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SUMMARY/SOMMAIRE

A geochemical, hydrogeological and hydrological study of the Kidd Creek tailings
impoundment was initiated in August 1991 at therequest of Falconbridge Limited, Kidd Creek
Division. Thisstudy ispart of alarger investigation which isintended to aid in the
development of a comprehensive, long-term environmental management program for the Kidd
Creek tailings. The goals of the Waterloo Centrefor Groundwater Resear ch study wereto
characterize the hydrogeological flow system, the geochemical inter actions between the
tailings pore water, pore gas and solids and to deter mine the influence of discharging tailings
porewater on the quality of run off from thetailings surface during storm events. Theresults
of the research could then be used to aid in predicting the future effluent quality.

The elevated central area of thetailings coneisa groundwater recharge area where
precipitation infiltrates and moves downward to replace pore water that flows away from this
area. Rechargeratesvary from a maximum near the apex of thetailings cone and decline
outward toward the perimeter road. The dominant pore-water flow direction isradially
outward from the centre of the impoundment to dischargein the flat-lying peripheral areas of
theimpoundment. Some pore-water flow occursdownward and inward toward the spigot road
in the centre of theimpoundment. Thisroad isconstructed of more permeable material than
thetailingsand isadrain for the elevated central tailings.

The current practice of co-disposing natrojar osite with sulfide-rich tailings at Kidd
Creek introducesthe natrojarosteto a neutral-pH and low-Ey, environment in which it is

thermodynamically unstable. Geochemical modelling suggests that conditions favouring



natr ojar osite dissolution are present throughout most of the tailingsimpoundment. Results of
thisstudy indicate that the natr ojar osite is dissolving, causing the release of Na, K, Mg, Mn,
Fe, Zn, Pb, As, HCO; and SO, tothe porewater. Mineralogical studiesindicatethat a
significant mass of natrojarosite remainsin thetailings representing a long term sour ce of
contamination. Increased Fe?" concentrationsin the porewater may cause acid drainage if
seepage occur s around the perimeter of the tailings impoundment.

The effects of natrojaroste dissolution on the pore-water composition can be
distinguished from the effects of sulfide oxidation. Natrojarosite dissolution increasesthe
pore-water concentrations of Na, K, Fe, Pb, Asand SO, directly, and increasesthe
concentration of Mg, Mn, Feand HCOj; indirectly through carbonate-mineral dissolution.
Increasesin Zn concentration result from natrojar osite disposal due primarily to therelease
of Zn retained within the aqueous phase of the natrojar ositeresdue. Sulfide oxidation
generateslow-pH conditionsin the pore water near the surface and further increasesthe
concentrationsof Mg, Mn, Fe, Zn, Pb, Asand SO,, aswell asincreasing the concentrations of
Al, Cd, Co, Cr, Cu, and Ni.

Sulfide oxidation also causes the dissolution of carbonate minerals, thereby initially
increasing the pore-water concentration of HCOg; continued oxidation, however, will consume
the carbonate-mineral acid-neutralization capacity of the tailings and will subsequently deplete
the pore-water alkalinity. Sulfide oxidation hasbeen limited by continuous tailings deposition
on most of the main tailings cone. Asaresult, thereisno discernable depletion of sulfur at

the surface. Dueto variability in theinitial carbonate content of the tailings, thereisno



distinguishable depletion of the carbonate-mineral content.

Assuming there are no changesto the present tailings surface due to erosion or
reclamation oper ations, sulfide oxidation modelling suggests that the most intense sulfide
oxidation will occur in thefirst 20 yearsthat thetailings are exposed to the atmosphere.
Oxidation rates and resultant Fe- and SO,-loading rates will decline after that period asthe
process becomes limited by O, diffusion into the tailings pore spaces. The products of sulfide
oxidation reactions (dominantly agueous Fe(11) and SO,), produced during that 20 year period,
will move through thetailings with the porewater. Theresdencetimefor thereaction
productsin the porewater, prior to discharging, will range from 0to 1000's of years.

Hydrological studieswere conducted to deter mine the amount of low quality tailings
porewater contributed to the surface run off from theimpoundment during ssorm events. The
maximum measur ed pore-water contribution to therun off was 23.5% during a moder ate
intensity, long duration rainfall event. Thelong duration rainfall events which cause the water
table to rise throughout the tailingsimpoundment represent the greatest potential for

contributing low-quality porewater to the surface-water effluent.
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1. SSTE DESCRIPTION

TheKidd Creek Cu-Zn sulfide mineislocated 20 km north of Timmins, Ontario (Fig.
1.1). Theoreismilled and concentrated at a metallurgical site located approximately 25 km
east of Timmins. Tailingsfrom the mill aredisposed of in a 1200 ha impoundment at the
metallurgical Ste. The Thickened Tailings Disposal method employed at Kidd Creek
(Robinsky et al., 1991) hasresulted in the formation of a circular, conical-shaped tailings pile
(Fig. 1.1) which iscurrently 15 m thick at the apex of the coneand 2 to 3 m thick near the
perimeter. Thickened Tailings Dischar ge minimizes hydraulic sorting of grain szeswhich is
common in conventional tailings disposal techniques (Robinsky et al. 1991; Robertson, 1994).
At Kidd Creek thetailings grain sizeis uniformly distributed between clay (0.001 mm) and
finesand (0.5 mm). Kidd Creek produces approximately 8,000 to 10,000 tonnes per day (tpd)
of tailings which contain 10 to 25 wt% pyrite, 1to 2 wt% pyrrhotiteand 1to 2 wt% combined
sphalerite, chalcopyrite and galena (Al et al. 1994a).

At Kidd Creek, natrojar osite [NaFe;(SO,),(OH)g] isproduced in thezinc refinery asa
method of removing Fe from Fe- and Zn-SO, solutions. Since 1985, thetailingsthat have
been disposad of in the impoundment contained approximately 2.5 wt% natrojaroste resulting
in alayer between 1 and 4 m thick at the surface that contains natr ojarosite. The underlying
tailings are free of natrojarosite. Kidd Creek produces approximately 300 tpd of
natrojarodste. Prior to 1985 the natrojaroste was disposed in a dedicated, lined settling pond
on the property; the pond wasfilled in 1985.

The Kidd Creek ore contains cassiterite (SnO,) which was recovered for a short period

1



ONTARIO
TIMMINS

o

Perimeter

Porcupine
River

A
Hydrology

Study 2 0/|
B 4
A ® 16
Pond C @17  Spigot
® 18 Road
19
& 20
@2
Pond A 2 A
25 ¢ N
Tailings to
Thickener/
@ Piezometer Nest' .
: , trator
0 1000 Concen
ee——
meters

Figure 1.1  Plan of the Kidd Creek tailings impoundment showing the locations of
piezometer nests, cross sections A-A” and B-B” and the location of the hydrology
study. :



which cassiterite wasrecover ed by gravity separation. Theresidual pyrite concentrate was
disposed of in the southeast area of the present tailingsimpoundment which isreferred to as
the pyrite cone. Approximately 3 million tonnes of this concentrate, containing 80% pyrite,

wer e produced and then thetin recovery was discontinued.

2. GOALSAND OBJECTIVES

The goal of this study isto integrate knowledge of geochemical, hydr ogeological and
hydrological processes occurring in the Kidd Creek tailingsimpoundment to construct a
conceptual model for the physical and chemical evolution of the tailings.

Theprincipal objectivesrequired to accomplish thisgoal are:

1) to determine the geochemical mechanismsthat areresponsible for changesin thetailings
pore-water composition through time,

2) to use the data provided from the geochemical sampling during consecutive summersto
determine theréative importance of the various mechanisms on the evolution of the pore-
water quality.

3) to define the groundwater flow regime within the tailings,

4) to modd sulfide oxidation in the Kidd Creek tailingsover alongterm to estimatethe
loading of Fe and SO, to the tailings pore water, and

5) to deter mine the mechanisms of inter action between metal- and SO,-laden pore water, and

surface run off.
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3. PORE WATER CHEMISTRY

3.1 Introduction

Tailings porewater and tailings solids geochemical data wer e collected from numerous
piezometer nestswithin the tailingsimpoundment. The data were used to distinguish the
effects of various processes such as sulfide oxidation reactions and mineral precipitation and
dissolution reactions on the current pore-water geochemistry. Geochemical speciation
modelling was used to aid the inter pretation of precipitation/dissolution reactionsthat may
affect the pore-water chemistry. Interpretation of masstransfer reactions between the pore
water and tailings solidswas further aided by mineralogical studies of the tailings solids
conducted by Dr. J. Jambor at the Canada Centrefor Mineral and Energy Technology

(CANMET) (Jambor e al., 1993).

3.2 Methods of Investigation

Samples of the pore-water from surface, to the silt/clay underlying the tailings, were
collected along three sections acr oss the impoundment from the central spigot road to the
perimeter road (Fig. 1.1). Data were collected from a total of 25 piezometer nests on the main
tailings cone and three piezometer nests on the pyrite cone. Core sampleswer e collected
from most piezometer nestsfor analysis of the mineralogy and the solid-phase major and
trace-element composition. The sampleswer e collected between August 1991 and July 1993.
L ocations of piezometer nests on the main tailings wer e selected to be representative of the

most oxidized to the least oxidized tailings. Thiswas accomplished by selecting locations
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wher e the time between the most recent tailings disposal and the geochemical sampling varied

from approximately 2 weeks (K C14-least oxidized) to 7 years (KC1-most oxidized).

3.2.1 Tailings Pore Water - Vadose Zone

Porewater from the vadose zone at all nests was sampled by collecting coresin thin-
walled aluminum casing, 7.62 cm in diameter. The coreswere cut into lengths of 20 to 25 cm,
and porewater was squeezed from each section usng a method similar to that described by
Patterson et al. (1978), as modified by Smyth (1981) (Fig. 3.1). This method minimizes
oxidation of Fe(l1) by atmospheric oxygen during sample collection. All pH and E,
measurements were made in thefield. Determinations of pore-water pH and E,;, were made at
least three times during the collection of each sampleto obtain resultsthat werereproducible
towithin +/- 0.05 pH unitsand +/- 20 mV. The pH dectrode (Orion Ross combination pH
electrode, M odel 815600) was calibrated with standard buffersat pH 4 and 7, and the E,
electrode (Orion platinum redox electrode, M odel 96-7800) was checked regularly with
Zobdl's solution (Garres, 1960), and Light's solution (Light, 1972). Sample volumes of 40 to
80 mL were obtained from most core sections. Sampleswerefiltered through 0.45-um
cellulose acetate filters, then were split into two volumes. One of the subsamples was
acidified with 12 N, analytical grade HCI to a pH of lessthan 1 for cation analysis, and the
unacidified subsample was used for anion analysis. All sasmpleswererefrigerated until they
were analyzed. Theacidified pore-water sampleswere analyzed for Ag, Al, As, Ba, Ca, Cd,

Co, Cr, Cu, Fe, K, Mg, Mn, Na, Ni, Pb, Rb, Se, S, S and Zn by atomic absor ption
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spectroscopy. The unacidified samples were analyzed by ion chromatogr aphy to determine

the concentrations of Cl, NO;, PO,, and SO,. Most sampleswer e analyzed at the Water
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Quiality Lab at the University of Waterloo with the exception of 25 sampleswhich were

analyzed by the analytical lab at the Kidd Creek Metallurgical Site. Deter minations of the
pore-water alkalinity were madein the field on subsamplesof 3to 10 mL using methyl red,
bromcresol green indicator (Greenberg et al., 1992) and a Hach Chemical Company digital

titrator.

3.2.2 Tailings Pore Water - Saturated Zone

Porewater from the saturated zone was collected with a peristaltic pump, in
polyethylene lines, from polyethylene-lined stainless steel or PVC, single-completion drive-
point piezometers (Fig. 3.2) installed at regular intervalsof 1to 2 m between the water table
and the base of thetailings. The method of sample collection from single-completion drive-
point piezometersissimilar to that used by Dubrovsky et al. (1984) and Coggans et al. (1991).
The stainless steel piezometer s have a screened interval that is 15 cm long and 1.25 cm in
diameter; the screened interval in the PVC piezometersis 15 cm long and 3.2 cm in diameter.
All piezometer swere bailed dry prior to sampling. Measurementsof pH and E,; were madein
a sealed flow-through cell, maintained at groundwater temperature of 5to 10° C. Samples
wer efiltered with 0.45-um cellulose acetate filters and wer e split into two subsamples. One of
the subsamples was acidified, and the other wasleft unacidified. The sampleswere
refrigerated until they were analyzed. Groundwater temper atur es wer e measured with a
thermistor probein the piezometer tip after the sample was collected. Alkalinity

determinations wer e made on all samplesusing 25 to 100 mL subsamples, a Hach
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3.3 Results and Discussion

Pore-water data from four piezometer-nest locations (KC1, KC3, KC11 and KC14) are
referred to in discussing the effects of sulfide oxidation and natrojar osite co-digposal with the
tailings on pore-water quality. At piezometer nest KC1 (Fig. 1.1), limited tailings deposition
has occurred for the past 5to 7 years, and thetailings near the surface ar e affected by sulfide
oxidation to a depth of 20to 40 cm. Tailings at piezometer nest KC3 are near the point of
discharge, and the nearly continuous deposition at thislocation prior to theinitial sampling in
1991 limited the extent of sulfide oxidation. Thewater table hasremained near the surface at
K C3 dueto continued deposition near by, consequently, thereisvery little evidence of sulfide
oxidation. Tailings had been deposited at the location of KC11 until 6 months prior to
sampling in 1991. When tailings deposition ceased at KC11, the water table at thisnest
declined to maximum depths of between 6 and 7 metres during the dry summer months dueto
proximity to the permeable spigot road. Asaresult of the lower water table, the moisture
content of thetailings at the surface declined more than at other piezometer nest locations.
The surface has been exposed at KC11 since 1991 and the surface samples from 1992 and
1993 record the evolution of geochemical characteristics attributable to sulfide oxidation. The
initial sampling (1992) at K C14 was completed within 1 week of the cessation of tailings
deposition, these samples represent theinitial chemical condition for porewater within the
tailingsimpoundment. Follow-up sampling was done at this piezometer nest in 1993 and

comparison of the 1993 results with the data from 1992 reveal the changesthat occur in the



pore-water geochemistry subsequent to tailings deposition. Comparison isalso made between
the pore-water composition from the tailings and the composition of the present mill-discharge

water (Table 3.1).

Table 3.1 (see following page)

M easurements of concentrations of dissolved constituentsin samplesfrom all of the
vadose zone and saturated zone sampling points are presented in tabular form in Appendix |

and in graphic form in Appendix 1. Some general trendsin the chemistry at all piezometer
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Table3.1 Mill Discharge-water Composition

Cations (mg/L)
1991 1992 Average
Ca 654 684 669
Mg 10.5 12.7 11.6
Mn 0.95 3.08 211
Na 47.3 50.3 48.8
K 25.7 20.4 231
Al <0.02 <0.02 <0.02
Fe 0.05 <0.05 <0.05
Zn 0.55 9.06 4.81
Cu 0.07 0.31 0.19
Ni 0.07 0.15 0.11
Co 0.05 0.10 0.08
Cd 1.23 0.16 0.70
As? <3.0 35 1.8
Anions (mg/L)
SO, 1520 1780 1650
Cl 244 24.6 24.5
HCO; 15.0 50.4 32.7

Samples collected from thetailings thickener overflow.
Natrojarosteisadded to thetailingsprior to thickening.

& concentration in pg/L



nests are evident and the data define four zones: the silt/clay underlying thetailings, the deep
zonewherethe porewater composition issimilar to the mill-dischar ge water, the intermediate
to shallow zone wherethe porewater has been affected by natrojarosite disposal and the
shallow zone wher e sulfide oxidation has affected the pore-water composition. Table 3.2
showstherange of concentrations of the metalsand anionsin Zones 2, 3and 4 in two

representative profiles.

3.3.1Zone 1 - Silt/Clay Underlying the Tailings



At most piezometer neststhe samples from the degpest one or two piezometers (Zone
1) aredigtinct in that thereis high alkalinity and low SO, concentrations. In some cases Ca
concentrations decr ease significantly in these deep samples (eg. KC1, KC3, KC4, KC6,
KC13). Inthisinterval the concentrations of other metalsare all low to below detection, the
pH isbetween 6 and 7.5 and the E, is generally between 100 and 200 mV. In some casesthe
E, valuesin the saturated-zone samples ar e unusually high (eg. 1992 data at KC14) indicating
that oxidation of the Fe?* in thewater column occurred in the 24 hour s between purging and
sampling of thewells. These degp samples are probably from the varved silt/clay soil present
below thetailings. Cluster analyss, using the partitioned cluster method (Wilkinson, 1990),
was performed on pore-water geochemical data from most of these piezometer sto support
thisinference. The analysiswas conducted with 2 clusters, oneto represent tailings and
another to represent the clay substrate. The chosen variableswere Ca, SO, and HCO;: Ca
and SO, because the mill discharge-water, which formsthetailings pore water, is near

saturation with respect to gypsum (CaSO,2H,0); HCO; because high pore-

Table 3.2 (see following page)



Table3.2 Elemental concentration rangesfor 3 geochemical zones
at stesKCland KC3.
Zone4 Zone3 Zone?2
KC1
Depth (m) 0-0.6 0.6-3.0 3.0-6.0
Na 885-911 447-861 71-84
K 29-56 45-58 19-31
Ca 432-454 433-486 444-450
Mg 483-3190 270-773 155-247
Mn 1.6-641 0.7-4.7 0.7-1.0
Fe 266-991 1-239 2-8
Al 0-71 - -
Zn 2.3-6210 0.4-5.3 0.4-0.5
Pb 0.27-1.93 0-0.24 -
Cu 0-38.0 - -
Cd 0-33.2 -
Co 0.1-27.1 - -
Cr 0-0.3 - -
Ni 0.1-54 - -
As (ug/l) 126-353 0-146 -
SO, 5180-27100 3000-5410 1860-2470
HCO; 0-141 64-239 91-136
KC3

Depth (m) 0-0.2 0.2-6.0 6.0-10.0
Na 983 550-1460 88-123
K 89 44-78 16-28
Ca 451 369-496 451-484
Mg 706 170-359 71-175
Mn 22 1.0-11.7 0.8-15
Fe 330 74-512 8-19
Al - - -
Zn 4.7 0.65-7.2 0.2-04
Pb 0.14 0.1-0.2 -
Cu - - -
Cd - - -
Co 0.11 - -
Cr - - -
Ni 0.1 - -
As(ug/L) 38.8 15.0-106.0 3-22
SO, 6240 2970-5580 1660-3740
HCO; 540 221-372 48-58



water alkalinity occursin many of the deegp samplesand in samplesfrom piezometerswithin
the clay, outsde the impoundment. Almost all of the samplesfrom the degpest piezometer s at
each nest wer e distinguishable from the overlying samples by the cluster analysis method
suggesting that these piezometer s are located within a different geochemical environment.

It isuncertain what chemical mechanism isresponsible for the unusually high alkalinity
in these deep samples. Acid neutralization reactions are an unlikely mechanism sincethereis
no appar ent sour ce of acidity. One possible mechanism is sulfate reduction (reaction 1).

1 1/2S0,2 + CH,0 6 1/2HS + 1/2H* + HCO,.

At most piezometer nests, high alkalinity concentrations ar e coincident with very low SO,
concentrations, however, it is possible that if the samples are from the underlying soil, the low
SO, may be a natural characteristic of the soil. The submerged forest undergrowth at the
base of the tailings could contribute organic material for growth of heter otrophic sulfate-

reducing bacteria.

3.3.2Zone 2 - Mill-Discharge Water Zone
A second geochemical zone (Zone 2) occur s above the degpest samples. In thiszone
there arelow concentrations of Fe, Mg, Mn, Na, K, Zn, HCO; and SO,; most other metalsare
below detection, the pH isnear-neutral and the E, is between 100 and 200 mV. The pore
water compositionin Zone2 (3to8 mat KC1,5to0 10 mat KC3,10to 11 m at KC11l and 6to
8 m at KC14) issimilar to the present mill-discharge water composition. In thiszonethere

has been very little change in the pore-water composition since the tailings wer e deposited,
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suggesting that the solid phases present within these tailingsarereatively stable. Asan aid
to deter mining the mechanisms controlling the pore water compostion in this zone, the
equilibrium geochemical speciation model MINTEQAZ2 (Allison et al., 1991) was used to
mode the pore-water geochemical speciation and calculate saturation indices for mineral
phases. A saturation index isthelog of theratio of aion activity product (I1AP) for theionic
components of a mineral and the thermodynamic equilibrium constant (Ksp) for the respective
mineral (Nordstrom and Munoz, 1986):

Sl =log(IAP/Ksp)
A negative Sl indicates that the solution isundersatur ated with respect to the mineral, zero
indicates conditions of equilibrium with respect to the mineral, and a positive Sl indicates that
the solution is super saturated with respect to the mineral phase. Conditionswhere a solution
isunder saturated with respect to a mineral phase indicates that, thermodynamically,
conditions are favourable for the mineral to dissolve. Dissolution may not occur, however,
dueto kinetic limitations or other inhibiting effects. Similarly, supersaturation with respect to
a mineral phase suggeststhat conditions are favourable for the mineral to precipitate.
Calculated saturation indicesfor all of the porewater samplesfor selected phasesare
included in Appendix I11.

In general, geochemical calculations of saturation indicesindicate that the pore water
in Zone 2 isdightly under saturated to saturated with respect to calcite and dolomite
suggesting that these minerals may be dissolving and contributing Ca, Mg and HCO; to the

porewater. Theporewater in thiszoneis dightly undersaturated to saturated with respect to
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sderite. Theporewater isdightly undersaturated to dightly super saturated with respect to
Fe(OH); and super satur ated by several orders of magnitude with respect to goethitea-
FeO(OH) and lepidocrocite ?-FeO(OH). These saturation indices suggest that the pore-water
ferric-iron concentration is controlled by precipitation and dissolution of Fe(OH);. The pore
water in Zone 2 isunder saturated with respect to jaroste (K Fe;[ SO,],[OH]g), natrojar osite
(NaFe;[ SO,),[OH]g) and hydronium jaroste (H;OFe;[ SO,],[OH]g). In general, the pore water
throughout the tailingsis saturated with respect to gypsum. Gypsum has been detected by X-
ray diffraction in most of the tailings samples (Jambor et al., 1993) indicating that gypsum

precipitation controlsthe pore-water concentrations of Ca and SO,.

3.3.3Zone 3 - Natrojar osite Affected Zone

When theresults of thefirst set of geochemical sampleswerereceived therewere
indicationsthat the natrojar osite that has been co-disposed with the tailings since 1985 was
affecting the pore-water quality. Natrojarodsteisthermodynamically unstablein thereducing
conditionswithin sulfide-rich tailings (Alperset al., 1989; Brown, 1971; Dutrizac, 1980;
Kershaw and Pickering, 1980). A subsequent objective was defined to determineif
natrojarositeis stablein thetailingsimpoundment. The concern was, if the natrojar osite was
dissolving, theferriciron released could cause anaer obic oxidation of the sulfidesin the
impoundment by reaction 2.
(2] 14[Nag 75K 0.01(H30)0.24] F€3(SO,)-(OH)s + 3F€S, 6

21/2Na’ + 7/50K* + 84/25H,0" + 34S0,% + 45Fe?* + 36(0OH) + 24H,0
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At intermediate to shallow depthswithin the tailingsthereisathird zone (Zone 3) that
displaysincreased concentrations of Fe, Mg, Mn, Na, K, Zn, Pb, As, HCO; and SO,. The
thickness of this zone is variable throughout the tailings cone, however, it isthickest (8 to 10
m at KC11) at the apex of the cone, near the spigot road, and thins outward toward the
perimeter (0.25 m or lessat KC6). Among the principal congtituentsin the Kidd Creek
natrojarosite are Fe, Na, K, Pb, and SO,. Sodium isthe principal occupant of the monovalent
cation ste of the natrojar osite produced at Kidd Creek with substitution of smaller amounts of
K and H;O" (detailed chemical analyses of the natrojarositeare given in Table 3.3). The high
concentrations of Na and K in the porewater in thiszone are best explained by the dissolution
of natrojarogite. Theonly alternative sour ces of these cationswithin thetailingsarethemore
stable slicate minerals albite, muscovite, stilpnomeane and amphibole, and the presence of
low concentrationsof Na and K in the porewater in Zone 2 suggeststhat these mineralsare
relatively stable in contact with the mill dischargewater. Theratiosof Nato K in thetailings
porewater in Zone 3range from 10 to 20, smilar to the average Na/K ratio of 23.7 in
natr ojar osite samples from the natr ojar osite disposal pond (Jambor and Owens, 1992).
Similarly, the increased concentrations of Fe, SO,, and Pb, which are sgnificant components
of the natrojarogite (Table 3.3), can be attributed to natrojaroste dissolution. Theincreased
concentrations of Asin the porewater at thisdepth may also have resulted from natrojarosite
dissolution. Minor solid-solution incor poration of Asin jarosite at Kidd Creek and elsewhere
iswell known (Dutrizac and Dinardo, 1983; Scott et al., 1986; Dutrizac and Jambor, 1987).

Increased concentrations of Zn and Asalso may be dueto retention of Zn and Asin the
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aqueous phase during co-disposal (Jambor and Owens, 1992). Electron-microprobe analyses
of natrojarosite samples collected from the Kidd Creek natrojarosite disposal pond indicated
aver age concentrations of 0.165wt% Asand 6.69 wt% Zn (Table 3.3). Theincreased
concentrations of Mg, Mn and HCO; in thiszone (Table 3.2) may result from carbonate-

mineral dissolution following natrojarosite dissolution (reactions 3 and 4).

Table 3.3 (see following page)

[3] [Nag 75K 0.01(H30)0 24 F€3(SO,),(OH)s + 3H,0 6
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Table 3.3 Analyses of Natrojarosite Residue (Jambor and Owens, 1992)

RANGE MEAN s  MINERALOGICAL SITE
Min. Max.
Na 191 297 237 025 natrojaroste
K 0.06 0.16 0.10 0.03 natrojaroste
Ca 0.07 0.30 0.15 0.05 gypsum
Mg 005 011 008 0.02 Mgsulfate
Zn 393 804 6.69 121 Znferitenatrojarodte Zn sulfate
Cd 0.03 0.08 005 001 Znferite
In? 370. 1242. 728. 210. natrojaroste
Pb 0.72 297 163 054  plumbojaroste, anglesite
Ag? 151. 511. 308. 90. natrojarosite, Ag sulfate
Cu 0.12 049 0.34 009 covelite Cu sulfate
Fe 25.30 31.80 2853 1.65 natroarodte Znferrite
S 8.58 24.60 1236 482 &
As 0.08 0.32 0.16 0.06 natrojaroste
SO, 2522 3141 2777 1.83 natrojarogte, various sulfate salts
H,O 26.06 36.82 32.00 297
n=17

2 g/kg, all other valuesin wt%

Small amounts of Mn, Sn, Al and SO, occur in theresdue from MnO, and
Mn sulfate, cassiterite, natrojarosite, " silica gel" and quartz, respectively.

Silica gd isthe amor phous hydrated-alumina-silica product of acid leaching chlorite.



3/4Na* + /100K * + 24/100H,0" + 2S0,Z + 3Fe(OH); + 3H*
[4] H* + (CaMg,FeMn)CO, 6 HCO; + (CaMg,FeMn)?

The changein porewater composition that results from natrojaroste disposal can be
observed in the geochemical data from KC14, 15, 17, 18, 19 and 20. In 1992 tailings were
deposited at the surface at these piezometer nest locations. The porewater geochemistry
from that year displaysa gradual increase with depth in the concentrations of Na, K, Fe, Mg,
Mn, Zn, HCO; and SO,. The new tailings display pore-water concentrationsthat are smilar
to the mill-dischar ge water but as natrojar osite dissolution proceeds, the concentr ations of
natrojarosite-related componentsincrease. Subsequent sampling in 1993 at KC14 shows that
the pore-water concentrations of these components near the surface are smilar to the
r espective concentrations within Zone 3, wher e natr oj ar osite has been in contact with the pore
water for greater than 1 year.

In Zone 3, Cu, Ni, Co, Cd, Se, Cr, Ag, Ba, Al, NO;, and PO, remain at, or below their
detection limits. Thereiscommonly a dlight decreasein E, in thiszone. In thetailingspore
water, the dominant redox-sensitive species are Fe?* and Fe**. Thedecreasein E, may be
caused by increased activities of Fe?* that result from natrojarosite dissolution, and the
subsequent oxidation of pyrite (reaction 2). Thisreaction consumes Fe®*" and produces Fe?,
resultingin adecreasein E,. Increased activity of Fe(Il) in the porewater may also be
caused by dissolution of Fe-bearing carbonate minerals (reaction 4).

In general within Zone 3, geochemical calculationsusng MINTEQAZ2 indicate that the

porewater isundersaturated with respect to calcite and dolomite, and is dightly
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super saturated with respect to sderite. The porewater within thisinterval isgenerally
under satur ated with respect to carbonate minerals of Zn, Mn, Cd and other metals. These
results suggest that H* generated by natrojarosite dissolution (reaction 3) may be consumed
by the dissolution of calcite and dolomite (reaction 4). Morin et al. (1988) inferred that
precipitation of siderite occurred as a consequence of pH-buffering by calcite dissolution in an
aquifer affected by acidic Fe- and SO,-rich tailings drainage water near Elliot Lake, Ontario.
The observed super saturation with respect to sderite and under satur ation with respect to
calcite and dolomiteis consistent with that inference. Geochemical calculations also indicate
that the porewater isunder saturated with respect to jaroste, natrojaroste and hydronium
jarogite, suggesting that natrojar osite dissolution, through reactions 2 or 3, isfavoured. The
water in thiszoneis generally supersaturated with respect to goethite, lepidocrocite, and
akaganeite, and isvery close to saturation with respect to Fe(OH);. Near-saturation with
respect to Fe(OH), suggests that Fe(OH); may be precipitating as Fe®" isreleased by

natr ojar oste dissolution.

Natrojarosite dissolution causes partial consumption of the acid-neutralization capacity
of thetailings solids. Thetotal carbonate content consumed by the co-disposal of 3 wt%
natrojar osite has been estimated with the assumptionsthat 100% of the natrojarosite
dissolves, that 75% contributes Fe®* to the precipitation of ferric hydroxide (reaction 3), and
that 25% contributes Fe** to the oxidation of pyrite (reaction 2). The 3 wt% natrojarosite (30
kg/t, or 62 mol/t) contributes 139.5 mol/t of Fe®* to the precipitation of ferric hydroxide which

generates 139.5 mol/t H*. The oxidation of pyrite generates 32 mol/t OH", resultingin a net
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production of 107.5mol/t H*. Neutralization of thisH™ by carbonate dissolution (reaction 4),
assuming a combined car bonate-mineral composition of (Cag ,,Feq73,M go.06,M Ny 91)CO3,
consumes 11.91 kg/t of carbonate or 0.67 wt%. Theinitial carbonate content of the Kidd
Creek tailingsis approximately 7 wt%, so the co-disposal of 3wt% natrojar osite with the
tailings can be expected to consume approximately 9.6% of thetotal carbonate acid-
neutralization capacity. However, mineralogical studiesindicate that not all of the

natrojar osite has dissolved and, as a result, the estimate of carbonate-mineral consumption is
probably high.

Natroj ar osite dissolution contributes soluble Fe(l 1) to the pore water (reaction 3and 4
combined and reaction 2) which can migrate and discharge at the surface of thetailings. The
discharge of Fe(I1), and the oxidation of Fe(l1) to Fe(l11), followed by hydrolysisand
precipitation of aferric oxyhydroxide mineral (reaction 5) can create acidic drainagein
unbuffered geochemical systems (Fig 3.3). If the pore-water concentration in moles of Fe(l1)
islessthan half the concentration of HCO; then the oxidation of Fe(I1) upon discharge of the
porewater will not generate acidic drainage. Theratios of Fe(I1) to HCO; in the pore water of
thetailingsare shown in Figure 3.4. In Zones1 and 2 it isobvious that most of the pore water
would not generate acid drainage after discharging. The porewater in Zones 3 and

4,however, are potentially acid generating.

[5] Fe?* + 10, + 244H,0 6 Fe(OH), + 2H*



Thezones of increased Na,
K, Fe, Mg, Mn, Zn, Pb, AsHCO;,
and SO, concentrationsthat define
Zone 3 are characteristic of all
piezometer nests within the Kidd
Creek impoundment where
natrojar osite has been added to the tailings. This pore-water geochemical zone commonly
extends below the maximum depth of natrojarosite disposal (Fig. 3.5) as determined by
mineralogical analyses (Table 3.4). The occurrence of natrojar osite-affected pore water at
depths greater than the occurrence of natrojarositeisaresult of transport of soluteswith
flowing groundwater. Theratesof transport determined from the measured transport
distances and the time since natr ojar osite disposal began are within the range of advective

transport rates of non-reactive solutes (0.12 m/yr to 1.5 m/yr ascalculated



using the range of measured hydraulic conductivitiesand hydraulic gradients; Table 3.5).

Table 3.4 (See following page)



Table 3.4 Thickness of the natrojarosite disposal zone.

Site Depth (m) Maximum Thickness
From To
KCl1 O 0.81 0.81
KC2 0 3.87 3.87
KC3 O 4.30 4.30
KC4 O 1.01 1.01
KC5 0 1.23 1.23
KC6 O 0.81 0.81

Table 3.5 (see following page)
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Table 3.5 Hydraulic parametersand calculated distances for
advective solute transport.

Minimum Maximum
Hydraulic gradient 0.10 0.33
Hydraulic conductivity (m/sf? 2.12x10% 6.22x 10%
Por osity 04 0.5
Actual transport distances (m) 0.5 6.0
Calculated distances® (m) 0.80 9.72

& The harmonic mean of the hydraulic conductivity distribution istaken
asthe minimum and the arithmetic mean istaken asthe maximum
(after de Marsily, 1986, pg. 82)

 Timesincefirst natrojarosite disposal isassumed to be 6 years. To

calculate the minimum distance, the minimum gradient and hydraulic
conductivity are used with the maximum por osity; vice versa for the
maximum distance.
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Acid Generation

Fe?*+ 10,+ H O ®Fe(OH), + 2H *

Acid Neutralization
2HCO,; + 2H * -»=2H L0 + 2CO,

SURFACE WATER

7 , , R

DISCHARGING PORE WATER

Figure 3.3  Schematic diagram showing the mechanism for generation of acid drainage by
discharge of Fe(II)-laden water.
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Figure 35  Pore-water concentration profiles for Fe, SO,, Na, K, and Pb aong cross
-section A-A’ in Figure 1.1. The upper dashed line represents the maximum depth to

which natrojarosite has been detected, and the lower dashed line represents the depth
of transport of pore water affected by natrojarosite dissolution.
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3.34 Zone 4 - Sulfide Oxidation Zone

At several of the piezometer nests (KC1, KC3in 1993, KC4, KC5, KC6, KC7a, KC9,
KC10, KC11, KC12, KC23, KC24 and KC27) thereisa surficial zone (Zone 4) where
concentrationsof Mg, Mn, Zn, Pb and SO, increase. In addition, thisisthe only zone within
the tailings wher e detectable concentrations of metals such as Al, Cu, Cd, Co, Ni, Cr occur.
All piezometer nests where Zone 4 is discer nable have one thing in common - the surface
tailings at these locations have been exposed to the atmospherefor greater than 6 months.
This exposure to the atmospher e allows oxygen to diffuseinto the unsaturated portion of the
tailings and cause oxidative dissolution of the sulfide minerals (eg. pyrite in reaction 6).
[6] FeS,+ 15/40, + 7/2H,0 6 F&(OH); + 2S0,2 + 4H*
At piezometer nest locations wherethereislittle visible evidence of sulfide oxidation (KC3,
KC4, KC5 etc), the early geochemical indications of sulfide oxidation areincreased pore-
water concentrationsof Zn, Mg, Mn, HCO; and SO,. The concentrations of Mg, Mn and
HCO; in the porewater increase at the surface, aresult of the neutralization of theH*
generated by sulfide oxidation, through car bonate-mineral dissolution (reaction 4). Assulfide
oxidation proceeds, the pore-water pH decreases from approximately 6.5t0 5.5 (see KC11
from 1992 to 1993), however, occasionally during dry periods the alkalinity of the pore water
decreasesto O at the surface and the pH drops below the carbonate-buffered levels (eg 2.52in
August 1991 at KC1) despite the presence of carbonate mineralsin thetailings. The depleted
alkalinity and low pH suggest that therate of carbonate-mineral dissolution issow, relativeto

the H™-production rate by sulfide oxidation. Mineralogical studies determined that thereis
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abundant dolomite and sderitein thisinterval, suggesting that some car bonate-mineral acid-
neutralization capacity remains. The geochemical characteristics of the most advanced
aulfide oxidation zones include (see data from KC1, KC6 and KC11): pH ranging between 2.5
and 5.5, E,, between 300 and 600 mV, probably because of the increased solubility of Fe** at
low pH, and high pore-water concentrationsof Mg, Mn, Fe, Cd, Co, Cu, Pb, Zn, Ni, Cr, Al and
SO,.

In general, geochemical modelling of the pore-water chemistry from Zone 4 indicates
that the pore water is under saturated with respect to all of the carbonate minerals, suggesting
atendency for these mineralsto dissolve. Mineralogical study of core samples from oxidized
tailingsindicates that dolomite and siderite are commonly present. Theseresults suggest that
the dissolution of dolomite and siderite may be kinetically inhibited. The porewater in Zone 4
may be saturated to super saturated with respect to jarosite and is commonly saturated with
respect to natrojarosite, and under satur ated with respect to hydronium jarosite. The
saturation indices of theferriciron hydroxide and oxyhydroxide phases are lowest in this
interval, aresult of thelow pH. The porewater in this zone also approaches saturation with
respect to anglesite (PbSO,). Angledite, precipitated from tailings pore water, has been
observed at the Heath Stedetailingsimpoundment, New Brunswick (Boorman and Watson,

1976; Blowes, 1990).

3.3.5 Comparison with Mill-Discharge Water Chemistry

Toillustrate the changesin pore-water chemistry that occur subsequent to tailings
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disposal, with and without the addition of natrojaroste, the 1991 geochemical data from KC1
and KC3 have been normalized to the respective concentrationsin the mill discharge-water.
KC1lischosen asa piezometer nest location that displays the effects of sulfide oxidation, and
K C3ischosen because the effects of natrojarosite are evident from the pore-water chemistry

but thereislittle evidence of sulfide oxidation at the surface. In Figure 3.6 the average pore-
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water compositionsat KC1 and KC3for Zones 2, 3 and 4 are normalized to the present mill
discharge-water composition from Table 3.1. The Zone 2 porewater displays dight increases
of Mg, Na, Fe and SO, relative to the mill discharge water but, except for Fe, these
differences could be aresult of variation in the mill discharge-water composition. The Zone 3
porewater displayssmilar patternsat KC1 and KC3, Na, K, Fe, Mg, Mn, Zn, Pb, As, and
SO, show increased concentrationsrelative to the mill discharge water. Therelease of metals
to the porewater hasbeen greatest in Zone4. The pore-water pH islow dueto sulfide
oxidation, and increasesin the concentrationsof Mg, Fe, Zn, Pb, Cu, Ni, Co, Cd, Mn, As, Cr,
Al, and SO, occur asaresult of the oxidative dissolution of sulfide minerals and dissolution of

mineral phases such as carbonates and aluminosilicates.

3.3.6 Pyrite Cone
Pore-water sampleswer e collected from the pyrite-conetailings at 3 piezometer-nest
locations (KC22, KC25 and KC26; Figure 1.1). At all 3 locationsthe pH islowest near the
surface (between 4 and 5), probably a result of sulfide oxidation, and increases with depth to
between 6 and 8. The highest E,; values (between 400 and 600 mV) occur near the surface
indicating oxidized conditions and supporting the inference that sulfide oxidation contributes
to low pH values. The profiles of metal and SO, concentrations differ consider ably between

the 3 piezometer nests, probably asa result of variationsin the pore-water flow direction and
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Figure 3.6  The average pore-water composition from Zones 2, 3 and 4, normalized to the
present mill discharge water.



velocity at each piezometer nest location. At KC25 the concentrations of Fe, SO,, Zn, Pb, As,
Cd and Ni are highest in the 0.5 m of tailings nearest the surface, probably aresult of sulfide
oxidation. Thereare also high concentrationsof Mg and Mn at the surface suggesting that
acid generated by sulfide oxidation is being neutralized by carbonate-mineral dissolution.
Hydraulic head measurements at this piezometer nest during the summer indicate dight
downward gradients, however, there has been very little downward transport of solutes
derived from sulfide oxidation.

