Cd Cu Fe K Mg Mn Na Pb S04 Se Zn Fe+3 Fe+2

1.D. ma/L mg/l mag/L ma/l mg/L mg/L mg/L mg/L mg/L mg/L mg/L. mg/L mg/lL mg/l. ma/L ma/L

5 |SsC-1 1.97 0.25 49.14 0.03 0.86 0.03 5.00 6.29 1.78 6.12 3.32 182.47 |< 0.50 18.74 0.03 0.01

5 |sC-2 1.15 0.25 47.86 0.03 0.52 0.03 5.00 4.65 1.41 6.21 3.30 16144 |< 0.50 15.38 0.02 0.01
April 17, 1995

Cycle | Sample Al As Ca Cd Cu Fe K Mg Mn Na Pb S04 Se Zn Fe+3 Fe+2

1.D. mag/L mg/L mg/L mg/L mg/L mg/L mg/L mg/L mg/L ma/L mag/L ma/L ma/l mg/L mg/L mag/L

6 [SC-1 0.35 0.25 51.81 0.03 0.08 0.17 5.00 6.08 1.78 6.54 3.65 18478 J< 0.50 17.21 0.05 0.17

6__|SC-2 1.84 0.25 57.24 0.06 0.60 0.19 5.00 5.42 1.82 7.23 4.46 190.52 |< 0.50 16.81 0.05 0.19




Stratmat Column Rinse Test - Dissolved Elements

April 21, 1995
Cycle | Sample Al As Ca Cd Cu Fe K Mg Mn Na Pb S04 Se n Fe+3 Fe+2
1.D. mg/L mg/L mg/L mg/L mg/L ma/L mg/L mg/L mg/L ma/L mg/L mg/L mg/L mg/L. mg/L mg/L |
7 |sC-t 1.98 0.25 54.47 0.06 0.66 0.07 5.00 5.83 1.80 6.96 3.99 187.09 0.50 15667 (< 0.05 0.07
7 _|scC-2 1.38 0.25 46.19 0.04 0.38 0.07 5.00 4.44 1.55 7.44 4.18 150.91 0.50 1261 j< 0.05 0.07
May 2, 1995
Cycle { Sample Al As Ca Cd Cu Fe K Mg Mn Na Pb S04 Se Zn Fe+3 Fe+2
1.D. mg/l. mg/L mg/L mg/t. mg/L mg/lL mg/L mg/L mg/L mg/L mg/lL mg/L mg/L mg/L ma/lL ma/L
8 [sC-1 1.90 0.25 60.18 0.03 0.39 0.03 5.00 6.76 2.05 1.34 3.63 214.44 0.50 16.76 |< 0.05 0.03
8 |scC-2 1.20 0.25 51.37 0.03 0.12 0.03 5.00 5.06 1.95 1.21 3.83 178.35 0.50 13.78 _l< 0.05 0.03
May 9, 1995
Cycle | Sample Al As Ca Cd Cu Fe K Mg Mn Na Pb S04 Se Zn Fe+3 Fe+2
I.D. ma/l mg/L my/L mg/L ma/L mg/L mg/L ma/L mg/L ma/L ma/L mg/l mg/L mg/l mg/L ma/L
9 |sC-1 1.19 0.25 40.39 0.03 0.23 0.03 5.00 4.46 1.38 0.77 4.15 145.35 0.50 1097 |< 0.05 0.03
9 |sc-2 0.96 0.25 38.06 0.03 0.13 0.03 5.00 3.74 1.44 0.96 4.78 133.20 0.50 1021 |< 0.05 0.03
May 12, 1995
Cycle | Sample Al As Ca Cd Cu Fe K Mg Mn Na Pb S04 Se Zn Fe+3 Fe+2
1.D. mg/L mg/L mg/L myg/L mg/L. ma/L mg/L mg/L mg/L. mg/L mg/L mg/L mg/L mg/L mg/L mg/L |
10 [SC-1 0.68 0.25 20.73 0.03 0.15 0.03 5.00 2.32 0.64 0.69 3.80 76.98 0.50 5.63 < 0.05 0.03
10 [scC-2 0.52 0.25 20.73 0.03 0.03 0.03 5.00 1.83 0.71 1.04 3.96 73.47 0.50 5.42 <_0.05 0.03
May 15, 19958
Cycle | Sample Al As Ca Cd Cu Fe K Mg Mn Na Pb S04 Se Zn Fe+3 Fe+2
1.D. mg/l mg/L mg/L mg/L mg/L mg/L mg/L mg/L mg/L mg/L mg/L mg/L _ma/l mg/L mg/L mg/L
11 [SC-1 1.52 0.25 16.05 0.03 0.22 0.22 5.00 2.72 0.59 3.53 4.29 62.49 0.50 3.96 0.22 0.00
11_|SC-2 0.63 0.25 17.27 0.03 0.11 0.10 5.00 1.75 0.69 3.06 4.44 63.38 0.50 4.21 < _0.25 0.00
May 19, 1995
Cycle | Sample Al As Ca Cd Cu Fe K Mg Mn Na Pb S04 Se Zn Fe+3 Fe+2
1.D, mg/L mg/L mg/L mg/L mg/L ma/L mg/L mg/L ma/L mg/L ma/L ma/l mg/L mag/L mag/L mg/L
12 |SC-1 0.55 0.25 12.31 0.03 0.15 0.14 5.00 1.44 0.42 3.28 3.87 48.91 0.50 2.98 < 0.25 0.00
12_|scC-2 0.60 0.25 13.43 0.03 0.09 0.16 5.00 1.38 0.52 3.44 3.99 52.96 0.50 3.21 < 025 0.00
May 23, 1995
Cycle | Sample Al As Ca Cd Cu Fe K Mg Mn Na Pb S04 Se Zn Fe+3 Fe+2
I.D. mg/L mg/L mg/l mg/L mg/l. mg/L ma/l mg/L mg/l m mg/l mg/L mg/L mg/L mg/l mg/L
13 |[SC-1 0.62 0.25 13.45 0.03 0.18 0.58 5.00 1.65 0.48 3.34 4.67 53.23 0.50 3.31 < 025 0.33
13 |sC-2 0.61 0.25 13.76 0.03 0.08 0.06 5.00 1.45 0.53 3.80 4.53 51.61 0.50 3.21 < 025 0.00