Geochemical trends from the profiles at KC26 suggest that elevated concentr ations of
metals and SO, resulting from sulfide oxidation have penetrated to greater depthsthan at
KC25. Thepore-water pH varies between 4 and 5 from the surface down to 1.75 m depth.
The E, isapproximately 550 mV within thisinterval indicating oxidizing conditions. Thereare
high concentrations of Fe, SO,, Zn, Pb and Ni in the porewater to 1.75 m depth asaresult of
oxidative dissolution of sulfide minerals. The oxidation front within thetailings at thislocation
occurs at approximately 0.35 m depth suggesting that the Fe, SO,, Zn, Pb and Ni have been
transported to 1.75 m depth with the infiltrating tailings porewater. Thereareincreased
concentrations of Na and K to a depth of 1.75 m, probably a result of acid-neutralization
reactions involving aluminum-silicate minerals. Similarly there areincreased concentrations
of Mg and Mn resulting from acid-neutralization reactions with carbonate minerals. The
pore-water alkalinity isvery low down to 1.75 m depth. Thelow pore-water pH, low alkalinity
and elevated Mg and M n concentrations down to 1.75 m depth suggest that most of the

carbonate-mineral acid-neutralization capacity has been depleted from the tailings at this

36



piezometer nest location. The concentrations of Al, Cd and Asare very low throughout the
profile except at the surface, within the zone of sulfide oxidation. At 1.75 m depth thereisa
sharp declinein the porewater concentrations of most elements. Thisdepth correspondsto
the depth at which the natural slt/clay underlying the tailings wasinter sected in core samples.
The porewater below 1.75 m depth is characterized by high concentrations of alkalinity and
moder ate concentrations of Ca, smilar to the silt/clay underlying the main tailings.
Thetailings at KC22 had been covered by 1 metre of dag for an undeter mined period.
In contrast to KC25, at KC22 the SO, and most of the metal concentrations are lowest near
the surface and increase with depth to a maximum at the deepest sampling point. The higher
concentrationsin the deeper porewater are probably related to the dag cover on thetailings
at thislocation. Prior to deposition of the dag, sulfide minerals at the surface of these tailings
would have undergone vigor ous oxidation causing high pore-water concentrations of metals
and SO, similar to those near the surface at KC25. Subsequent to the dag deposition, the
rate of oxidation probably decreased as the dag caused oxygen supply to the surface of the
tailingsto be limited by diffuson. The pattern of increasing metal and SO, concentrations at
depth suggeststhat high pore-water concentrationsthat resulted from the early period of
intense oxidation haveinfiltrated to the deeper levelsin thetailings profile. Thelower pore-
water concentrations near the surface result from infiltration of precipitation subsequent to
deposition of thedag. Thiswater haslower concentrations because therate of metal and SO,
loading to infiltrating water has decreased astherate of sulfide oxidation decreased. The

observed depth of infiltration is consistent with depths calculated assuming that the dag was
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deposited 5 year s previous to sampling, the hydraulic gradient is 0.01, the porosity is 0.4 and
the hydraulic conductivity is 1 x 10° m/s.

The geochemistry of the porewater in the pyrite-conetailings differsfrom the pore
water in the main tailingsin several ways. Near the surface of the pyritetailingsat KC25 and
K C26, the concentrations of Pb and Fe are higher than has been observed from pore water
within themain tailings. The pore-water alkalinity in the pyritetailingsislow throughout the
profile. In themain tailings, acid generated by ferric iron hydrolysis following natrojar osite
dissolution createsincreased alkalinity concentrations throughout the zone affected by
natrojarosite deposition. Similarly, there are no increasesin the concentrations of SO, and
metalsin the pyritetailings at depths below that affected by sulfide oxidation. Thereare
increased concentrations of Na and K in the pyrite-tailings pore water to depthsof 5 m at
KC25and 2 m at KC26, smilar to theincreased concentrationsin the main tailingsthat are
related to natrojar osite dissolution, however, the maximum concentrations are lower in the
pyritetailings (up to 300 mg/L Na). Theincreased Naand K in the pyritetailingsare
probably related to the dissolution of aluminum-silicate minerals within the zone of low pH
wher e sulfide oxidation occurs at the surface. When these elementsarereleased to the pore
water they remain in solution and are transported downward with infiltrating water. This
inter pretation is supported by the occurrence of relatively high Na and K concentrationsin
the degpest samplesat KC22, within the zone that displays the highest concentr ations of

metals and SO, thought to berelated to an earlier episode of intense sulfide oxidation.



4. TAILINGS SOLIDS

4.1 Introduction

Studies of sulfide-rich tailings deposits at Elliot Lake, Ontario, Noranda, Quebec,
Bathurst, New Brunswick and Sudbury, Ontario have documented depletion of sulfur, iron and
carbonate mineralsin the near-surface tailings (Blowes, 1990; Blowes et al., 1991). The
depletion results from oxidation of sulfide mineralsforming aqueous Fe(l1), SO, and H*. The
H* isneutralized by carbonate-mineral dissolution and the resulting Fe(11)- and SO,-laden
porewater leaches downward to form a plume which istransported by groundwater flow

through the saturated zone of thetailings.

4.2 Methods of Investigation

Core sampleswer e collected at most piezometer nest locations using 7.62 cm diameter
aluminum tubing and a gas-powered impact drill. The coreswere cut into 20to 25 cm long
sections and frozen at thefield site. In thelab the coreswere cut in half along the tube axis
and a sample of the tailings was collected from the most undistur bed, central portion of the
core. Thesampleswerethen oven dried at approximately 150 °C. Subsamples of the dried
material from locationsKC1, KC2, KC3, KC10, KC11 and KC27 wer e shipped to Activation
Labsin Ancaster, Ontario and the analytical lab at the Kidd Creek Metallurgical Site. At
Activation L abs, whole-rock major-element analyses wer e conducted on fused beads by the

| CP-emission-spectr ophotometry method and trace element analyses wer e done on pressed
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pellets by the X-ray fluorescence method. At Kidd Creek thetotal carbon and total sulfur
contents of the tailings wer e determined using a L eco induction furnace and an infra-red
detector. Thecarbon analytical resultsare expressed aswt% carbonate minerals. The
conversion from the analytical total carbon content is done by assuming that all of the carbon
in thetailingsis present in the form of carbonate minerals with an average formula of

(Cag »Feq73:M gy 06:M Ny 01)CO5 determined from data in Jambor et al. (1993).

4.3 Results and Discussion

Theresults of the major element, trace-element, inorganic carbon and sulfur analyses
areincluded in tabular form in Appendix 1V. Thereisspatial heterogeneity in the distribution
of major and trace elementsthroughout the main tailings. Thedistribution of the major
elements and many of the trace elementsis controlled by the mineralogy of the tailings,
ther efore these data reflect the variable mineralogy of the mill feed through time. Thereare
no obvioustrendsin major-element or trace-element compositions with depth except when
variationsin elemental ratios are considered. At KC3, a core was collected from surface
down to 10.5 m depth - aimost the entire thickness of the tailings (~12 m at this location).
Whole-rock data from this core displays significant increasesin theratios of Na/K, Na/S and
N&/Al in the shallow tailings above 3to 4 m depth (Fig. 4.1). The higher ratiosat KC3 are
smilar to theratios displayed in the samples from shallow cores at piezometer nestsKC1,
KC10, KC11 and KC27. Thehigh Na/K, Na/Al and N&/Si ratiosin the shallowest tailings

occur where natrojarosite has been disposed with thetailings. In the deepest tailings that
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wer e deposited prior to natrojarosite co-disposal, the Na in the tailings would be dominantly
contained in the minerals plagioclase, and to a lesser extent, sericite and hornblende; Al-, Si-
and K-bearing phases. With the co-disposal of natrojarositein the upper tailingsthereisa
significant increase in the Na-content of the tailings without increasing Al, Si or K. The
increased ratios of Na to those elementstherefore areindicator s of the depthswhere
natrojar osite occurs.

The sulfur content of the tailings ranges between 5.6 and 13.8 wt% which corresponds

t0 10.5t0 25.9 wt% pyrite. The continuing tailings disposal at Kidd Creek haslimited the



extent of sulfide oxidation and, consequently, thereisno apparent depletion of iron or sulfur
in the surface of thetailings. The whole-rock total carbon results, expressed aswt%
carbonate minerals, are shown in Figure4.2. The average carbonate-mineral content of the
tailingsisapproximately 7 wt%. Thedistribution of carbonate mineralsis heter ogeneous
throughout thetailings, ranging between 4 and 10 wt%. At KC1, the site with the most
advanced sulfide oxidation near the surface, the carbonate-content variation in the 1991
samplesis greatest, with no obvioustrendsin the distribution of carbonate vs depth (Figure
4.2). However, wherelow pH porewater has been generated by sulfide oxidation, the
carbonate-mineral content of the 1991 samplesislowest near the surface. The depletion of
carbonate mineralsin the low-pH zone near the surfaceisbest displayed by the 1994 sample
data (Figure 4.2). Datafrom a profile between surface and 10 m depth (near the base of the
tailings) at KC3 displays dightly greater carbonate-mineral contentsin thetailings above 4 m

depth (8to 10 wt%) than in the lower section (5to 8 wt%). Therearetrendstoward



increasing car bonate-mineral content with depth at KC10 and KC27. Piezometer nests KC10
and KC27 arelocated at the perimeter of the tailings cone wher e evidence of discharging pore
water isobserved. Oxidation of Fe(ll) in the discharging water isan acid-generating process

(asdiscussed in section 4.1.3) and acid generated in thisway may beresponsible for the weak
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trend toward depletion of carbonate minerals near the surface at these piezometer nest
locations. At KC11 thedigtribution isreatively uniform near 8 wt%. Thelowest carbonate
content is approximately 6.5 wt% in the shallowest sample from 1992 wherethe pH of the
pore water isbelow average (5.5, down from 6.5to 7 in degper samples). By 1994, the
carbonate content of thetailings near the surface at KC11 had decreased to approximately 4
wt% (Figure4.2). The deepest sample at KC27 contains >20 wt% carbonate minerals. This
sampleisfrom thevarved slt/clay underlying thetailings. Farkaset al. (1991) describe

smilarly high carbonate-mineral contentsin samplesfrom the underlying soil.

5. TAILINGSHYDROGEOLOGY AND PORE-WATER FLOW MODELLING

5.1 Introduction

The groundwater flow regime within a tailings impoundment providesthe physical
mechanism for transporting metals and sulfate that are present in thetailings porewater. An
under standing of the long-term effects of sulfide oxidation and natr ojar osite dissolution on the
pore-water composition requiresthat therate and direction of flow in thetailings pore water
be understood. Dissolved products of sulfide oxidation and natr ojar osite dissolution will be
transported with the flowing porewater and, depending on the flow regime, may discharge
within the tailingsimpoundment, or outside the impoundment. Thetrave time of the solutes
between the sour ce and the dischar ge point is also dependent on the flow rate and direction.
Hydraulic conductivity and hydraulic head data wer e collected at the same piezometer nests

asthe geochemical data to define and quantify the groundwater flow regime within the
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tailings.

5.2 Methods of Investigation

Characterization of theregime of pore-water flow within the tailingsrequired the
measur ement of hydraulic conductivity (K), hydraulic head (f ), and the water-table elevation
at all of the piezometer-nest locations within the tailingsimpoundment. M easur ements of K
wer e conducted in mor e than 100 piezometer s by the method described by Hvordev (1951).
The results were compar ed with values of K calculated with the grain-size technique of Hazen
(1892). Values obtained from the two methods wer e within one order of magnitude.
M easurements of vertical and horizontal hydraulic gradients were made by measuringf in all
of the piezometersingtalled in the saturated zone. Transient variation in f wasrecorded by
repeated measurementsover atwo-year period. The water -table elevation at each piezometer
nest was taken asthe water level in the shallowest piezometer. The groundwater flow within
the tailings was modelled with a steady-state, two-dimensional, cross-sectional finite-element
program (FLONET; Guiger et al., 1992). The modd iterates on the position of the water table
when thetop boundary condition is specified as a recharge boundary. In thisway, the
measured field data (K, f , and water-table elevation) were used to calibrate the model to

obtain the observed water -table and hydraulic-head configuration.

5.3 Results and Discussion

Thethickened tailings-disposal method employed at Kidd Creek inhibits grain-size
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segregation in the durry, which is common during conventional tailings disposal (Robinsky et
al., 1991). The narrow digtribution of hydraulic conductivity displayed by thetailings (Figure
5.1) isareflection of therdatively uniform grain-size distribution. Hydraulic conductivity
measur ementsin thetailings range between 1 x 108to 1 x 10° m/s. Thereisatrend toward
decreasing K with depth (Figure 5.2) which may be due to consolidation of thetailings. The
lowest measured values (<1.0 x 108 m/s) are obtained from the degpest piezometers, which

areingtalled within the underlying varved silt and clay (see section 3.3.1). In general,



measurementsof f display (A) downward gradientsin the central area of theimpoundment,
near the apex of the conical tailings pile, (B) dightly downward and lateral gradientsalong the
dopes of the pile, and (C) upward gradientsin the area of flat-lying tailings around the
periphery of the cone (Figures 5.3 and 5.4). The downward gradients near the apex of the cone
aredivergent; gradientsnear the per meable spigot-road are directed downward and converge
toward theroad (Figure 5.5), but at greater radial distance from theroad the gradientsare
directed downward and diverge outward, toward the perimeter of the impoundment.
Changesin the water -table position were monitored closely in 1992. In May of 1992,
after the snow-met, the water table was at the surface throughout the impoundment. By the
end of May, the water table had reached a state of dynamic equilibrium in which the depth to
thewater tablevaried from 5 m (£1m) near the spigot road, to approximately 1.5 m (+0.5/-1
m) in the peripheral flat-lying areas. Short-term wetting and drying events cause the water -
table elevation to fluctuate during the summer and fall. The uniform grain-size distribution of
thetailingsresultsin the formation of a thick capillary fringe when the water table declinesin
the spring. Moisture-content profiles measured during a week-long dry period in late July are
shown in Figure 5.6 for piezometer nests near the spigot road (KC14), and at the periphery of

thetailings cone (KC24). Although the water table hasdeclined to 6.5 m at KC14 and 1.75
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m at KC24, the moisture content profilesindicate that the tailings have maintained saturation
towithin 0.3to 0.4 m from the surface, .
Thegroundwater flow-modelling for the north cross section (Fig. 5.3) was calibrated to

match data collected during May, 1992 and the modelling for the southwest cross section



(Fig. 5.4) was calibrated to match data collected during June 1993. The results suggest that
flow within the tailingsis dominated by infiltration in the central area, and that the
groundwater flow isoutward and radial, and dischargesin theflat peripheral area. The flow-
net features also suggest that some groundwater flow from the apex of the coneistoward the
permeable central spigot road; thistrend is consstent with the hydraulic-head gradients
measured near theroad. Porewater flowing into the spigot road from the elevated central
tailings, in the spring whilethe water table is high, discharges from the sides of the spigot road
onto the tailings at lower elevationsalong theroad (Fig. 5.7). The maximum pore-water
velocities (approximately 0.5 m/y) calculated by the model along the north section occur in the
region of downward flow near the apex of the tailings cone. Thisvelocity is consistent with
independent measurements of pore-water velocity made from solute tracersderived from
natrojarosite dissolution. The depth of natrojarosite occur rence within the tailings has been
established (Jambor et al., 1993) at the piezometer nests along section A-AN (Figure 3.5). The
vertical pore-water velocity within thetailingsis obtained by deter mining the difference
between the depth of natrojar osite occurrence and the depth of the natr ojar osite-affected
zone, and dividing by the time since the beginning of natrojar osite co-digposal with the tailings
(6.5 years). The maximum velocity deter mined by this method is approximately 0.6 m/y
(Figure5.8). The calculated vertical pore-water velocity declinesto zero at approximately

1000 m
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from the center of the cone along section A-AN, consstent with the flow-mode indication that

porewater dischargesbeyond a radiusof 900 m in thisarea.



6. SULFIDE OXIDATION MODELLING

6.1 Introduction

Thelong term effects of sulfide oxidation on iron and sulfate loading to the tailings
porewater was Smulated with a numerical model that has been developed recently at the
University of Waterloo in collaboration with the authors. Several numerical models have been
developed to smulate sulfide oxidation in pyrite-rich minewaste rock (Jayneset al. 1984,
Davisand Ritchie ,1986a,b; Hart et al. 1991). All of the modelstreat sulfide oxidation asa
mass-transfer limited process wheretherate of sulfide oxidation is controlled by therate of
diffuson of O, into the por e spaces of the waste rock pile, or by therate of O, diffusion from
the pore spaceinto areaction rim surrounding the pyrite grains (see Fig. 3.3). The ability of
the model to simulate O, diffusion istherefore critical to the quality of the model smulations.
The diffusion processis generally considered to be Fickian and the diffusive flux of O, is
therefore proportional to the concentration gradient:
[7] Flux O, = D,dC/dx

where: D, isthe proportionality constant or Diffusion Coefficient for O, diffuson into

the pore space, C isthe O, concentration and x isthe spatial dimension.
Most sulfide oxidation models are developed to represent O, diffusion into the pore spaces of
a porous medium by assuming a uniform D; diffusion coefficient. Reardon and Moddle (1985)

have determined that the diffusion coefficient of O, in tailingsisa function of the air-



Figure 5.7 Photograph showing water discharging onto the tailings surface from the
tailings spigot road. This water flows into the spigot road from the surrounding
tailings.
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filled porosity. Theair-filled porogty isin turn a function of the moisture content. The
uniform diffusion coefficient assumption may bevalid for waste rock wherethe water tableis
commonly at the base of the pile and the moistur e content isrédatively uniform. However, in
tailings there are commonly large variationsin moistur e content (and ther efore diffusion

coefficient) between the water table and the surface.

6.2 Methods of I nvestigation

A one-dimensional, finite-element sulfide oxidation model hasrecently been written at
the University of Waterloo (Wunderly, 1994) in collabor ation with the authors. Themodd is
in the final stages of development and is capable of smulating sulfide oxidation under variable
moistur e content, sulfide content and porosity. The conceptual model of the system to be
modeled, including the boundary conditions, isshown in Figure 6.1. The parametersrequired
by the modd areincluded in Table6.1. Whenever possible, the parametersfor the sulfide
oxidation modelling have been obtained from field measurements. The elemental tailings
pyrite content of 0.15 was obtained from data in Jambor et al. (1993) and from solid phase
sulfur analyses (see section 4.2). M easurements of the tailings moisture content in the
vadose zone have been made at all of the piezometer nest locations and the moistur e content
profile was found to be smilar throughout theimpoundment. A characteristic moisture
content profile (Fig. 6.2) was developed from this data and used for calculating O, diffusion
coefficients by the method of Reardon and Moddle (1985):

[8] D,=3.98x10%(n,0.050/0.95]*"T*S



wheren, istheair-filled porosity and T istemperature (K).
At air-filled porosity valuesless than 0.05, the method of Reardon and M oddle (1985)
indicates that the diffusion coefficient goesto zero. When these conditions occur asaresult

of high degrees of water saturation, the sulfide oxidation moddl setsthe D, value equal to the



diffusion coefficient of O, in water because water occupies the pore spaces at low values of
air-filled porosity. Thetotal porosity of 0.4 was obtained by averaging calculations of porosity
in core samples of tailings. The average temperature at the tailings surface was estimated to
be 15 °C and measur ements of the temperatur e below the surface indicate an average
subsurface temper ature of approximately 10 °C. A bulk density of 1770 kg/m®is used based
on measur ements from cor e samples.

Based on grain size distribution data from Robinsky et al. (1991), the initial radius of
pyritegrainsused for the modelling was set at 50 um. Thetotal depth for sulfide oxidation
modelling is deter mined by reviewing the tailings moistur e-content data. Oxidation isvery

dow at high levels of water saturation because the diffusion of oxygen into the pore spacesis
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limited asthe volume of gas-illed pore space diminishes. The domain of rapid sulfide
oxidation isthereforerestricted to the depth wher e a gas phase occur s within the por e spaces.
The moisture content data from Kidd Creek indicate that the tailings are generally water
saturated below 0.25 m depth, asa result, 0.25 m was selected asthe total depth of the
modelling domain. Field measurements of O, gas profiles from the vadose zone of sulfide-rich
tailings under going oxidation (Blowes, 1990; Johnson, 1993) and field observations indicate
that oxidation occursalong sharp fronts (Fig. 6.3). Numerical modelling of processes
occurring along such fronts requires detailed discretization of the numerical domain. A total

of 51 nodes were used for the 0.25 m deep domain resulting in the formation of 50 elements

Table 6.1 (See following page)



Table6.1 Parametersrequired for sulfide oxidation modelling.
Parameter Units

A) Elemental Properties

aulfide content (asfraction of sulfur) [-]
moisture content (fraction of total volume)]

total porosity (fraction of total volume) [-]
temperature [°C]
bulk density [kg/m?]

B) Constant Parameters

initial radius of pyrite grains [m]
total depth of domain [m]
number of nodesin domain [-]
time step increment [years]
total timefor the smulation [years]

D, (diffusion coefficient for O,
in grain reaction rims) [m?/s]



0.5cm long. A time step of 1.0x10? years was used, however, the model isnot very sensitive
to thetime step increment. Sulfide oxidation isinhibited while the surface of the tailingsis
frozen or fully water saturated for approximately 6 months of the year (November to April).
Asareault, thetotal timefor the smulation was 50 year s, but one simulation year isassumed
to represent 2 yearsof real time, and the ssmulation results are presented for a period of 100
years. Intheideal case of a shrinking cor e oxidation model wherethe pyritegrain is
surrounded by a thin film of immobile water, the D, value r epr esents the coefficient of O,
diffusion in thereaction rim. The shape of the O, profileis sensitive to D,; as D, increases,
the profile becomes shar per with oxidation occurring along a sharp front, as D, decreases the
profile becomes mor e diffuse, with oxidation proceeding deeper into the profile. Numerical

oscillationsresult when the D, value istoo high because the high D, value



Figure 6.3  Photograph at piezometer nest KC11 showing the sharp boundary between
the oxidized and unoxidized tailings. The depth of this boundary coincides with the
depth where the moisture content approaches saturation. :
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imposes unrealigtically high O, consumption in the grainsduring each time step. To maintain
consistency in the current modelling, the maximum D, value that would diminate numerical
oscillationsin O, concentration wasused. A value of 1.0x10* m?swas used for modelling the
Kidd Creek tailings oxidation.

6.3 Results and Discussion

The sulfide oxidation modelling of the tailings using the obser ved moistur e content and
sulfur content suggeststhat the most intense period of oxidation will occur during thefirst 20
years. At theonset of oxidation, the production of SO, indicated by the moddlling is
approximately 5 kg/m?/yr of tailings surface and declines to approximately 1 kg/m?/yr after 20
years (Fig. 6.4a). The sulfide oxidation rate continuesto decline gradually astime proceeds
and by 35 to 40 yearstherate has diminished to approximately 0.1 to 0.2 kg/m?/yr. Theinitial
rapid drop in therate of oxidation occurs as O, diffusion into the por e spaces becomes limiting
at the deeper depths where higher degrees of water saturation occur (~0.12to0 0.15 m, Fig.
6.2). Theoxidation ratedeclinesto low levelsat 35 to 40 years, astherate of oxidationis
limited by the low rate of O, diffusion in the almost completely water -filled pore spaces. The
effect of the variable moisture content on sulfide oxidation is observed in Figure 6.4b which
shows the depth of the sulfide oxidation reaction front at increasing time. Thereaction front
proceedsrapidly downward through the zone with lower moisture content (above 0.15 m) but

the progress of thereaction



front ismuch dower in the deeper, high-moistur e zone.
Themodelling is based on the representative moistur e content profile from Figure 6.2

and theseresults probably represent an average condition for the oxidation of the Kidd Creek
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Figure 6.4 Sulfide oxidation modelling results showing: @ the amount of SO,
generated per square metre Of tailings surface vs time, and b) the depth of
penetration of the oxidation reaction front in the tailings profile vs time.
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tailings. Spatial variationsin the moisture content of the tailings occur within the
impoundment and may be expected to influence therate of sulfide oxidation. In the central
elevated area of thetailings impoundment a condition of low moisture content may exist in the
near -surface tailingsto greater depthsand for longer periods of timethan in theflat lying
peripheral areas. Thesedifferencesresult from the deeper water table position in the
elevated central area and probably from greater evapor ative losses of water from thetailings
surfacein the central area.

No attempt has been made to modd sulfide oxidation in the tailings under conditions
representative of possible closure designs such astailings covered with a layer of de-pyritized
tailingsto inhibit sulfide oxidation. There are some general commentsthat can be made,
based on the existing data, about the controls on the sulfide oxidation rate. The present
modelling suggests that the rate of oxidation is strongly inhibited by high moisture content.
Asareault, it isimportant to under stand the mechanismsthat cause thetailings near the
surface to become unsaturated. The development of unsaturated conditions within the vadose
zone may occur during drainage, asthe capillary pressure within the vadose zone exceeds the
air-entry pressure of thetailings material (Fig. 6.5). Theair-entry pressure of a porous
medium deter mines the thickness of the capillary fringe that may be formed above the water
table and varieswith the grain sizeand grain-size distribution of the material. The moisture

content data at Kidd Creek indicatethat a capillary fringe may be maintained upto6to7m



abovethewater table (at least over short timeintervals of several weeks; data from KC11
and KC14). It islikely that the unsaturated zone observed at piezometer nests wherethe
water tableisonly 1to 2 m deep isformed by some mechanism other than air entry dueto

high
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capillary pressures. An unsaturated zone may also form when evaporation losses at the
surface exceed the upward flow of water from the water table due to capillarity. Evaporation
may be responsiblefor the formation of an unsaturated zone at the tailings surface throughout
much of the Kidd Creek tailingsimpoundment. The uniform depth of the unsaturated zone
throughout the impoundment (~0.25 m), despite the variation in water -table depth, supports
the suggestion that evaporation isa strong control on formation of the unsaturated zone. In
the central area of thetailingswherethe water tableis degpest, the unsaturated zone may be
formed by the combined processes of drainage and evaporation. Evaporation of water from
the tailings surface may be the dominant process controlling the development of sulfide

oxidation.

7. STORM-WATER HYDROGRAPH SEPARATION

7.1 Introduction

The quality of surface-water effluent from the tailingsimpoundment to the water -
treatment pondsis controlled by theinteraction between metal- and sulfate-containing pore
water and the surfacerun off. Theamount of metals and sulfate released to the surface-water
environment, and therate of release, are dependant on the concentrations of metals and
aulfatein thetailings porewater and the mechanismsthat govern the interaction between
tailings porewater and the natural groundwater and surface water. One of the principal
concernsrelated to discharge of porewater from tailingsisthe potential for the generation of

acid drainage which results from dischar ge of Fe(l1)-containing pore water. Oxidation of the
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Fe(ll) to Fe(l11), followed by hydrolysisand precipitation of Fe(l11) as Fe(OH); (reaction 5), or
another ferric oxyhydroxide such as schwertmannite (Bigham, 1994), isan acid generating
reaction. The contribution of tailings pore water to surfacerun off was measured by the
chemical mass-balance technique of hydrograph separation described by Pinder and Jones

(1969) using Na, Cl and SO, astracers.

7.2 Methods of Investigation

Theresponse of the tailings cone to threerainfall events of variable duration and
intengity (Table 7.1) was monitored. Storm run off in one of the egphemeral streams (Fig. 1.1)
was measured at a 90°, shar p-edge weir using the staged-discharge method. Water levels1 m
upstream of thewelr wererecorded in a5 cm diameter stilling well. Rainfall was measured at
frequent intervalsthroughout the storm events with a 10 cm diameter rain gauge. The water -
table elevation in a 2.5 ha area surrounding the stream-gauging station was r ecor ded
manually at regular intervalsduring the storm events using 16 water -table wells located as
shown in Figure 7.1 and at 2 other wells, located 200 and 400 m respectively, east of the area
represented in Figure 7.1. The water-table wells wer e constructed of two inch diameter PVC
pipe, dotted over the entire length and screened with nylon mesh (Nytex®). Vertical hydraulic
gradients at 2 piezometer nests (Fig. 7.2) in the saturated zone beneath the stream channel

were measured in nests of 3 piezometersinstalled at 0.5 m depth intervals.
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Figure 7.1 Plan view of the study area within the tailings impoundment showing the
locations of the stream channel, water-table wells, piezometer nests and weir.
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Rainwater was collected in a 1 m square wooden frame lined with plastic sheeting.
Samples of total run off were collected in 125 mL polyethylene bottles at the weir. Samples of
total run off werefiltered through 0.45 um cellulose acetate disposablefiltersprior to
analysis, rainwater sampleswere not filtered. Representative concentrations of Na and SO,

in

Figure 7.1 (see following page)



Table 7.2 Tracer concentrations (mg/L), in rainwater and groundwater, used for hydrograph
separ ation.

Event Tracer Rainwater Groundwater
Avg. s n Avg. S n

1 Na 3.46 2.64 5 670 3719 75
SO, 4.68 3.08 5 4428 2958 75
Cl 1.27 1.04 5 15.62 442 15

2 Na 6.96 0.90 3 - - -
SO, 2.39 0.31 3 - - -
Cl 1.54 0.32 3 - - -

3 Na 2.00 2.23 7 - - -
SO, 1.63 1.38 7 - - -
Cl 1.09 0.26 7 - - -

Table 7.1 Description of rainfall events.

Event Peak Run-off Total Rainfall Duration Average Rainfall
Rate (L/s) (mm) (Hrs) Rate (mm/Hr)

1 58 9 12.5 0.72

2 0.7 3.3 5 0.66

3 82 11.7 14.5 0.81
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Figure 7.2 (see previous page)

groundwater aretaken from Al et al. (1994b,c). Concentrations of Cl were obtained from pore
water in core samples (25 cm long and 7.62 cm diameter) collected from the vadose zone
adjacent to the stream. The porewater was extracted from the core samples by squeezing the
coreswith the method described by Patterson et al. (1978), as modified by Smyth (1981). The
concentrations of tracers Na, SO, and Cl were measured in samples of rainwater and total run
off collected throughout the events (Table 7.2). Cationswere determined by atomic

absor ption spectroscopy, Cl and SO, wer e determined by ion chromatography. Rainwater and
groundwater samples from the 3 events were analyzed for d*®O for use as a conservative
tracer, however, the range of d'®0 in the groundwater overlapped the range of d**0 of the
rainwater, consequently, 0 could not be used for hydrograph separation. All analyseswere

conducted by the Water Quality Laboratory at the University of Water|oo.
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7.3 Results and Discussion
7.3.1 Description of the Steady-State Groundwater Regime

Hydraulic-head gradients along the section B-B' near the hydrology study area (Fig.
1.1) are generally downward and outward near the central, elevated area of theimpoundment.
Hydraulic gradients change from downward, to horizontal and gradually turn upward with
increasing distance from the centre of theimpoundment. Theflow net (Fig. 5.4) suggeststhat
the porewater infiltratesin the central, elevated area of theimpoundment, flows radially
outward toward the perimeter and then dischargestoward the surface of the tailingsin the
flat-lying peripheral areas of theimpoundment. Theflow system isin a state of dynamic
equilibrium. In responseto rainfall and drying events, the depth to the water table varies
between 4 and 6 m near the apex of the cone and between 0 and 1 m in the peripheral areas.

The flow net showsthat the hydrology study areaisin aregion of groundwater
dischar ge, consstent with measurements of hydraulic gradients prior to rainfall (Fig. 7.2) in
two piezometer nestsingtalled in the stream channel. Under the conditions applied for
modelling the pore-water flow, the water tableisbetween 0.5 and 1 m below the surface,
indicating that groundwater doesnot discharge directly to the surface. Exfiltration (a process
wher eby capillary forces draw discharging groundwater to the surface wherethe water islost
to evaporation) may beresponsble for sustaining groundwater discharge whilethe water table
remains below the surface. The uniform, finegrain size of the tailings supportsthe
development of a thick tension-saturated zone above the water table (up to 6 m near the

centre of theimpoundment). A typical moisture-content profile at piezometer nest KC24 near

90



the study area (Fig. 5.6) showswater saturation to within 15 to 20 cm of the surfacein the
vadose zone. By maintaining tension saturation close to the surface, evapor ative losses from
thetailings are maximized and it is possible for losses due to evaporation to equal or exceed
the flux of porewater discharging upward, acrossthe water table. Depending upon the
position of the water table, groundwater discharge may occur directly to the surface of the

tailings, or by exfiltration.

7.3.2 Hydrograph Separation
7.3.2.1 Selection of Chemical Tracers
Chlorideis one of the more conservative chemical speciesin groundwater and isan

excellent tracer (Daviset al. 1985). The consistently higher groundwater fraction calculated
with SO,, relativeto Na and ClI (Fig. 7.3), suggeststhat thereisareactive sourcefor SO,
within thetailings. The soluble sulfate mineral gypsum (CaSO,2H,0), isalmost ubiquitous
within thetailings (Jambor et al. 1993) and represents a possible sourcefor SO,. The
observed non-conservative behaviour of SO, is probably aresult of the dissolution of gypsum
present at thetailings surface during run off, causing disproportionatey high SO,
concentrationsin the stream run off. These indications of non-conservative behaviour for SO,
areinconsistent with the results reported by Blowes and Gillham (1988) for chemical
hydrograph separation of run off from a uranium tailings deposit. In their resultsthere was

good agreement between measured SO, concentrationsin the run off, and concentrations
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calculated on the basis of average groundwater SO, concentrations and the groundwater
fraction of total run off determined with d*®0 and Cl as conservative tracers. Thetailings
impoundment at Elliot Lake had been inactive for approximately ten yearsprior to the work
of Blowes and Gillham (1986), during which time extensive leaching of soluble SO, phases
may have occurred.

The observed smilarity in the hydrograph separation based on Na and Cl suggests
that Na isa conservative chemical groundwater tracer in the study area. Several factors may
contribute to non-conser vative behaviour for Na. The Na concentrations of thetailings pore
water are high (Al et al. 1994b,c) and when the surface of thetailings are allowed to dry, the
soluble sulfate mineral thenardite (Na,SO,) formsa crust on the surface with gypsum,
providing a possible sourcefor Nain run off water. The solubility of thenarditeisgreater
than gypsum, but gypsum is much more abundant in thetailings. Asaresult, thenardite may

only represent a potential sourcefor Nain the early stages of arainfall event. Thelower



solubility and greater mass gypsum within the tailings suggests that its dissolution may result

in the observed non-conser vative behaviour for SO, + Cation-
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exchange processes between aqueous Na and tailings-mineral surfaces may create a source
or sink for Na concentrationsin the tailings pore water, leading to mass-balanceerrorsin

chemical hydrograph separation.

7.3.22Event1

Approximately 2 mm of rainfall had fallen during the night befor e data recor ding began
for event 1 (Fig. 7.4a). Upon arrival at the Site, the stream channel wasdry and therewas no
evidence that stream flow had occurred during the night. A steady, low-intensity rain
continued for the next 8 hours, then stopped. At thistime water was ponded in depressions of
the stream channe dueto therising water table but therewasno flow. During the following
1.5 hoursthe clouds cleared and the weather was hot and sunny causing the surface of the
tailingstodry. A sudden downpour occurred at 9.8 hourswhen 3 mm of rain wererecorded in
approximately 10 minutes. The downpour was followed by 2.5 hours of low intensity rainfall.
Flow in the channd began immediately after the downpour started and at 10.3 hour s flow
increased rapidly from 12 L/sto 58 L/s (Fig. 7.4b). Therapid changein flow rateis
interpreted to result from inter actions between topogr aphy and the direction of storm
movement. The storm wastravelling from west to east and theinitial flow in the channel
occurred as surfacerun off began in therdatively flat-lying portion of theimpoundment. The
rapid risein dischargerate occurred asthe storm progressed eastward over the steepest

portions of the tailings cone wher e greater run off and increased collection



RAINFALL
Rate (mm/Hr) Amount (mm)
8 - 10
v 6
4| | jmount 5
e
Rate
ot + : " —-— ; 4 0
0 2 4 6 8 10 12
Time (Hrs)
a)

HYDROGRAPH SEPARATION

Discharge (Us)
60 1

40 1

10 1 12
Time (Hrs)

Figure 7.4  Graphs of &) the rate and amount of rainfall during event 1, and b) the storm

hydrograph, separated into groundwater and direct run off components with Na, SO,
and Cl mass balances.

70



area combined to increase the channd flow rate. Peak flow of 58 L/s occurred at 10.4 hours

and declined, first rapidly to approximately 10 L/sby 11 hours, then more gradually to
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approximately 3 L/sby 12 hours.

The groundwater contribution to run off during the high intensity rainfall of event 1 was
small (Fig. 7.4b). Thehigh rate of rainfall was much greater than the maximum infiltration
rate and large volumes of surfacerun off were observed. The groundwater fraction of the
hydrograph calculated from Na and Cl concentrations ranges between zero and 7% of the
total run off. The groundwater fraction of run off determined with Na and Cl mass balances
show relatively high groundwater fractionsat the onset of stream flow, probably dueto
ponded groundwater that had collected in poolsin the channe prior to the onset of flow. The
groundwater fraction then declinesto a minimum that coincides with peak flow, and thereisa

gradual increasein the groundwater component to a maximum of 2 to 5% during recession.

7.3.2.3 Event 2
A total of 3.5 mm of rainfall wasrecorded in a5 hour period during event 2 (Fig. 7.5a).
Minor surface run off was observed for approximately 10 minutesfollowing an increasein the
rainfall rate between 3 and 4 hours (Fig. 7.5a). Theinitiation of stream flow was coincident
with theincreasein rainfall rate and surface run off (Fig. 7.5b). Stream flow increased
between 3.8 and 4.5 hours when peak discharge of 0.7 L/swas attained. The peak flow rate
was maintained until 4.9 hourswhen gradual recession to 0.25 L/s occurred between 4.8 and 6

hours. TheNaand Cl tracersindicate smilar fractions of groundwater during event



2 which range between 11 and 17% for Naand 17 and 32.5% for Cl. Aswith event 1, there

are high fractions of groundwater indicated by theinitial samples collected, probably a result
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of ponded groundwater in the channe prior to theinitiation of flow. If these high valuesare
removed, the ranges of groundwater fraction indicated by Na and Cl are much more

consistent (11 to 15% for Na and 17 to 23.5% for Cl).

7.3.24 Event 3

Event 3 represents a moder ate intengty, long-duration rainfall where a total of 11 mm
of rain wererecorded over aperiod of 14.5 hours (Fig. 7.6a). For thefirst 6 hours, the rainfall
ratewasbelow 0.5 mL/hr. During this period there was no surfacerun off observed. Inthe
following 8.5 hourstherateranged between 0.5 and 3 mL/hr (Fig. 7.6a) and variable amounts
of surfacerun off occurred throughout thetimeinterval. Flow in the stream began at
approximately 8 hoursand increased gradually to 10 L/sby 9.5 hours (Fig. 7.6b). At 9.5 hours
therewas an increasein rainfall rate and a coincident increasein stream flow to
approximately 75 L/s between 9.5 and 11 hours. The stream flow continued between 50 and
75 L/suntil the 14.5 hour point when the weir failed. Thefractions of groundwater indicated
by Na and Cl arevery smilar, ranging between 11.5 and 18% for Na and 6.7 and 19.5% for
Cl (Fig. 7.3). Smilar to events1 and 2, theinitial groundwater fraction ishigh, thefraction
declinesto a minimum at peak discharge followed by a gradual increase with increasing time.