Stratmat Column Rinse Test - Dissolved Elements

May 26, 1985
Cycle | Sample Al As Ca Cd Cu Fe K Mg Mn Na Pb sS04 Se Zn Fe+3 Fe+2
1.D. mg/L mg/l mg/l mg/L mg/L mg/L mg/L mg/L mg/L mg/L mg/L ma/L mg/L mg/L mg/L mg/L
14 |SC-1 0.40 0.05 13.48 0.01 0.22 0.06 2.43 1.60 0.50 1.13 5.70 52.72 0.10 3.92 0.05 o.01
14 |sC-2 0.35 0.05 14.28 0.01 0.1 0.02 2.46 1.49 0.58 1.27 5.64 52.77 0.10 3.87 0.01 0.00
June 2, 1995
Cycle |Sample Al As Ca Cd Cu Fe K Mg Mn Na Pb S04 Se Zn Fe+3 Fe+2
1.D. mg/t ma/l mg/L mg/L ma/L mg/L ma/L mg/L ma/L mg/L mg/L mg/L ma/L mg/L ma/l. mg/L
15 |sc-1 0.57 0.05 19.16 0.02 0.26 0.10 3.36 2.28 0.71 1.41 6.88 72.40 0.10 5.34 0.08 0.02
16 _|scC-2 0.51 0.05 19.64 0.01 0.14 0.05 3.05 2.06 0.80 1.30 6.95 71.09 0.10 5.12 0.04 0.01
June 9, 1995
Cycle | Sample Al As Ca Cd Cu Fe K Mg Mn Na Pb S04 Se n Fe+3 Fe+2
1.D. mg/t mg/L mg/L ma/L mg/L ma/L mag/L mg/L mg/L mg/L mg/L mg/L ma/L mg/L mg/L mg/L
16 [SC-1 0.56 0.05 19.04 0.01 0.23 0.02 3.26 2.38 0.72 1.25 7.02 72.55 0.10 5.26 0.01 0.00
16 {SC-2 047 0.05 20.06 0.01 0.10 0.03 2.91 2.13 0.82 1.22 6.77 72.65 0.10 5.07 0.02 0.01
June 16, 1995
Cycle | Sample Al As Ca Cd Cu Fe K Mg Mn Na Pb S04 Se Zn Fe+3 Fe+2
1.D. mg/L mg/L mg/L mg/L mg/L mg/L ma/L mg/L mg/L mg/L mg/L mg/L mg/L ma/L mg/L mg/L
17 |sC-1 0.55 0.26 17.38 0.03 0.06 0.03 |< 5.00 2.22 0.46 4.20 5.09 67.68 0.50 4.11 0.02 0.01
17_[SC-2 0.49 0.25 17.37 0.03 0.03 0.03_ (< 5.00 1.88 0.58 3.17 5.14 65.56 0.50 4.10 0.02 0.01
June 22, 1995 .
Cycle {Sample Al As Ca Cd Cu Fe K Mg Mn Na Pb S04 Se Zn Fe+3 Fe+2
1.D. mg/L mg/l. mg/L ma/L mg/L ma/L mg/L ma/L mg/L ma/L mg/L mg/L ma/L mg/L mg/L mg/L
18 |SC-1 0.56 0.25 14.99 0.03 0.09 0.03 [< 5.00 1.93 0.43 3.59 5.24 60.18 0.50 4.04 0.02 0.01
18 |SC-2 0.54 0.25 18.79 0.03 0.03 0.03 < 5.00 2.05 0.62 3.68 7.01 71.25 0.50 4.58 0.02 0.01




Stratmat Column Rinse Test - Physichemical Profiles

20  28/7/95 121 31 355 363 359 361 3.62 3.62
21 20/8/95 154 64 347 342 345 340 347 343
22  29/9/95 185 95 339 3.1 330 319 3.31 3.25
23 1/12/95 248 158 352 347 350 350 346 3.48
Wrap-up  2/2/96 311 221 371 3.7 371 368 367 3.68

6/95 90 5 0.000 0.000 0.00 0.000 0.000 0.00

20  28/7/95 121 31 0.000 0.000 000 0000 0040 0.02

21 29/8/95 154 64 0.000 0.000 000 0000 0.020 001

22  29/9/95 185 95 0.000 0.000 0.00 0.000 0.000 0.00

23  112/95 248 158 0070 0.010 0.04 0.070 0010 0.04
Wrap-up 2/2/96 311 221 n/a n/a n/a n/a n/a n/a

S04

Dat f:day static :Fop.::Boltom:
27/6/95 90 5 45.39 . . .92 .36
20  28/7/95 121 31 5747 5758 7061 7029 7045
21 29/8/95 154 64 69.84 7031 81.61 80.94 81.27
22  29/9/95 185 95 83.88 8220 8304 9261 9159 92.10
23 112/95 248 158 129.66 129.27 129.47 131.19 130.14 13067
Wrap-up 2/2/96 311 221 n/a n/a n/a n/a n/a n/a

Da |
19 27/6/95 5 002 002 002 004 005 0.05
20 28/7/95 121 31 0.18 0.19 0.19 022 0.22 0.22
21 29/8/95 154 64 0.21 0.20 0.20 0.23 0.23 0.23
22 29/9/95 185 g5 0.23 0.21 0.22 0.24 0.24 0.24
23 1/12/95 248 158 0.27 0.25 0.26 0.26 0.26 0.26

Wrap-up 2/2/96 311 221 n/a n/a n/a n/a n/a n/a

27/6/95 % 5 035 034 035 045 046 045

20  28/7/95 121 31 042 0.41 041 0.51 0.50 0.50
21 29/8/95 154 64 054 052 053 058 057 0.58
22 29/9/95 185 95 066 063 064 066 064 0.65
23 112/95 248 158 1.05 1.05 1.05 098 098 0.98