Comparison of resultsfrom the 3 events suggests that low and moder ate intensity
rainfall, when infiltration is significant relative to surface run off, contributes a greater

fraction of groundwater to thetotal run off than high intensty rainfall where a large portion
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of the precipitation reachesthe stream asdirect run off. Assuming that therange of rainfall

and run-off conditions documented in this study are representative of the range of conditions
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that may occur, the data suggest that the fraction of groundwater that may be contributed to
run off from the thickened tailings deposit at Kidd Creek is between 0 and 25% of thetotal
run off, depending on the duration and intensity of the rainfall event. Thisrangeisbetween 1
and 3 timeslower than that reported by Blowes and Gillham (1988) for run off from a
conventional, unthickened tailings deposit. Hydraulic conductivity of the tailings at Elliot
Lakeisapproximately one half to one order of magnitude greater than at Kidd Creek, which
may contributeto a greater contribution of groundwater to the run off. Reported hydraulic
conductivity values from individual measurements at the Elliot L ake tailings site range from
2.1x10%to 1 x 10® m/s (Blackport and Cherry, 1980; Blair, 1981) which are consigent with a
value of 1 x 107 m/sobtained in a pumping test (Blair, 1981). Asaresult of theweir failure
during event 3, an estimate of the maximum possible groundwater flux under sustained
rainfall conditions (ie when the water tableisat the surface of the tailings throughout the
impoundment) can not be made. It isclear from the dow increasein the calculated fraction of
groundwater that continued up to theweir failure, that the maximum groundwater flux was not

attained.

7.3.3 Mechanisms of Pore-Water Interaction with Surface Water
7.3.3.1 Response of the water table to rainfall
For thethreerainfall events studied, stream flow did not commence until the water -
table elevation had risen above the elevation of the stream-channel bottom. It islikely that

stream flow would have occurred regar dless of the water -table position during the high
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intensity rainfall event (event #1, Table 7.1), however, the 0.2 hour s of high intensity rainfall
during this event wer e preceded by approximately 8 hours of very low intensity rainfall that
caused the water tableto approach the surface. During each event, the onset of rainfall was
marked by a gradual increase in the water -table elevation.

The magnitude of the water -table rise was much greater than the risethat would be
predicted from the amount of rainfall and the specific yield of a sty sand (~0.15; Domenico
and Schwartz, 1990). Similar observations of water-table responseto rainfall have been made
by Blowes and Gillham (1988), Novakowski and Gillham (1988) and Abdul and Gillham (1989)
and the disproportionate water -table rise has been attributed to the response of the capillary
fringetorainfall. Wheretension saturation is maintained close to the surface, the effective
gpecific yield isvery low and small amounts of infiltrating rain water cause the tension-
saturated zoneto be converted to a pressure-saturated zone. Thewater-tablerisethat results
during arainfall event isafunction of both the rainfall rate, and theinfiltration rate, aswell as
the stor age capacity of the vadose zone. If therainfall rateislower than theinfiltration rate,
such that all theincident rainfall infiltrates, the water-table rise that resultsis predominantly a
function of the storage capacity. Tailingsin the study area are saturated to within 20 cm of
the surface (Fig. 5.6). Changesin the water-table elevation at the 18 monitoring wellswere
measured during low intengty rainfall of event 1 and event 3 when all of therainfall was
observed toinfiltrate. The effective specific yieldsfor each location and both of the events,
calculated asthe amount of rainfall divided by the height of the water-tablerise, are shown in

Figure7.7. The effective specific yield, and the water -table response
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torainfall, arevariablein space and time. The average values of 0.008 and 0.016 during the

two measurement periods are much lower than the specific yield for sty sand suggesting that
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the water -tableriseisin response to conversion of the tension-saturated zoneto a pressure-

saturated zone.

7.3.3.2 Effects of the water-table rise on groundwater discharge to the stream

The studies performed by Abdul and Gillham (1989) and Blowes and Gillham (1988)
document ridging of the water table paralld to the stream wher e the capillary fringe
approachesthe surface. At Kidd Creek the capillary fringe maintainstension saturation near
the surface throughout the study area (Fig. 5.6) and rainfall resultsin a widespread rise of the
water tablerather than ridging. Contours of the water -table elevation and thickness of the
vadose zone at varioustimes during event 3 areshown in Figures7.8 and 7.9. Thewater-
table elevation increasesto levels that are above the base of the stream channel until the
tailings are saturated to the surface. Asthewater-table elevation surpassesthe elevation of
the channel bottom, there is a seepage face developed along the sides of the channel.
Horizontal hydraulic gradientsdirected toward the stream result, causing groundwater to
dischargeinto the stream channdl (Fig. 7.10). The significance of thisdischargeasa
mechanism to contribute groundwater to the stream flow was investigated with the numerical
groundwater flow model FLONET. Theflux of groundwater to the channd was estimated with
the model. Thetop boundary condition was specified asthe water-table elevation. The
bottom boundary was specified as a constant head equal to that measured in the degpest

piezometer at nest # 2. The sde boundaries were specified as zero-flux boundaries. The

—
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choice of top and bottom boundariesresultsin an overall downward hydraulic gradient across

the modelled domain, consgstent with the downward gradients observed at the two piezometer
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nestsat largetime (Fig. 7.2). Themode calculates an estimated flux into the stream at the
seepage face of 2.59x10° L/s per metre of stream length. Multiplying by an estimated total
stream length of 3500 m gives an estimated groundwater discharge of 0.09 L/s, which isonly
0.15%, 12.9%, and 0.11% of theevent 1, 2 and 3 maximum dischar ges respectively. Despite
the many uncertaintiesin the modelling, another mechanism for groundwater contributionsto
the stream must be invoked to explain the larger measured groundwater components of total
discharge.

The widespread water -tablerise causes the vertical gradientsin the study areato
change from upwar d- to downwar d-directed (Fig. 7.2). The changein the direction of
groundwater flow that results from the water-tablerise, suggeststhat contributions of
groundwater to the stream by saturated overland flow as proposed by Waddington et al.

(1993) and Eshleman et al. (1993) are not significant in this study.

7.3.3.3 Influence of fractures on groundwater discharge to streams
Thetailingsat Kidd Creek are deposited as a thickened durry with approximately 65
to 70% by volume of water. Oncethetailings have been deposited, water lossisrapid and
thewater content decreasesto an averagein situ value of approximately 38%. Therapid loss
of water causesthe formation of desiccation fracturesthat are observed to penetrate to
depthsof 1to 2 metres. Asthetailings surface matures, the open fractures commonly close
astailings grains are washed over the surface and into the fractures by sheet flow during

intense run-off events. The material sealing the fractures has been hydraulically sorted and
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macr oscopic field observations indicate that the material iscommonly of coarser grain size
than the surrounding tailings matrix. Fluorescent dyetracer studiesin fractured tailings and
unfractured tailingsby Al et al. (in prep) indicate that the fracturesrepresent a 3-dimensional
network of channelsfor preferential groundwater flow.

Waddington et al. (1993) indicate that groundwater flow through pipes, or subsurface
pathwaysfor preferential flow, may account for most of the pre-event water contributed to
storm flow in a forested swamp within a regional groundwater-discharge zone. A similar
mechanism for contributing groundwater to the stream run off may be active within the
tailings, where fractures collect and channe discharging groundwater to the stream. The high
hydraulic conductivity in the fractures dueto hydraulic sorting of the grains, resultsin the
development of conduits similar to those described by Waddington et al. (1993). Also, because
of the coarser grain size of the fractureinfilling material, the water-tablerisein thefractures
would be expected to be dower than in the matrix. Under these conditions, the fractures could
drain thetailings matrix aslateral hydraulic gradients develop.

This mechanism could explain large contributions of groundwater to the stream flow
despite the overall downward hydraulic gradient within thetailings matrix. Field observations
of small seeps developed at theinter section of fractureswith the main stream channel support
thishypothess. Further support isprovided by the ubiquitous occurrence of ferric-iron
mineral crustslining permeable fractures (Fig. 7.11). Ferrousiron contained within the
vadose-zone pore-water oxidizesrapidly asit encounter s oxygenated event water in

permeable fractures and the resulting Fe(l11) subsequently hydrolyzes and pr ecipitates along
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Figure 7.11  Ferric oxide-minera crusts that are ubiquitous in permeable fractures that
intersect the stream channel in the study area.
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7.3.4 Estimates of Fe-Acidity L oading to Stream Run Off

Estimates of the total load of ferrous-iron acidity that may be contributed to the stream
have been made by applying the average Fe concentration of the tailings pore water to the
estimates of the fraction of groundwater that contributesto stream flow. The average
concentration of Fein thetailings porewater istaken from Al et al. (1994b,c). Field
measurements of E, suggest that all of the Fein the pore water isin the Fe(l1) oxidation
state. Estimates of Fe loading are calculated using an aver age between the fractions of
groundwater in the stream flow indicated by Na and Cl mass balances. Despite the low
fraction of groundwater that contributesto flow during event 1, the large flow rate causes
significant loading of Fe(l1) to thetailings effluent (up to 158 mg/s during peak flow, Fig. 7.12).
During event 2 thefraction of groundwater in the stream issimilar to the fraction of
groundwater in event 3, however, the mass of Fe(l1) in the stream flow (maximum 23 mg/s) is
low asaresult of thelow flow rates. Therdatively largefraction of groundwater in event 3,
combined with the large flow rates, cause the greatest loading of Fe(l1) to the stream flow (up
to 2800 mg/s when failure of the weir occurred). These estimates suggest that the greatest
potential for loading of acidity, metals and sulfate to the tailings effluent occursduring

sustained rainfall events.

8. CONCEPTUAL MODEL FOR TAILINGSEVOLUTION

8.1 Introduction

The geochemical evolution of the tailings and tailings pore water isof interest because
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Figure 7.12  Graphs showing the estimated loading of Fe(II)-acidity to the total stream run
off. The values are obtained by applying the average groundwater Fe(II) concentration

from Al et a. (1994b,c) to the estimates of groundwater contributing to the total
runoff.
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it isrecognized that geochemical processes such as sulfide oxidation may degrade the pore
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water quality in thetailings, and physical processes such as groundwater flow may transport
thereaction productsto the surrounding environment. It isthereforeimportant to investigate
both the geochemical processesthat represent the potential sources and attenuation
mechanisms for dissolved metals and sulfate in thetailings pore water, and the physical
processesthat promote geochemical dispersion. The following discussion, with referenceto
Figure 8.1, isintended to integrate the results of the detailed investigations described in the
previous sections of thereport. Specifically, the conceptual model for the evolution of the
tailings porewater geochemistry will be described in the context of the physical processes
that promote transport of dissolved metals and sulfate with various geochemical sourcesand

attenuation processes superimposed on the physical system.

8.2 Physical Processes

During a precipitation event, a fraction of the water incident on thetailings surface
runs off to collect in the perimeter stream, and finally in the treatment ponds. Theremaining
fraction of precipitation on thetailings surface infiltrates below the ground surface causing an
increase in the water content of the vadose zone and may cause an increase in the water -table
elevation. Of thewater that infiltratesduring a precipitation event, a fraction may remain in
the ground and contribute to net rechar ge, following the precipitation, the remaining fraction
of the water will be removed by evaporation from the surface of thetailings. Thickening of
tailingsat Kidd Creek promotes evapor ation because capillary pressuresare high in the

vadose zone, dueto the uniform grain-size distribution, which allows a high moistur e content to
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Figure 8.1 Conceptuad model for the evolution of the talings showing the principa source
areas for metals and sulfate, and the surface and groundwater flow paths that promote
mobilization of the solutes.




be maintained closeto the surface. The vadose zone of the tailings r epresents a zone of
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cyclical downward and upward movement of water; downward under the force of gravity
during precipitation and infiltration, and upward under the force of capillarity during
evaporation. Therdative magnitude of either downward or upward flow governsthe
establishment of either a net recharge or net discharge zone. Theregion of net recharge on
the Kidd Creek tailingsisin the elevated, central portion of the impoundment (Fig. 8.1).

The addition of infiltrating water to the saturated zone causes an increase in the water -
table elevation, and therefore an increase in hydraulic gradient directed downward and
outward toward the impoundment perimeter. Near the central spigot road the hydraulic
gradient isdirected downward and toward theroad. Asaresult of rechargein the central
area, and in response to the hydraulic gradients, tailings water flow isdirected downward and
inward toward the spigot road, and outward toward the impoundment perimeter. Flow
modelling and evaluation of tracersderived from the natrojarosite in the tailings, indicate that
the pore-water velocity ranges up to 0.6 m/yr. The highest velocities occur in therecharge
region near the spigot road and in thetailings near est the surface wher e the hydraulic
conductivity is 1 to 2 orders of magnitude higher than the in the deepest tailings. Fractures,
formed during drying of the fresh tailings occur over most of the impoundment surface and
create a surficial zone of high effective hydraulic conductivity that increasesthe discharge
rate of groundwater to the surface during storm events (see section 7.3.3.3).

Net discharge of tailings porewater occursin theflat lying peripheral area of the
impoundment (Fig. 8.1). Except during precipitation events, and possibly during spring run
off, the dischar ge of porewater occurs as exfiltration. Thelossof water from thetailings
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surface by evaporation is sufficient to maintain the water table below the surface despitethe
discharge of porewater upward to the water table. Capillarity in the vadose zone of the

thickened tailings transportsthe discharging water from the water table to the surface.

8.3 Geochemical Processes
8.3.1 Metal and Sulfate Sour ces

The principle sour ces of metals and sulfate in the tailings pore water arethe
dissolution of natrojarosite and the oxidative dissolution of sulfide minerals (sections 3.3.3 and
3.3.4 respectively). Natrojarosite dissolution occurswithin the 1 to 4 m deep zone near the
surface of the tailings where natrojar osite has been disposed since 1985 (Fig. 8.1). Sulphide
oxidation occursin the upper 0.25to 0.5 m of tailings (Fig. 8.1) where the tailings may become
unsaturated and O, may diffuse into gas-filled pore spaces. Acid generation resulting from
natrojar osite dissolution and sulfide oxidation causes acid-neutralization reactions involving
carbonate and aluminosilicate minerals. Natrojaroste dissolution and sulfide oxidation
increase the pore-water concentrationsof Na, K, Fe, Pb, Zn, As, Cu, Ni, Co, Cd, and SO,,
while acid-neutralization reactions increase the pore water concentrationsof Na, K, Ca, Mg,

Mn, Fe, Al and HCO,.

8.3.2 Metal- and Sulfate-Concentration Attenuation
High concentrations of metals and sulfate in the pore water may be attenuated by

several mechanisms within the tailingsimpoundment. Acid-neutralization reactionsinvolving
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car bonate minerals maintain the pore-water pH in the neutral range above 5. The dissolved
concentrations of many metals arerelatively low at neutral pH where mineral-precipitation
controls by carbonate or hydroxide phases may be significant, and adsor ption or surface
complexation reactions with ferric oxy-hydroxide minerals are most effective at lowering
metal concentrations. Acid generated by sulfide oxidation and natrojar osite dissolution would
be neutralized by carbonate minerals within the sulfide oxidation and natr ojar osite zones,
provided the carbonate-mineral content within these zonesisnot depleted. In high sulfide-
content tailings such asKidd Creek, the carbonate-mineral acid-neutralization capacity of the
tailingsis commonly consumed by pH-buffering reactions prior to the depletion of the sulfide-
mineral content. When sulfide oxidation continues at pH values below the car bonate-buffered
levels, the rate of oxidation of aqueous Fe(l1) decreases and the potential for release of Fe(l1)
to surface and groundwater increases. Also, when the acid-generating capacity of thetailings
exceeds the carbonate-mineral acid-neutralization capacity, the acid generated by sulfide
oxidation would infiltrate to greater depth and consume carbonate minerals along the
groundwater flow path. Acid-neutralization reactionsinvolving aluminosilicate minerals occur
in the pH range of approximately 4to 5. In this pH range the solubility of many metalsis high
relative to the carbonate-mineral-buffered pH range. Asaresult, the aluminosilicate acid-
neutralization reactions are less effective in limiting metal concentrationsin the pore water
than the carbonate-mineral reactions.

Precipitation controls by various mineral phases may limit the pore-water

concentrations of some metals and sulfate. The precipitation of gypsum (CaSO,! 2H,0) may
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limit the concentrations of Ca and SO,. Gypsum isa moder ately soluble mineral and
equilibrium with respect to gypsum may be expected to result in Ca and SO, concentr ations of
300 to 500 mg/L Caand 1,500 to 2,500 mg/L SO,. Geochemical and mineralogical
investigations suggest that gypsum precipitation occur s throughout the sulfide oxidation and
natrojarosite zonein the Kidd Creek tailings. Precipitation of siderite (FeCO3) may limit the
Fe(l1) and HCO4 concentrationsin the pore water, however, the Fe concentrationsin tailings
porewater dueto sulfide oxidation may be in the thousands of mg/L and the effect of sderite
precipitation on porewater concentrationsis probably very small. Concentrations of Fe(l1)
may also be limited by the precipitation of melanterite (FeSO,! 7H,0), however, melanterite
isavery soluble sulfate mineral and limitation of Fe(I1) by melanterite precipitation will only
occur at extremely high Fe concentrations. The concentrations of Fe(l1) and SO, are not high
enough within the Kidd Creek tailings for melanterite precipitation to be a sgnificant control
on Fe(ll) concentrations. Lead concentrationsin the pore water may be limited by the
precipitation of anglesite (PbSO,). Anglesiteisa dightly soluble sulfate mineral and tailings
porewater at equilibrium with respect to anglesite may contain between 2 and 5 mg/L Pb.
Geochemical modelling suggeststhat pore water approaches saturation with respect to
anglesiteat KC1 and KC11 where sulfide oxidation ismost developed. The precipitation of
ferric oxy-hydroxide minerals such as amor phous Fe(OH); and goethite commonly controls
the concentration of Fe(l11) in tailings pore water, however, the dominant redox statefor Fein
near-neutral pH water isFe(l1), and limitations on the concentration of Fe(l11) aretherefore

insgnificant asa control on thetotal concentration of Fe.
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The concentrations of metals and SO, in the porewater are commonly observed to be
below thelimits of control by mineral precipitation reactions. When thisisthe case, the
concentrations of the metals and SO, may be controlled by reactions at mineral surfacesor by
co-precipitation of metalswith carbonate or ferric oxy-hydroxide minerals. Surfaces of clays,
carbonates and particularly ferric oxy-hydroxide minerals represent reactive Stesfor the
adsor ption and exchange of aqueous-phase metalsand SO,. Unlike mineral precipitation
controls on concentrations, miner al-surface attenuation reactions have a limited capacity for
uptake of solutesfrom solution.

Thefinal attenuation mechanism to be discussed is sulfate reduction. In section 3.3.1
it was suggested that the pore-water geochemical data is consistent with the reduction of
aqueous SO, near the interface between the base of the tailings and the underlying silt/clay.
Sulfate reduction isa microbiologically mediated process which produces aqueous sulfide (S?)
from SO,. In contrast to sulfate minerals, sulfide minerals have very low solubility and the $*
released by sulfate reduction would react to form sulfide minerals with any Fe, Zn, Cu, Co, Cd,
Ni and Asremaining in solution. The concentrations of these elementswould be maintained
at very low levels by sulfate reduction provided thereisan excess of sulfate. In order for
sulfate reduction to proceed, conditions must be anaer obic and there must be a sour ce of
organic carbon for bacterial respiration. In thetailings, organic carbon islimiting and sulfate

reduction isnot a sgnificant attenuation mechanism.

8.4 Mobility of Metals and Sulfate
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There aretwo general paths along which metals may be mobilized from thetailings. 1)
the surface-water run off may dissolve soluble salts at the surface of the tailings and transport
the saltsto the effluent treatment ponds, and 2) metals and SO, will accumulate in, and move
with, the water that infiltrates through the sulfide oxidation zone and natr ojar osite zone.
Soluble saltsaccumulate at the surface asaresult of the upward flux of water and solutesthat
occursin the vadose zone during evapor ation events. Based on the current composition of the
porewater at Kidd Creek, these salts are probably comprised dominantly of gypsum and
thenardite (Na,SO,). Assulfide oxidation proceedsit is expected, based on the pore-water
geochemistry, that there will be increasing amounts of Mg- and Zn-SO4 salts for med.

The sulfide oxidation modelling discussed in section 6 suggests that the most intense
sulfide oxidation will occur during theinitial 20 years of exposure to atmospheric O2. During
this period, therecharge water will accumulate metals and sulfate released by sulfide
oxidation. These elementswill be transported along the pore water flow path (Fig. 8.1) and
the composition of the pore water will be further affected by dissolution of natrojarosite.
Some attenuation of metal concentrationswill occur along the flow path, however, a plume of
metals and sulfate derived from sulfide oxidation and natr ojar osite dissolution will be
transported with the porewater. Although sulfide oxidation has been limited by continuous
deposition of tailings, the characteristics of the plume derived from natr ojar osite dissolution
arewell known and are described in section 3.3.3. Thetravel timefor the metalswith the
porewater will vary depending on the flow path. In Figure 8.1, the flow path shown from the

tailingsinto the spigot road represents arelatively short travel time such that Fe-bearing
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water currently discharges from the spigot road onto the tailings surface at lower elevations
(seeFig. 5.7). Theflow pathsthrough the deepest sections of thetailingsrepresent 100'sto
1000's of years of travel time. However, metals and sulfate derived from the sulfide oxidation
and natrojar oste dissolution that impactsthetailings pore water in the peripheral discharge
zone are currently being discharged to the surface during rainfall events (see section 7).
Assuming that thetailings are not covered when tailings deposition stops, the surface of the
tailingswill be exposed to the atmospher e and the loading of sulfide oxidation reaction
productsto the effluent flowing into the treatment ponds and to the rechar ge water will
increase. Thereaction productswill discharge with the tailings porewater for 100'sto 1000's

of years.

9. UMMARY OF CONCLUSIONS

9.1 Pore Water Chemistry

The co-disposal of natrojarosite with sulfide-rich tailings at Kidd Creek introducesthe
natrojarosteto a neutral-pH and low-E,; environment in which the natrojarosteis
thermodynamically unstable. The natrojarosteisinterpreted to be dissolving, causing the
release of Na, K, Mg, Mn, Fe, Zn, Pb, As, HCO; and SO, to the porewater. Geochemical
modélling suggeststhat conditions favouring natr ojar osite dissolution are present throughout
most of thetailingsimpoundment. Mineralogical studiesindicate that a significant mass of
natrojar osteremainsin the tailings r epresenting a long term sour ce of contamination.

Increased Fe(l1) concentrationsin the pore water may cause acid drainage if seepage occurs
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around the perimeter of thetailingsimpoundment.

The effects of natrojaroste dissolution on the pore-water composition can be
distinguished from the effects of sulfide oxidation. Natrojarosite dissolution increasesthe
pore-water concentrations of Na, K, Fe, Pb, Asand SO, directly, and increasesthe
concentration of Mg, Mn, Feand HCO; indirectly through carbonate-mineral dissolution.
Increasesin Zn concentration result from natrojaroste disposal due primarily to zinc retained
within the agueous phase of the natrojarositeresidue. Sulfide oxidation gener ates low-pH
conditionsin the pore water and further increases the concentrations of Mg, Mn, Fe, Zn, Pb,
Asand SO,, aswell asincreasing the concentrations of Al, Cd, Co, Cr, Cu, and Ni. Sulfide
oxidation also causesthe dissolution of carbonate minerals, thereby initially increasing the
pore-water concentration of HCOg; continued oxidation, however, will consume the carbonate-
mineral acid-neutralization capacity of thetailings and will subsequently deplete the pore-

water alkalinity.

9.2 Tailings Solids Chemistry

Thewholerock geochemical data are useful to indicate the maximum depth of
occur rence of natrojarosite within the tailings, based on ratios of Na/Al, Na/Si or Na/K.
Sulfide oxidation has been limited by continuous tailings deposition on the main tailings cone.
Asareault, thereisno obvious depletion of sulfur at the surface dueto oxidation and
leaching. The carbonate-mineral content of the tailings has been depleted near the surface

wher e sulfide oxidation is most advanced as a result of acid-neutralization processes. Low pH
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pore-water with high concentrations of metals such asFe, Zn, Pb, Co and Cd occur near the
surface at several piezometer nests due to sulfide oxidation. Theseresults suggest that the
pore-water characteristics are more sensitive indicator s of the geochemical processes

occurring in the tailings than the solid-phase composition.

9.3 Tailings Hydrogeology and Pore-Water Flow Modelling

The hydraulic measurements made on the tailings indicate that the hydraulic
conductivity isuniform, ranging between 1.0 x 10° and 1.0 x 10®™s, and decreasing with depth
probably dueto consolidation. The hydraulic head measur ements suggest that pore water
flow isfrom the centre of the tailingsimpoundment, outward to the perimeter, with pore water
discharge occurring in theflat-lying peripheral areas of theimpoundment. The elevated
central portion of theimpoundment ther efore representsthe area of infiltration of
precipitation water. Thisassessment of the flow regimeis supported by 2-dimensional
groundwater modelling along 2 vertical sections from the centre of the impoundment, outward
toward the perimeter. Thewater tableisnear the surfacein the spring after snow melt and
declinesto 5to 6 m depth in the centre of the impoundment during the summer. Despitethe
low water -table position, obser vations of the tailings moistur e content suggest that capillarity

is capable of maintaining saturation very near to the surface.

9.4 Sulfide Oxidation Modelling

The sulfide oxidation modelling that has been conducted isa brief attempt to estimate
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thelong term effects of oxidation on the Kidd Creek tailings assuming that thereare no
modificationsto the surface of the tailings during decommissioning of the impoundment.
There has been no direct effort made toward deter mining the sengitivity of the sulfide
oxidation processto changesin parameters such as pyrite content, moistur e content, grain
sizedigtribution or the thickness and composition of cover layersthat may be considered for
decommissioning. However, the results of the modelling indicate that sulfide oxidation is
severdy limited where high degrees of saturation are maintained within thetailings. The
aulfide oxidation modelling also suggeststhat the most intense period of oxidation will occur in
thefirst 20 years, followed by a gradual declinein therate of oxidation asthe process
becomes limited by lower rates of O, diffusion.

Evaporation isa strong control on the formation of an unsaturated zone. In the central
area of thetailings where the water table is deepest, the unsaturated zone may be formed by
the combined processes of drainage and evaporation. Evaporation of water from thetailings

surface may be the dominant process controlling the development of sulfide oxidation.

9.5 Storm-Hydrograph Separation

Chemical hydrograph separation of sscorm run off in a stream draining the Kidd Creek
tailings, during three rainfall events, using Na and Cl as conservative tracers, indicates that
groundwater comprises between 0 and 23.5% of thetotal stream flow. Sulfate was also used
asatracer but it digplayed non-conservative behaviour, probably due to gypsum dissolution

during infiltration and run off. The 0-23.5% rangeis1to 3timeslower than thefraction of
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groundwater reported by Blowesand Gillham (1988) for run off from a conventional,
unthickened tailings deposit. Estimates of the mass of Fe(I1) that dischargesto the surface
run off, from groundwater, range up to 2,800 mg/s during a moder ate-intensity, long-duration
rainfall event. Thegreatest potential for discharge of significant masses of solutes, derived
from groundwater, exists during long duration rainfall events when the water tablerisesto the

surface over large areas of the tailings impoundment.

H
%)
N



10. REFERENCES

Abdul, A.S. and Gillham, R.W. 1989. Field studies of the effects of the capillary fringe on
streamflow generation. Journal of Hydrology, 112, pp. 1-18.

Al, T.A., Blowes, D.W. and Jambor, J.L. 1994a. A geochemical study of the main tailings
impoundment at the Falconbridge Limited, Kidd Creek Divison metallurgical ste, Timmins,
Ontario. In Short Course Handbook on Environmental Geochemistry of Sulfide Mine
-Wastes, Mineralogical Association of Canada, J.L. Jambor and D.W. Blowes editors, Vol.
22, pp. 333-364.

Al, T.A., Blowes, D.W., Jambor, J.L. and Scott, J.D. 1994b. The geochemistry of mine-waste
porewater affected by the combined disposal of natr ojar osite and base-metal sulphide
tailingsat Kidd Creek, Timmins, Ontario. Canadian Geotechnical Journal, VOLUME, pp.
PAGES.

Al, T.A., Blowes, D.W. and Jambor, J.L. 1994c. The pore-water geochemistry of the Cu-Zn
minetailingsat Kidd Creek, near Timmins, Ontario, Canada. In International Land
Reclamation and Mine Drainage Conference on the Abatement of Acid Mine Drainage, U.S.
Department of the Interior, Bureau of Mines Special Publication SPO6A-94, 2, pp. 208-217.

Allison, J.D., Brown, D.S. and Novo-Gradac,K .J. 1991. MINTEQA2/PRODEFA2, A
geochemical assessment modd for environmental systems. version 3.0 user's manual.
United States Environmental Protection Agency Report EPA/600/3-91/021.

Alpers, C.N., Nordstrom, D.K. and Ball, J.W. 1989. Solubility of jarosite solid solutions
precipitated from acid minewaters, Iron Mountain, California. U.S.A. Science Géologie
Bulletin, 42: 281-298.

Bigham, J.M. 1994. Mineralogy of ochre deposits formed by sulfide oxidation. In Short
Course Handbook on Environmental Geochemistry of Sulfide Mine-Wastes, Mineralogical
Association of Canada, J.L. Jambor and D.W. Blowes editors, val. 22, pp. 103-132.

Blair, R.D. 1981. Hydrogeochemistry of an inactive pyritic, uranium tailings basin, Nordic
Mine, Elliot Lake, Ontario. M.Sc. Thesis, University of Waterloo, Ontario.

Blackport, R. and Cherry, J.A. 1980. Patterns of groundwater flow, pH and electrical
conductance in the Nordic West Arm Tailings, Elliot Lake, Ontario. Final Report, Prepared
for: CANMET, Energy Minesand Resour ces, Elliot Lake Lab., Elliot Lake, Ontario.

Blowes, D.W. 1990. The geochemistry, hydrogeology and mineralogy of decommissioned

135



asulfidetailings. a compar ative study. Ph.D. Thesis, Univer sity of Waterloo, Water oo,
Ontario, Canada.

Blowes, D.W. and Gillham, R.W. 1988. The generation and quality of streamflow on inactive
uranium tailings near Elliot Lake, Ontario. Journal of Hydrology, 97, pp. 1-22.

Blowes, D.W. and Jambor, J.L. 1990. The pore-water geochemistry and the mineralogy of the
vadose zone of sulfidetailings, Waite Amulet, Quebec, Canada. Applied Geochemistry, 5,
327-346.

Blowes, D.W., Reardon, E.J., Jambor, J.L. and Cherry, J.A. 1991. Theformation and
potential importance of cemented layersin inactive sulfide minetailings. Geochimica
Cosmochimica Acta, 55: 965-978.

Blowes, D.W., Appleyard, E.C., Reardon, E.J. and Cherry, J.A. 1992. Tempor al observations
of the geochemistry and mineralogy of a sulfide-rich mine-tailingsimpoundment, Heath
Steele Mines, New Brunswick. Exploration and Mining Geology, 1, pp. 251-264.

Boorman, R.S. and Watson, D.M. 1976. Chemical processesin abandoned sulphidetailings
dumpsand environmental implications for northeastern New Brunswick. Canadian
I nstitute of Mining and Metallurgy Bulletin, 69: 86-96.

Brown, J.B. 1971. Jar osite-goethite stabilitiesat 25 EC, 1 atm. Mineralium Deposita, 6:
245-252.

Coggans, C.J., Blowes, D.W. and Robertson, W.D. 1991. The hydrogeology and
geochemistry of a nicke-mine tailings impoundment, Copper Cliff, Ontario. In Second
I nter national Conference on the Abatement of Acidic Drainage, Vol. 4. pp. 1-26.

Davis, G.B. and Ritchie, A.I.M. 1986. A Modd of Oxidation in Pyritic Mine Wastes. Part 1
Equations and Approximate Solution. Applied Mathematical Modelling, Vol. 10, p.314-322.

Davis, G.B., Doherty, G. and Ritchie, A.l.M. 1986. A Model of Oxidation in Pyritic Mine
Wagtes: Part 2: Comparison of Numerical and Approximate Solutions. Applied
Mathematical Modelling, Vol. 10, p.323-329.

Davis, S.N., Campbell, D.J., Bentley, H.W. and Flynn, T.J. 1985. Ground water tracers,
National Water Well Association, Worthington, Ohio.

deMarsly, G. 1986. Quantitative Hydrogeology. Academic PressInc., San Diego,

13



California, USA.

Domenico, P.A. and Schwartz, F.W. 1990. Physical and chemical hydrogeology. John Wiley
and Sons, Toronto, Canada

Dubrovsky, N.M ., Cherry, J.A. and Reardon, E.J. 1984. Geochemical evolution of inactive
pyritic tailingsin the Elliot Lake uranium district. Canadian Geotechnical Journal, 22:
110-128.

Dutrizac, J.E. 1980. The physical chemistry of iron precipitation in the zincindustry. In
Lead-Zinc-Tin '80, edited by J.M. Cigan, T.S. Mackey and T.J. O'Keefe. The Minerals,
Metalsand Materials Society - American Institute of Mining Engineers, Warrendale,
Pennsylvania, 532-564.

Dutrizac, J.E. and Dinardo, O. 1983. The co-precipitation of copper and zinc with lead
jarosite. Hydrometallurgy, 11: 61-78.

Dutrizac, J.E. and Jambor, J.L. 1987. The behavior of arsenic during jaroste precipitation:
arsenic precipitation at 97 °C from sulfate or chloride media. Canadian Metallurgical
Quarterly 26, pp. 91-101.

Eshleman, K.N., Pollard, J.S. and O'Brien, A. Kuebler, 1993. Deter mination of contributing
areasfor saturation overland flow from chemical hydrograph separations. Water Resources
Research, 29, pp. 3577-3587.

Farkas, A. and Curtis, L. 1991. Mineralogical and chemical investigation of sulfide tailings
from the Kidd Creek Mine, Timmins, Ontario. unpublished report for Falconbridge Limited.

Garrels, R.M. 1960. Mineral Equilibria At Low Temperature And Pressure. Harper and
Brothers, New York.

Greenberg, A.E., Clesceri, L.S, Eaton, A.D. and Francon, M .H. (editors) 1992. Standard
methods for the examination of waste and wastewater. 18th ed., published jointly by:
American Public Health Association, American Water Works Association and Water
Environment Association.

Guiger, N., Molson, J., Frind, E. & Franz, T. (1992): FLONET: Two-dimensional Steady-
state
Flownet Generator. Version 1.02. Waterloo Hydr ogeologic Softwar e, Waterloo, Ontario.

137



Hart, W.M., Batarseh, K.I., Swaney, G.P. and Stiller, A.H. 1991. A rigorous model to predict
the AMD production rate of minewasterock. In Second International Conference on the
Abatement of Acidic Drainage, Vol.2. pp. 257-269.

Hazen, A. (1892): Some physical properties of sands and gravels. Massachusetts State
Board of Health Annual Report, 539-556.

Hvordev, M .J. (1951): Timelag and soil permeability in groundwater observations. U.S.
Army Corps of Engineers, Bulletin 36. Waterways Experiment Station, Vicksburg,
Mississippi.

Hill, A.R. and Waddington, J.M. 1993. Analysis of storm run-off sources using oxygen-18in
a headwater swvamp. Hydrological Processes, 7, pp. 305-316.

Jambor, J.L. and Owens, D.R. 1992. Mineralogical characterization of process productsand
secondary phasesin theKidd Creek jarosite impoundment, Timmins, Ontario. CANMET
Division Report, MSL 92-29 (CR).

Jambor, J.L., Owens, D.R., Carriere, P. and Lastra, R. 1993. Mineralogical investigation of
tailings and associated waste products, and the distribution of natrojarositein the Kidd
Creek main tailings cone, Timmins, Ontario. CANMET Division Report, MSL 93-20
(CR).

Jaynes, D.B. Rogowski, A.S.S. and Poinke, H.B. 1984. Acid minedrainage from reclaimed
coal strip mines. 1. Model description. Water Resources Research 20, pp. 233-242.

Johnson, R.H. 1993. The physical and chemical hydrogeology of the Nickel Rim mine
tailings, Sudbury, Ontario. M.Sc. Thesis, University of Waterloo, Waterloo, Ontario.

Kershaw, M. and Pickering, R. 1980. Thejarosite process— phase equilibria. In Lead
-Zinc-Tin '80, edited by J.M. Cigan, T.S. Mackey and T.J. O'Keefe. The Minerals,
Metalsand Materials Society - American I nstitute of Mining Engineers, Warrendale,
Pennsylvania, 565-582.

Leaney, F.W., Smettem, K.R.J. and Chittleborough, D.J. 1993. Estimating the contribution of
preferential flow to subsurface run-off from a hilldope using deuterium and chloride.
Journal of Hydrology, 147, pp. 83-103.

Light, T.S. 1972. Standard solution for redox potential measurements. Analytical Chemistry
44, (6), pp. 1038-1039.

—
(oY)
00



Morin, K.A., Cherry, J.A., Dave, N.K., Lim, T.P. and Vivyurka, A.J. 1988. Migration of
acidic groundwater seepage from uranium tailingsimpoundments, 1. Field study and
conceptual hydrogeochemical mode. Journal of Contaminant Hydrology, 2: 271-303.

Nordstrom, D.K. and Munoz, J.L. 1986. Geochemical Thermodynamics, Blackwell
Scientific Publications, Boston.

Novakowski, K.S. and Gillham, R.W. 1988. Field investigations of the nature of water-table
response to precipitation in shallow water -table environments. Journal of Hydrology, 97, pp.
23-32.

Patterson, R.J., Frape, SK., Dykes, L.S. and McLeod, R.A. 1978. A coring and squeezing
technique for the detailed study of subsurface water chemistry. Canadian Journal Earth
Science, 15: 162-169.

Pinder, G.F. and Jones, J.F. 1969. Deter mination of the groundwater component of peak
discharge from the chemistry of total run-off. Water Resources Research, 5, pp. 438-445.

Reardon, E.J. and Moddle, P.M. 1985. Gas Diffusion Coefficient M easurements on Uranium
Mill Tailings. Implicationsto Cover Layer Design. Uranium, 2, p.111-131.

Robertson, W.D. 1994. The physical hydrology of mill-tailingsimpoundments. In Short
Course Handbook on Environmental Geochemistry of Sulfide Mine-Wastes, Mineralogical
Association of Canada, J.L. Jambor and D.W. Blowes editors, vol. 22, pp. 1-17.

Robinsky, E., Barbour, S.L., Wilson, G.W., Bordin and D., Fredlund, D.G. 1991. Thickened
doped tailings disposal - an evaluation of seepage and abatement of acid drainage. In
Second I nternational Conference on the Abatement of Acidic Drainage, Vol.1. pp. 529-550.

Scott, J.D., Donyina, D.K.A. and Mouland, J.E. 1986. Iron - the good with the bad - Kidd
Creek zinc plant experience. In Iron Control in Hydrometallur gy, edited by J.E. Dutrizac
and A.J. Monhemius. EllisHorwood, 657-675.

Sklash, M.G., Farvolden, R.N. and Fritz, P. 1976. A conceptual model of water shed response
torainfall, developed through the use of oxygen-18 asa natural tracer. Canadian Journal of
Earth Science, 13, pp. 271-283.

Sklash, M.G. and Farvolden, R.N. 1979. Therole of groundwater in storm run-off. Journal
of Hydrology, 43, pp. 45-65.

Smyth, D.J.A. 1981. Hydr ogeological and geochemical studies above the water tablein an

13



inactive uranium tailingsimpoundment near Elliot Lake, Ontario. M.Sc. Project,
University of Waterloo, Waterloo, Ontario, Canada.

Waddington, J.M., Roulet, N.T. and Hill, A.R. 1993. Run-off mechanismsin a forested
groundwater discharge wetland, Journal of Hydrology, 147, pp. 37-60.

Wilkinson, L. 1990. SYSTAT: The system for statistics. Evanston, 111., Systat Inc., 676 pp.

Wunderly, M. D. 1994. A multicomponent reactive transport model incor porating kinetically
controlled pyrite oxidation. unpublished M .Sc. thesis, University of Waterloo, Water|oo,
Ontario.

—
o



| Welcome Screen _| Report List

Appendix |

Tabulated pore-water geochemical data



Kidd Creek Geochemistry — 1991 Pore Water Chemical Data

NESTKC1 — 1991

pH

Eh
Akalinity
Depth (m)

S
Se (ppo)
As (ppb)
Sn
Cr
St
Bi

NG3
PO4
Cl

ci1

0~24 24-48
2.52 3.42
604 580

0 140.5

0.12 0.36
454 440
3190 487
911 907
28.7 55.9
991 285
6210 8.44
1.93 0.43

38 o

5.35 0.09
27.1 0.09
332 )
641 3.32

0 o
126 353
0.3 0

o )

) )

0.05 0.05
0.51 0.48

0 0

711 0

27100 5230
10.5 0.008

) )
75.1 62.1

48-72

3.78
527
62.7
06

432
483
885
56.3
266
231
0.27
o
0.17
0.06
0
1.55

0
310

0

0.05
0.35

1.9
5180

299

Cc14

72-97

6.55
137
238.8
0.84

441
562
809
514
118
1.42
0.16
0
0.06
0.05
o]
1.43

o]
122

c29

99-124

5.82
256
63.5
108

449
708
696
48
106
5.28
0.24
0
0.1
0.05

o]
4.7

0
92.5

0

5410
o]

21.2

124-149

6.8
157
187.2

1.32

486
773
644
45.1
27
0.409
0.14
0
0.06
0.05

0.36
00

5280
0.004

4.7

1489-174

6.41
188
129.4
1.56

437
595
768
533
239
0.731
0.13
o]
0.06
8]

o}
2.08

[s]
146

174-199

6.34
159
129.6
18

439
518
861
58.1
183
0.853
0.14
0
0.06
0

0
1.36

0
127

0.04
0.51

4920
0.008
0.02
745

199-224

6.73
146
151.2
204

450
‘489
752
§4.9
524
0.439
0.1
0
0.06
o]

Q
0.5

0
7.7

KC1-3

6.87
185
83.5

3

433
270
447
47.9

0.893

(=]

L5
ocpoww®ooooo

o

0.03
0.43

3000
0.31

15

KC1~-4

7.85
348
909

4

450
158
83.7
30.6
2.03
0.475

[eQeNoReNeo]

0.74

13.5

KC1~6

74
123
136.4

444
247
713
18.9
8.15
0.404

KC1-6

7.29
183
915

6

KC1-9

7.29
133
258.2
9

471
134
795
-H4.5

e
P
'
ao

[~]

gy
couNoODODO

(=]

1870
0.37

10.5



Kidd Creek Geochemistry — 1991 Pore Water Chemical Data

NESTKC2

c15 c16 c17 c18 c19 c20 c21 c22 c23 KC2~-6 KC2~8 KC2-10 KC2-12 KC2-14

0-245245-49 49-735 735-98 98-125 125-1461 151-178 178-204 204231

pH 6.49 6.4 6.67 6.51 6.42 6.54 6.38 6.8 6.89 6.4 7.25 7.12 7.2 6.85
Eh 141 131 108 123 118 119 138 114 106 148 85 160 258 249
Alkalinity 115.2 192.0 2928 271.2 465.6 264.5 180.0 355.2 477.6 115.2 1485 €8.5 59.4 512.1
Depth 0.1225 0.3675 0.6125 0.8575 1.1025 1.3675 1.6325 1.8975 2.1625 6 8 10 12 14
Ca 605 484 508 484 479 482 494 503 472 363 387 458 405 425
Mg 152 268 228 223 253 198 181 201 231 226 215 122 270 93.4
Na 303 338 337 389 454 451 518 497 634 951 791 728 63.2 948
K 46.3 47.4 457 509 53.7 48.7 52 46.8 45 51.6 437 245 9.83 16.7
Fe(t) 112 589 292 721 694 401 199 116 180 191 34.9 3.69 (1] 494
n 1.5 9.86 5.04 2.73 4.82 4.8 4.1 3.51 0.54 3.08 0.498 0.298 0.118 1.68
Po 0.4 0.14 0.17 0.19 0.11 0.19 0.18 0 ] o] o] 0 o 0
Cu o] 0 o] o] o] o} vl o] o] o] o] 0 0 [¢]
Ny 0.12 0.12 0.08 0.06 0.08 0.07 0.08 0.06 0.05 0.05 o] o] 0 0.05
Co 0.09 0.09 0.05 0.05 0.08 0.06 0.05 o o o o o} o] o
cd 0 Q o] o] o] 0 o] [o] o] 0 o] 0 0 0
Mn 17 17.9 154 158 18 1.1 13.1 3.33 279 197 0.93 1.1 0.59 225
Si 7.8 6.8 4.1 34 94
Se (ppi) o] o] 0 [} 0 0 o] 0 0 0 0 o] o 0
As (ppb) 234 23.9 65.5 116 218 80.9 56.5 17 98 33 17.4 0 0 0
Sn
Cr 0 0 0 0 V] 0 0 0 0 0 0 0 0 0
St
B
Ag o] o 0 o] 0 0 o 0 0 0 o] 0 0 8]
T .
Cs 0 o] 0 o] [¢] 0 o] o} o o] o] [} o] o]
RAb 0.02 0.02 o] 0.04 0.03 0.03 0.04 0.03 0.03 0.03 0.03 [»] o o}
sr 0.94 1.61 1.91 2.29 2.02 1.23 1.18 1.01 0.94 0.39 0.37 0.34 0.31 0.37
Ba a 0 4] ) 1) 1} (4 4] 0 o 0 0 1) 0
Al 1.4 0 <5.0 0 .0 0 0 (/] 1] 0 0 0 0 0
S04 2400 3400 2680 3400 3700 3160 3150 2900 3210 4830 3370 1800 2180 1180
NO3 o] o] 0.004 0.004 0.004 0.004 0.004 o] 0 0.6 0.57 o] o] ¢]
PG4 o] 0 o] 0 o] o} o] o] o o] 0 Q 0 5]
Ci 104 114 107 152 53.9 63.7 128 29.1 222 14.6 16.3 12.3 10.2 116



Kidd Creek Geochemistry — 1991 Pore Water Chernical Data

NESTKC3

c24

pH

Eh
Akalinity
Depth

Ca
Mg
Na

K
Fe(t)
Zn
Fb
Cu
Ni
Co
Cca
Mn
S
Se (ppb)
As (ppb)
Sn
Cr
3b
Bi
Ag

ifl
Cs
Ro
Sr
Ba
Al
sS04
NO3
PC4
C

0-2424-28
6.68 6.51
108 110

540.0 336.0
0.12 0.36
451 480
706 305
983 795
89.3 59.8
330 512
4.74 1.32
0.14 0.12

0 0

0.09 0.06

0.11 o}
0 o
2186 11.7
0 o]
38.8 83.6
0 0
0 a
o 0

0.06 0.04

1.88 1.35
0 0
0 0

6240 4480

0.008 o]
0.02 [¢]
59.2 27.5

48-72

6.7
103
348.0
0.6

496
170
550
449
236
1.09
0.13

0
0.06
0

o}
4.21

0.03
122

2970

0
29.1

c28
72-96 96120 -

6.74 6.8
116 17
244.8 266.8
0.84 1.08
477 462
218 318
560 823
57.4 78.2
108 147
2.86 7.22
0.1 0.13
0 o]
0.05 0.08
o] 0.05
o] o]
10.5 1.7
o o]
87.5 23.9
0 0
0 Q
o] o]
0.04 00
1.88 4.59
0 00

0 <5.0
3030 4000
0 o]
o] (o]
475 25

KC3-3

6.63
99
372
3

400
1260
75.2
235
0.815
0.14

0.05

2.76

10.5

17.6

0.05

18.6

KC3-4

6.55
94
190.7
4

369
317
1460
67.1
388
0.648
0.2
0
0.06
0

0
267
9.5
o]
19.3

KC3-6

0.45

14.8

KC3-6

6.99
155
57.6
6

464
137

KC3-8

6.98
165
48.0

KC3-~10

142
48.5
10

484
714
123
15.9
19.4
0.372

e
€ ~
Now®ooooo

[

o

KC3~-136

6.71
152
666.6
135

192
45.4
39.3

13.9
278
0516

e
coBoo o

QO§

237



Kidd Creek Geochemistry — 1991 Pore Water Chemical Data

NESTKCa
c1 c2 c3 c4 o5 c6 c7 c8 c9 c10 KCa-3 KC4-4 KC4-§ KC4-6 KC4-8 KC4-96
0-2323-46 46-69 69-92 93-116  120~149 149-178 178-207 207~-236 236-265

pH 6.55 6.64 7.09 6.93 6.33 6.65 6.98 7.03 6.75 6.7 6.63 7 6.81 6.91 6.92 6.3
Eh 439 131 107 116 165 98 77 76 98 112 146 115 174 132 113 179
AKalinity 32.0 84.0 400.0 336.0 145.0 286.8 482.4 237.0 213.6 280.8 119.5 205.4 53.3 51.8 659.0 441.1
Depth 0.115 0.345 0.575 0.805 1.035 1.145 1.435 1.725 2.015 2.305 3 4 5 6 8 96
Ca 437 482 481 444 415 451 442 422 . 432 437 434 493 490 505 391 144
Mg 1230 507 335 289 237 - 398 391 353 369 373 342 233 238 132 71.1 248
Na 573 563 588 1040 1500 1050 1360 1370 1280 1170 1070 214 85.1 90 37.1 20.5
K 76.1 62.9 61 727 89.3 76.6 825 84,1 76.2 65.6 55.7 335 24.1 9.87 19.2 7
Fe(t) 0 157 35.4 118 459 183 159 126 151 70.4 139 30.8 58 276 20.5 26.5
Zn 267 10.1 7.03 13.3 10.8 11.8 3.69 0.727 0.804 1.17 0.846 0.108 0.152 0.179 0.518 0.334
Pb 0.18 0.1 0.1 0.1 0.15 0.15 0.15 0.13 . 0.12 0.13 o] 0 o] 0 0 0
Cu 0.05 o} o] o} 0 o] 0 o] 0 o] 0 o o o] 0 o
Ni 0.52 0.21 0.09 0.14 0.17 0.22 0.16 0.18 0.08 0.11 0.05 o fo] o] o] 0
Co 33 0.07 o] 0.08 0.09 0.22 0.05 0.05 0.05 0.05 o] o] 0 0 o] s}
Cd 0.467 o o] o] 0.075 o o] [} o] o 0 o o 0 o] o
‘Mn 93.2 19.2 4.83 4.96 15.3 203 4.2 1.68 135 1.57 0.89 0.8 0.46 0.35 0.25 0.57
Si ‘ . 78 5.8 43 33

Se (ppb) o [0} o] (o] o] 0 o o] o] (o] o o o] o] o o]
As (ppb) 40.1 109 0 25.2 (4] 1] 0 78.8 129 58.3 5.9 32.3 7.7 17.7 17 25.1
Sn

Cr 0.07 0 0 (] 0 0 0 0 0 0 0 0 (4] 0 0 0
St

51}

AQ 0 o] 0 o] 0 o] s} o 0 0 0 o o] o] 0 0
Ti .

Cs 0 o} o] ¢] o] o] o] o o] o o] 0 o] 0 0 o
Rb o] 0 0 0 o] 1] 0.07 0.08 0.05 00 0.04 0 o] o] 0 o]
Sr 1.18 2.04 1.06 1.09 0.17 0.57 0.44 0.22 0.33 0.81 0.39 0.42 0.36 0.3 0.32 0.22
Ba 0 0 0 0 0. 0 0 0 0 0 (1] 0 0 0 0 0
Al <5.0 <5.0 <5.0 <5.0 <5.0 <5.0 0 0 0 0 0 0 0 0 0 0
sS4 . 7550 4300 3590 4530 6330 5220 5600 5790 5420 4870 4550 2320 2160 1760 708 93.8
NO3 3.96 0.004 0.82 0.004 0.004 1.26 0.004 0.004 0.008 0.008 o] o] 0.29 0.29 o] 0
PO4 o] o o} o] 0 o] s} 0 0.02 o 0 0 o}

0 o] 0
Cl 33.2 22.4 18.2 18.7 18.1 35.6 245 213 374 59.4 17 14.2 11.8 10.5 2.83 2.93



Kidd Creek Geochemistry — 1991 Pore Water Chemicatl Data

NESTKCS

c34 ¢35 c36 c37 c38 c38 c40 KCs5-3 KC&5—4 KC&6-5.3

0-205205-41 41-6156 61.5-82 82-1025 102.5-123 1231436

pH 6.41 6.78 6.72 6.82 6.65 6.64 6.73 7.06 7.15 6.54
Eh : 316 113 135 116 142 . 157 153 438 142 133
Akalinity 50.4 259.2 182.4 229.2 170.4 114.0 115.2 115 104.6 818.7
Depth 0.1025 0.3075 0.5125 0.7175 0.9225 1.1275 1.3325 3 4 - 53
Ca 472 451 441 439 448 457 466 521 517 539
Mg 751 968 530 390 357 284 215 118 198 59
Na 217 788 1290 1190 1150 922 805 95.6 794 35.7
K 44.5 67.9 76.9 7.7 68.6 61.5 63.8 33.6 16.4 14.6
Fe(t) 2.2 815 96 67.5 131 44.6 722 33.6 16.4 716
Zn 218 528 - 1.62 0.68 0.827 0.617 0.872 [ 0 0.27
Pb 0.14 0.16 0.15 0.11 0.14 0.12 0 0 o] 0
Cu o] o] o] o] 0 o] o] 0 0 0
NI 0.56 0.3 0.08 0.07 0.07 0.07 0.06 0 8] o]
Co 2.63 0.77 o] o] o] 0 o} o] o] (4]
Cd 0.229 0.065 0 ] 0 0 0 0 o o
Mn 91.3 33.3 2.43 1.47 1.88 0.63 1.31 0.37 0.65 0.38
Si 2 4.7 15
Se (ppb) 0 ) ) o ) 0 o 0 o )
As (ppb) . 9 213 46.6 61.7 304 50 274 ] 0 86
Sn '
Cr 0 1] 0 0 0 0 0 [ 0 0
Sb '
B8
Ag 0 0 0 o 0 0 o o 0 0
Ti
Cs 0 0 0 0 o] 0 o] [o] 0 o]
Rb 0.03 0.06 0.08 0.07 0.06 0.05 0.05 [} o]
Sr 0.84 0.54 0.46 0.41 0.47 0.37 0.34 0.39 0.34 0.27
Ba 0 0 0 0 0 ] 1] o 0 0
Al 0 0 0 0 0 0 0 0 0 0
S04 4480 6540 5620 4790 4910 4280 3640 1810 2040 963
NO3 147 [} o o 1.18 . o 0 0.31 0.3 0.28

PO4 0
of} 35.5 42.8 32.9 343 29 28 318 15.2 10.2 57



Kidd Creek Geochermistry — 1991 Pore Water Chemical Data

NESTKCE

ca1

pH

. Eh
Akalinity
Depth

Ca
Mg
Na
K
Fe(t)
Zn
Pb
Cu
Ni

5.4
248
45.0

0.0975

515
2640
562
70.4
4910
3900
0.66
0
9.51
18
558
479

)
424

0.09

0.07
0.38

19.7
5570
0.008
Q.02
129

6.62
153
162.4
0.2925

527
301
180
436
187
79.8
0

0
0.31
0.28
0
225

Y
20.2

0.02
0.45

2960
1.39

35.3

6.61
161
203.3
0.4875

535
180
102
34
83.4
4.28

0-19.5195-38 39-585 585-78

7.08
155
100.0
0.6825

537
188
89.5
33.1
17.3
0.913

78-97.6

7.07
171
266.0
0.8775

500
214
78.4
30.9
17.1
0.596

0.36
0
2130

0
238

7.28
271
172.5
1.0725

528
177
77
33.3
0
117
0

o]
0.05

975-117 117-1365

7.24
166
812
1.2675

531
144
773
333
3.33
0.402

7.28
355
62.9
1.75

527
150
72.5
29.2
0
0.776
0

o]
0.05

s}
0.29
2060
0.39

124

7.45
413
13.9

25

395
90.6
68.3
319

0

e
-
=
CowWwawoooco0ON

[~

0.24

1410
0.25

9.16

7.67
355
212.7
3.65

8.96

KC6-1.76 KC6~25 KC6~-3.65 KC6-4.6

6.95
123
7223
45

137
46.1
40
132
11.8
0.415
o]



Welcome Screen Search Report List

Kidd Creek Geochemisty - 1882 Pore Water Chemical Data

NEST KC1 - 1992

C94 C95 Co6 c97 Cc98 co9 ctoo cton c102 Ccto3
pH 4.95 549 5.87 8.36 6.58 647 6668 691 7.04 7.18
£n | 538 304 254 165 161 148 152 144 145 193
Ak afinity 35 238 754 a1 19 1438 1298 13%.0 1531 60.0
Depth (m) 0.1206 0.3615 0.6025 0.8435 1.0845 1.3255 1.5665 1.8075 2.0485 2.2895
Ca 428 442 a3 473 461 401 498 417 a8 504
Mg 2970 1370 K4kl 574 548 .-~ 812 444 s 39
Na T2 790 1033 877 692 890 1163 891 724 649
L3 431 39 €09 54.2 50.¢ 57.9 €6.2 50.1 589 €0.2
Felt 728 2350 10 173 64.1 27 112 35.5 587 22
zZn 2063 518 289 292 243 0.85 0.46 0476 0.209 081
Pb [+] 044 o [+] 0.15 ] [} 0 Q 0
Cu 7.48 0 0.02 ) 0 [+] 0 0 ] [
N 544 1 0.05 ] o /] 0.02 ] ] 0
Co 148 217 0.1 [} 0 0.02 ] (/] o 0
Cat 9.74 0.409 0.01 ] ] [+] o [+ o [+]
Mn 388 161 21.3 507 323 443 133 0.39 0.4 045
S 18 252 14,7 8.5 10 106 8.92 102 2.1 254
Se (ppb)
As (ppb) 50 163 50 60 54.8 [} 0 17.9 [} 50
Sn 0.18 0.51 0.56 046
Cr 0 o 0 (o] ] o] o 4] [} [}
s o]
8i
Ag
Ti
Cs )
R o o o] [+]
S 0.94 0.73 1.26 1
Ba 0 0 o [
Al 111 a2 063 0.1s [+] 0.05 008 Q (4 [+RY-1
804 17795 16020 5850 4615 6420 5062 4800 5320 4400 3912
NDJ3 0.00 0.00 0.00 0.00
PO4

o] 3600 27.40 27.00 28.00 21.00 28.00 23.00 nz 38.40 61.00




Welcome Screen

Kidd Cresk Geochemisty — 1992 Pore Water Chermical Data

NEST K2

pH

Eh

Ak akrity
Deph (M)

Ca

Mg

Na

[

Felh

2n

Pb

Cu

Ni

Co

o]

Mn

Si

Se (pob)
As (ppb)
Sn

Cr
S
2
Ag
Ti
Cs
R
Sr
Ba
Al
504
NO3
PO4
a

cs

655
128
1138
0.1325

c7

5.96
208
100
0.3975

3540
0.00
0.00

304.00

8.56
116
3818
0.665

ct

679
122
3476
0.9075

1.8

431
041

30.00

85
144
720
113

295
0.39

41.40

88
110
1299
1.2875

57.6

3350
0.64
0.00

2870

Search

6.84

1385
1.56

35.80

8.89

168
47.3
1.78

Report List



Welcome Screen Search Report List

¥cdd Credc Qeochemisty ~ 1692 Pore Water Chemical Data

NEST KC3

c9 c1o (o1} ] ci2 ctd Ccl4 Ci6 c16
pH 681 ar2 €.7¢ 691 7.02 LX:1:} 0.68 a.50
Eh 133 150 138 12 108 13¢ 151 124
Ak alnity 3080 1609 1050 150.4 0.0 2728 160.4 520
Deph (M) 0.125 0375 0.625 0875 1.125 1.36 1.58 18
Ca 501 581 460 460 482 480 461 438
Mg as 200 204 314 2N 2% 2% 220
Na 763 beal 843 939 a2 1000 1140 1270
K sa2 . $5.9 7.9 81.4 74.4 708 747 78
Feld 107 174 137 80.2 4623 537 125 350
an 128 748 414 83 7.08 753 0.78 5.25
Pb 0 o [+] ] [} [} L] [+]
Cu 0 ] 4] 0 V] ° 0 0
N ° o o 0 [ 0 o 0
Co o [ [} 0 [+] /] ] ]
(o] ] o} 0 ] ] 4] (4] o
Mn 124 71.62 7.89 597 317 201 291 3.56
st 20 138 . 12 a2 [-X) 10 101 t0.9
Se {ppb)
As (ppb) 333 55.3 57.2 407 0 o 26.4 a7
Sn 0.61 o5 0.52 0.55 0.52 051 0.47 05
Cr ] o o L] [+] [+] 0 ]
Sb
Bt
Ao [ [ o 0 o [ [ 0
Ti
Cs Y o [} [s] o [} 0 ]
Rb Q . Q Q [ o ] 1] 0
Sr 253 2.87 4.234 286 1.12 1.05 0.7¢ ]
Ba [} [\] o o ] (] ] [+]
Al [} -0 [} [} ] [} [} 0
BO4 3800 4080 4420 4450 4100 3720 4300 4740
NOJ 0.00 0.00 0.00 0.00 0.00 0.00 000 0.00
PO4 0.00 0.00 0.00 0.00 0.00 000 0.00

. . . 0.00
[~} 60.60 67.70 102.00 20.20 308,00 78.00 74.20 89.80




Welcome Screen Search Report List

Kidd Creed Geochernisty — 1982 Pore Water Chemical Data

NEST KC4 .
ca ca2 c33 C34 o= Cc36 c3? o] c39
pH €.91 6.79 6.75 6.73 . 8.6 677 6.7 69 6.59
En 80 99 88 91 93 8 86 79 115
Ak alirvty 566.9 76.4 0.0 84,0 738 197.6 945 106.0 847
Depth (M) 0175 0.425 0.675 0.925 1475 1.425 1,675 1925 2175
Ca 463 451 43 4% a% 4% a3 42 4
Mg 521 461 405 540 364 ars ast 378 308
Na se2 618 833 87 1000 1290 1460 1330 1210
K 498 49.4 56.9 581 627 78.2 839 nr 69.3
Fe( 575 112 198 149 247 183 227 90.4 59.8
Zn 10.6 9.57 393 5.08 2.32 543 214 1.58 325
) 0 [4 o 0 [ [ [ [ 0
Cu [ [ ] [} [\ ] [ [ [
Ni [ o [ [ o [ [ o [}
Co ° [ [} [ o [ o o [
od 0 [} [ [} ] -] 4 [} 4]
Mn 172 17.5 124 15.2 .97 712 6.96 1.77 1.97
Si 96 9.8 9.3 9.4 10.01 2.6 8.3 87 8.2
Se (pob)
As (ppb) 174 251 17.8 234 268 [4 203 61.5 54.2
Sn 0.71 067 0.63 0.75 0.62 0.66 0.68 0.63 06
Cr [ o [ [ (] ] 0 [|] o
=3
8
Ag 0 o 0 [ [ ) [4 o (]
Ti
Cs 0 0 0 ° (] 0 [} 0 o
=) o [ [} ° [|] ) o (-] o
Sr 194 1.88 202 1.86 1.74 0.64 [} 0 "]
8a o [ [ o [ [] 0 [} [
Al 0 [«] 0 [ [ [ [ [} [
S04 4230 400 4260 5260 5060 5010 5670 5000 5030
NO3 000 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00
POS 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00

o] 2150 106.00 25:00 112.00 74.50 76.10 5240 97,20 81.5



Welcome Screen Search Report List

Kidd Creek Geochemisty ~ 1982 Pore Water Chemical Data

NEST KCS

Ca0 c4t c42 Cc43
pH €2 87 €79 688
Eh 445 2M 221 199
Ak alinity 662 1%4.6 144.4 918
Deph (M) 0.11625 0.34875 058125 0.81375
Ca 450 4% 419 421
Mg 606 518 444 442
Na az7 78 1000 1100
K 438 54.5 64.9 63,5
Foft 787 204 157 204
zn 664 336 0.736 .21
Pb ] ° /] [+]
Cu ] -] [ ]
N [¢] Q 0 0
Co 0.56 ] 0 [+]
Co ] [+] [ [}
Mn 35.4 7.93 16 271
Si 55 T 126 9.6 8.9
Se (ppb}
As (ppb) 0 50 18 781
Sn 078 - 074 069 0.67
Cr ] o ] [+]
So
8i
Ag 0 o o 0
T .
Cs o] 4 [} o]
RAb o ] ] o
Sr 174 Q55 069 086
Ba ) [+] [+] »)
Al 4] [ 0 [}
S04 4180 4730 5€80 5000
NO3 093 0.00 0.00 0.00
PO4 . Q.00 Q.00 0.00 0.00

o 100.00 3150 2880 €360



Welcome Screen Search Report List

Kidd Creak Geochermisty — 1992 Pore Water Chemical Data

NEST KC7A c23 c24 c25 c28 €27 KC7A~-1 XC7A-2
oH 560 6.5% 654 7.30 726 859
Eh 208 106 99 140 €3 131
Ak akinty(HCQ3) 436 474 1328 3480 558.9 14348
Depth 0.125 0.375 0.625 0.875 1125 1.8
Ca 536 468.0 466.0 448.0 470 4440
Mg 730.0 556.0 366.0 237.0 2100 80.5
Na 3655 476.0 417.0 23.0 173.0 54.7
K 223 372 383 38.0 as.6 t1.0
Fo(t 746.00 235.00 37.50 219 15.70 47.60
Zn 170.00 3200 0.959 0.845 0427 0.728
Pb 0.00 0.00 0.00 0.00 0.00 0.00
Cu 0.026 0.025 0.025 0.026 0025 0.005
Nk 06 0.026 0025 0.026 0.026 0.005
Co 12 0.025 0.025 0.025 0.025 0.005
o] 0.025 0.025 0.025 0.026 0.025 0.005
Mn 59,20 11.00 0.89 0.56 0.51 545
Si <10 <10 <10 <10 14.00
Se (pob)

As (pob) 294 437 175 o 253 17.7
Sn 0.92 on 0.52 037 0.34 02
Cr 0.025 0.025 0.025 0.025 0.025 0.005
So

8i

Ag 0.025 0.025 0.025 0.025 0.025 0.005
Tt

Cs 0.05 0.05 0.05 0.05 0.05

Rb

Sr 0.20
Ba 0.010 0.010 0.010 . <10 <1.0 0.002
Al <50 <50 <50 <50 <50 <10
SO4 : 5910 4610 2960 19490 1540 495
NO3 0.003 0.003 0.002 0.002 0.19 0.001
PO4 0.007 0.007 0.007 0.007 0.007 0.002

Cl 17.7 365 327 365 26.8 7.08
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Kidd Cresk Qeochemisty — 1862 Pore Water ChemicalData

NEST KC7B c28 KC7B-1  KC78-2
pH 6.60 8.03 673
Eh 74 228 1684
Ak alnity(HCO3) 407 1 218 905.7
Oeph 0.9 1.08 1.1
Ca $54.0 441.0 6.0
Mg 146.0 177.0 170
Na 208.0 30 1340
K 135 23 789
Feld $1.00 135.00 21.40
2n 1.50 357 0.253
Pb ] 0.00 0.00
Cu 0.026 0006 0.005
N , 0026 0.006 0.006
Co 0.025 0.005 0.005
Cd 0.026 0.006 0.006
Mn 294 205 17.50
8l <10 7.80 9.00
8e (ppb)

As (ppb) 800 o 75
Sn 0.33 0.33 0.3
o 0.025 0.005 0.005
So

-]

Ag 0,025 0.008 0.005
i

Cs 0.05 0.01 0.0t
Rt

Sr 0.23 021
8a <1.0 0.002 0.002
Al . <60 <1.0 <1.0
504 1950 2480 1780
NO3 0.002 0.001 0.001
PO4 0,007 0.003 0.003

o 248 8.35 0.58
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Kdd Creds Geochemistry — 1982 Pore Water ChemicalData

NEST KCa o c28 €30 KC8-1 KC8-2
*ESTIMATES®
pH 6.35 8.35 e.78 6.51
En 121 1”2 218 180
Akalinity(HCO3) 494 0.0 4379 800.0
Deph 01125 0.3375 0.86 LR
Cs 484.0 399.0 3o 238.0
Mg 300.0 124 689 533
Na 3420 119 400 22%
K azi 14.2 106 605
Folh 357.00 215 1.84 29.00
2n 1860 33 275 1.67
Pb . 0.00 [ 0,00 0.00
Cu 0.026 (] 0.006 0.006
] 0.026 o 0.005 0.005
Co 0.025 ] 0.005 0.005
od 0026 [ 0.006 0.006
Mn 852 t2 o.87 361
st <10 17.0 11.10 14.50
Se (ppb) -
As (ppb) v22 5681 se 11.2
Sn 0.53 035 0.18 0.13
cr 0.025 o 0.005 0.005
Sh
]
Ag . 0.025 0.005 0.005
Tl
Cs 0.05 001 001
Ab . ] [
sr 1.21 083 0.26 0.23
Ba <1.0 [} 0.002 0.002
Al <6.0 [ <1.0 <10
S04 3250 1200 873 100
NO3 0.002 1.24 0.002 0001
PO4 0.007 . 0.002

o] 781 2% 491 407
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Kidd Credk Geochemisty —~ 1892 Pore Water Chemical Data

NEST KC9 . c17 c18 C19 KC9-1 KC9-2 KCo-3

pH 537 8.56 6.66 8.76 8.06 6.82
Eh 254 139 212 150 259 158
Ak alinity(HCO3) 3205 103.8 1148 2704 . 200 7065.0
Depth 0.1 o4 0.6 11 2.05 32
Ce 548 581 268 301.0 332 134.0
Mg 1260 342 62 108.0 51.1 282
Na 178 148 629 87.6 40.6. 21.7
K 14.8 24.7 21.2 16.7 14.7 133
Fe(d 2450 118 [+} 37.00 0.00 24.40
Zn 1200 285 0.517 7.36 0.147 0.381
Pb o /] 0 0.00 0.00 0.00
Cu ] [} ] 0.00 0.00 0.00
N 2.61 o 0 0.00 0.00 0.00
Co 6.35 0 0 0.00 0.00 0.00
Ca 0.722 [} o 0.00 0.00 0.00
Mn 196 13 0.51 3.75 0.14 0.33
Si 16.7 5.8 27 530 290 14.50
Se (ppb)

As (ppb) 15 (4] o] o [+] 48
Sn 144 0s 017 0.2 [+] o
e g ’ 0 [+] o 0.005 0.005 0.005
bl !

Bi

Ag o o ] 0.005 0.005 0.005
T

Cs [ 4] o 0.0 0.01 001
Ro 4] ] ]

Sr o 0.64 ) 024 0.010 0.15
8a 0 [\] 0 0.002 0.002 0.002
Al 0 [+ [} <10 <1.0 <1.0
Elen) 7450 2970 888 1380 21.8 103
NO3 : 366 [ 0 0.001 0.001 0.001
PO4 o ] 4] 0.002 0.002 0.002

o] 386 145 59.1 892 7.28 263
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Kidd Crest Geochemisty — 1962 Pore Waler Chemicai Data

NEST KC10

pH
Eh

Ak alnity(HCO3)
Deph

Ca
Mo
Na
K
Folt
n
Pb
Cu
N

C2 c2 o] KC10~1
5.62 692 695 a7z
248 110 158 2:
753 1631 440 1650
0.1225 0372 0.6225 1.08
609 469 801 311.0
825 2n 158 207.0
[-XX.] 681 61.8 41.8
215 287 268 15.6
60 a8r.3 17.1 7.52
340 325 107 579
[} ] o 0.00
0o ] -] 0.00
oo 0 4] 0.00
212 ] o 0.00
] o o 000
948 7.86 1.82 3.14
108 768 58 <10
0 o 222 0
0.98 0.4 0.20 03
1 -] ] 0.005
o ] [+ 0.005
o 0 -] 0.01
0 0 o

0 0 [+] 0.050
[ ] o 0.01
° o ] <6.0

8000 2140 1400 missing

] 0.91 0.20 mising

] [+] 0 missihg

416 4a6 4.7 missing

KC10-2

7.38
201
3r4.4

208

™45
490
423
208
1.02
1.04
0.00

0.00
0.00
0.00
0.53
280

0.12
0.005

0.005
X3
0.10

0.002

<1.0

oo

0.002
883

Search

KC10-3

660
21t
760.0
330

187.0
232
164
5.08

2690

0.484
0.00
0.00
000
0.00
0.00
057

16.60

L1
0.12
0.005

0.005
001

0.25
0.002
<10
140
0.001
0.002
1.84

Report List
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Kidd Crek Geochemisty — 1982 Pore Water Chemical Data

NEST KC11

pH

Eh

AK alrmty(HCO3)
Depth

Ce
Mg
Na
"
Fe(d
n
PH
Cu
Ni
Co
Cat
Mn
S
Se (pob)
As (ppb)
Sn
G
o
Bi
Ag
T
Cs
Rb
Sr
Ba
Al
S04
NO3
PO4
al

Caa

6.64
220
423.3
0.

an
1700

sa7
938
63.7

881
025

281
14.5
a9
204
181

46.2
1.02

o
227

13300
417

531

C45

6.79
137
358.2
04

479

480

625

61.1
25

207
0.13
[+

186
202

824
042

o
327
4820

3.2

6.66
12
=7
07

488

997
70
40
3.03
0.05

0.05
0.02

5.72
154

0.29
4725

38

6,74
133
2877
1.0

472
247
719

8568
153
22t 4
1.3

0,24

228

Search

6.63
180
1915
16

5%

190

st
464
89.5
1.81

0.02
0.02

6.19
10.6

0.28
3008

Cso

6.74
185
2418
19

496
204

452

C51

6.35
174
118.0
21

310
1130

cs2

6.43
183
208.3
24

Report List

C53

6.86
149
3%.7
27

501
3B
1101
T0
484
6,44

0.02
0.03

25
9.87

0.31
4542

23

KC11-3

ORY

a

KC11-4

DRY

4.05

KCt1-5

ORY

5.12

KC11-8

6.65
14
2532
61

e
1402
70.8
128
473

0.03
0.02
0.02
213
4,55

50

0.07
5085

KC11-8

572
~46
1885
81

KC11-10 KC11-12

695
15
62
10.1

ae7

1028
53.1

4095

6.63
190

11.56

2196
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Kidd Cred< Gaochemisty ~ 1992 Pore Water Chemical Data

NEST KC12 Cs4

pH 6.48
Eh 512
Ak akrty(HCO3) 71.4
Depth 0.1295
Ca 460
Mg 849
Na 30
K 56.5
Fo(d o
Zn 185
Pb 012
Cu 0
Ni 1.03
Co 6.74
Cd 1.03
Mn 94
Si 139
Se {ppob)

As {ppb) 0
sn 0.58
o 0
E )

Bi

Ag

T

Cs

Rt ]
Sr 1.26
Ba [}
Al 1]
S04 6410
NO3 244
P04

o] 48.6

Css

6.45
_2n
208.7
0.3885

451
551
45.6

223
19

0.2
0.45

621
131

40

0.31
4524

30

Cs8

6.82
265
2443
0.8475

4816
4171

44.4
1o
556

0.35
0.92
0.13

335’

126

40

03
3861

Ccs7

6.68
22
3200

0.9065

45t.4
294
4965
401
119.3
8.85
o

o
0.06
0.07
[}
144
"

[}

]

0.27
3198

51

Ccse cB
- Na] 8.7
255 14
4418 448.8
1.1655 1.4245
558 433
336 2m
ez7 663
539 532
688 26.9
167 1.5
0 4]
0 0.02
0.0 0.09
0.03 0.03
0 [+
135 1.4
11.9 9.07
0 0
0 0
0.28 029
3e87 3198
a7 34

Ceo

629
238
1161
1.6835

168
0.35

048

5970

37.2

Ce1

6.36
197
165.0
1.9425

400
252
1671
78.2
384
1.74

0.02

3.93
101

0.18
5832

45

ce2

647
183
3342
22015

432
242
1665
765
188
367

0.03
0.03

2.54
9.25

0.28
5412

as

ce3

6.75
143
484.8
24605

0.27
5196

KCt2-3 KC12-4 KCi12-5

6.38 6.75
263 14
274.0 188.9

313 415 514

0
2883

KC12-6

678
64
618
s1e
157
375

1a6
1.18

205

0.05
2430

21

KCi2-8

695

584
798

0.05
2076

KC12-9

6.76

40.0
8.97

0.04
2074
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Kidk Credk Geochemisty — 1992 Pore Water ChemicatData

NEST KC13 Ced ces Ces

pH 691 LX:] 6.53
Eh 198 153 23
Ak alinity(HCO3) 268.4 580.0 2063
ODept 01 . 04 0.6
Ca $10 444 44
Mg 693 486 477
Na 643 701 82t
s 57.9 53.2 61.9
Fe() 302 47.6 127
2n 241 104 6.63
Pb [ 0.1 012
Cu 0 0 0
Ni 012 0 0
Co o21 [ 0
Qxt 002 [+] 4
Mn 216 222 6.83
1) 883 149 15.3
Se (ppb)

As (ppb) [¥] 519 259
SN 043 046
Cr o] 0 0
k-]

B

Ag

T

Cs

1) ) [+
S 1.95 1.07
Ba 0 4
al 035 o] ]
S04 S046 | 5120 5400
NZ:3 4.01 0
P04

ot 43 59.6 40.4

cer

8.72
151

e
08

Qo000

6130
o

41

Ces

6.58
160
1725
1.1

00000 O

8

Ces

6.59
13
2708
1.3

476
1290
729
203
368

0.04

0.02

372
8.92

0.19
5628

c70

6.46
173
762
16

4%

1060
723
265
399
0.19
o

272
132

112
044

cn

662
155
143.2
1.8

Cc72

6.56
150

21
467
337

564

145
382

0.03
0.03

259
641

0.19
4058

22

Ccr3

68
143
1125
23

KC13-3

DRY

3.05

KC13~-4

6.72

395
B84.7
4.08

435

295

25.1
3.28

0.04
2367

KC13-5

8.79
261
1184

4.89

224

0.04
2418

a8

KC13-6

673

303
720
€6.02

0.05
1764

KC13-8

6.62
217
9180
813

183
67.2
383
101
289
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KOdd Credc Geochemisty — 1002 Pore Water Chemicat Data

NEST KCi4 Ci22 c123 C124 C12s Ciz2e ci27 C128 C120 C130 c1n KC14-3 KC14-4 KC14-5 KCi14-8 KCla-8

pH 716 72 694 een 667 a6 [LX.1:) 668 668 647 a29 e.468 859 682 077

Eh 208 164 168 12 29 113 101 1R 100 123 438 260 27 200 an

Ak alnity(HCO3) 00 709 1744 130.7 1543 280.8 2488 2709 2755 1200 2005 20086 341 4 184.3 8.1

Deph 0.1 03 0s 07 oe 1.4 1.3 15 17 1.9 3 4 5 8 8

Ce 837 772 (3] 519 498 408 485 460 507 463 46 458 420 4“7 A57

Mo 193 452 170 a4 349 343 ax 204 28 27 303 288 A 220 142

Na 07.7 897 117 22 282 47 ael 430 44 a2 8ee 1058 1077 BS8 451

K 229 283 344 34.7 38.2 387 405 44.9 486 1.8 479 54.4 455 427 452
- Fofl ] 401 868 207 401 264 308 a0t 315 850 28 328 128 1"e 4908

Zn 117 3.39 307 122 103 424 113 1.01 1.01 207 456 1.5 0.28 .12 0.14

Pb o [} L] 0.1 0.12 01 011 ] o 0 o] o o 4] °

Cu a 0 o 0 (4] ° 4] ] 0 ] 0 [\] ] ] o

N o 4] ] o [} [\] /] [} [+] [+] [+] ] o o ]

Co o o 0.85 0 0 ] ] 4] o o ] 0.02 [] o ]

Od [+] o [} [} 0 ] [} [ 0 0 [} [} ] [} 0

Mn 066 3.41 218 218 19.4 204 155 795 581 721 4.59 823 2,01 2238 24

Si 173 14.4 148 17.3 182 217 179 19.9 214 225 6.64 7.82 7.96 7.32 492

Se (ppb)

As {ppb} o ] 185 268 44.4 102 184 i 208 272 50 50 S0 50 50

&n 025 028 0.34 053 047 046 045 043 043 046

Cr ] ] L] 1] 0 (3] [} ] [} ] 0 ] o [+] o

Sb

8

Ag

T

Cs

b o ] [ o o [} [} [} ]