Wrap-up 2/2/96 311 221 n/a n/a n/a n/a n/a n/a



Stratmat Column Rinse Test - Physichemical Profiles

Fe(total)

19 27/6/95 90 5 .000 0.000 , . .
20 28/7/95 121 31 0.000 0.000 0.00 0.000 0.12
21 29/8/95 154 64 001 004 003 002 0.08
22 29/9/95 185 95 0.025 0083 0.05 0.036 0.04
23 1/12/95 248 158 0.070 0.010 004 0.050 0.03
Wrap-up 2/2/96 311 221 n/a n/a n/a n/a n/a

19 27/6/95 90 5 4.58 4.23 4.41 6.43 6.2 6.32
20 28/7/95 121 31 5.85 5.99 592 726 7.14 7.20
21 29/8/95 154 64 580 5.97 5.89 6.86 6.79 6.82
22  29/9/95 185 95 575 595 585 6.46 6.44 6.45
23 1/12/95 248 158 6.52 6.33 643 6.85 6.70 6.78
Wrap-up  2/2/96 311 221 n/a n/a n/a n/a n/a n‘a

19 27/6/95 90 5 . . . 3.76
20 28/7/95 121 31 3.71 4.99 4.88 4.93
21 29/8/95 154 64 393 384 388 536 524 5.30
22 29/9/95 185 95 414 398 4.06 574 5.60 5.67
23 1/12/95 248 158 706 710 7.08 874 8.70 8.72

Wrap-up 2/2/96 311 221 nfa n/a n/a n/a n/a n/a

19 27/6/95 90 5 385 338. 362 328 3.50 3.39
20 28/7/95 121 31 266 295 281 259 2.74 2.67
21 29/8/95 154 64 423 451 437 434 4.4 4.39
22 29/9/95 185 95 580 6.06 593 6.09 6.13 6.11
23 1/12/95 248 158 6.75 634 655 6.34 6.52 6.43

Wrap-up  2/2/96 311 221 n/a n/a n/a n/a n/a n/a

ltalic numbers are interpolated.