Sr 242 25 4.15 5.02 4.63 454 4.51 47 4932 3.09

Ba ] o [} ] o o L] 0 ] o

A 0 [ [} [} 0 [} 0 [+] 0 [} 007 ] ] 0.08 0.08

804 140 1480 2460 2080 3280 3120 30 3030 axo arno 387 50082 - 401

NO3 . 49 5.28 2.83 0.89 [ 0 [} 0 [J 0

PO4

[} 704 583 484 565 684.3 839 510 40 7 41.7 10 12 10 10 [
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1dd Credt Geochemisty — 1002 Pore Water Chemical Data

NEST KC1S C178 Ci79 Cte0 cist c182 Cia3 c184 c1e5 Cc18e cie7 KC15-3 KCt5-4 KC15-53 KC15-6 KC15-7.5 KC15-825KC18-11.8
pH 674 8.42 a52 845 8.48 8.48 659 8.6y 6.685 6.78 842 649 a.85 671 8623 [LX.] 6.63
Eh 161 128 " 104 e0 76 100 % 86 es 2n 110 o8 86 an 200 164
Ak a¥nity(HCO3) 951 2078 1255 2mo 3053 a58 4 4 e 220 4015 247 9 96,4 142.3 2520 230 192 4632
Deph 0.1206 0.3615 0.6025 0.8435 1.0845 1.325 1.5665 1.8075 2.0485 2.2006 an 41 505 611 76 037 11.87
Ca 835 561 497 47 43 440 460 455 an 481 403 404 s k) 407 479 528
Mo 53 e0 144 204 276 284 270 264 2 23 22 22 as3 188 118 101 214
Na 2 241 400 54 841 697 753 748 853 608 580 890 1080 1220 2rs 13 87.2
K 3.5 422 48.1 529 537 583 585 566 47.8 462 37.e 504 505 555 97 30 211
Fe{y 20 168 401 a8 716 620 450 531 {4 825 4080 1 Y] 144 11.2 "1 84.7
Zn 4,08 1.64 110 1.38 1.05 2 247 141 164 253 4901 4.20 o0.ea7 0,764 0.848 0.724 1.57
Pb o o (A 0 ° 012 0.12 o o o 017 o.18 0.15 o.18 0.14 0.11 0.12
Cuy o o o ] o o o o ] [} 0 [ ] o (] 0 o
N o o ] ] [ o ] o [ o 0 [} [} 1] o o ]
Co 0 ] ] [ [} o ] 0 [+ 0 0 [ 0 [} 0 [} 0
Cd 0 [} 0 [} 0 [] ] 0 0 ] 0 [} o [} [+] 0 0
Mn 345 7.02 132 204 218 153 5.65 3.39 1.64 282 ae2 147 LX) 1 068 0.51 17
Sl 109 146 166 186 208 195 148 183 165 154 122 85 9.4 o131 75 74 10
Se (ppb)

As (ppb) 168 327 23 432 101 107 e5 203 142 13 o o o 0 ] o 402
sn : 0.08 0.11 017 022 030 031 0.27 o2e 023 o022 0.7 0.42 0.58 0.58 024 0.24 0.2t
O 0 4] o ] ] ] [} 0 4] [ o 0 ] [} 0 [} 0
S

8i

Ag

T

Cs :

Rb o o 4] ] o o o o o 0 0.02 003 003 003 003 o 0o
Sr 212 3.4 397 51 4.45 4.11 4.56 3ee a7t 3.32 0.98 0.38 0.2¢ 0.34 0.27 0.5 0.25
Ba o 0 o o ] o o [} o o

Al o o o o o ] o [} o [} 0 o [ ] 1] ] [
804 1810 2160 3050 arro 4170 4380 4080 4200 3620 3380 3080 4080 4850 5130 2110 1720 1530
NO2 5.10 216 o 0 o Y o [} ] 0 o [} ] [} o ] ]
PO4

<t 108 80 e7.6 50.3 $4.3 46.3 516 289 268 256 149 148 169 171 166 161 1.4
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Kidd Cresdkc Geochernistry — 1902 Pore Water Cheriiic aiData

NESTKC16

pH

Eh
Akalnity(HCO3)
Depth (m)

Ca
Mg
Na

X

Fat)

Zn

2]

Cu

NI

[o]

Cd

Ma

8t

Se (ppb)
As (ppio)
Sn

(e}

Sb

Bi

C193

8.95
66
400.6
0.123

531
216

0.04
02

2820
.51

751

C194

e.68
17
321.0
0.369

485
M
4%
$33
261
287

0.05
137
63

30
513

568

C195

06
62
375
0815

433
299
840
55
405
1.17
on

0.05
1.52
02

4080

240.4

ledl

0.67

464 4
0.861

0.05
1.57
02

a0

a3s

C197

e76
53
2965
1.107

480
180
485

0.04
153
03

2850

242

Ci98

672
7
e
1.353

1»
185

0.05
1.73

3380

27

Search

Cc198

6ee
7
2784

1.589

287

C200

661
47
2062
1.845

202

m
0.32

0.04
0.98
02

340

507

C201

(X}
44
367.2
2.00t

474

cx2

[ X-1.)
48
2000
2337

0.04
03

3400

224

Report List

KC16-3

3.05

KC16-4

6.52
340
1137
4.04

539

0.07
5172

KC1e-5

o8
08
t0.2
5.05

0.03
4029

51

KCi6-6

e
ot
580
et

008
2087

KC16-8 KC16~-10

693
2m
180.9
8.18

0.08
2087

657
a4
722
10,31

708
104
254

104
4.10

0.02

1.82
124

50

0.07
1740
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Kidd Cred< Geochemisty — 18902 Pore Walew ChemicalData

NESTKCt 7

ci52
pH 679
Eh 120
Ak alnity(HCO3) 17786
Depth (m) 0.132
Ca 565
Mg 15
Na 311
K 485
Fe(t) %5
In 245
Po o
Cu [}
N ]
Oo 0
Cd [}
Mn 103
St 124
Se (ppb)
As (ppb) 288
Sn 015
o
Sb
Bl
Ag
\{i
Cs
RAb [}
Sr 3,50
Ba [}
Al 0
8904 2440
NO3 3.05
PO4

>} 641

Ci153

692
s
2472
0.396

128
330
47.
845
416

132

269
0.8

302

2450
25

58.1

C154

674

102
3468
0.68

527

545
0.22

3teé

- - N- XN N -

47.6

C155

669
104
336
0924

C156

8.64
1t
3185

1.188

8o

Fy
°§°O

c1s7

8.62

2.2
1.452

Search

c158 C1s50
-X:Y4 647
113 114
376 a0
1716 198
448 426
a5 a5
857 o
59.3 625
191 476
8.65 9.0t
0.14 0.22
(4] [}
o o
M) o
.0 o
2082 34
10.7 85
16 179
028 03
o o
234 3o
o o
o ]
4510 4800
] 0
251 209

KC17-23

KC17-4

Report List

KC17-5 KC17-6 KC17-8
64 LX) 655
3o7 250 205
85 7 850.3
5.14 808 -}
490 510 7m0
256 161 14
27 108 11
ar7.9 s 203

a7 22 109
0.99 03 259
o o 0

0 [} o

o 4] I\

o o [}

0 [} o
1.56 1.3 2N
3.33 4.03 13
50 50 50
o o 0
0.06 [} [A]
2847 2337 2087
16 13 ]
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Kidd Cred< Geochemisty — 1992 Pore Water Chemical Data

NESTKC18

Cc142 C143 C1a4 Ciaz C148 C149 C150 C151 KC18-3 KC18-4 KC18~-5 KC18-6
pH 6.45 643 6.58 H 6.62 6.54 6.82 653 658 626 6.81 7.05 646
En 136 116 96 3 119 116 103 137 14 258 148 107 156
Ak alnity(HCO3) 46.8 116.7 3318 3 2878 330 3.8 1284 1152 79.4 1055 247.2 9225
Depth (m) 0.118 0.354 0.59 i 1.208 1.534 177 2006 - 2242 a1 4,08 5.14 6.38
Ca 556 55 508 ' 465 456 463 44 454 400 450 . 458 468
Mg 113 149 295 : 418 510 53 584 43 408 2 178 64.2
Na 252 360 483 : 708 82 843 80 750 742 15 701 248
K 426 526 57.4 3 57.7 622 1.6 58.9 55.8 48.8 33 28 14.2
Felt) 18 408 -4 . 498 148 857 162 55.4 724 40.8 25.2 47.9
n 241 279 5.68 ’ 279 122 0.888 176 947 63 0.319 0.025 1.38
2] o 0 o t 0.1 0.1 0.14 0.1 0.13 0.15 0.1 0 ]
Cu ] ] [} ) o [} o o [} o 4] o o
Ni [+] o o ) [ 4] [ o 0 V] o ] ]
Co [+ o 0 ) ] o ] o 0 ] ] 0 0
Cd [+ 0 [¢] ) [} o 0 [} 0 0 ] 0 o
Mn ' 17.8 343 169 i 5.35 8.54 563 18 078 142 0.54 0.25 0.62
Si 123 148 135 ' 132 10 10.8. 12 9.7 74 74 7.3 171
Se (ppb)
As (ppb) 0 21.7 21 3 o6 289 o 163 894 o 4] 0 266
Sn 0.13 0.19 0.26 4 0.33 0.38 04 035 0.4 0.65 0.37 032 0.18
a 0 ] o Y o o 4] [ 0 0 o [} o
Sb
Bi
Ag
T
os .
Ao [] o .0 ) [} [} [} ° o 0.02 o o ]
Sr 3.19 376 39 ’ 3 218 2,09 186 1.77 048 04 035 03
Ba o 4] ] 3 ] ] 4] o 0 .
Al o o ) ) o o o o o L\ o 0 0
804 . 2350 3050 2880 i 4740 5000 5010 5080 4550 4700 220 1670 794
NO3 0 0o 0 } 0 1] 0 [+ 0 0 [} 0 [
PO4

o] 52 46.7 438 > 23 22 28 253 324 153 159 128 707
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Kidd Cresk Geochemisty — 1992 Pore Water ChemicaiData

NESTKC19

pH

Eh

Ak alinity(HCO3)
Depth (m)

Ca
Mg
Na
K

.“
et
=

(pob)
(PPR)

LFRETFQLELLFRREOFY

C132

6.54
112
216.1
0.18

azs

3020
10.2

C133

677
106
2370
0.414

15
Q.11

449

320
368

55.2

C134

8.7
29
2724
0.648

470
350

58.1
672
1.96

Qo000

182

379
0.18

€135

66
1
184.0
0.882

C136

872

1891
1.118

C137

652
13
150.6
1.35

417

c138

6.69
125
198.7
1.584

121

585
0.16

C139

898
119
140.0
1.818

1"z

428
0.13

Ct40

6.69
163
55.9
2.052

51.4
0.15

088

3s80

202

Ci41

820
155
424
2288

228

KCt9-3

6.82

84.3
3.08

0.03
047

KC19-4

s88
143
1274
4.05

47
185
112
288
ar.e
0.677
]

o

o

]

0
0.78
64

KC19-5

7.05
107
471.0
5.05

)
727
376
215
259

0.129

0.14
11

ar?
017

KC19-6

844
195
1106,0
552

538
568.9
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Kidd Creak Geochemisty — 1902 Pore Water Chemical Data

NEST KC20

pH

Eh

Ak alnity(HCO3)
Depth (m)

Se (ppb)
As (ppb)
5n

Bi

T+

fAb

Ba

S04

NO3
PO4

cne

8.05
250
164.0
0.125

68
ar3
1z

0.165

c113

668
143
127.3
0.375

500
411.8
LR g

5.8

110

355

003
0.02

137
8.61

0.03
4664

Ccn4

6.55
1%
181.2
0.625

550
716
11
70.2
3.28
0.03
0.02

149
11.3

€783

42

c18

668
17

04875
510
778

1289
74.2
134
009
004

135
106

7515

25

c1ie

849

195.6
1.125

067

50

01
6330

C117

6.14
188
98.4
1.375

400
118
57.7

456
6.12

0.02

6.49
8.24

0.04
5877

0

cny

6.14
88
98.4
1.e25

0.52

174

5380

19.2

ci18

687
m
99.3
1.875

C.11

0.03
4670

e5

cne

.37
161
648
2125

0.17
4545

C120

6.28
180
500
2875

458

49.9

175

21,
048

Ci2t

626
192
432
2825

450
311

NN N
;R')oooooga'ag

a0

0.87

3650

174

Report List

KC20-3

8.56

133
831
3

405
55

-
213
0.451

(- -

0.53

0,03
0.48

4110

124

KC20-4

(X0}

170
960
401

21.3
0.3t

0.47

2030

KC20-5

6.96
)4

502

490
55.2

165
27
0.114
o1

(- - XN}

20
0.2

0.23

1500

6.54

KC20-6

74
187
808
[}

41
232
108
1538
2.19

[-R-R-X-J

209
013

o.16

1860

48

KC20~7

66l
108
9835
683

507
51.2
54.7
10.8
56.1
077

[-N-N-N-)

0.18
]

4.31
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Kidd Cresk Geochemisty — 1602 Pore Water Chemical Data

NEST KC21

KC21-3 KC2¥-4 KC21-5 KC21-8
pH 674 895 7.57 852
Eh 2% 7 an 212
Ak alinity(HCO3) 1120 2078 1060.6
Depth (M) 3 4 s 6
Ca 506 516 898 679
Mg 318 485 71.74 435
Na 185 197 134 5ot
K 17.8 145 163 9.88
Fa() 411 8.43 0 927
Zn 0.22 0.18 [} 0.61
Po 0 [} o 0
Cu 0 0 [} 0.02
Ni [+] L] o o
Co o ] 0 ]
cd ] [} o [+
L' o468 03 0.06 047
Si 3.36 248 241 187
Se (pob)
As (ppb) 50 50 50 50
Sn
o ] [} [] [}
Sb
Bi
Ag
Ti
Cs
Ab
Sr
Be
Al 0.06 0.08 0.03 0.04
S04 2832 1746 a7 1164
NO3
PO4

> 0 [} o 0
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Kidd Credk Geochemisry ~ 1982 Pore Water ChemicalData

NEST KC23

C74 c75 cm cr [or;:] cm Ceo [of:)] ce2 (o <] KC23-3 KC23-4 KC23-5 KC23-8
pH 672 681 8.62 663 6.36 8.71 697 7.03 7.07 7143 LY LX) 7.23 679
Eh 307 147 129 119 152 220 213 - 200 218 24 an 243 308 2%
Ak alinity(HCO3) 248.3 asa.4 T 280 11614 18.3 2%.0 113.2 116.6 1281 19 88.3 720 2 820.0
Depth (M) 0.112 0.336 0.56 0.764 t.008 1.232 1.456 168 1.904 2128 3 4 5 811
Ca 453 476 447 508 422 502 514 481 515 484 513 551 388 40
Mg 915 593 57 509 43 380 347 3% 450 an S68 203 765 52
Na 7% 798 994 1110 550 2 169 13 m 841 14 809 566 252
K 89 56.5 61.4 683 49.9 7.6 398 373 aa7 331 252 15.6 1243 108
Fe1) 565 46,1 255 308 1090 84.7 17.6 8.67 590 4.08 169 259 2,00 243
Zn 246 138 467 204 19.4 0.44 0.28 0.249 0. 0.188 [-X.] 0.18 0.12 11
Po 012 0 0 o [ 0 [} 0 0 o o 0 [
Cu [*] 0 [ [} o 0 o ] 0 4] o o [} [}
N ] 0.07 0.02 0 [} o 0.02 ] [ 0 [} o 0o [
[>- T o 005 003 0.04 0 [ o o 4 o o ] o [}
Cd o o 0 4] 0 ] o 0 0 [} o 0 o 0
Mnt 183 124 5.07 a3 7.3 087 0.64 041 06 043 1.12 063 0.07 0.28
Si 124 10.4 104 122 149 8.02 367 83 77 1.2 345 3.08 268 108
Se (ppb)
As (pphb) 223 o o 40 228 ] 50 [ 50 o 50 50 50 50
Sn 0.66 043 0.31 0.39
o4 o] ] o - o 4] 0 L} o 0 ] o o o [}
Sb
Bi
Ag
T
Cs
Rb ] /] [} [+]
Sr 1.83 (-] 0.71 0.04
Be (o] ] [} o
Al o 0.3¢ 0.35 0.27 o 0.27 0.04 o 0.05 o 0.14 0.05 0.1 0.06
S04 8470 4809 5457 6081 6960 3156 2835 320 3213 3830 3600 2206 1152 636
NO3 244 [+] o o
PO4

o} 61.7 N 36 27 256 10 80 20.4 20 301 o 0 12 o
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Kidd Cred< Gecchemisty — 1892 Pore Water ChemicalData

NEST KC24
Cea ces Ces ca7 Cee Cem Cwo (o] cae (=<} KC24-2 KC24-35
pH 6.38 6.82 a7 6.97 688 67 866 .64 7.05 705 DRY 649
Eh Al 160 153 152 168 2 e 237 R 20 208
Ak alinity(HCO3) 109.1 207 183.3 2168 164.4 164.7 1135 200.1 2803 208.5 1051.1
Depth (m) 0.1165 0.3496 0.5825 0.8155 1.0485 1.2815 1.5145 1.7475 1.0806 2216 2 358
Ca 45 514 516 481 " 500 518 12 42 399
Mg 1080 1085 785 684 540 419 54 282 217 195
Na 3ar 348 194 158 108 73 855 581 50 56.8
K 25 367 347 336 304 292 27 253 257 214
Fe(t) 207 15 54.1 356 47.9 84 224 142 9.79 103
Zn 703 41.3 123 6.34 1.92 0.742 1.6 0.88 0.257 0.28
2] 0.18 ] 0 ] ] 0.14 ] [} 4] ]
Cu 0 [] 0 [ [} 0 0 o 0 [}
Ni 4 0.2 0.08 0.03 0.02 [} (] 0 (] (]
Co 0.57 [ X<} ] 0.11 0.08 0.02 0 0.02 0 0 ]
Cd [} 0.02 ] 0 ] 0 o 0 0 ]
Mn 51 a7 1386 94 a1 13 24 1.03 14 1.1
Si 14.3 856 581 521 7.12 14 4.7 59 64 6.57
Se (ppb)
As (ppb) 0 50 50 50 50 0 50 50 204 50
Sn 0.76 0.46 0.33
< o o [ (] o ° o ) ) [
Sb
Bi
Ag
Ti
Cs
RAb o 0 0
Sr 198 1.12 0.52
Sa 0 o [}
Al ° o.21 014 0.11 0.18 [} 0.08 0.08 [] o
S04 7660 822 4680 4023 672 3280 2885 2477 1800 1731
NO3 0 [] o
PO

o] 55 a7 32 26 < 139 30 20 135 0
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Kicd Creck Geochemisty — 1992 Pore Water Chemical Data

NESTKC27
Cies cies c190 ci91 c192
pH 8.36 672 7 897 6.99
Eh 106 84 82 34 20
AK aknity(HCO3) 2820 4359 3780 s41.4 6802
Depth (m) 0.125 0.375 0.625 0.875 1125
Ca 520 511 344 3% 3z
Mg 820 524 268 290 178
Na 2 81.9 815 &7 539
K 218 293 288 254 142
Fe(t) : 101 20.4 314 50.7 744
Zn 535 431 o073 0.188 0210
o 0.15 012 ° 0 o
Cu o o 0 o 0
Ni 04 0 0 ° 0
o 1.08 o ° ] 0
cd o 0 o 0 )
Mn 352 6.34 071 542 26
si 121 128 75 19.2 222
Se (ppb)
As (ppb) ° 0 o 843 35.4
Sn 0.43 028 0.16 016 . o9
o ° ° ° o °
sb
Bi
Ag
T
s
Rb 0 (] o o 4]
Sr 162 102 121 098 0.59
Be o 0 [} o °
Al o 0 0 0 )
S04 5100 3450 1790 1630 1050
NO3 8.09 ° 0 o °
PO4



Kidd Creek Geoche mistry — 1993 Pore Water Che mical Data

NEST KCi - 1893 cis

pH 3.70
Eh 456
ALKALINITY (HCOQ) 0.0
Depth(m) 0.15225
Ca . 534
Mg 4080
Na 582
K 176
Fe(t) 4710
n 4340
Pb 13
Cu 1.18
Ni 378
Co 224
Cd 108
Mn 726
Si 336
As 33
Al i1.8
S04 32800
Cl 43.3

C19

6.07
100
83.6
0.45675
454
1310
564
346
1410
232
04
0
0.34
0.068
0.22
132
16.2
41.9

10400
23.6

c20

6.38
98
127.2
0.76125
448
872
717
454
705
2.7
0

0
0.08
0
0.09
4.93
17.1
491

15.0

21

8.54

83

128.4

1.06575

487

815

689

47.4

385

2:85

0

0

0.08

0

0.08

9.83
13.0

156

5770
259

5110
17

8.4

77

17”1
1.87475
457
992
811
4.8
708
13.5

[-N-N-N-N-)

349
17.1
372

7450
20.0

4

KC1 -3

6.73
140
127.6
3

KCt 4

7.09

84

66

4

474

155

m

328
4.60

o
8oooocoo

57
3.7

1830
148

KCi -6

KCt -6

7.14

114

85.1

8

384

108
€9.0

118

0.92

0.072

-R-R-N-N-1

KC1 -9

717

172

964.8

]

172
63.0

1.1

1.62

7.93

0.151

8.63
4.51



Kidd Creek Geoche mistry — 1993 Pore Water Che mical Data

NEST KC3 -~ 1993 cas
pH 127
Eh 53
ALKALINITY (HCOQ} 204.7
Deptm) 0.135 -
Ca 483
Mg ) 811
Ne 1120
K 826
- Fe() 209
n 26.2
Pb 0
Cu 1]
Ni 0.18
Co 0
Cd 0.15
Mn 57.5
Si 12.3
As 358
Al [}
sS4 6220
Ci 327

c26

7.01

330
0.405
481
654
1060
76.8
60.3
17.5

0.08.

0.1
36.3
2.9
8r.7

5560
28.6

27

6.99
330.3
0.675
491
444
968
67.5

149
291

[-N-N-N-N-

28

6.84

727.3
0.845
481
341
976
703

153
128

19.7

c29

6.83

1.215
482
354

1020
815
170

135
788

4270
248

C30

3204

10.2
2086

26.0

C32

6.9
53
337.4
2.025
452
272
1630
832
132
53

[-N-N-N-N-]

250
1386

5590
35

Cc34

K& -3 KRB-4

6.66
138
152.8

<3

6.69
78
128.1
4
369
299
1480
68.0
26
0.02
0.2
0
o
0
0
2.32
14.3
4.6
0
5240
14.9

KC3-6 KC3-6 KC3-8 KC3-10 KC3 -13§

7.03

7

224.7

5

401

2%

732
39.0

7.08
101
512
8

1
a7
681.8

182

7.05
85
84,4
10
467
50.7
84.2
1ne
30.4

o
©
AOOODOOO

8.73
138
1076.4
135
167
50.0
16.6
8.62
26.6
0.088



Kidd Creek Geochemistry ~ 1993 Pore Water Chemical Data

NEST KCt1 - 1993 v} (>} c1o

pH 5.89 6.683 8.82
Eh 287 49 53
ALKALINITY (HCO3) 214 417.8 381.8
Depth(m) 0.1425  0.4275 07125
Ca 530 474 490
Mg 3780 1420 758
Na 170 565 734
K 84.4 60.8 85.2
Fe(t) 1.06 227 220
Zn 3400 - 104 13.2
Pb 08 0.2 [
Cu ‘ 2.13 [ 0
Ni 50.3 1.34 0.23
Co 436 0 0
cd 10 0.62 0.13
Mn 653 57.2 16.9
Si '25.4 19.1 20.4
As 0 449 105
Al 3.5 0 0
S04 21000 8130 5830
ct 24.0 290.7 315

Cit

7.01

4344
0.9975

437
784
618

232

277

Ci3

6.68
67
249.8
1.5675
493
262
875
57.5

Ci4

6.84
58

200.4
1.8525

Cis

6.39
82
163.2
21375
459
204
83g

Ci6

8.57
75
226.8
2.4225

268
1260
712

418

271

Ci7

6.97
54
4128
2.7075
450
310
1200
78.5
108
5.63

KCi1 -8 KCi1 - 10 KCi1 - 116

6.85
75
218.8
8

387
252
1480
87.2
186
0.128

7.1
83
102.5
10
74
282
1040
568.1

R4

0.059

158

€.95
95
17
15
460
125
255
358

wn
~
-]

£
oc.uBooooook

z

140



Kidd Creek Geochemistry — 1993 Pore Water Che mical Data

NEST KC14 — 1993 (o] c2 3 ca o} [s:} C7 KCl4-6 KC14-8
pH 6.94 6.7 6.50 6.69 8.65 6.79 8.78 668 - 698
Eh 55 60 60 49 58 85 61 101 108
ALKALINITY (HCO3) 578.4 446.4 448.8 4658 ' 5258 472.8 434.4 188.8 230.7
Depth(m) 0.1805  0.5415  0.9025 1.2635 1.6245 1.8855 2.3485 [} 8
Ca 526 530 540 577 495 504 510 408 407
Mg 436 254 233 146 288 as 294 188 145
Ne (-] 5068 524 258 547 499 547 840 621
K 87.0 48.8 48.4 326 490 4.7 4.4 30.6 56.4
Fe( 79.0 485 405 258 533 380 310 110 63.4
n 17.4 18.8 7.98 17.9 0.879 5.28 1.39 0.827 0.160
Pb ] 0 0 0 0 0 0 0 0
Cu [V 0 0 0 (1] 0 0 [ 0
Ni 0.08 0.09 0 (] 4] (4] 0 0 [
Co 4 0 0 [ 4] 0 [4 ] 1]
Cd 0.28 0.32 0 (1] (] [} 0 0 0
Mn 21.7 180 17.7 14.1 11.2 4.01 1.99 2.98 2.26
Si 8.4 240 254 249 270 25.0 24.3 14.7 13
As a5 29.2 58.8 19.4 159 352 402 200 65.1
Al ’ 0 o 0 (/] (4] 0 0 0 0
S04 4310 3540 3320 2370 3g40 3490 3480 2790 2700

Cl €8.8 30.1 28.3 268.3 31.2 38.2 277 11.8 145
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Appendix 11

Profile plots of geochemica data



Depth (m)

PIEZOMETER NEST KC1

pH Eh (mV) Fe (mg/L) SO, (mg/L)
0 0 0
a4l 4 4
8 8 81|
54 6 8 10 0 200 400 600 O 20004000 O 30,000
Ca (mg/L) Mg (mg/L) Mn (mg/L) HCGO; (mg/L)
0 0, 0 0
4 4 4 4
8 8 8 8

0 250 500 750 0 2,0004,000 0 - 500 1,000 0 _ 500 1,000
® 1991 m 1992 A 1993



PIEZOMETER NEST KC1

Na (mg/L) K (mg/L) - Al (mg/L) | Zn (mg/L)

A0l 1

— 0. 500 1,000 0 25 50 75 0 25 50 75 O 3,000 6,000

Pb (mg/L) As (ppb)

1o

500
® 1991 m 1992 A 1993

Depth




Depth (m)

PIEZOMETER NEST KC2

pH Eh (mV)
0 0
4 41
8 8
12 12
246 810 0 200 400
Ca (mg/L) Mg (mg/L)
0 0
4 41
8 8
12 12

0 250 500 750 O 200 400

® 1991

Fe (mg/L)
0

41

8
12

0 250 500 750 O

Mn (mg/L)

0 10 20

W 1992

SO, (mg/L)
0 .

4 .
8
12

5.000

HCO,; (mg/L)

12

0 200 400



PIEZOMETER NEST K02

Na (mg/L) K (mg/L) AI (mg/L) Zn (mg/L)

0 0
4 4
81 | 8
12 12

£
= O 1000 0 2550 75 0 25 5 75 O 1o 50
& Pb(mgl)  As(ppb)
ST |
0

4 4

8 8

12 12

0 05 1 0 200 400
® 1991 W 1992



Depth (m)

PIEZOMETER NEST KC3

pH Eh (mV) Fe (mg/L) SO4 (mg/L)
0 0
5 5
10 10
>4 6 810 0 100 200 0 250 500 750 O 5,000
Ca (mg/L) - Mg (mg/L) Mn (mg/L) HCds (mg/L)
0 _ .
5
10
0 250 500 750 O 500 1,000 500 1,000

® 1991 W 1992 A 1993



Depth (m)

PIEZOMETER NEST KC3

10

Na (mg/L)
0
5
10
0 1,000
Pb (mg/L)
0
5
10
0 05 1
® 1991

K (mg/L)

150 300
W 1992

0

Al (mg/L)
0.5 1
A 1993

0

Zn (mg/L)

15

30



| | |
PIEZOMETER NEST KC4

pH Eh (mV) Fe (mg/L) SO, (mg/L)

0 0 0 0
4 A 4 4 4
8 8 8 8

—_ .
E 5746 8 70 0 200 400 0 250 500 750 O 5,000 10,000
= .
& Ca (mg/L) Mg (mg/L) Mn mg/L HCO3 (mg/L)
Q

0 0

4 4 4

8 | 8 8

0 250 500 750 0 500 1,000 O ' 100 O

® 1991 W 1992




PIEZOMETER NEST KC4
Na (mg/L) K (mg/L) Al (mg/L) Zn (mg/L)

0 0 0 e

4 4 4
§ 0 1,000 0 100 0 0 150 300
8‘ Pb (mg/L) As (ppb)
Qo

4

8

0 0.5 1 0 100 200
® 1991 W 1992



PIEZOMETER NEST KC5

oH Eh(mV)  Fe(mgl) S0, (mg/L)

0 0 0 0 -

2 2 o [ 2

4 4 4 4
5 6 6 | 6 L
= 2 4 6 8 10 O 200 400 0 250 500 O 5,000 10,000
s |
& Ca(mg/L) Mg (mg/L) Mn (mg/L) HCO, (mg/L)
Qo 0, 0 r,:./o 0

2 0 2 2

4 4 4I 41

. ) ®
6] 6 6 6

0 550 500 780 0 500 1.000 0 B0 900 O 500 1,000

® 1991 B 1992




PIEZOMETER NEST KC5
Na (mg/L). K (mg/L) Al (mg/L) Zn (mg/L)
0 .,.p_.._———o
2
4
60

0.5 i 0 150 300

0 0.5 1 0 100 200 300

® 1991 B 1992



4

Depth (m)

4

0 250 500 750 O

PIEZOMETER NEST KC6

4

2 4 6 8 10 0

Ca (mg/L)

Eh (mV) Fe (mg/L)

0 —e

4

500 4(50 0 3000

g (mg/L) n (mg/L)

RN

SO, (mg/L)
0
2
4
0 5,000
HCO; (mg/L)
0
2
4

1,500 3,000 0 250 500 750 0 500

® 1991

1,000



PIEZOMETER NEST KC6
"Na (mg/L) K (mg/L) Al (mg/L) Zn (mg/L)
0 F 0 —o O —o
2 2 2 2
4 ‘4 [ - 4 4

0 250 500 750 0 50 100 0 10 20 O 2,000 4,000

Depth (m)

Pb (mg/L) As (ppb)

RS

® 1991



2

pH

4 6 8 10 0

- Ca (mg/L)

PIEZOMETER NEST KC7a -
Eh (mV) Fe (mg/L) SO, (mg/l)
0 0 0
1 1 1
2 2
100 200 O 500 1,0000 5,000
Mg (mg/L) Mn (mg/L) HCO; (mg/lL)
0, 0 0
1 1 1
7) 2 2
50 100 O 1,000

0 250 500 750 0 250 500 750 0

® 1992



PIEZOMETER NEST KC7a

Na (mg/L) K (mg/L) Al (mg/L) Zn (mg/L)
0 0 0 0
1 1 1 1
2 21 2 2
g L
= 0 2505007500 25 50 0 05 1 0 100 200
&  Pb(mg/L) As (ppb)
Q _
0 0
1 1
L ‘
2 2

0 0.5 1 0 25 50 75
® 1992



PIEZOMETER NEST KC8

pH Eh (mV) Fe (mg/L) SO, (mg/l)

1 1 1 1

- _ » .

§ 2 4 6 8 10 0 100 200 O 250 500 0 2,500 5.000
& Ca(mg/L) Mg (mg/L) Mn (mg/L) HCO, (mg/L)
Qy 0 0 0

0 250 500 750 0 200 400 0 5 10 15 0 500 1,000

® 1992



PIEZOMETER NEST KC8

Na (mg/L)

K (mg/L)

250 500 0O
Pb (mg/L)

25

As (ppb)

Al (mg/L)

Zn (mg/L)

50 0

50

100
® 1992

0.5

10 20



PIEZOMETER NEST KC9
pH Eh(mV) Fe (mg/L) SO, (mg/L)

0 0 0 0

2 2 24 2
VAR AT S
=2 4 6 8 10 0 100 200 300 0 10002000 0 5,000 10,000
$ Ca(mgl) Mg (mg/L) Mn (mg/L) HCO, (mg/L)
Q |

0 0 0 |

2 24 2

3 | J 3 .

0 250 500 750 O 1,000 0 100 200 0 500 1,000

® 1992



PIEZOMETER NEST KC9
Na (mg/L) K (mg/L) Al (mg/L) Zn (mg/L)

0 | 0 0% 0

1 1 11 1f/‘

2 2 2 24
§ 0 100 200 0 0 05 1 0 1,000
gl ; Pb (mg/L) s (ppb)

i f/

2¢ 2\

34 3N

0 0.5 1 20

® 1992



PIEZOMETER NEST KC10
pH Eh (mV) Fe (mg/L) SO, (mg/L)

0 0 0 0

1 1 1*/ 1

2 21 24 2
_3 3 3] | 3
§2 4 6 8 10 0 100 200 300 O 500 1,0000  5.000
& Ca (mg/L) Mg (mg/L) Mn (mg/L) HCO, (mg/L)
Q

0 | 0 0,

1 1 1

2 2 2

3 | 3 3

0 250 500 750 0 500 1.000 0 50 100 0 500 1,000

@® 1992



PIEZOMETER NEST KC10

Na (mg/L) K (mg/L) Al (mg/L) Zn (mg/L)

O 0 0; 0
1 1 11 1t/‘
2 2 2 2¢
3 3 3 3t

R ¢
= 0 50 1000 10 20 30 0 05 1 0 200 400
& Pb(mgl) s (ppb)
Q |
1§ 1>‘
24 5
3 3\ |
o . )
0 05 10

® 1992



Depth (m)

PIEZOMETER NEST KC11

pH Eh (mV)
0 O
4 4
8 8
12y 5 121 . :
2 4 6 8 10 0 200 400
Ca (mg/L) Mg (mg/L)
0 OI
4 4
8 8
12 12

0 250 500 750 O

Fe (mg/L) SO, (mg/L)

0 Of

4 4

8 8t

12 , 12 _
0 250 500 O 20,000
Mn (mg/L) HCO; (mg/L)

0 0

4 4

8 8

12 12

2,000 4,000 0 250 500 750 0 200 400

® 1992
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PIEZOMETER NEST KC11
Na (mg/L) K (mg/L) Al (mg/L) Zn (mg/L)
0 0
4 | 4
8 8
T 12 | 12
= 0 1,000 2000 0 o 5000 4,000
&  Pb(mglL) As (ppb)
Q) 0
4 4
8 8
12 | 12

0 05 1 0 150 300
® 1992 B 1993



PIEZOMETER NEST KC12

pH Eh (mV) Fe (mg/L) so4 (mg/L)

0 0 |

4 4

8 8
2L ¢ . .
T2 4 6 8 10 0 300 B00 O 250 500 750 O 5,000
& Ca (mg/L) Mg (mg/L) ~Mn (mg/L) HC()3 (mg/L)
Q

0 0

4 4

8 8

0 250 500 750 0 500 1,000 Q ( 100 0 250 500

® 1992



PIEZOMETER NEST KC12
Na (mg/L) K (mg/L) Al (mg/L) Zn (mg/L)

0 | 0 0 0

4 4 4 4
—_ 8 8 | 8 8
§— 0 1,000 0 50 100 0 05 1 0 100 200
él Pb (mg/L) As (ppb)

0 | 0

4 4

8 8

0 025 050 25 50 75
® 1992



PIEZOMETER NEST KC13

oH Eh (mV) Fe (mg/L) S0, (mg/L)
0 0 0 0
4 4 4 4
8 8 8 8
S2 46 8100 20 4000 250 50 0 5,000
& Ca (mg/L) Mg (mg/L) Mn (mg/L) HCO; (mg/L)
Qo 0 0 0
4 4 4 4
8 8 8 8
0 250 500 750 O 500 0 10 20 0 500 1,000

® 1992



Zn (mg/L)

PIEZOMETER NEST KC13
Na(mgL) K (mglL) Al (mg/L)
0 0
4 | 4 /
8 8
S 1,000 0 100 0 05
S
&  Pb(mglL) As (ppb)
Q )
4 4
8 8

0 025 050 50 100 150
® 1992

10 20



m)

S

Depth

PIEZOMETER NEST KC14

pH Eh (mV)
0 0 '
4 4
8 8
2 4 6 8 10 0 200 400
Ca (mg/L) Mg (mg/L)
0 0
4 4
8 8
500 1,0000 200 400
® 1992

8

Fe (mg/L)

SO, (mg/L)

4.
8

0 250 500 750 0 2,500 5,000

n (mg/L) HCO, (mg/L)
0 0
4?
8
0 30 0 250 500 750

W 1993



PIEZOMETER NEST KC14

Na (mg/L) K (mg/L) Al (mg/L) Zn (mg/L)

0 0 0 0

4 4 4 4
. 8 8t 8 8%
=0 1000 O 25 50 75 0 25 & O 55
§ Pb (mg/L) As (ppb) |

0 0

4 4

8 8

0 0.5 i 0 250 500
® 1992 W 1993



Depth (m)

PIEZOMETER NEST KC15

Fe (mg/L)

Mn (mg/L)

~ pH Eh (mV)

0 0 0

5 51 5

10 10 10

2 4 6 8 10 0 100 200 300

Ca (mg/L) Mg (mg/L)

0 0

5 51

10 10}

0 250 500 750 0 200 400

® 1992

0

10

0 250 500 750 O

SO, (mglL)

[

5,000

Hco3 (mg/L)

0 250

500



Depth (m)

PIEZOMETER NEST KC15
Na (mg/L) K (mg/L) Al (mg/L) Zn (mg/L)
0p | 0 0
5 5 5
10 10 10
0 1,000 025 50 75 0 5
Pb (mg/L) As (ppb)
0 .
5
10

0 025 05 0 100 200
® 1992

10



Depth (m)

PIEZOMETER NEST KC16

pH Eh (mV) Fe (mg/L) SO, (mg/L)
0 O Oy > 0¢
5 5 5 5
10 & 10 % 10} 10 |
2 4 6 810 0 150 300 O 250 500 O 5,000
Ca (mg/L) Mg (mg/L) Mn (mg/L) HCO, (mg/L)
0 0 0 0
5 5 5 51
10{ 10 | 106 101 N
0 250500750 O 200 400 0 5 10 15 O 250 500

® 1992



PIEZOMETER NEST KC16

Na (mg/L) K (mg/L) Al (mg/L)
0 0 0
5 5 5
£ 10 L I ST |
= 0 5001000 0 2550 75 0 05
&  Pb(mg/L) As (ppb)
Q
0
5 5
10 10

0 025 05 0 200 400
| ® 1992

Zn (mg/L)
0
5
10 .
0 5

10



PIEZOMETER NEST KC17

8

0

4

SO, (mg/L)

7

500 0 2,000 4,000

HCO; (mg/L)

O

pH Eh (mV) Fe (mg/L)

0 0 0

4 4 41
gL 8 ¢ 8 .
=2 4 6 8 10 0 100200300 0 250
& Ca(mglL) Mg (mg/L) Mn (mg/L)
Q0 0 0

4 4 4

8l e | 8

0 300 600 0 200 0

® 1992

500 1,000



PIEZOMETER NEST KC17
Na (mg/L) K (mg/L) Al (mg/L) | Zn (mg/L)

0 0 0 0 Q |

4 4 4 4
"E\ 8 o 8 . . 8 . 8 |
E’ 0 500 0 25 50 75 0 0.5 1 0 5
§“ Pb (mg/L) As (ppb)
Q 0 0 |

4 4

8¢ . 8 .

0 025 050 100 200

® 1992



Depth (m)

PIEZOMETER NEST KC18

pH Eh (mV)
0 0 0
2 2 2
4 4 4
6 6 6
2 4 6 8 10 0 100 200 300 0

Ca (mg/L) Mg (mg/L)

0 0 \ 0
2 2 2
4 4 4
6 6 6
0 300 6000 300 600 0

® 1992

Fe (mg/L) SO, (mg/L)
O

300 600 O 5.000

Mn (mg/L) HCO, (mg/L)

&~ N
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PIEZOMETER NEST KC18

Na (mg/L) K (mg/L) Al (mg/L) Zn (mg/L)

0 0‘ - . 0 'Org
o ®

2 21

N
\}

4 4
6

o S
£

6 | |
0 500 0 25 50 75 0 05 i 0 5 10 15

Pb (mg/L) As (ppb)

0 100 200
® 1992




| | |
PIEZOMETER NEST KC19

- pH Eh (mV) Fe (mg/L) SO, (mg/L)

0 0 0 0

o} 2 Y 2

4 4 4 4
,E\s R | 6 | 6 |
S o 4 6 8 100 100 200 O 500 0 5000
S ‘
& Ca(mg/L) g (mg/L) n (mg/L) HCO, (mg/L)
Qy 0 0

5 2 2

4 4 4

6 6 6 |

0 300 6000 300 600 O 0 500 1.000

® 1992



PIEZOMETER NEST KC19

Na (mg/L) K (mg/L) Al (mg/L) Zn (mg/L)
0 0 0 0
P 2 2 2
4 4 4 4
£ 6 6 | 61 6
= 0 500 0 25 50 75 0 0.5 1 0 15
&  Pb(mgl) As (ppb)
Q
0 0
2 2
4 4

6
0 01 02 0 100 200
® 1992



Depth (m)

PIEZOMETER NEST KC20

Of
2
4

6

> 4 6 8 10 O

Ca (mg/L)
0
2
41 4
6
0 300 600 O

Eh (mV) Fe (mg/L) SO, (mg/L)
OL\‘?‘\.}’ 0
o1 2
4 4
6 6
100 200 300 O 300 600 O 5,000
Mg (mg/L) Mn (mg/L) HCO; (mg/L)
0 »p— 0
2 ‘ﬁ- )
4 4
6 | 6 |
400 800 0 5 10 15 0 500 1,000

® 1992



PIEZOMETER NEST KC20

Na (mg/L) K (mg/L) Al (mg/L)

0 01 02 0 200 400
® 1992

Zn (mg/L)

5 10

15



oH Eh (mV)
Or—slAG Or—siaG 0
2 2 2
4 4 4

6 6 6

E 5746 8 10 0 200 400

2

§ Ca (mg/L) Mg (mg/L)
0 SlAG 0 sLaG 0
'-'_g
2 2 2
4 4 4
6 6 6

0 300 600 0 25 50 75 0 25 50 75 O

PIEZOMETER NEST KC22

Fe (mg/L)
SLAG 0
2
4
6

0 2,000 4,000

SO, (mg/L)
SLAG

0 5,000

Mn (mg/L) HCO; (mg/L)
SLAG 0 SLAG
2
4
6

® 1992

500 1,000



PIEZOMETER NEST KC22

Zn (mg/L)

SLAG

Na (mg/L) K (mg/L) Al (mg/L)
SLAG Or—siAG Or—=slac
2 2
4 4
6 6
20 40 0 10 20 0 0.5
Pb (mg/L) As (ppb)
SLAG Or—sraG
* 0
4
6

0.1 0.2

® 1992
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PIEZOMETER NEST KC23

Depth (m)

pH Eh (mV) Fe (mg/L) SO, (mg/L)
0 o; 0 0
@
2 ol 2 2
4t 4 4 4
6 6l 6 6 |
2 4 6 8 10 0 200 400 O 1,000 0 7.500
Ca (mg/L) Mg (mg/L) Mn (mg/L) HCO, (mg/L)
0 0 0 , 0
2 2 2 2! o
4 4 4 4
6 6 6 6
0 300 6000 500 71,0000 10 20 O 500

® 1992



Depth (m)

® 1992

PIEZOMETER NEST KC23
a (mg/L) K (mg/L) Al (mg/L) Zn (mg/L)

0 O 0 0 o
2 2 2 2 ’
4 41 4 4

6 6 6 6

0 500 1,000 0 25 50 75 0 5 0 10 20
* Pb (mg/L) s (ppb)

0 0

7 2

4 4

6 6

0 0.1 0 25 50 75



PIEZOMETER NEST KC24

Fe (mg/L) SO, (mg/L)
0
1
2
3

100 200 O 7,600

Mn (mg/L) HCO; (mg/L)

0

pH Eh (mV)
0 0 0
1 1 1
2 2 2
3 3 3
§,2 4 6 8 10 0 100 200 300 O
:‘: Ca (mg/L) Mg (mg/L)
[N 0 | 0
1 1 1
2 2 2
'3 3 3
0 300 6000 500 1,000 0

® 1992

5550 75 0 500 1.000



Zn (mg/L)

PIEZOMETER NEST KC24
Na (mg/L) K (mg/L) Al (mg/L)
0 0 0
1 1 1
2 2 2
3 3 3
§ 0 200 4000 25 50 0 05
§~ Pb (mg/L) As (ppb)
0 0
1 1
2 2
3 3

0 01 02 0 25 50 75
® 1992

1 0 25 50 75



PIEZOMETER NEST KC25

pH Eh (mV) Fe (mg/L) SO, (mg/L)
0 0 0 e 0
2 2 2 2
4 4 4 4
6 6 6 6
~8 8 8 8
§, 2 4 6 8 10 0 200 400 O 5,00010,000 O 20,000
S ca(mgl) Mg (mg/L) Mn (mg/L) HCO, (mg/L)
No 0 0 e 0
2 2 2 2
4 4 4 4
6 6 6 6
8 s 8 | 8 | 8 | .
0 200 400 O 1,000 0 100 200 O 500 1,000

@ 1992



Depth (m)

PIEZOMETER NEST KC25

Na (mg/L) K (mg/L) | Al (mg/L) Zn (mg/L)
0 0 0 0 o
2 2 2 2
4 4 4 4
6 6 6 6
8¢ 8 . 8 | 8
0 100 200 300 O 10 20 0 05 1 0 1,500 3,000
Pb (mg/L) As (ppb) Cd (mg/L) Ni (mg/L)
0 0 e 0
2 2 2
4 4 4
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0 25 50 O 1 2 0 05 1

® 1992



PIEZOMETER NEST KC26
pH Eh (mV) Fe (mg/L) SO, (mg/L)
01 o 0 e O e O
o @ L J o
o [ J o L
{ ® o ®
L J L J L ®
L D o e ° ® o
2 ° 21e 2 2
o o
—_ . .Q _ L . . f '
\S, 2 4 6 8 10 0 300 600 O 10,000 O 20,000
= _
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[ . O 0 0
o ]
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PIEZOMETER NEST KC26
Na (mg/L) K (mg/L) - Al(mg/L) Zn (mg/L)
0 e O R 0 | e O .
® ® ® ®
[ ( ®
° ° e
® ®
.‘ ° . | °
2 ° 2 ° 2 2
. ® ®
"S\ ° _ ) _ .
= 0 50 1000 25 50 0 50 1000 1,000
§ Pb (mg/L) As (ppb) Cd (mg/L) Ni (mg/L)
Q 0 ® 0 ® 0 ® 0 ®
| ) ® ®
° _ °®
o o
@ L
2{ 2 2 2¢
0 2 4 0 1000 0 i 20 05
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Depth (m)

PIEZOMETER NEST KC27
pH Eh (mV) Fe (mg/L)
0 0 0
0.5 0.5 0.5
1 1 1
1.5 1.5 1.5
5 4 6 810 0 50 100150 0O 50 100 150
Ca (mg/L) Mg (mg/L) Mn (mg/L)
0 o, 0
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0 300 600 O 500 1,000 0 25 50

® 1992
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Depth (m)

PIEZOMETER NEST KC27
Na (mg/L) K (mg/L) - Al(mg/L) Zn (mg/L)
0 0 0 0
0.5 0.5 0.5 0.5
1 1 1 1
1.5 1.5 15 1.5
0 50 100150 0 15 30 0 05 1 0O 25 B0 75
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0 0
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1 1
15 15

0 01 02 0 25 50 75
® 1992



| Welcome Screen _| Report List

Appendix 111
Mineral saturation indices calculated with MINTEQA2



LIST OF MINERALS

Calcite
Dolomite
Epsomite
Magnesite
Rhodochrosite
Siderite
Smithsonite
Gibbsite
Goethite
Lepidocrocite
Gypsum
Jarosite
Natrojarosite
Hydronium Jarosite
Anglesite
Melanterite
Thenardite

CaCO,
CaMg(CO,),
MgSO,TH,0
MgCO,

MnCO,

FeCOy

ZHCO3

Al(OH),
oFeO(OH)
YFeO(OH)
CaSO,2H,0
KFe;(S0,4),(OH)4
NaFe;(SO,4),(OH)g
(H;0)Fe4(SO,),(OH),
PbSO,
FeSO,TH,0
Na,SO,



Kidd Creek Geochemistry — Saturation Indices (MINTEQA2)

DEPTH (m) Calcite Dolomite Epsomite Magnesite Rhodochrosit Siderite ZnCO03, 1H20 Smithsonite
Nest 1t — 1991
0‘12 hhhhhw L X2 111 ] _1.187 ek Ahd 122221 whhhhw ke ks
0.36 -3.95 -78622 -2079 -4225 -4264 —2.398 -4.157 —-4531
0.6 -3.953 ~7.626 -2075 -4225 -458 -2.401 —-4708 -5.083
0.84 -0641 -0.951 -2.02 -0.861 -1.332 0.529 ~1.83 -2.01
1.08 ~1.953 —~3.484 -1.905 -2081 -2.116 -0.82 ~2.362 -2.744
1.32 -0.461 -0.501 -1877 -0.588 —-1.346 0.026 —-2029 -2414
1.56 -1.086 -1.821 -1975 -1.282 -1.598 0.401 —2.348 ~-2736
1.8 -1.136 -1.988 -204 -1.397 -1.835 0.23 —-2328 -2719
2.04 -0.659 -1.073 ~2.049 -0.958 -1.805 0.15 -2.1568 -2552
3 —-0.698 -1.409 —-23851 -1.251 —1.684 bbbl ~1.834 -2239
4 0.385 0.448 -2631 -0.461 -0.623 —2.642 ~1.085 -1.522
5 0.039 —-0.059 —-2.362 -0612 —-0812 -0013 —1.464 -1917
9 0.268 0.077 —-2663 -0.696 ~0.79 bkl -1.729 -2.197
Nest1 — 1992
0.12 -4 326 —~7.564 -1.228 -3.792 -2565 —3426 2205 -2574
0.36 -2.924 -5.115 -162 -2.744 —1.548 -0433 —-1.444 -1816
0.6 —1842 -3.292 -1925 —-2.002 -1.393 -0067 —-1555 -~-1931
0.84 -1.26 —-2.209 —-2.032 -15 -1417 0.06 ~1939 -2319
t1.08 -1.013 —-1.726 —-1.964 -1262 -1.348 -0.107 -1.802 ~2.184
1.33 —-0942 -1.507 ~1.956 ~-1.113 -1.163 0.496 —-2.108 -2493
1.57 -0.751 -1.195 -1.993 —0.991 -1517 0.346 —2262 -2865
1.81 -0576 -0912 —-2073 -0882 -1.794 0.103 —-2018 —-2.408
2.05 -0.343 -0.547 —-2.181 ~0.75 -1.635 ~0.461 -1973 -2.367
Nest 1 — 1993
015 el ek Fehkh ko __1.031 L2l l] L2 22 23] L2111 e ey £ 22113
0.46 —-1.775 —-2.861 -1.591 -1.636 ~0.5 0.472 -0594 -0975
0.76 -1.202 -1.898 -1.801 ~1243 -1.35 0.741 -097 -1.36
1.07 -0973 -15 -1.836 ~-1.069 -0.841 0.682 ~1.669 -2.067
1.37 0.123 0.684 —-1833 0.022 -0988 0.455 -1313 -172
1.67 -1.094 -1.668 -1.697 -1.108 -0.405 0.82 -1.124 -154
1.98 . -1.003 -1.537 -1.732 -1.064 -049 0.764 —-0.784 -1207
3 -0739 —1432 —-2218 -1207 ~1.736 —-0.507 -2511 ~-2963
4 ~0.49 -1372 —2647 -1.39 -1.709 —-0.827 hadbbiiel fabaihebed
5 -0.151 -0513 —2435 -0.866 -1.367 0.251 bbb babuiaiaiied
6 —-0.382 ~1287 -282 -1374 ~1.591 -1.355 —2.547 ~3.025



Kidd Creek Geochemistry — Satsration indices (MINTEQA2)

DEPTH (m) Caicite Dolomite Epsomite Magn esite Rhodochrosit Siderite ZnCO3, 1H20 Smithsonite
Nest2 — 1991

0.12 -0.728 -1.824 -27 -1.65 -0639 . 0.293 -0.899 -1271

0.37 . -0.824 -1675 —2.408 -1.404 -0456 1.008 -0.982 -1.357

0.61 ~0278 -0.681 -2511 -0954 -0015 1.208 -0.759 -1.139

0.86 -0585 -1.287 —-2.484 —-1251 -0281 1.321 -1.308 —1.691

1.1 -0.46 -0.982 —-2.41 -1.07 -0.108 1414 -0.954 ~1.34

1.37 -0.529 -1236 -2519 -1262 ~0376 1.118 -1.004 -1385

1.63 -0.824 -188 —-254 -16 -06 0515 -1.369 —-1.764

1.9 -0.08 ~-0.361 -251 -0823 ~0.484 0.989 -0.728 -1.127

2.16 0.076 0.034 -2435 -0583 ~0.391 1.348 -138 ~1.783

6 ~0.993 -2.078 ~2285 —1.594 -1457 0.412 -1.55 ~2.01

8 -023 —-0.625 ~-2352 -0.897 -1.057 0.396 -1.585 —2.058

10 -0493 -1491 -2688 ~1496 -1.317 ~0922 -2.096 -2577

12 -0.571 -1252 -2318 ~-1.177 -1611 wamwnn -2527 -3011

14 " 0.126 ~-0.365 -2927 —-0.984 -0.434 -023 -0.767 -1257

Nest2 ~ 1992

0.13 -0817 . —1611 -2.36 —-1.348 -0419 0.492 -0.685 -1.057

0.4 -1519 ~3.069 -2.388 ~-2.102 -1.155 0.109 -1978 —-2354

0.67 ~-0.402 —-0.805 -2.348 ~0.954 —0.443 1.366 -1342 -1.721

0.91 -0.137 —-0.446 -2494 -0.858 -0449 1.311 -0.978 -1.36

1.13 -1.157 ~2482 —-2488 -1874 —-1235 0.468 ~1.95 -2.336

1.29 -0569 —1.324 —-2.505 -1.302 ~0.942 0.932 ~1588 ~1.976

1.56 ~0.455 -1.152 -2.58 -1243 -1.138 0.725 —1.549 -1.941

Nest 3 — 1991

0.12 -0209 0.013 -1914 -0.333 0.244 1.378 -073 -1.102

0.36 -0516 -0999 ~-2303 -1.035 -0.339 1.249 -1578 -1953

0.6 -0.193 -0.629 -2.602 -0986 -0.486 1.207 -1.345 -1724

0.84 -0.316 ~-0.753 -2.482 -0.986 -0.183 0.772 -1.019 -1.401

1.08 -0.267 -0479 -228 -0.76 -0074 0.966 ~0.569 -0955

3 ~0.475 -0818 -2159 -0877 —0.849 0.998 -1.673 -2089

4 -0.939 -1.797 -2.167 -1.379 -1275 0.786 —2.185 -2625

5 -0.399 —-0.856 -228 -0971 -1.181 0.558 —1.654 —-2.106

6 -0685 ~1.812 ~-2.649 -1631 -1.384 -0.71 —-2513 -2983

8 ~0.943 —-2208 -2.378 -1765 -1.683 -1.022 -2875 -3.352

10 -0.724 —2.208 -2937 -1983 -1718 —0.453 —-2246 —-2.726

138 -0.086 -0.761 -3613 -1.173 -0.852 0.603 -1.191 -1672



Kidd Creek Geochemistry — Saturation Indices (MINTEQA2)

DEPTH (m) Calcite Dolomite - Epsomite Magnesite Rhodochrosit Siderite ZnCO3, 1H20 Smihsonite

Nest3 — 1992
0.13 -0.059 -0.005 -2227 -0.499 0.108 0.994 -0.167 -0.541
0.38 -0.42 -0919 -2.323 —1.049 -0.501 0.801 —0.793 -1.175
0.63 -0.766 -1513 -2.28 -1.293 -073 0.459 -1291 -1.681
0.88 ~-0.441 —0.844 -2244 —-0.946 -0.522 0.584 ~-0.865 -1.264
113 LA 22 2] wRhkkw _4.273 ek d A okl d el drd bk kb A1 111173
1.36 -0218 -0.542 -2377 -0.858 ~0.645 0.557 -0492 -0.906
1.58 -0669 -1471 -2.36 —-1.333 -1.065 0.481 -0819 —1.241
Nest3 — 1993
0.14 0.144 0.766 -1.854 0.069 1.02 0.537 0.355 -0.018
0.41 -0.049 0.278 -1.947 -0.223 0.631 0.798 0.005 -0.375
0.68 -~0016 0.139 -2.127 -0.392 0.052 "~ 1189 -0.771 -1.159
0.95 0.161 0.374 ~2.246 -0.33 -0.224 1.542 -1.06 —1.456
1.22 ~0.131 -0.2 -2213 ~-0.61 -0.432 1.132 -1.205 -1.608
1.49 ~-0.159 -0.28 -223 -0658 -0513 0.982 -123 -164
1.76 -0.145 -0.334 -2273 -0.722 -0784 0.816 -~0835 ¢ —1.062
2.03 -0215 -0.483 ~-225 -0.797 -0.684 0.951 -0.663 -1.088
23 -0.859 ~1.834 —-2.298 -1.501 -1.09 0.917 -1.666 —-2.098
2.57 -~0.853 -1.843 -~2.307 -1.511 -1012 0.845 -1817 -~2057
3 -0714 -1725 —-254 -1526 -1313 -0.235 -2.285 —-2738
4 -0974 -1.92 -2179 . —1457 ' -1.369 0.664 -3.718 —-4.176
5 -0236 -0.605 -2.353 -0876 -1.092 0.832 haabebeielel hababudnbed
6 -0.634 -1.701 -2.667 -1572 -1.464 -0.497 haiakabded bbbkl
8 -0547 -1.467 -2.593 -142 -1511 -0.231 AhhwAw falataddnked
10 -0422 -1.747 -3.124 -1.822 -1.331 0.047 ol bbb
"Nest4 — 1991
0.12 -1.607 ~-2526 -1.662 —-1.473 -0.461 bl -0319 -0.69
0.34 -0.937 -1619 -2.091 —-1235 -0.523 0.338 -1.085 —-1.46
0.57 0.231 0.53 -2.283 —-0.252 -0.003 0.815 -0.137 -0514
0.81 -0.103 -0.168 -2.302 -0.615 -027 1.053 ~0.145 —0.526
1.03 -1.199 -2417 -2.337 -1.767 -0818 0.601 -1296 -1679
1.15 -0483 ~0.801 -2.146 -0.866 -0034 0.862 -0575 -0.959
1.44 0.047 0.256 —-2.144 -0.338 -0204 1.316 -0579 -0.967
1.73 -0237 -0.34 -2.166 —0.648 -0.838 0.975 -1523 -1918
2.02 -0543 -0.948 -2.156 -0948 -1246 0.736 -1778 -2.173
2.31 -0.446 -0.759 —-2.164 : —-0.855 ~1.096 0.485 -1.52 -1919
3 -0.891 -1.696 -2.196 -1.343 -1.768 0.348 - —2076 -2485
4 -0.11 -0.405 -2.44 -0818 -1.117 0.373 -2227 —-2.664
5 -0.888 -1978 -2.414 ~1.603 —-2111 -1.123 -2813 -3.269
6 -0.765 —-2.021 -2.69 —-1.762 -2.124 —0.348 —-2624 -3.092
8 0.345 0.004 -3.217 -0.842 -1.178 0.617 -1073 —1.549
9.6 -0.711 —-2.15 —-4272 —1.938 -1428 0.103 -1.823 -2.302



Kidd Creek Geochemistry ~ Saturation Indices (MINTEQA?2)

DEPTH (m) Calcite Dolomite Epsomite Magnesite Rhodochrosit Siderite ZnCO3, 1tH20 Smithsonite
Nest5 — 1991
04 ~1.409 -2.38 —~1.945 -1.525 ~0.308 -1.989 -0.205 -0.576
0.31 -0.417 -0267 -1773 ~0.404 0.247 ' 0.585 0.135 -0.238
0.51 -0.609 -0.907 -2.03 -08S ~1.064 0.481 ~1.549 -1925
0.72 —-0.38 -0.583 -2.175 -0.755 -1.157 0.551 -1.693 —-2071
0.92 -0676 -1215 -2.212 -1.093 —-1.247 0.546 -1907 —2279
1.13 —-0.826 ~1.637 —-2.305 -1.36 -1874 -0.082 . —-2.176 —-2559
1.33 -0.696 -1511 —2.445 -1.363 ~1.437 0.245 -1.885 —-228
3 -1.182 -~2.822 —2.792 —-2.179 ~2514 -2.723 bbb hbialaddd
4 -02 -0.674 —-2529 —-0998 -1.306 0.002 bbbkl bbbl
63 0.17 —-0.528 —-3.264 -121 -13 0.857 -1.662 -2.117
Nest5 — 1992
0.12 ~1.356 —-2746 -2.251 —1.944 ~077 -1.955 -0.79 -1.161
0.35 -0672 -0.926 -1.904 —0.808 -0679 0.838 -1335 -1.709
0.58 —-0.638 -0.655 -1.742 . -0.569 . -1276 0.662 -1.907 ~2.283
Nest 6 — 1991
0.1 —-289 —-4.806 -1.782 —2471 -1.195 -0233 -0486 —-0.854
0.29 -057 -1.18 —-2377 ’ -1.134 . -0.139 0.731 0.148 -0224
0.49 -0.381 -1.006 -2.642 -1.179 -0811 0.55 -0.941 -1315§
0.68 -0205 -0.636 -2.603 —0.985 -0.983 0.056 ~1429 -1.804
0.88 0.168 0.193 -2.557 -0528 -0879 0.425 -1263 -1.628
1.07 0.223 0.197 -2637 —0579 -0.68 L omemwan -0918 —-1295
1.27 -0.087 -0518 —-2804 -0.983 -1.118 -0.547 -1653 -2.031
1.78 ~0219 ~0.764 -2.69 -1.095 -1.133 kool —-1.499 -188
2.5 ~0.793 -2.048 -2.829 -1.791 —-1964 bk —-2755 -3.165
3.65 0.229 0.399 ~3.154 -0.352 -1.139 hdlehdoled bbbl haiekadded

‘Nest7a — 1992

0.13 -238 ~3.335 -1.889 ~1.538 -0514 . 083 -0.363 ~-0.739
0.38 -1.327 ~-2.365 -2.023 —1.584 -1.138 0.129 ~0.957 -13486
063 —-0.394 ~-07 -2253 -0.846 -1.313 0.24 -1.638 -1.94
o0.88 0.431 0.755 -2505 -021 ~073 -0207 -0.822 - —1237

1.13 0.591 1.021 ~-2.606 -0.099 -0.633 0.783 -0.988 -1416



Kidd Creek Geochemistly — Saluration Indices (MINTEQA2)

DEPTH (m)

Nest 7b — 1992

0.1
1.08

Nest8 — 1992

0.11
0.34
0.86

Nest9 — 1992

0.1
0.4
0.6
1.1
2.05

Nest 10 - 1992

0.12
0.37
0.62
1.08
2.08

Nest 11 — 1992

0.1
0.4
0.7
1
1.3
1.6
1.9
2.1
2.4
27
6.1
8.1
10.1

Calcite

0.121
-2.204

-1.435

Ak ok

-0.05

—-1.905
-0818
-0778
~-0438

0.211

—-2.046
-0.267
-0677

-051
-0.024

-0529
-0.202
-0.385
-0.363
-0.561
~0.494
-0.358
-1234
-0.853
~-0.151
-0694
-1.726
~-1.962

Dolomite

-0.122
—-4.779

—2.845

W Ahkd

-0.73

-3219
—1.699
—-2072
-1312

0.57

—-374
—-0623
-1.82
-1.222
-0.362

-0.259
-0.192
~0.769
-0.791
-1.333
-1241
-0.899
—-2.427
—-1.687
—-0.295
—1437
—3.546
-3.981

Epsomite

-2.751
—2454

-2337
~2.866
~3.123

-1765
~2.265
-3227
-276
~-3.84

-1.858
~2.425
—-2712

WhhAAN

—3.383

~1456
=-2.11
-23
~-2.373
-2509
—2516
—2.458
-2178
-2.198
-2.199
—2.198
—-2217
—2251

Magnesite

-0.793
~3.055

~1.959

LA 3 42

-1.18

-1.864
-1412
-1814
-1.352
~0.114

-2.242
-0.889
-1.658
-1.189

-0.81

~0.284
-0.543
-0934
-0976
-1.318

-129
-1.082
-1.732

-137
-0678
—1245
—-2.321
-2524

Rhodochrosit

-04
—-258

-1.327

e e

-0917

-0.571
-0.663
-1715
-0.588
-0.648

-1.042
-0272
~-1401
-0.784
-0.606

0.902
0.173
~-0525
-0721
-0937
-0635
-084
-1.379
-1.126
—-0.669
-1.186
-2333
-289

Siderite

1.034
-1.071

0.189

el dr kb

-0.719

0.467
0.208

e vt de e v e

0.255

LA L L L]

~-0.298

0.691
—-0536
-0.561
~0.461

0.346
1.257
1.263
1.355
0.76
0.456
0.682
-0.337
0.097
0.536
049
-042
-1685

ZnCO3, 1H20

-0.95
—-2.708

-1.345

whhWhh

-0618

~0.044
-0.566
-1.898
-0.488
-1.036

-0.762
-0.891
-183
-064
-053

1.209
—0.081
~-1.097
~-1.329
~1.738
—1.434
-1.056

-1.39
-1.043
~-0545
-1088
—2.486
-3.675

Smithsonite

-1.332
-32186

=-1.729

kW

-1.095

-0426
-0.988
—2.346
-0.999
-1556

-1.147
-1.31
-2281
-1.153
=1.049

0,838
-0457
~1.479
-1717
~2.131
-1.832
-146
-1.796
~1455
~-0962
-1562
—-2.96
-4.143



Kidd Creek Geochemistry — Saliration indices (MINTEQA2)

DEPTH (m) Calcite Dolomite Epsomite Magn esite Rhodochrosit Siderite ZnCO03, 1H20 Smithisonite

Nest 11 — 1993

0.14 -2672 —4244 -1.128 -2.125 -0.788 ) -3628 -0427 ~-0.798
0.43 -0212 0.28 ~1.59 -0.059 0.653 1.195 0.592 0.211
0.71 ~0.178 0.048 -1.872 -0.321 0.143 1.196 —-0268 -0657
1 0.128 0.415 —2.144 ~0.256 0.086 1.281 -053 -0.927
1.28 -0.188 -0.33 —-2.26 -0681 ~0.388 1.17 -0.805 -121
1.57 -0.449 -0.991 -2.348 -1.078 -0.847 1.095 -1.652 -2.065
1.85 -0.18 -0421 -2318 ~-0774 -0403 1.075 ~0.764 -1.185
2.14 -0.962 -2.116 -2412 -1682 -1.322 0.309 -1.696 -2.128
242 -0.717 -1.521 -2271 -1.328 -0.896 0.936 -1.206 -1.642
271 -0.04 -0.106 ~2204 -0585 - -0432 1.004 -0454 -0.898
8 -0578 -1.23 ~-224 -1.1562 -1245 0.793 -2511 -2.988

10 -0594 -1.234 -2209 -1.136 -1403 0.025 -2.846 -3.329

Nest 12 — 1992

0.13 -127 -2038 -1815 -1.321 -0.142 M -0.161 -0534
0.39 -0.632 -0.951 -2.049 -0.87 0.299 0.785 -0.502 ~0.88
0.65 -0.288 -0.42 -2.18 -0681 0.346 0.756 0.287 -0.097
0.91 -0.303 -0.58 ~2.344 ~0.824 -0.016 0.837 ~0.498 -0.887
1.17 -0069 -0.154 —-2.269 ~-0.63 0.084 0.721 -0.101 ~0.495
1.42 -0.158 -0315 -2.355 -0.698 0.028 0.329 -024 ~064
1.68 -1.333 -2674 —-2.258 -1.881 ~1.485 0.58 ~1.605 -2.01
1.94 -1123 -2267 ~-2295 -1.681 ~1.331 0.58 -1.093 ~2403

2.2 -0.658 -1.387 -2.317 -1263 -1.095 0.69 -1237 -1652
2.46 -0.174 —-0453 - o~231 -0.81 ~-1.106 0.908 -13 -1.721
5.14 -0.578 -1.451 ~2.438 ~1.368 ~1.261 0.044 -1.671 -2.166
6.18 ~1.898 —-4.254 —-2523 —2.848 -2.628 -1675 -295 ~344
7.98 ~0.691 -1.894 -2.605 -17 ~1.436 -0.651 -2.147 ~263

Nest 13 — 1992

0.1 ~-0.159 0.05 -1.946 —-0.345 0.258 0.354 0.008 -0365
0.4 -0.015 0.23 -2.066 -0.304 0.448 0.723 0.077 -0.304
0.6 -06 —0.948 -2055 -0.8986 ~0613 0.595 -0.933 -1.32
0.9 —0.404 ~0.55 -2015 -0.69 -0.785 0916 -0.748 ~1.144
1.1 —0.893 -1528 -1992 -1.175 -124 0.842 —-1.423 -18285
1.3 ) -0613 -1.005 -2.038 -0931 -0.894 0.766 . -1.198 —1.606
1.6 -1.348 ~-2508 ~2.019 -1.694 =-1.733 0.173 -1.888 -2304
1.8 ~0.901 -1691 -209 -1.321 ~1.184 0.615 ~1.094 -1517
21 -1.031 ~2.047 . —2.183 -1.542 -1476 0.178 ~1576 -2.007
23 -0.736 -1.484 -2.175 -1271 -1541 0.353 -1.382 ~1.819
4.08 —-0.892 -1.904 ~-2263 -1.501 -1.997 -1.725 ~-237 -2865
4.69 —-0616 -1455 ~231§ -1.331 ~144 -0.132 -2227 -2717

6.02 -0.771 —2355 -2902 -2077 -1783 —0.748 -2.588 —-3075



Kidd Creek Geochemistry — Saturation In dices (MINTEQA?2)

DEPTH (m) Calcite Dolomite Epsomite Magnesite Rhodochrosit Siderite ZnCO3, 1H20 Smithsonite

Nest 14 — 1992

0.1 LA AL L L] LA LS _3.741 whhhhd Yook Whhhkhk Lad 4t 1) hhhhd
0.3 -0.028 -1.071 -3.329 ~1.593 -0587 -0485 -0822 —-1204
0.5 -0.108 -0.563 -2613 -1.001 0.231 -0223 0.128 -0262
0.7 -0.59 -1.17 ~2314 -1.124 —0.166 0.744 —0.669 -1.066
0s -0.639 -1241 -227 ~-1.142 ~-0248 0.993 -0.777 -1.182
1.1 -0435 -0.852 —-2275 -0.953 -0.037 0.994 -0972 -1.384
1.3 -0437 -0.87 —-2266 ~-0.965 -0.163 1.135 -1.542 -1.962
1.5 -0432 -0.925 —-2337 -1.021 -0417 1.069 -1.562 -1.99
1.7 -0.398 -0.907 —-234 -1.033 -0.555 1.081 —-1559 -1.995
1.9 -1.069 -2.236 -2312 —1.686 -1.073 0.778 -1.865 —2.309

3 © —-0906 -193 -2185 -1518 -1.124 -0.725 -1375 -1.863

4 -0.814 -1.647 -2.039 -1.321 -0772 0.68 ~-0.891 -1.388

5 -0.569 ~1.184 =211 -1.108 -1.12 0.533 —2236 -273

6 -0.302 -0.854 el -1.045 -0819 0.738 —-2217 —-2.705

Nest 14 — 1993

0.18 0.237. 0.622 ~2.161 -0.168 0.605 1.119 0.206 -0.168
0.54 -0.126 -0.355 —2416 -0.778 0.177 1.548 ~-0.079 —-0.464
0.9 -0215 -0.591 —2451 -0921 0.073 1.364 -0542 —-0.936
1.26 -0.002 ~-0414 —-2698 —-0952 0.144 1.332 -0.004 ~0.408
1.62 -0.187 -0.326 -2213 -0.674 -0.065 1.529 -144 -1.854
1.99 -0.058 -0.158 —228 -0.863 -0.391 1.473 -0.537 -0.961
2.35 ~0.104 -0299 ~2294 -0.72 -0.743 1.353 -1.159 -1593
6 ~0631 -1.503 -2466 -138 -0977 0.471 -1 ~-2236

Nest 1§ — 1992

0.12 ~0.466 -1.781 -3.184 -1.869 -0.929 -1.101 -1.101 ~1.474
0.36 —-0572 ~-1.716 -2929 —1.695 -0683 0.684 -1565 -1944
0.6 -0.852 ~2.023 ~-2665 -1.72 -0.621 0.864 ~1.932 -2316
0.84 -0659 —1476 —-2488 -1.364 -0076 1.224 —1684 ~2074
1.08 ~0.645 -1287 -2339 -1.186 -0.051 1.292 ~1.751 -2.146
1.33 ~0583 -1.166 -2307 -1.125 -0261 1.28 —-1426 -1827
1.57 -0.497 -1.036 —-233 -1.077 -0618 1.207 -1253 -166
1.81 -0413 -0.881 —-2329 —-1.004 -0.756 1.358 -1415 -1827
2.05 -0.547 ~1242 -2.404 ~-1228 -1.208 0957 -1475 -1.893
2.29 -0.062 -0.196 —-2439 -0.689 -0506 0.896 -0.856 -1227
3.11 -0.704 -1576 —2.385 -1.393 -0997 0.004 ~1.139 -158
4.1 -1.186 ~2515 -2.328 —-184 -1815 0.186 -1.621 -2.079
5.05 -0923 -1.73 —20585 -1.313 -1.87 0.162 —-2.142 -2.609
6.11 -0.659 -1519 ~-2347 -1.362 -1429 0.604 -1837 —231
76 ~-1474 —3.465 —-2679 —-2492 -~2504 -1417 —-2625 -3.101

8.37 —-1583 ) —-3658 —-2787 —2.629 -2698 -1.496 —2.751 -3227



Kidd Creek Geochemistry — Satration indices (MINTEQA2)
DEPTH (m) Calcite Dolomite Epsomite Magnesite Rhodochrosit Siderite ZnCO3, tH20 Smithsonite

Nest 16 — 1992

0.12 0.187 0.212 —-2514 -0528 0.31 0.729 -026 -08634
0.37 -0274 -0.63 -2441 -0.907 -0.182 1.184 -0.992 ~-1373
0.61 -0415 -0.784 -2315 -0917 -0.389 1.278 ©—1484 -1.871
0.86 -0.187 -045 ~-24 -0807 -0432 1.351 -1.175 —1569
1.1 : -0.092 -0.392 —2.525 -0.842 —0.623 1.216 —~1.266 -1.667
1.35 -0.335 -0859 —-2508 -1.062 ~0614 1.329 -1.182 -1.59

16 -0413 -1.009 —-2477 -1.138 -0.763 1.05 -1291 -1.706
1.84 -0263 -0.652 -2414 -092 -066 0.759 -0.703 -1.125
2.09 -0.101 ~0.2583 —-2421 -0.707 -0258 1.108 -042 ~0.792
2.34 -0233 -0.582 -2.338 -0872 -0.301 1.034 -0.637 -1073
4.04 -1.163 —2252 -2.033 -1586 -1.363 0.218 -188 -2363
5.05 -0586 -1.168 -208 -1079 —-1.194 0.113 -2288 -2771

6.1 -1.026 —2.285 -2.31 ~1.758 -1.707 ~-0.589 -2517 ~2.997
8.16 -0257 -0.75 -232 ~0.995 ~1.038 0.429 —1.645 -2.119

Nest 17 — 1992

0.13 -027 -1 —2.797 -1.284 -0214 0.624 -1.101 -1474

04 -0.016 -0.437 -2.743 -0972 0.107 0.786 -0.62 -0.998
0.66 -0.139 -0.427 -2466 -0837 0.027 0.995 —-0.713 -1097
0.92 -0.328 -0.636 —-2321 -0.855 ~0531 1.08 : -1.008 -1.395
1.19 -0439 ~0.841 —2.281 -0.946 -1.05 0.997 -1.548 -1.943
1.45 ~-0534 -107 —-2.284 -1.079 -1.086 1.189 ~1.399 -1.799
1.72 -0.403 -0.765 —-2236 -0.901 -0.797 0.944 -08615 -1.021
1.98 -0.978 -1.902 —-2222 —-1.46 -1.266 0.799 ~1.134 ~1.545
5.14 —-2294 . —-4.783 -2.301 —-299 -298 -1.717 ~3407 ~-3.884

6.08 -0916 -2.187 —-2483 -1.769 -1.713 0.406 ~2.564 -3.044



Kidd Creek Geochemistry — Saturation Indices (MINTEQA2)

DEPTH (m) Calcite Dolomite Epsomite Magnesite Rhodochrosit Siderite ZnCO03, 1H20 Smithsonite

Nest 18 — 1992

0.12 -1.199 -2858 -2814 2213 -0.879 0.03 -2 -2373
0.35 -0.938 -22 —-2655 -1.812 ~-0315 0.703 -1.668 —2.048
0.59 ~0.328 —-0677 -2391 -0.897 -0.028 1.084 -0.76 ~1.146
0.83 -0.739 -1.469 -2291 -1275 -0.597 1.167 -1514 -1.906
1.06 -0.764 —-1556 -2313 ~1.335 —-0.794 1.049 ~-1239 -1.637

1.3 ~0.526 -0.904 ~-2.128 -0918 -0.671 1.222 -1.238 ~1.6842
1.53 -0533 -0.831 —-2021 ~-0.835 -047 0.689 -0.604 -1.015
1.77 -0212 -0.183 -1.99 ~-0.503 -0.344 0.756 —-1.438 -1.855
2.01 -0.98S -1.684 ~1.947 ~-1229 ~1.571 0.285 -1.863 -2287
224 -095 -1.764 -207 ~1341 -1.905 -0.147 -1.1 -1563

3.1 -1.62 -2.826 -1.985 -1.821 —2.158 -0561 -1.785 ~2.237
4.08 -0.667 —1555 ~2408 -1.39 -1.793 -0.04 ~2243 -2716

5.14 -0.026 -0.406 ~2534 -0874 -1525 0.347 -2742 -3229

Nest 19 — 1992

0.18 -0.529 -1.438 ~2702 ~1.462 -0.038 1.164 —-0311 . -0.685

0.41 -028 -0727 —2492 -0.999 0.217 1.117 ~038 -0.759
0.65 -0436 -0.769 —-2254 -0.882 -0.263 1.453 -13 -1.684
0.88 -0.804 -127 —-1967 -1.013 -0.319 1.2186 -0597 —0.986
1.12 ~068 -1.094 -2047 -0.959 -0736 1.019 -0814 -1.207
1.35 -0.853 —1.546 -2127 -1.235 -1.098 0.63 —-1262 -1.66
1.58 ~0.545 -1.016 —-222 -1.012 -137 0.487 -1.737 -2.14
1.82 ~0379 -0.735 —-2248 -0.895 -1.362 -0.002 ~1.954 —-2.362
2.05 -1.097 -~2.167 -2229 -1.606 -2.097 -0915 ~2.165 —2578
2.29 ~-1.644 -3.308 —2264 -2.197 -212 -0.106 ~-2549 -2.967
3.06 -0759 -1.549 —-2283 -1.314 —-1.793 0.234 ~2575 ~-3.009
4.05 ~0.454 -1.209 —-2.522 -1.267 ~1.446 0.128 -1.733 -2.19
5.05 0.257 -0.078 -3.141 -0.836 -1413 0.74 —-1.668 -2.139