Stratmat Column Rinse Test - Dissolved Element Profiles - Static Stage

June 27, 1995

Lab file I1.[ 1321_058

Sample Al As Ca Cd Cu Fe K Mg Mn Na Pb S04 Se Zn Fe+3 Fe+2
1.D. mg/L mg/ll  mg/L mg/L mg/t mg/L mg/l meg/L mg/L mg/L ma/L mg/L ma/L mg/L mg/L mo/t
SC-1top 0.37 |< 0.25 11.45|< 0.03 0.03 |« 0.03 |< 5.00 143 0.27 3.85 4.58 46.88 |< 0.50 289 |< 0025 |< 0.025
SC-1 bot 043 |< 0.25 11.30]< 0.03 0.03 |< 003 |< 5.00 1.40 0.26 3.38 4.23 45.39 |<  0.50 286 |<_ 0025 [< 0.025
SC-2top 051 j< 0.25 15.08 |< 0.03 0.04 < 003 |< 5.00 1.57 0.44 3.28 643 58.79 |< 050 375 {< 0.025 [< 0.025
SC-2 bot 0.48 |< 0.25 1543 |< 0.03 0.05 |« 0.03 |< 5.00 1.59 044 3.50 6.20 59.92 |< 0.50 377 |< 0.025 {< 0.025
July 28, 1995 Lab file 1.1 1321_063
Sample Al As Ca Cd Cu Fe K Mg Mn Na Pb S04 Se Zn Fe+3 Fo+2
1.D. ma/L| mo/l ma/t ma/l. mag/t ma/t. ma/L mg/L ma/L mg/l. myg/L ma/L mg/t mag/t mg/L mg/L
SC-1top 0.81 |< 0.25 13.16 |< 0.03 0.18 0.04 |< 5.00 1.85 0.56 2.66 5.85 57.69 |< 0.50 371 l« 0025 (< 0.025
SC-1 bot 0.93 < 0.25 13.18 i< 0.03 0.19 {< 0.03 |< 5.00 1.80 0.54 2.95 5.99 5747 |< 050 370 |< 0025 |< 0.025
SC-2 top 099 < 0.25 16.27 |< 0.03 022 |« 003 |< 5.00 2.06 0.76 2.59 7.26 70.61 |< 050 499 |« 0.025 |< 0.025
SC-2 bot 120 |< 0.25 16.00 | < 0.03 0.22 0.24 |< 5.00 2.14 0.74 2.74 7.14 70.29 i< 0.50 4.88 0.040 0.200
August 29, 1995 Lab file \.[ 1321 _067 (Re-analyzed data)
Sample Al As Ca Cd Cu Fe K Mg Mn Na Pb S04 Se Zn Fe+3 Fe+2
1.D. ma/L] ma/li  mg/l ma/l ma/L mg/L mg/L mag/lL mg/L ma/L mg/L mg/lL ma/L ma/L molt mg/L
SC-1to 5.27 i< 0.25 23.61 < 0.03 0.25 048 | < 5.00 3.96 1.23 12.77 6,94 90.17 |< 0.50 5458 | < 0.100 I> 0.220
NS B 0Ty 5 3, 3 (363 242 3 IRV 3 AN % ASRR. 334038 83 Rt
SC-2 top 6.55 |< 0.25 25.14 | < 0.03 0.27 052 | < 500 4.34 1.35 15.50 7.10 9249 < 050 6.703 |< 0.100 |> 0.010
SC-2 bot 1.15 |< 0.25 11.88}< 0.03 0.16 079 | < 5.00 2.61 0.49 6.53 4.68 53.34 |< 0.50 2.802 0.540 0.120
Sep 29, 1995 Lab file L.L 1321_075
Sample Al As Ca Cd Cu Fe K Mg Mn Na Pb S04 Se Zn Fo+3 Fe+2
1.D. mg/L mg/l  mg/L mog/L mg/L mg/L me/L mg/L mg/L mg/L mg/L mg/L mg/L mg/L mg/L mg/L
SC-1 top 113 |« 0.25 20.05 0.04 0.23 0.03 5.00 3.37 0.83 5.80 5.75 83.88 |< 050 4.14 |< 0.100 nd
SC-1 bot 1.11 |< 0.25 19.34 0.03 0.21 0.08 5.00 3.25 0.79 6.06 5.95 82.20 |« 0.50 3.98 I< 0.100 nd
SC-2 top 166 |« 0.25 19.56 0.03 0.24 0.04 5.43 3.69 1.04 6.09 6.46 92.61 |< 0.50 574 |< 0.100 nd
SC-2 bot 171 j< 0.25 18.95 0.03 0.24 0.05 5.02 3.59 1.02 6.13 6.44 91.59 |<  0.50 560 j< 0.100 nd
Dec 1, 1995 Lab file I.L 1321_087
Sample Al As Ca Cd Cu Fe K Mg Mn Na Pb S04 Se Zn Fe+3 Fe+2
1.D. ma/lL] mg/l mgll ma/l mg/L. mg/L ma/t mag/L mg/L ma/L mg/L mg/L mg/L ma/L ma/L mg/L
SC-1top 210 {< 025 32.01 0.05 0.27 0.07 |< 5.00 555 1.31 6.75 6.52 129.66 < 0.50 7.06 0.070 nd
SC-1 bot 196 |< 0.25 31.87 0.04 025 |<  0.02 |< 5.00 5.53 1.27 6.34 6.33 1298.27 |< 0.50 7.10_|<  0.020 nd
SC-2top 282 |« 0.25 28.14 |< 0.02 0.26 0.05 |< 5.00 6.08 1.59 6.34 6.85 131.19]< 0.50 8.74 0.050 nd
SC-2 bot 279 |< 0.25 28.12}< 0.02 026 |< 0.02 |< 5.00 6.09 1.59 6.52 6.70 130.14 | < 0.50 8.70 |< 0.020 nd




SC-1 45 20
SC-2 47 20

520 116
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