Nest 20 — 1992

0.13 1.107 1213 —-3.433 ~0.447 -0.392 wwwnaw —1.168 ~1.542

0.38 -072 -13 —-2.143 -1.13 —0472 0.377 -1.354 -1.735
0.63 -0.761 -1.19 -1.868 -0976 -0521 08 —-1.494 -1.882
0.88 -0.506 -0627 -1812 -0.665 -0.292 0.929 -0619 -1.015
1.13 -0.844 -1.386 -1923 -1.081 -0.993 0794 -1.372 -1.775
1.38 -1574 -2919 —-2.047 -1.882 -1558 0.209 -1.886 ~2298
1.38 -15639 -2.875 —-2.045 -1.868 -1.543 0.295 T -1918 ~2334
1.63 -0.873 -1.631 —-2.065 -1287 -178 -0034 -2.328 ~2.752
1.88 -1.371 —-2685 -2.108 -1.838 -2.137 -0.447 -2536 -2.971
2.13 -1609 -3216 —-2.203 ~-2.127 -1918 -0.174 -2.183 -2.625
2.38 -—1.692 -3.425 -2232 -2249 -2.107 -0.205 —2593 -3.044
3.0t -1.193 —-2334 -2.129 -1.649 ookl 0.219 -2.599 -3.062
4.01 -0832 -2072 ~2.585 -1.739 bbbl ~-0.022 -1.804 -2282
5.02 -0.451 -1793 -3.053 -1.836 balakaiald 0.027 ~2.499 —-2.986

6 -0505 -22 -3.35 -2.188 sannes -0494 nnan eseen



Kidd Creek Geochemistry — Saturation Indices (MINTEQA2)
DEPTH (m) Calcite Dolomite Epsomite Magnesite Rhodochrosit Siderite ZnCO3, 1H20 Smithsonite

Nest 21 — 1992

3 -0713 -1.56 -2217 -1.343 -1.941 . -0.152 —-2507 -2.991
4 (2223223 AhhAkhd __3.08 kR hh E2 3231 ] L2 22223 E2 13273 . p 111313
-3 0.856 -0321 -4619 -1.671 ~1.62 b bbbl hahan
Nest 23 — 1992
0.11 ~0543 ~0545 -1.735 -0.565 -0.132 ~0.725 -0357 -0.731
0.34 -0.165 -0012 -2.006 -0.397 0.033 0.546 -0216 -0598
0.56 -0537 -0.764 -1.992 -0.763 -0.688 ' 0.95 -1.022 -1412
0.78 -0899 -1516 -1.946 -1.168 -127 0.632 -1.783 -2.181
1.01 -2.151 ~4.088 ~2.037 —-2476 -2.089 : 0.011 -1.986 -2392
1.23 -0.363 -0.661 -22 -0.833 -1335 0.454 ~1.888 -2303
1.46 -0.407 -0.82 —-2243 ~0.943 -151 ~0.159 -212 —-2543
1.68 -0392 -0.785 -2212 -0919 -1.656 -0.425 -2.133 —-2564
1.9 -0.288 -0.494 -2.105 —~0.727 -1.424 -~ —0533 —2.452 —2.891
2.13 ~-0.396 -0.667 -2.025 -0.788 -1.642 ~0.782 -2265 -2713
3 -1.008 —1.883 -1.929 T —=1372 -1.869 -0922 . —-2378 -2.86
4 -0.66 -1.701 —2.433 -1532 -1.807 -0.335 —-2.564 -3.056
5 0.055 -0.654 -298 -1.1 -1933 ~0.795 -19803 —-2395
Nest 24 - 1992
012 -1252 ~1.893 -1.693 -1.194 -0.388 0.17 -0576 ~0.949
0.35 -0626 -0.706 -1.736 -0.631 0.033 0.469 -0218 -0.599
0.58 -0.356 -0313 -1.889 -0.505 -0.136 0.404 -0.462 -0.849
0.82 -0.191 -0.036 -197 -0.39 -0.107 0.406 -0554 | ~0.949
1.05 -0356 -051 -2.052 -0.695 -0.798 0.319 -1272 -1674
. 1.28 -0533 -0.963 : -2.164 -0.967 ~-1322 0.41 -1.825 -2234
1.51 -0698 ~1.386 —2245 -1223 -1227 -0.343 -1.652 -2.068
1.75 -0.092 -0282 -2.361 -0.72 -1.012 0.037 -133 -1.763
1.98 0.052 ~0.035 -2507 - ~08614 -0.659 0.09 -1.638 ~-2.069
Nest 27 ~ 1992
0.13 -0678 -0.93 -~1871 -0.804 -0.062 0.343 -0.169 -0544
0.38 -0073 0.083 -2.111 -0.394 -0212 . 0.884 -0.653 -1.037
0.63 0.092 0.273 ~2483 -0.364 -0.843 0.743 -1.09 -1.483

0.88 0.198 0.524 -2479 -0216 0.134 1.039 -1585 - ~1987



Kidd Creek Geochemistry — Saturation indices (MINTEQA2)

DEPTH (m) AIOH3(a) AIOHSO4 Al4(OH)10S04 Gibbsite (c) Fe(OH)3(a) Goethite Lepidocrocit Gypsum Jarosite K
Nest 1 — 1991 .
0.12 -8.61 —-0.668 -17.982 -5825 -267 2.853 0.854 0.097 0.676
0.36 bbbl ikl ok k ekl -0.744 4.766 777 0.008 3.678
0.6 -6.12 —-0873 -10615 -3.33 —-0.596 - 4,905 2925 0.005 3.032
0.84 bk bbbl wRAAAN naran 0.526 6.017 4.047 0.002 -2014
1.08 rakhen ekl bbbkl lalieieiniel 0.382 5.864 3.903 0.02 -027
1.32 bbb bbbkl bnbbndeieied bbbl 0.981 6.454 4.502 0.043 -1.496
1.56 hahkbadebd kbl hdeabaodl bbb 0.72 6.184 4.241 0.009 -1.017
18 bbb hiakababeded bbbl habbabeieied 0.47 : 5.925 3.991 0.004 -157
2.04 hababebeied aeiehd whaAay haiaiaieied 0.858 6.304 4379 0.027 -1.583
3 L e X121 ] AkdhAA e de oo L2 22117 (1127113 ) (23127 L2131 2] _0'042 dwdrdw
4 L4231 2T ] AdAd kN 113211 ] whahkw 4.125 9.426 7‘645 _0‘09 3.771
S habehded ekl e kbl 1.682 6.932 5.202 ~0.046 -2.348
9 (22221 ) LR 2221 ) Ak L1231 (T2 2112 hhddw P2 L] ) _0.064 (3111117 ]
Nest 1 — 1992
0.12 —-2.092 0.969 3.21 0.693 2.321 7.842 5.844 0.065 8.513
0.36 -1.139 0.938 6.087 1.648 1.42 6.931 4.942 0.12 4.282
0.6 -0458 0.593 7.838 2,332 1.176 - 6.677 4,697 0.043 2.072
0.84 -0.087 -0.048 8.36 2.705 0.997 6.489 4518 0.01 -0.088
1.08 hawwn e whahE kbl 0.728 6.211 4.249 0.083 -1.295
1.33 -0473 -0597 ] 8.757 2.324 0.77 6.243 4.291 0.008 =-1.072
1.57 ~-02 -0.695 7.533 2599 1.103 6.565 4.624 0.034 -0813
1.81 ke ekl bbbl A bbb 1.18 6.634 4701 0.014 -1.028
2.05 bbbl whhwkw bt kbbbl 0.83 6.275 4.351 0.003 -2585
Nest1 - 1993
0.15 ~5978 -0296 -9662 -3.19 ~0.858 4.657 2.668 ’ 0.221 2.491
0.46 bbbl kel bbbl whahae -0.566 4917 2.955 0.07 -3.782
0.76 bbbl e habhddaded hbekbadehd 0.073 5529 3.595 0.024 -2915
1.07 habikiled hieiaieall halahehabd whkkhn 0.033 5.461 3.554 0.029 ~3618
1.37 habebebeleded el bbbl whi A 0.483 5.883 4.004 0.021 —4.748
1.67 hbdbodled el bbbl bbbl -0.298 5.075 3.224 0.056 -4.147
1.98 halakied balakaa Wk bbbkl ~0.005 5.339 3516 0.052 -3811
3 bbbl hadeoded oo WwhkkdRe bbbl 0.191 5.441 3.712 -0079 —~4.447
4 bkl balbekekod bbbt hdoboobbed ‘ 0.039 5.248 3.559 -0.106 -68.501
5 whnhie ok bbbt bbbl 0.167 5.357 3.688 : -0.089 —-8545
6 PTTIIT) [ TIIIL] wAANRR LTI ~0.143 5.026 3.377 -021 —7.827



Kidd Creek Geochemistry — Salusration in dices (MINTEQA2)

DEPTH (m) AIOH3(a) AIOHSO4 Al4(OH)10S04 Gibbsite (¢) Fe(OH)3(a) Goethite Lepidocrocit Gypsum Jarosite K
Nest2 - 1991

0.12 1.024 0.572 1217 N 3.81 0.531 6.048 4.051 ) 0.036 —-2225

0.37 o wwhaaa ekl waahan 0.745 6.25 4.265 -0.02 -1.157

0.61 hebelahde bbbl hadekaboel paknaw 0.859 6.351 4.379 -0.034 ~1.796

0.86 whan ialakobaloked habsaioie boeehohis 1.002 6.482 4.522 -0.022 -0.74

1.1 kel pamann e wanwh 0.587 6.056 4.108 -0.01 -165

1.37 waa baakaiahald bl paoaaw 0.761 6.216 4.282 -0.014 -1.613

1.63 bbb ekl hlbdeielel wenwne 0.311 5.753 3.832 0.0t ~2.448

1.9 bbbl ek hedaiahl bkl 0.696 6.325 4.417 0.001 —2.083

2.16 hbabbhed bkl whahae wahman 1.179 6.595 4.7 ~-0.016 —1.496

6 whnn bbbl ek bl 0.363 5.585 3.884 -0.032 —-2.498

a ok e ok AR W L2322 ] IXTL LR ] ‘.092 6.274 4.613 __0'056 _3247

10 hhw ok k AN RA NS NN kAN RR 1184 634 4.704 __0.073 _3266

12 whdhhk ANNANR ok (X ARl LR L2 k) AR Rw 32211 ] _0.107 whwhwh

14 L2223 ] rhRR RN L2220 ] 1222327 2074 7.202 5594 __0222 __0345

Nest2 - 1992

0.13 bbb aansun akwanw b 0.615 6.132 4.136 -0.014 -1.979

0.4 0.853 1.604 12.757 3.642 0.565 6.07 4.085 0.003 -0.295

0.67 kbbb ok Hwannn hishiolel 0.845 6.338 4.366 0.007 -~1.166

0.91 whwwan ekl bkl ek 1.363 6.844 4.883 0.023 —-0.424

1.18 kol ki wERAE haanae 1.024 6.495 4.544 0.019 -0.542

1.29 whwwaw ekl ko mawhww 1.229 6.693 4.75 0.014 -0.831

1.56 wanaan ek bbbl wenann 1.383 6.835 4,904 -~0.013 -~0.783

Nest3 — 1991

012 bbb hhalakilel rwwwan bbbt 0.801 6.319 4.323 0.027 -1.184

0.36 habebdehdl bbbl bbbl hiehdshi] 0.58 6.085 4.101 0.026 —-1.681

0.6 wawhue bbbl bbbl . sahaaw 0.739 6.233 4.26 -0.007 -2.128

0.84 Lo wmewes daheh bkl kb 0.752 6.234 4.273 -0.016 -2.108

1.08 ekl bl bbbkl raswn 1.031 6.501 4.552 0.004 -1.193

3 hbdabeed e hidebod bbbk 0.316 5.689 3.837 -0.019 —-2.902

4 whREy pakaks bk bkl 0.171 5.462 3.692 —-0.034 -3262

5 W bbb waaann bbbk 0.826 6.076 4.346 -0.04 ~2.798

6 (2131317 LI T (2121} . (2213211 1.113 - 6306 4.633 —0.069 _2.943

8 oy . ko kd ki kA (233313 1.055 6.224 4.576 0.065 "2.699

10 bbbl inlniaiaiel el kb 1.236 6.397 4.756 —0.064 -298

13.5 bafalalalele etk bbbl baalehabel . 0.732 5.888 4.252 -0915 —4.898



Kidd Creek Geochemistry — Sauration Indices (MINTEQAZ)

DEPTH (m}) AIOH3(a) AIOHSO4 Al4(OH)10S04 Gibbsite (¢) . Fe(OH)3(a) Goethite Lepidocrocit Gypsum Jarosite K
Nest3 — 1992
0.13 AARBNA RN AN L1232 TY) X IT 1Y 1.209 ‘ 672 . 473 0.025 -0767
0.38 TYILY] whhhaw XILLYY ahmaRn 1.461 6.945 4.982 0.103 0.216
0.63 seannn anuane sasnas weenas 1.246 6.703 4.767 0.03 ~0.401
0.88 paaan G halablohde ek 1.508 6.939 5.03 0.03 -0.066
1.13 pamaan ahaan kol ladaohkel 1.009 6.412 4.53 0.058 -1.823
1.36 bbb kbl eunan samaun 1.049 6.425 4.569 0.003 -164
1.58 ek bdalalail el Awmna 1.15 6.503 4671 0.03 -0.668
Nest3 — 1993
0.14 YT whRAAw LR L] R Y] 0.433 5.945 3.954 0.036 —4.123
0.41 ranas dunes “annss seanns ~0.029 5.459 3.493 0.028 -4.847
0.68 TTITY] XTIy LETLTEY T Y 0.406 5.869 3.927 0.036 ) ~-368
0.95 oo laaiahalel raknwn phnaas 0.17 5.609 3.691 0.019 -399
1.22 JLLELL s pRRLLL “rrens 0.092 5.507 3613 0.027 -4.483
1.49 el haiakalaield Aramwe il 0.06 5.45 3.581 0.017 -4513
1.76 WhE AR LT LT LI ~-0.052 5314 ) 3.469 0.038 ~5.004
2.03 ) ekl ekl bahoal ke 0.027 5.368 ' 3.548 0.083 —453
2.3 RUELLE araane sansan semaan 0.024 5.34 3.545 0.052 -3.484
2.587 : wawan inlaaiaiis kb ikl -0.009 5.282 3.512 0.045 -3.606
3 WA whAR NN YTy YL T 0.164 5.414 3.685 -0.06 — 4217
4 XTI . LR WARE AW CTTT TN 0.235 5.465 3.756 —-0.038 . ~3.645
[ LT ) LT LT anaRRA 0.699 5.909 4.22 -~ 0.069 ~3.844
6 Ahwane waane A ool 0.588 5.777 4.108 -0.098 -4.885
8 pblbh phlbbl seanun suanes 0.567 5.756 4.107 ~0.102 -5.134
10 bl werna ruenns 0.566 5714 4.086 -0.117 -5.432
Nest4 — 1991
0.12 T LTI T AP YIIZ T LRI wenwwn I T 0.022 (T2 22
0.34 bubaohnk Lamaan bbbl bl 0.867 6.376 4.388 0.019 -1228
0.57 il ewaman RRLLLES wusnan 112 6.619 4.64 0.006 ~1.904
081 okl baladaiehel wanana rawa 1.285 6.774 4.805 0.011 -0.712
1.03 sumean pram balakaleld Aaaan 0.896 6.376 4.417 0.029 0.185
1.15 asiaeie b jabalaloial peuas 0.303 $.779 3.824 0.031 -2.768
1.44 snnue wenaen seanns saanas 0.821 6.284 4.342 0.029 -2.158
1.73 ikl wanmas aaawe amawan 0.863 6.314 4.385 0.026 —-2.148
2.02 bbbkl hadakeikd ool wwanas 0.501 6.839 4.022 0.024 -2519
2.31 iaisiele okl bbbl saawan 0.271 5.697 3.792 0.013 ~-3217
3 sauvan anaewe vanwus onunuy 0.974 6.367 4.495 0.005 -1076
4 bl sevans newens 0.94 6.242 4.461 -0036 -3.108
5 sanan sanean veanan waeass 0.711 5.949 4.232 -0.04 -3539
6 newamw *hEhww LR R LT 0.95 6.151 4.47 —-0.055 ~-37
8 anraw XY XY T ) 0.479 5.652 4 —0.41 ~5584
9.6 hAE R : A Ed kAR AR 0.063 5.228 3.583 —1.43 -~6.865



Kidd Creek Geochemistry — Saturation Indices (MINTEQA2)

DEPTH (m) AIOH3(a) AIOHSO4 Al4(OH)10S04 Gibbsite (c) Fe(OH)3(a) Goethite Lepidocrocit Gypsum Jarosite K
Nest 5 — 1991
0.1 ) ahehdel bbb bbbl bl 1.559 7.079 5.08 -0.013 1.342
0.31 wawAkw el el bkl 0.608 ’ 6.12 4.129 0.028 —~-2205
0.51 bk bl Hawann naweua 0.896 6.4 4.417 0.021 -1.127
0.72 aahans ekl ok kel 0.723 6.219 4.244 0.005 -2.057
0.92 pannwe bkl awAw manwan 0.966 6.482 4.487 0.02 -0.77
1.13 bkl waanah hanaas babdaiiel 0.744 6.224 4.265 0.025 -1573
1.33 bbbl hbelabelohd halnheealed halekdedo 1.177 6.649 4.697 0.012 -0637
3 okl el bkl Ahnana 4.881 10.289 8.402 —0.04 8.639
4 bl b oo baakehiols 1.637 6.947 5.158 -0.032 -1.836
53 . NARWRE R R AW wANRW R RN AW 0227 5468 3.747 ..0222 \_501
Nest5 ~ 1992
012 wREhRN (2 22 1 2] LR RS L] Wk 3253 8.771 6.773 0.151 kW
035 wakh ik (222223 wkh ok 3109 8619 663 0.044 W N
0-58 LR 12T ek ok LE 222 X ] A 2A851 8'353 6.372 _0'003 .ﬁ..‘.ﬁ
Nest6 — 1991
0.1 0.303 1.565 10.958 3.087 0.916 6.441 4.439 ~0372 1.466
0.29 bl bbbl il kel 1.323 6.84 4.843 0.001 -0.165
0.49 kool whawan nenaan e 1.118 6.632 4.63% ~0.033 -1.029
068 hiriehehdd Ewanan Kemana il 1,779 7.289 63 -0.013 -0.462
0.88 1 31 32 1) R [ XE X314 whwdRw 1964 747 5484 _0'054 0'096
-‘.07 . wAWAE R o wh [ IX T LY LR X2 ] ] kA ARS (22217 ] *RRAAAR _003 (22211
1.27 naaeen saswun wrnnnn paanan 1.758 7.254 5.275 -0.104 -1.289
1'75 hkdkw ok whhRw R [ 221 233 Whkh Wk w (22221 ] 122212113 _0‘016 RN AWN
2'5 (3222 1] (312317 [ 22 231 ¥ W LA L2117 ] kR n® 1121221713 _0.186 1212111
3‘65 i 22143} E T2 T t2 2 22 3] kAW (A 222X L2321 2] 1221733 _0.883 Rk

Nest 7a - 1992

0.13 weanne RLILE sussnn sunnas -0314 5.189 3.207 -0893 ~1.931

0.38 weaean wnwene il bl 0.291 5.751 3812 0.019 -2979
0.63 weanee woana aneane savene 0.592 6.009 4.112 -0.041 -3562
0.88 senewe by Ll anaeen 116 6.535 4.681 -0.128 -328

1.13 aawn swaves sawan wawan 0.503 5.834 4.023 -0204 ~5.419



Kidd Creek Geochemistry — Sauration In dices (MINTEQA?2)

DEPTH (m)

Nest 7b — 1992

0.1
1.08

Nest 8 — 1992

0.1
0.34
0.86

Nest9 - 1992

0.1
0.4
0.6
1.1
2.05

Nest 10 — 1992

0.12
0.37
0.62
1.08
2.08

Nest 11 — 1992
0.1

0.4
0.7

AIOH3(a)

L2 24 ]

I T

ET T T ]
(3T 321]

hhkhWh

LR 22 22
whkhAR
LA 2 A2 4]
whdkAh

L2232 1]

whNRNE

T
L2222 1]
AR ARA

132112

whkdkkd
(222111
0.349
Wk
hhkhhd
0.379
kAR N
LL I3l 1]

12121

oM
-0.202

WRREAN

(2222 2]

AIOHSO4

ke

AR

whikk AW
L2 2]

LA 2213

ok
LA 221 2]
RAhkk AN
hhekdh

bR ARAy

LLA 2 d ]
LT 2T 1
Wl
AR A hA
Li 2111

i kb b
LA L2 2]
-0.153
kW
LA A i1 ld
-~0.081
Akkewd
ARdadd

Ahhkdn

-0281
-0.071

Rk kn

(21222}

Al4{OH)10S04

L3211

Tk hw

bk
wkddwd

ARk RN

LAl 121
wkk kW
khkhkhnd
whhhAN

LA A 22 L)

AN ARN
AR aS
LAl 2T
whdd A
L2 11T ]

L
RAAAE
9,605
T
whARAe
10.055
nekAwh
wahaAw

Shdhddd

10.3
9.713

Rk A

L2212 T

Gibbsite (c)

A hdw
Ei 2 2227

PR 1112
A hhdh

oo e vk

Ahhhkh
hkhhkkd
Ahhhhd
L Ll 4]

LAl 1]l

Rhkhdd
L2122 1]
LA LA 1 1)
hwARA
LAL AL L)

P
ANkRnn

3.143
T
L]

3.187
Ty
Annnne

LAl i 1] )

3.234
2.67

(1334 1]

LA 22 2]

Fe(OH)3(a)

0.164
0.601

0.216
-0.901
0.892

0.34
0.64

whhhwd

0.887

wWhhkhd

0.398
1.115
1.373
1.561
2,133

1.844
1.573
1.288
1.611
1.084
1.45
1.889
0.226
0.911
1.224
1.017
~-5218
1.065

Goethite

5.649
5.668

5.694
4.492
8.081

5.824
5.993

L1121

5.945

hhkhhd

5.87
6.48
6.628
6.611
7.162

7.363
7.074
6.771
7.077
6.533
6.881
7.303
5.628
6.296
6.591
6.195
-0.038
6.263

Lepidocrocit

3.684
4.122

3.737
262
4412

3.862
4.16

ThARAR

4.407

LA Ll 1]

3.919
4.635
4.893
5.081
5.653

5.366
5.094
4.809
5.132
4.605
4.971
5.41
3.747
4.432
4.744
4.538
-1695
4.586

Gypsum

-0.041
~0.045

-0018
-0259
-0375

—0.005

0.054
-05156
-0293
-1.982

0.129
-0073
-0.061

L1124 11}

-1083

0.121
0.038
0.046
0.029
0.025
0.049
0.028
0.075
0.064
0.063
-0.019
0.006
-0.05

Jarosite K

—4.987
-18

~2.833
~7276
-3.961

0.165
-2622

RARERN

-3.593

LA L 21 2]

-0.08
-2.377
-2.221

hhdhd

-2.429

2.404
0.504
0.063
0.661
-0.601
0.145
117
-2.121
-0.478
-0.982
-127
~-17.219
-~2.189



Kidd Creek Geochemistry — Saturation Indices (MINTEQA?2)
DEPTH (m) AIOH3(a) AIOHSO4 Al4(OH)10S04 Gibbsite (c) Fe(OH)3(a) Goethite Lepidocrocit Gypsum Jarosite K

Nest11 — 1993

0.14 0.126 1.309 10.247 2913 -1 4513 2,523 0.15 -403
0.43 bulakolebaied bedabelalied okl ekl 0.034 5.52 3.556 0.058 —4.069
0.71 okl bbbk bl bnlakalalel 0.084 5.544 3.605 0.057 —4.,061
1 lalisialedel bbbkl bbbl bbbl 0.275 5.709 3.796 0.011 —~4.304
1.28 iolalalabed bkl haiabeiaed el -0016 6.392 3.505 ~0.01 —4.644
1.57 bl bl ekl lalaikalde 0.127 5.509 3.647 0.023 —3.921
1.85 hladalodelel bbbl skl ekl 0.171 5.527 3.692 0.004 -4 451
2.14 hakalobelel kil ialaiialal bbbkl -0.633 4.697 2.808 0.021 -5.367
2.42 pawaan bbb ikl ekl -0.049 5.255 3.472 0.04 -4.026
2.7 ikl ikl baiaieiokel whhban 0.152 5.43 3.673 0.025 —4 657
8 ’ bkl ekl ekl bkl 0.369 6.639 3.89 -0.043 -3.879
10 el il iolabiele | Wemaas 0.738 5.886 4.267 -0.057 —-3.763

Nest 12 — 1992

0.13 LA LS ] R 12 21 L LT ThNARN LA XS X2 kA h whh AN 0.051 LA 2 L2l
0.39 0.313 0.166 9.744 3.104 2.965 8.462 6.486 -0.007 5.491
0.65 0.331 ~0.562 9.169 3.127 3.534 9.013 7.055 0.007 5.97
0.91 0.346 -0274 9.699 3.148 2.433 7.894 5.963 -0.037 2.931
117 0.363 -025 9.774 3.168 2.84 8.283 6.361 0.087 4213
1.42 0.395 -0.19 10.029 3.205 1.921 7.346 5.442 -0.051 1.399
1.68 hababaokd bkl kel el 2.216 7.624 6.738 0.05 3.973
1.94 ’ -0.101 . 0.252 9.182 2.718 1.456 6.845 4.977 0.011 1.462

2.2 0.243 0.392 10.455 3.067 1.214 6.585 4.735 0.027 0.327
2.46 0.379 -0.013 10.556 3.207 1.119 6.472 4.641 0.054 —-0.865
5.14 balatalaledel ikl hh ke boalebeked 0.65 5.791 4.171 —0.044 -3263
6.18 =-0211 -0437 9.589 2.674 2.566 7.694 6.086 0.022 2.254

7.98 -0223 -0.924 8.955 2.657 2.437 7.586 5.958 0.011 1.097

Nest 13 — 1992

0.1 0.308 -0.766 8.703 3.095 2086 . 7.6 5.607 0.054 1.658
04 aaaaas bbbt senann ravann 1.108 6.591 4.627 0.022 -0.949
06 sawane wranan wakann srnene 1.951 7.417 ' 5.472 0.031 2.453
09 saeaan wwawan .- rawane 1.37 6.807 4.891 0.045 0.198
1.1 WLLEEL sannee sawnae seanan 1.49 6.908 5.011 0.055 1.042
13 - 0174 0.02 9.722 2.99 0.85 8.249 4.371 0.033 -t
1.6 aawans rarane wrawan suanen 1.157 6.526 4.678 0.063 0.271
1.8 warawn ehbbb waaern savane 1.328 6.678 4.849 0.056 0.18
2.1 0.191 0.155 10.339 3.027 0.851 6.171 4.372 0.026 ~1.451
23 wawaan waanan waaawn enenna 1.303 6.603 4824 0.056 -0.769
4.08 -032 ~0.461 9.33 2.569 3.77 8.882 7.29 -0.069 5.727
4.69 -0.298 -0.602 9.186 2.588 2.931 8.055 6.451 ~0.007 2.974

6.02 . —0205 -0.496 9.505 2.678 3.145 8.281 6.665 0.004 3.484



Kidd Creek Geochemistry — Sauration Indices (MINTEQA2)

DEPTH (m)

Nest 14 — 1992

0.1
03
05
07
09
1.1
13
15
1.7
1.9

3

4

5

6
Nest 14 — 1993

0.18
0.54
0.9
1.26
1.62
1.99
2.35
6

Nest 15 — 1992

0.12
0.36

0.6
0.84
1.08
1.33
1.57
1.81
2.05
229
an

4.1
5.05
6.11

76
8.37

AIOH3(a)

L2312 2]
hhhkkd
hdd
L2221 1]
L2232
(A2 2 L2
khhadkd
L2 T 213
dkkdhh
(232 T2
-0.788
Wk

RRNR AN

-0.176

P2
Rk
RN R
ek
(21311
Rk hd
Wkt

(1112 1]

hh A hAk
b kd
LR 222
Adkdkdd
L2 LL ]
LA X2l
hdkkwN
L2214
LI 132
(21321
L2 1]
LT 1]
T
Wk
LT 1]

R Rk

AIOHSO04

wlkdrdhn
L2213 21
R 2 L2
AR dd
hhhdd
whhR b
whhddd
Wk
shhhhd
LA A L1
s
Wk

dh ke

ENRAAN
Ll 4]
LAL AL 2]
dhkkdk
2212
LA A L] 2
(321113
hdddd

LAL L2 2]
LAl 1]
LA A2 ] 2
sRkhAE
shhhAR
LA AL L L]
rhkhie
whkhdhh
whhkhk
whdhdd
ki
shh Rk
22T
LT 1
Wk

shkhdd

Al4(OH)10S04

hhhhd
e e e ol o
e o
L2 L] 2]
LAl L 12 ]
Ahhwhd
Ahhhdd
Wk d ik
dkdkeddd
AN RN
oz
kR RWW

L2111

L L e 2]
el dd
LA 2241 ]
LA L L1l
wh AR hh
AR AN
whhddd
whAAkN

whRE ok
LA L L)
t*.i‘i
Shkhdd
khRkAn
hhhkdd
whhdhw
A2l 1
AR ANK
LA L L L 1]
W iy
kddkd
whhwaw
(2221
kN AN

LA LE L)

Gibbsite (c)

kb kR
KRB AAR
LAt i 11
L2 1211
L2211 1]
13121211
t2 1111
LA A2 22
b hk
T Ty
292
RERwRE

2.708

whdhh
AR ANS
LAl 1]
hhhhkhk
AR kwh
whkdhdW
hhAkdn
hhdANE

kR dwk
112111
Ak
hkhk®
LA 121 2
NERRAN
hhdhnE
L 21 4]
L2 21
ehRAWd
bk kN
ehddkd
L2217
11T
L1321 1)

hRdn®

Fe(OH)3(a) .

whhhhd

1.768
1.209
1.005
0.796
0.627
0.784
0.649
0.621
0.754
4.166
3.347
3.018
3.871

0.07
0.263
0.156
~022
0.048
0.421
0.241
0.211

0.038
0.479
0.655
0.434
0.304
0019
0.557
0.227
0.309

-0.108

1.052
0.003
0073
0.023
2.181

262

Goethite

LA Rl 21

7.263
6.669
6.439
6.205
6.01
6.141
5.98
§.927
6.033
'9.299
8.452
8.13
8.804

5.577
5.738
6.287

5.19
5.423
5.765
5.551

5.42

6.551
5.975
6.132
5.893
5.744
5.403

5.96
5.611
5.675
5.412
6.338
5233
5.129
6.205
7.354
7.793

Lepidocrocit

LA Ll ] 1

5.288
4.729
4.525
4.317
4.148
4.305
4.169
4.142
4275
7.687
6.868
8.539
7.192

3.591
3783
3.365
3.301
3.567
3.942
3.761
3.731

3.558

4.175
3.955
3.824
3.502
4,070
3.748

3.83
3.413
4.573
3.524
3.448
3.544
6.701
6.141

Gypsum

0.031
0.033
0.063
~0.01
-0.012
-0.015
-0.01
-0.035
-0.008
-0.011
0.026
0.052
0.014

RAERRE

0.055
0.028
0.03
0.009
0.013
0.013
0.024
~-0.074

0.03
-0004
-0.003
0.001
-0024
-0.001
0.004
0.004
0.011
0.004
-0.008
-0017
-0.024
-0.014
-0039
-0.066

Jarosite K

LA2 212

-1291
-1.739
-1.628
-2.167
-25
—-2283
—2654
—-2773
-1.711
8.823
5.921
4.498

ek kW

~4.477
-3533
~4562
~5.475
-4.173
-3.624

-4.15
—-4.308

-4.692
-2.289
-1.847
-2.197
—-2691
-3584
-2253
-334
~3384
-4742
~081
-3987
-4 665
~446
154
2,686



Kidd Creek Geochemistry — Saturation Indices (MINTEQA2)
DEPTH (m) AIOH3(a) AIOHSO4 Al4(OH)10S04 Gibbsite (c) Fe(OH)3(a) Goethite Lepidocrocit Gypsum Jarosite K

Nest 16 — 1992

0.12 ekl iaiakebkel ik bbbl 0.027 5.539 3.547 0.012 -4904
0.37 lalaiaiaiehe haiaiahe bl inaaaluid 0.262 5.751 3.782 —-0.009 -3403
0.61 bbbt ikl baialadedodd Inbekeeind ~0.108 5.361 3.415 -0.024 -4.159
0.86 ek ekl ialainkiehd whanan 0.102 5.546 3.623 ~0.004 -3.86
1.11 kbl balakakekell bbbk il -0.028 5.393 3.493 -0.012 —4.769
1 .35 RRRAE L2 A 122 ] LAl 2 1) ko 0.401 5‘799 3‘922 _0'031 _3266

1.6 baielaolole babalalolaied balakeiiaid bakaladoinkd 0.09 5.465 3.61 -0.022 —4.186
1.84 baainiehoied baaiaidell bkl lalaiaiakd ~-0.413 4.939 3.108 -0.032 -6098
2.09 L2223t LAl 1) . RN RAR LA L2 2 2] _0.226 5.292 . 3.294 o _5.084
2.34 hadadaboled fabalalodole ekl iariaieeld -0.029 5.276 3.492 0.001 ~5.103
4.04 -0.361 0.06 9.525 2519 ; 4.34 ‘ 9.489 ' 7.861 0 8.91
5.05 -0.459 -0.678 8.492 2.421 3.876 9.025 7.397 0.022 6.447

6.1 , -0.04 -021 10.151 2.837 3.387 8.548 6.907 0.037 5.02
8.16 -0.167 -0.82 9.07 2.705 3.896 9.074 7.417 0.043 5.69

Nest 17 — 1992

0.13 bkl kil habakbalele bbbl 1.001 6.515 4.521 0.029 -1.633

04 bkl b debobd okl beiaaall 1.087 6.583 4.608 0.016 -1.807
0.66 btk ekl bbb ekl 0.583 6.061 4.104 0.026 ~28639
0.92 baakekedadd ekl ket Inkakadadel 0.633 6.093 4.154 -0.01 : =2226
1.19 bkl etk belalaieield babunlabd 0.602 6.043 4123 0.001 —2.149
1.45 e bkl inlainbeink bkl 0.778 6.201 4.299 0.027 -1536
1.72 balakkeheded babaialadell ikl baiakeieieled 0.631 6.036 4.152 0.018 ~2.164
1.98 ekl ialainiabnd bbbkl balabealede 0.448 5.834 3.969 0.004 - -2.107
5.14 -0.526 -0.065 8.793 2.349 2.636 7.805 6.157 0.016 3.712

6.08 bbb wranan huibekoied . ikl 3.249 8.406 6.769 -0018 4.434



Kidd Creek Geochemistry — Saturation Indices (MINTEQA2)

DEPTH (m) AIOH3(a) AIOHSO4 Al4(OH)10S04 Gibbsite (c) Fe(OH)3(a) Goethite Lepidocrocit Gypsum Jarosite K-

Nest 18 - 1992

0.12 bbbl fadulabioied hahans ekl 0.478 5.991 3.999 0.012 -2282
0.35 faliodeled bl baakalaieied bbbl 0.426 5.919 3.947 0.02 ~2.192
0.59 bbbkl bl iaalalodelel ekl 0.29 $.761 - 3.81 -0.031 -3.158
0.83 blatokaklel ek ool ekl 0.297 5.747 3.818 0.025 —2461
1.06 bkl bl hakane ikl 0.338 5.768 3.858 0.027 —-2383

13 bbbl jaladehoieied wahne bbbl 1.013 6.422 4.534 0.022 -091
1.53 blakdalokd HaRRRE badebdbebd bbbkt 0.167 5.554 3.688 0.028 =317
1.77 blabehbets balabblald WhaAne whkhay 0.526 5.892 4.047 0.035 ~2.984
2.01 kel bbbkl faaaobiel bl 0.554 5.899 4.075 0.02 —2.101
2.24 balakaiabeid jolaaiaiatel hulalaleidd balabekebell 0.367 5.69 3.888 0.03 —2.892

3.1 ookt balaiaoiele lalaiaiebele baakdaied 1.534 6.784 5.055 -0.016 1.378
4.08 baladedebelel et fadalaeioht bbb 1.051 6.232 4.571 ~0.058 —2.442
5.14 boababbeled bl falabebiald lalaaibel 0.809 5.945 4.329 ~0.086 —-4216

Nest 19 - 1992

0.18 nunane saxwun wuanan weanen 0.787 6.298 4.308 0.042 -1488
0.41 senwny namane wewene wewwes 1.017 6.512 4.538 0.03 -1378
0.65 et hbebeiedold falnhekadei hadabablolel 1.093 6.571 4613 -0.013 -0.893
0.88 bbb bbb kel ool 0.878 6.34 4.399 0.029 —1.002
1.12 sewnae weauue anan esare 0.808 6.255 4.329 0.011 -1714
1.35 wwrnan sanane annene senen 0.623 6.053 4.144 0.025 -174
1.58 wawann serees Awniha seruan 0.63 6.044 4.151 0.007 -2.386
1.82 b naree wnana soanen 0778 6.176 4.299 0.018 -2879
2.05 s Hanenn o wuaeay 0.445 5.826 3.966 0021 -2.968
2.29 bl seanan anvene eneren 0.472 5.836 3.992 0.022 -178
3.06 savian wewuny sewans seaney 1.362 6.672 4.883 -0.027 -0979
4.05 whkhhh L L LT 2] L2221 ] hdrddrde oy 1.171 8‘409 4.892 _0-051 _2286
5.05 seann weanan sannan bl 0.895 6.084 4.418 -0418 -4.499

Nest 20 — 1992

0.13 e ok L2222 1] (11T LIi1 21 L2 312373 Wbk whdhdd _0‘07 £ 412313
0.38 -0637 -1.181 5.804 2.157 1.006 6.492 4527 0.066 ~-0852
0.63 whwkdd L 21111 kA hhw whkhkd 0.959 6.421 4.48 0‘134 _0‘491
0.88 suawan arwaan rranan warnen 0.997 6.434 4518 0.122 -0737
1.13 -0.181 -015 8.417 2632 0.846 6.257 4.367 0.074 -0763
1.38 -1.182 -0.397 5.304 1.637 0.726 6.112 4.247 0.006 -0231
1.38 L2 22133 Ak hkhd L2131 1] whkdhhd 0‘834 6.194 4.355 0.016 _o_o“
1.63 -0567 -0835 6.992 2.265 1.21 6.545 4,731 0.066 -08
1.88 -0.106 0.276 9.629 2733 0.208 5517 3.729 0.061 2778
213 wawann wwamns whwnen saenea 0.772 6.055 4293 0.003 -1035
2.38 annnn xaenne aanawe suanes 0.989 6.246 4.509 -0.002 -0.459
3.01 xwannn wwwnn wranws uawes 0.673 5.891 4.194 -0023 -2339
4.01 kAW AN L3122 Ahdddhh LAY 1.208 6-373 4.729 ..0.062 _.1.7
5.02 halabahelded el bbbl hikebhabd 1.691 6.828 5212 -~0.068 -156

6 seenan wnnwaa srwans Funnan 1.984 7.116. 5.504 -007 -0925



Kidd Creek Geochemistry ~ Salration Indices (MINTEQA2)

DEPTH (m)

Nest 21 - 1992

N e W

Nest 23 — 1992

0.11%
0.34
0.56
0.78
1.01
1.23
1.46
1.68
19
213
3

4

5

Nest 24 — 1992

0.12
0.35
0.58
0.82
1.05
1.28
1.51
175
1.98

Nest 27 — 1992

0.13
0.38
0.63
0.88

AIOH3(a)

-0.152
-0.123
—-0.895

LR T L]

0.403
0.435
0.329
dk A
0.395
—-0.505

kR

-0.426
R hkkd

0.095
-0.196
-0011

*RkARE

0.197
-0.019
~0.16
0.142
R hkdk
-0.127
-0.082

LL g1 2]

L 222 2]
R 2211}
ko

Rhkhhhk

AIOHSO4

-0.343
-0.824
-37

RAANNhk

-0:418
0.088
0.041

AhkhAd

-0.144

~1529

Ak kW

~-1.531
T
0.227
-0.743
-1.408

thkkkw

-0217

~-0.96
~1293
~0.748
Wk wd
-0.582
-0.895

hhhwhd

(211113
ki hdhhdk
kA hhdd

hhrhhhd

Al4(OH)10S04

9.77
- 9.467
4.253

whAARR

9.503
10.251
10.032
ek ke e e
10.343

6.406

hhhhw

6.943
"tk
11.038

9.378

9.265

Wb

9.058
7.792
7.165
8.748
ke
8,364
8.316

AN RNA

L1221 2
LL 23 1]
hhhhd

LAl 4 2]

Gibbsite (¢)

2728
2,762
1.989

LI 1222

3.197
3.236
3.137
WhkANh
3.217
2323

L1121

2.416
Ankann
2.974
2.692
2.876

Ed 4141

299

278
2.644
2.953
LA Ll 1]
2.696
2.747

rRANEN

Lid 2113
Whdhdk
bk

whhkhw

Fe(OH)3(a)

3.393
4.295

whhhdd

2.569

1.06
0.896
0.824
1.117
2.238
2.346
2.121
2.231
2.671
3.875
2.854

3.76

1.596
1.463
1.448
1.554
1.611
2.458

2.286
2.691

-064
~-0.327
0.087
~0318

Goethite

8.537
9.423

hdhdd

8.08
6.544
6.363
6.255
6.521
7.613
7.695
7.442
7.525
7.937
9.028
7974

8.88

7.109
6.952
6.912
6.996
7.029
7.853
7.771
7.633
8.014

4.868
5.151
5.536

5.1

{epidocracit

6913
7.815

kR kid

6.09
4.581
4.417
4.345
4.639
5.758
5.867
5.642
5.762
6,192
7.395
6.375

7.28

5.117
4.985
4.967
5.074
5.131
5.978
5.921
5.807
6.211

2.881
3.193
3.608
3.201

Gypsum

0.018
-0.021
~0.495

0.091
0.025
0.019
0.086
0.043
0.007
0.016
0.023
0.026
0.044
0.046
0.029
-0238

0.0683
0.071
0.048
0.004
0.049
0.018
0.015
-00t11
-0.134

0.066

0.005
-0251
-0.304

Jarosite K

4.548
6.28

LA L L L)

4,106
-1.198
-1.062
-1256

0.351

2.018

1.505

0.675

0.764

1.93

6.686

3.754

1.7
0.467
-0.531
-0637
-0267
2.661
2.459
1.422
1.815

-5281
—5.594
—-5598
—6.943



Kidd Creek Geochemistry — Saturation Indices (MINTEQA2)

DEPTH (m) Jarosite Na Jarosite H Anglesite Melanterite Thenardite Zn(OH)2 (a) Cr(OH)3 (a)
Nest 1 — 1991
0.12 -1.583 -2917 -0.131 —-2.025 -4714 ~9425 -84
0.36 1.083 -1.191 -0.849 -2569 —4 857 -10279 kool
0.6 0.42 -2215 -1017 —-2.569 -4 874 -10112 habdabdel
0.84 -4.629 —10.009 -1.481 —2948 —4971 —~4.79 haddekeiniel
1.08 -2924 ~-7518 -1.076 -2.961 -5.088 ~-5671 hbebbinied
1.32 -4.159 -9.713 -158 -3.579 -5172 -483 ki
1.56 -3.679 -8.931 ~1.428 -2.607 -5.002 -5359 ’ whanan
1.8 -4225 -9.47 -1.39 -2.727 -4916 —-5417 whkakn
2.04 —-4275 -9.864 -18643 -3.254 -5014 —~4.94 bbbl
3 R 2222 whhhhh L1221 LA 11 1) _5586 _4234 211117
4 0.319 -5.66 bbbkl ~-7.114 -7.138 -2514 kbl
5 -5676 -11.195 bbbl —406 -7201 —-3501 bbbl
9 L2 2 227 ] L2 2112 hhNhh kbR Rk _.7_18 _4‘149 whh b
Nest 1 - 1992
0.12 5.96 2.298 bakebdobd -3.182 ~4.933 ~5018 hbahabeobl
0.36 1.806 —2.441 -0.793 -1528 —4.786 -4 606 hbehded el
0.6 —0.506 ~-5.293 habobeoabd —-2.308 —-4.768 -4.836 il
0.84 —2692 -792 bl idd -2.789 -4938 —-4.81 bbbl
1.08 -3.967 -9311 ~1.347 -3.128 -5.005 -4573 hdadehededd
1.33 ~3.704 -9.069 el —-2.662 -4911 -5.102 el
1.57 -3.204 -8.888 kil -2971 —469 -5032 ekl
1.81 ~-3674 -9.501 bbbl ~3403 -4832 —-4577 bbbkl
2.05 —-5.326 -11213 ) bbbkl -4206 -5.051 —4.465 bbbkt i
Nest 1 - 1993
0.1§ 0.265 -2071 ~0.286 -1.262 -5016 7291 . bbbl
0.46 -6.372 -11.104 -0.855 -~1.801 -5.186 —3.658 bbbkl
0.76 -5.537 -10.733 hbdeabd -2132 -5.051 -~3936 whaan
1.07 -6.2687 -11.666 ' bl -2397 -5.111 —4506 bbb
1.37 -7.449 —-13.603 kbl ~3.709 -5223 -3.667 b
1.67 -6.905 -12.156 bbbkl —-2076 -5.159 —-4.174 hbdebabed
1.98 -6.544 —12.038 bbb -2209 -5072 -3.604 bbbl
3 ~7204 ~-12916 halebbedd -~3.81 -544 -5.179 bbbl
4 -9.892 ~15.357 bbbl -4378 —-6.955 bbbt habbbeidd
5 -9855 -16.177 hdabialdd -3.609 -7.359 bbbl habedbiod
6 ~11 -16.369 hendakodd -5.091 -7411 -~4.635 hdedabriaid



Kidd Creek Geochemistry ~ Saturation Indices (MINTEQA2)

DEPTH (m) Jarosite Na Jarosite H Anglesite Melanterite Thenardite Zn(OH)2 (a) Cr(OH)3 (a)
Nest2 — 1991

0.12 —-5221 ~10.106 -1.067 -3077 -5997 -3.831 bbb

0.37 -4.117 —B8.963 -1507 -2315 ~5.833 : -4.149 b dd

0.61 ~4.748 —-9.886 -1675 -2.667 -5.891 -3.879 ekl

0.86 -3677 ~8.725 —1.462 -2229 -5714 -4.498 bbbt

1.1 —4.547 -9588 -1.765 -2241 -5552 -4473 hhebdededd

1.37 —4.477 -9656 -~1474 —-2.463 -5576 -4.189 bbbl

1.63 -5.285 -10.381 -1374 -2739 -5438 -4573 enavad

1.9 -4.898 -10417 AR -3.009 -~55 -3817 ananns

2.16 ~-4.191 - =9919 rEAkRR -2815 -5 268 —4 492 T L]

6 -5.139 -10.792 huadwn -2573 —-4776 —-4775 anhann

8 -5914 -12403 bt A ~3.349 -5031 : ~3.778 PYTIIs]

10 -6.731 =121 el -4.402 -7259 —4.099 bbbl

12 Wik kdd LTS LR E 2 2 LA 2 4 2] _7.35 _4.372 e

14 ~3.541 -8.81 hiakdehel —4.459 -7.188 -391 ehwwaw

Nest2 — 1992

0.13 —~4.864 -9.949 hubdaulio —-2839 —-5.644 -353 T

0.4 -3.143 -7.69 ekl ~2.496 —-5524 -5333 PePTTY)

0.67 ~-3982 -9.194 bkl -~2.345 -5379 -4 662 hbahbd

0.91 ~3.231 —-866 kel . -2641 —-546 -4.06 PP

1.13 R -3317 ~8.505 L bdd -2.462 ~5.364 —-4622 ann"

1.29 -3.717 —-9.182 whawan ~2.587 -5463 —4.221 T I

1.66 -3.489 —-9.029 whaaww -2.926 -5477 -4.194 T 2]

Nest3 ~ 1991

0.12 -3942 -9.493 ~1.749 -2523 -4.766 -4 089 bbbl

0.36 —-4.366 -9.682 ~1.662 -2.337 -5.005 —4.893 bkl

0.6 —4.858 -10.234 -1818 —-2.726 ~5.408 ~4526 bbbl

0.84 —-4941 - —10.38 -1.853 —~3.041 -5384 -4.017 bbbl

1.08 -3.994 -9.666 ~1.744 -2.869 -4.989 -3.558 bbbl

3 -653 -11.335 -~1.607 -2.592 -456 -4.907 bbb

4 -5804 ~11.698 ~1254 -2.302 —4.409 ~5.168 bbbl

s -5412 -11.488 -1.729 -3.048 —-495 -4385 hekabbdel

6 -6378 ~11.661 ekl —-4019 -7095 —458 bbbl

8 -5958 -11.316 hhehedcd -3924 -6704 . -4857 P

10 -6.029 -11.514. hadebobohkl ~-3.696 —6.827 —-4221 ]

135 -8.392 -13.122 wesune ~4.126 -8.385 -4617 savwwe



Kidd Creek Geochemistry — Satration Indices (MINTEQA2)

DEPTH (m) Jarosite Na Jarosite H Anglesite Melanterite Thenardite Zn{OH)2 (a) Cr(OH)3 (a)
Nest3 — 1992
0.13 ~3.447 -9.055 v ~3053 -5.05 -3.301 rawen
0.38 -2.491 -8.008 aaanan ~279 ~5.105 -3687 saasen
0.63 ~3.158 -8815 susnan -2843 -4927 -3884 savane
0.88 -284 -8.729 waanan ~3.026 -4.836 ~3.486 sunran
1.13 ~4.657 -10703 arvann -3251 -4778 -3.133 wunwan
1.36 -4345 -10.306 by -3269 ~4.829 -3.369 awan
1.58 -3.346 -919 *aawnn ~-2.851 -4675 -3671 *ewnan
Nest3 — 1993
0.14 -6.793 -12.999 whkhhn -3.705 -4 66 —-2.159 WA
0.41 ~-7519 -13.476 hhbbbl -3243 -4722 -2.826 aaran
0.68 -6.347 -12283 bbbt -2861 ~4837 -3621 sawwwe
0.95 -668 -12502 phbbhl ~-2.686 -4839 -4.396 conuns
1.22 -7.228 -13.191 axanan ~2783 ~-48 -4.063 anrnn
1.49 ~7.236 -13.231 bt -2898 -4.729 -4.147 ]
1.76 -7.705 -13.779 annean -3.041 -4.697 3486 wanawe
2.03 -71 ~-13.325 seenaw -2.807 -4.307 -3586 suunae
23 -6.15 ~12015 nenaan -2.182 ~4.386 ~4.655 snanwe
2.57 -6275 -12.168 resnnn ~-2251 -4.374 -4642 triar
3 -6.929 -12.606 nanwan -3545 -5.179 ~5111 wawhwn
4 -6214 -12.329 -1229 -2353 ~4.422 -6.377 wrrwnn
5 —6.485 -12.687 whkhww -2938 -~5.139 T oy
6 -8.309 -13.699 bbbl -3.884 ~7.118 RaANE TheAAy
8 -8.37 -13.878 bbb bl / -3694 -6981 hwann raawe
10 ~8514 -13.904 awane -3543 -7213 vavans vanane
Nest 4 — 1991
0.12 kel raxae -1212 ekl -5226 —-2558 1.01
0.34 -4084 -9.38 -1573 -2836 ~-5.324 -3.701 suwans
0.57 -4.734 ~-10516 ~2206 ~3534 -5.305 -3.008 ]
0.81 ~3371 -9243 -195 -2951 -4742 -3.083 wanene
1.03 -2401 -7.832 ~-1.337 -2286 -4.345 -4.427 shwans
1.15 -5.448 -11.059 ~1555 -2734 -4713 -3.704 srenan
1.44 -4.761 -10.826 -1863 ~2.804 -4473 -3.605 b
1.73 ~4761 -10.895 -1724 -23858 -4.444 ~4.194 awennn
2.02 -5.123 ~10.967 -1812 -2784 -4526 ~4678 swenns
2.31 -5.801 ~11.575 -1637 -3.135 -4.632 ~4594 shoean
3 —-364 -9.353 b ~-2814 -4724 ~-4835 bbb
4 —6.189 -11.717 el -355 -6293 -4855 i
5 —-69 ~11.925 urnen -4231 -7107 ~5.033 wnanan
6 —6.663 —-11.866 bt -3569 ~7.106 ~4.725 kbt
8 —-9.235 -14.115 ik —~4048 -8.192 ~4274 bbbl
9.6 -10.342 —14.381 araaw —-452 -9.389 ~5.495 R



Kidd Creek Geochemistry — Satwration Indices (MINTEQA2)

DEPTH (m) Jarosite Na Jarosite H Anglesite Melanterite Thenardite Zn(OH)2 (a) Cr(OH)3 (a)
Nest5 — 1991
0.1 -1.774 -6412 -1.362 —-4729 -6.186 ~2.803 bdadatabed
0.31 ~4942 -10.505 -1556 -3.104 -4.961 -2812 hhkkan
0.51 -3.709 -9.439 -~1498 -3018 -4532 —-4.427 bkl
0.72 ~4.648 -10.458 -1.747 -3.187 -4.627 -4.581 el
0.92 -3.349 -8.949 -1507 -2.892 —~4.6845 -4.834 haialaiabel
1.13 ) -4215 -9.761 -1513 -3.343 -4.851 ~-4947 faadabbedd
1.33 —3.359 -8.962 habdelobind -3.153 ~5.007 -4 579 bbbl
3 5.241 0.132 bkl -5646 ~7.037 hdabaebid habadelobel
4 -5.036 -10279 bbbl ~3.831 -7.184 Ahkaww bbbkl
5.3 -8.534 -1292 habelehd el —3.491 -8.152 —-5343 bbbl
Nest§ — 1992
0.12 3.393 -0.343 bk obed —4.582 -7.493 -3.773 bbbl
0.35 1.445 -2.893 bbbl —-2577 —7.358 -4.068 hiakalabd
0.58 0.537 -3972 bbb hd -2.829 ~-7.174 ~-4585 bbbkl
Nest6 — 1991
0.1 -1.396 -5503 -0.892 -1.864 ~583 -3.372 -0581
0.29 —3.36 ~8.142 bbbl —~-2.832 -6.407 -2.77 hbbbaidd
0.49 —-4.367 -8.908 bbb -3233 —-6.968 -4.013 bubekebedded
0.68 —-3.846 -8.815 babiadatd -3.882 —-7.059 —-3.721 hbindbd
0.88 -3.317 -8214 bbbl -3.923 - ~7.184 —-3988 kbbbl
107 wrdd Wk 1222133 Wkl d ._7203 _3258 Whhddd
1.27 —4.745 -9.825 Ahhkhn ~4.686 -7.318 -3.707 bebabelaeied
1 75 L2 LT R ] whddkdr el ko P 2221 ) __724 _3 399 Wbk h
2.5 Aok (22 2123 LEL 231 Rk _7.375 _3.815 hddkhdn
365 (2111 LAl 221l Tk hd E2 22113 _7.897 tt;.ti whhhhd

Nest7a — 1992

0.13 —-4523 -8.588 hdebd i -2.14 -5822 ~4.657 hAR AN
.0.38 ~5.697 ~10.892 Fhdhhn —-2625 —-5.454 -3.387 bbbl
0.63 -6.37 -11967 bbb -3478 -5.669 —4,057 bbbl
0.88 -6.35 -12.129 kil —-4.809 -6272 -3.404 bbb

113 -8611 -14276 sy ~4.029 -662 -3.805 sanaee



Kidd Creek Geochemistry — Saturation Indices (MINTEQAZ2)

DEPTH (m)

Nest 7b — 1992

0.1
1.08

Nest 8 — 1992

0.1
0.34
0.86

Nest9 — 1992

0.1
0.4
06
1.1
2.05

Nest 10 — 1992

0.12
0.37
0.62
1.08
2.08

Nest 11 — 1992

0.1
0.4
0.7

1
13
16

Jarosite Na

-7.628
~4.608

~5.627
-10211
-7.253

-2558
-5717

ke sk

-6.847

hhkhudk

-3.287
-5.867
-5.763

wwkwhh

~6.105

-0633
-22986
—2.599
—2.086
—-3.464
-2644
—-1.592
~4.747
~3.154
—-3642
-3867
-19.748
—-4818

Jarosite H

-12.703
~-9653

-10.466
~14 731
~12.1

-6.099
-10.564

LIT 121

-12.082

(23T 21

-6.773
-10.738
~10.773

Ak

-11.69

~6.85
-7.793
~8.19
-7.642
‘—8.698
-8.008
-7.106
-10.178
-8.647
-9.63
~10.021
~25.023
-11.093

Anglesite

AwwAwk

AR WRR

whAdh
ANE .

LTI T

EXTT 12
WAWH kR
cRRANW
T

LT S

(R E 2R
211124
LT T
L2

"Wk

~1272
~1.766
~2.078
~1.789
-1.707

wARNRK
FIT T T
~1.441
AANRNE
EE 222 %]
P T e Ty
LRI TR

LAY

Melanterite

-3241
—-2.751

—-2.504
—-3.844
—4.952

-1.751
-2951

—3433

LAY

-223
-3.153
-3.887

(1212

~5311

-3.145
~-2628

~242
-2357
~-2.745
-3.082
-3.002
—3.094

-3.04
-3292
—2.754
-2.607

~-3.703

Thenardite

-6.389
~5.896

-5826
-6.985
~7.872

-6424
-6.588
-7673
-7.162
-8.722

-8964
-7332
-7.538

AR AR

-8.159

-5.178
~5.193
~4.789
-5082
~5.476
-5433
-5.354
—-4.571
-4.723
-4.706
-4.403
-4311
-4.752

Zn(OH)2 (a)

~4.124
-5248

-3995
-4512
~-3.785

~4.196
-3323
-4 642
-3416
-2.729

—~4238
~3.504
-3.831
~3.385
-3.023

-1.991
-3.163
—-4.251
—4.347
-4.859
—-4.428
-4.035
—4.428
-4.244
~3524
—4.091

-628
—4.793

Cr{OH)3 (a)

LA AT ]

L2 22T

0.366

ekwnad

0.24

AR AAE

T2

(222 1T

0.203
0.809

(L1211
(2T T2

hERAAW

0.213
0.634

AAANEE
hawa
LT
A ARn
SEAwRE
ERARAS
Shnkwd
P T
ahawah
dhwARd
whRN
LTS

(23 2T



Kidd Creek Geochemistry — Saturation Indices (MINTEQA2)
DEPTH (m) Jarosite Na Jarosite H Anglesite Melanterite Thenardite Zn(OH)2 (a) Cr(OH)3 (a)

Nest 11 — 1993

0.14 —-7499 ~11.464 —-0.528 -4 951 -8203 -2915 ool
0.43 ~6.966 -12.463 -1552 -2653 -5233 —-2463 haiabkoled
0.71 -6.831 -12475 bbbl -267 -5.039 -3328 I
1 ~-7.034 —-12.941 habaioldeed ~292 ~505 -3475 AAEA
1.28 -7.403 - —13.116 kel -2719 -5.108 -3855 Py
1.57 -6.705 -12.289 hubeiaieiiet —2483 -5.186 —4.659 A
1.85 ~-7.243 -12976 hadalabokodd -2775 —-5319 -3.701 TS L)
2.14 -8.065 -1352 iaiieieiiel -2725 —496 —-4819 e
2.42 -6.655 -12.492 bbbkl —-2.309 -4578 ~4244 whnnn
2.71 -7.349 -13.601 hbdaahd -2914 —~4624 -3379 T
8 -6.457 -12.823 whRRER -2585 -4414 ~524 Nk
10 -6.428 -12924 bbbl ~3.336 4771 -5011 WA

Nest 12 — 1992

0.13 AW RRAR RekhAR —-1.417 PTII ] -5.724 ~-2846 P
0.39 2.707 —~2.349 bbbl -2702 ~5.443 -3841 Rh
0.65 3.228 ~2266 waaan -3.059 -5392 -2605 Aabbil
0.91 0.194 -5.158 wewaan -2997 -5.485 ~3662 Labbil
1.17 1.445 -4057 bbbt -3232 -5268 -3.369 wewnan
1.42 -1.347 ~6.891 bbb ~3.641 -5226 ~3534 sawane
1.68 1.315 -4044 ~1.438 ~2.105 -463 -4639 wawaae
1.94 -1.053 -6683 bbb -2.343 -4281 -5.133 bbb

22 -2.186 -7.953 waware ~2671 -4204 —459 arwaws
2.46 -3.39 ~-9.457 waane -2.898 -4318 -4537 wrawan
5.14 -6.09 ~-11.978 b -3313 -5.389 ~4.457 bbbl
6.18 -0.824 ~6.451 s -3636 -603 -4265 LRbbLL
7.98 —-2202 -7635 ehbbeld -3.845 ~-6.803 -4241 Eawane

Nest 13 — 1992

0.1 -1.101 -6712 el ~3567 -5.185 —-2846 hhobd
0.4 -3644 ~-9217 -2018 -3.356 -5064 -3227 warene
06 -0245 ~5.641 ~1.606 -2879 -4912 -4203 wassne
0.9 -2447 ~8.172 -1.606 L 2721 -4671 -3862 sasven
11 -1579 ~7246 -1277 -2285 ~4519 -4.359 wanuan
13 ~3.706 -9.444 wanana -2651 -4529 -4337 neanes
16 -2418 - -797 ~1.18 -246 -4646 -4595 waraan
18 -2537 -8222 -1.426 -2459 -4779 -3912 wanaan
2.1 -421 -9.791 kbl -2776 -5078 -4283 aanane
2.3 -3657 -9.369 sevane -2852 -6297 -3925 wrane
4.08 2.49 -2791 easas ~4772 -6712 -4837 sanaee
4.69 -0.294 -5543 wenane ~3.402 -6.883 ~4767 nanonn

6.02 0.268 ~-4784 LLLEE -3.859 -7207 ~4.997 exnane



Kidd Creek Geochemistry — Saluration Indices (MINTEQA2)
DEPTH (m) Jarosite Na Jarosite H Anglesite Melanterite Thenardite Zn(OH)2 (a) Cr(OH)3 (a)

Nest 14 — 1992

0‘1 LR L2 1T ] AR AN AdAhh R hk ko _7.193 _3‘346 RdAANS
03 —-4616 -9.737 ruawman —-4537 ~-7.219 : ~-285 thhbRw
0Ss -5.039 —10.036 penawa -4.15 -6.797 —-2529 canewe
0.7 —4.658 -9712 -167 ~-2759 -6235 —3436 wasnnd
0.9 -5122 -10.287 -1.607 —-2.447 ~6.006 -3573 awhane
11 -5403 -10.623 ~1792 —-2.636 —-5831 -4.111 kb
13 -5.197 -10.547 -1.734 —~2473 -5788 —4528 habadedadbed
1.5 -5.546 -10.988 hkalelalodel -2551 -5641 -4611 PPTeTT)
1.7 -5692 -11.184 il -2528 ~-5618 -4.608 T L
1.9 —-4588 -9.994 aahan —-2.147 -5413 —-4.694 “nwews

3 6.183 0.512 ekl —~3679 —-4919 ~-475 PreeY )

4 3.265 —-2.668 kbl —-2.322 —~-4719 -4026 YT

S 1.929 ~-4116 halekalo -2.757 —-4.719 —5.408 waAAhR

6 NNk LEET TS R Wk RN W hhkasn _4‘898 ' T 12121

Nest 14 — 1993

0.18 -7275 -12957 A ~3.193 -5.144 -2957 snnana
0.54 ~6.322 -1168 —-2.407 ~5467 -3.32
09 ~7.343 -12652 rawne ~248 ~545 -3.899
1.26 , -B8.429 -1358 —2.724 -6.156 ~3203 sanwan
1.62 -6.98 —12.446 R -2318 -5382 -4771 e
1.99 -6.444 ~12.058 el -2.481 -548 —~3684 LT Yy
2.35 -6.985 -12673 nannaw -2523 -5.394 4287 wniran
6 -7.015 -12812 —-2.909 -5277 —4643 PO

Nest 15 - 1992

0.12 -8.021 -~12.738 hhdehohded -4.736 -6911 ~-3732 waana
0.36 —-5.354 -10.101 iabalehea —-2.868 -6209 -4816 . baiaieiokele

0.6 -475 —9.829 -1.619 —-2.397 -5685 -4812 whhaw
0.84 -5013 -10.172 ol —-2214 —-5.382 —~4.949 fabadcinohe
1.08 -5.446 ~10.737 bkl -2.174 -~5218 -5004 LT
1.33 —6.345 -11.685 -1.637 —-2214 -5.124 -4.765 haiabebeioded
1.57 —4.989 -108 -1.663 ~-2.355 -5069 ~4.438 bbbl
1.81 -6.072 -11623 bolakohoh —-2276 -507 ~4.655 warann
2.05 ‘ -6.108 -11.67 kb —-2525 ~5206 -4.464 wanan
2.29 —-7433 -12.892 ekl -3.174 -5281 —4.046. PTTIT)
3.11 -3511 —-8.902 -1.426 —-3.288 -5.338 ~4.417 whwwan

4.1 —-6.628 -12.339 -1278 -2597 —4 888 -4.389 whhaan
6.08 —7255 -13.232 -1.362 —2873 -4.71 -4.903 PPTTYT)
6.11 —-7.037 —13.168 ~1.367 -2672 —-4544 —-4.784 ke

7.6 -1551 -6.991 ~1.305 —3.894 -6.063 —4.646 bbbl

8.37 -0671 -5.702 -1.423 —3944 -6.896 -4.729 aamnn



Kidd Creek Geochemistry — Saluration Indices (MINTEQA?2)
DEPTH (m) Jarosite Na Jarosite H Anglesite Melanterite Thenardite Zn(OH)2 (a) Cr(OH)3 (a)

Nest 16 — 1992

0.12 -7.847 -13.338 sxanan ~3576 ~5.849 ~3282 seanes
0.37 -6312 -11.568 . -2668 -5.601 -4.15 warans
0.61 -6.916 ~12.282 -177 -2435 -5207 ~4.756 suwane
0.86 ~662 -12.093 SRbLE . ~2555 -5.228 -4.483 awanes
1.11 ~7613 -13.11 -2779 -5509 ~4.409 aaswns
1.35 ~6.089 ~11592 waannn -2427 ~5.399 -4262 wawans

16 ~6977 ~12.469 seannn ~2605 ~5.409 ~4.350 sunans
1.84 -8.87 -14.565 RULEL -3.04 -5315 ~3882 wnanes
2.09 ~7.854 -1332 SALLL ~-2.926 -5.304 ~3.54 seavan
2.34 -797 -13.766 SEREED -2732 -5.324 -3528 LU
4.04 6.27 0315 SRR -2517 -4638 -4633 nhwnn
5.05 3678 -2.354 -3177 ~5.122 -4.957 aanvas

6.1 2.023 -3.634 “ranns -343 ~5.768 -4.803 LLREEL

8.16 2.555 ~2.95 beloh it ~3.186 -6.484 -424 whnawn
Nest 17 — 1992

0.13 —-464 -9.839 bbbl -3.208 -5.941 -3932 shknne

0.4 -4788 -10.166 -2022 -3.303 -5.889 -3462 ikl
0.66 ~5517 -10.879 —~1.939 -295 -5537 -3857 Labbld
0.92 —~4.991 -10.46 ~1.725 -2701 -5.203 ~4.167 e
1.19 -4825 ~10.346 ~1.655 ~2651 -501 -4728 e
1.45 ~423 -9.77 -1502 -2.328 -4.961 -4519 pablll
1.72 ~4.849 -10.49 1626 -2701 -4913 ~3772 sarann
1.8 -4.797 -10.281 -1211 -2272 -4.861 —-4.144 saaann
5.14 0.647 -4563 Bavhan -3.317 -5.996 ~5.092 el

6.08 1.228 -4.067 waaamn -2597 -6.508 ~-5.012 shanan




Kidd Creek Geochemistry — Saluration in dices (MINTEQA2)
DEPTH (m) Jarosite Na Jarosite H Anglesite Melanterite Thenardite Zn(OH)2 (a) Cr(OH)3 (a)

Nest 18 — 1992

0.12 ~5.324 -10.096 rawnnn -2.889 ~6.142 -4577 annenn
0.35 -5.178 -10.099 Rkl ~2457 -5776 -4815 saevae
0.59 -6.059 -11288 awnaan -2724 -5572 —4.021 crnune
0.83 -5271 -10.466 awrnn -2.173 -5257 -4.749 xanune
1.06 -5.156 -10.365 -1633 ~2241 -5256 -4477 axawes

13 -3662 -9.163 ~1.672 ~2.208 ~5.098 ~4.348 e
1.53 -5.898 -11.41 -167 ~2.805 -4947 ~3891 wanaea
177 -5.703 ~11.534 -1.712 -3.038 -4.926 -4.479 arrans
2.01 -4819 -10.377 -1.539 -2728 -4.954 -4725 raneas
224 -5.636 -11.237 -1.424 -3.18 ~5.032 -3879 runrns

3.1 -1339 -671 ~1.266 -3022° -5034 ~4697 RERLEE
4.08 -5.698 -11.056 ~1.654 -3.348 -8.56 -4736 wwnun
5.14 -773 -13.047 erwann -36 -7.307 -5359 - )

Nest 19 — 1992

0.18 -4.449 -9.431 bbbk ~-2.395 -5.853 -3.401 wrnane
0.41 -4.249 -9.64 bbb -2694 ~-5.499 ~-3315 whnans
0.65 -3666 -9.12 b ~2236 ~5238 -43 wuhnn
0.88 ~373 -9.154 bbb ~2.085 -5.005 -3524 anann
112 -4.385 -9.977 et -2382 -4.988 ~3.609 sanann
1.35 -4.427 -9.838 b ~-2573 -5014 ~4,249
158 -5078 ~10639 wanann -3.031 -5.139 -4.672
1.82 ~5.556 -11.46 bk ~3.666 -5098 -4.443 anenne
2,05 -5626 ~11.289 bbb -3.847 -5007 -4.551 savana
229 -4534 -9.699 ruann -2479 -526 -5.174 wannan
3.06 -3813 -9.444 anann -3037 ~5576 -5.033 annane
405 -5.606 -10.821 seawwe . _3423 -6.865 —4259 .
5.05 -8.188 -13.184 bbbk ~-3.857 ~8.106 -46 bbbl

Nest 20 — 1992

0.13 LTy LT T ~-3.08 Wk ~8.968 -2705 PP,
0.38 -368 -9.097 waanwa ~2953 ~5.164 4117 suuawe
0.63 -3.196 —-8.656 ikl —-2.408 -4808 ] ~4.488 PerrTes
0.88 -3322 -9.091 srawns -2531 -4.483 -3656 N
1.13 -337 -8.991 sukeww -2358 -452 4444 wewaw
1.38 ~2.789 -8.032 e -2265 -4.637 -5.007 wanea
1.38 ~2645 -7.905 -1261 -2.188 -4721 -5013 ara
163 ~3.191 -9.065 kbl -3.117 —4.655 -4946 Sl
1.88 ~5364 -10.966 boilabiabe -3.019 —4667 -5.267 hiodoiol
2.13 -3715 -9.104 ~1.366 ~258 ~-5.027 -4.869 ranans
2.38 -3.173 -8.507 e -2485 ~5.182 -5226 sneawe
3.01 -5028 -10.685 -14 ~-2554 -5.182 -5212 wawann
4.01% —-492 -10.112 ETTrIT ey - —3.157 ~6.667 —4.403 AR
5.02 -4.641 -10.111 -1721 ~3477 -6.855 -4818 by

6 -4032 -9587 -1632 -3943 6865 wawawn xasnne



Kidd Creek Geochemistry — Saluration indices (MINTEQA2)
DEPTH {(m) Jarosite Na Jarosite H Anglesite Melanterite Thenardite Zn{OH)2 (a) Cr{OH)3 (a)

- Nest21 ~ 1992

3 1.625 -3.78 el -3313 -6.366 } -5074 wosenn
4 3.465 ~-2216 lalabkohds —-4.327 -6.399 -4635 bbb
5 LR L1 ] NARRAR L2 23] Wk W _7'572 RN AN AN

Nest 23 — 1992

0.11 1.371 —-4.128 -1.589 —-4224 —~4.844 ~3.364 pennhn
0.34 ~3.864 -9.508 bl -3379 —~4 899 ~3294 I
0.56 -3676 -9.256 Rl -2592 -4775 ~4.16 PRRpre
0.78 -3.882 -9.662 baaakale ~2.466 -—4,_657 —-4504 kW
1.01 —-2444 ~7587 ekl - 1861 -5214 -4,102 T
1.23 -1.047 -6217 el -3221 -6.149 -4.879 Aol
1.46 -1.736 ~7.063 oot -3.764 -6.441 ~-4526 Ll
1.68 -2721 -7.967 hhwwhw —-4.021 -6.738 -4 487 YLz L]
1.9 -2665 -7979 HhARLw —4211 -6.794 —4.789 ANRER
2.13 -1.56 —-6.845 hdhahabeld -4317 -~6.967 ~4.439 I
3 3.368 -1.627 ke ~3.767 -6.827 ~4.959 R

4 . —0984 -6:29 okl -3.521 -7.03 -4773 hbbdddd

S 0.168 -5272 lalaboiohaie -4 961 ~-7613 —4243 eowwni

Nest24 — 1992

0.12 -0.927 -5739 -1.299 —2649 -5563 -3.552 bk
0.35 —-2.367 —-7.448 whAnaN —-2953 -5697 ~3204 FTIT L
0.58 -3.607 -8.724 Rakaan -3296 -6252 -3.175 weRewd
0.82 -3.797 ~8.962 whRA NS -3487 ~6.456 -3243 POTTT™
1.05 -3.559 —-8.483 ool —~3.349 -6.801 -3.952 bl
1.28 -0.793 ‘ -5.422 -~ 1562 -3.097 -7.149 —4.665 bbbkl
1.51 -1.017 -5.595 bahabbahade -3.672 -727 -4 377 “anane
1.75 —2.088 -6.828 HRAWAN -3.909 -~7408 —4288 wRRNN

1.98 -1777 -6.702 hkahehalolel —-4.107 -76 —4.367 EAAAEE
Nest27 — 1992

0.13 -8.385 -12.736 -1.494 -3.043 -6.631 -3579 seaees

0.38 -897 -13.555 ~1.926 ~3,149 -7.062 -3911 savens
0.63 -9.104 -13.905 ennae -369 -7.45 -4032 wanane
0.88 -10.37 -15218 bl ~3536 T -7425 -4698 anny



Depth (m)

PIEZOMETER NEST KC1 - SATURATION INDEX

CALCITE 'DOLOMITE SIDERITE ~ SMITHSONITE
0 0, 0 » 0
4 4 4 4
8 8 8 gl

@ (@ 0 @©®M@d@0 @ @ o ® 3 0
FERRIHYDRITE GOETHITE LEPIDOCROCITE Al-HYDROXIDE
0 0 , 0 (amorphous)
4 o .4 PY 4 o 4
8 | 8 gl 8

@ o0 2 0 2 4 6 0 2 4 6 @®OB@OO0

® 1991 m 1992 A 1993



Depth (m)

PIEZOMETER NEST KC1 - SATURATION INDEX

JAROSITE

8

@@ 0 4 8

GYPSUM

(057 0 05
® 1991

NATROJAROSITE
0,

'y

6) 0 6

MELANTERITE
0

8

© @ @ 0o
H 1992

H20 JAROSITE
0 ,

8

(15)Y10) (5) O

ANGLESITE

0 .-3'?"’“

@ (1) o0

A 1993



Depth (m)

PIEZOMETER NEST KC3 - SATURATION INDEX

CALCITE

0

5

10

10 1
FERRIHYDRITE
0 |
5

10

M o0 1 2

® 1991

5

DOLOMITE
0 .

5

10

(@@ 0 1

GOETHITE
0 |

10

0 2 4 6

-l 1992

SIDERITE

10

@ 0

LEPIDOCROCITE

0
5

10

0 2 4

A 1993

SMITHSONITE
0
5
10
@) 0



Depth (m)

PIEZOMETER NEST KC3 - SATURATION INDEX

JAROSITE
0

5

10

6 @ 0

GYPSUM
0

5

10

(1) (0.5) 0 05
® 1991

NATROJAROSITE

0
5 |
10
8) @

MELANTERITE

0
5
10 ‘
@ @

W 1992

0

0

H2O JAROSITE
0

5

10

(10) (5) O

ANGLESITE
0 &
5

10

2 (1) ©
A 1993



Depth (m)

PIEZOMETER NEST KC11 - SATURATION INDEX

CALCITE

5

10

FERRIHYDRITE
0 |

5

10

2y 0 >

@@Mmo 1

DOLOMITE
0

5
10

@) (2 0
- GOETHITE
0

5
10

0O 2 4 6 8
m 1992

SIDERITE
0
5
10
4 (@ 0 2
- LEPIDOCROCITE
0
5
10
0 3 4 6

A 1993

|

SMITHSONITE
0

5

10

@) 0

Al HYDROXIDE

(amorphous)
A

10

(0.5) 0 05 1



Depth (m)

PIEZOMETER NEST KC11 - SATURATION INDEX

JAROSITE NATROJAROSITE - H20 JAROSITE
0| 4 0 0 *
S 5 5
10 10 . 10
6 @ 0 3 ® @ o (1) &) 0
GYPSUM MELANTERITE - ANGLESITE ‘
0 0 O wgen—t
5 s 5
10{ 10 | 10
(05) 0 05 @ (@ o “ 3) @ (1) 0

B 1992 A 1993



Depth (m)

PIEZOMETER NEST KC14 - SATURATION INDEX

CALCITE DOLOMITE SIDERITE SMITHSONITE
0 | 0 0 0
4 4 4 4
8 8 8 8
@ (1 0 1 (2 0 (1) 0 1 2 @) @ @) 0
FERRIHYDRITE GOETHITE  LEPIDOCROCITE
0 0 0
4 4 ’ { 4
8 8 8

m 1992 - A 1993



Depth (m)

PIEZOMETER NEST KC14 - SATURATION INDEX

JAROSITE

GYPSUM

(05) 0 05
m 1992

NATROJAROSITE
0
4 o
8
- (8) @4 0 4
MELANTERITE
0
4
8

@ (@ o

A 1993

H,0O JAROSITE
° t\
4 /
8

(10) (5) 0O
ANGLESITE
0

n
4
8

(2)

(1)



| Welcome Screen _| Report List

Appendix 1V

Tabulated solid-phase geochemical data



Kidd Creek Tailings Solid—Phase Geochemistry

Nest Depth Depth Pb Zn Cu Ni Co
Interval (m) (m) (ppm) (ppm) (ppm) (ppm) (ppm)

KC1

0-10 0.05 0.05 446 10133 1113 21 142
10-20 0.15 0.15 520 9579 2140 35 190
20-30 0.25 0.25 949 14146 2122 7 191
30-40 0.35 0.35 1380 15415 2394 20 189
40-50 0.45 0.45 1181 12435 3080 16 173
50-60 - 0.55 0.55 1304 10313 2486 19 154
70-80 0.75 0.75 1279 9708 ' 1505 25 131
90-100 0.95 0.95 468 13642 1249 11 120
110-120 1.15 1.15 357 9452 2408 40 210
130-140 1.35 1.35 11756 8755 1255 21 142
150—160 1.55 1.55 1570 9617 1491 35 145
KC3

0-25 0.125 0.125 722 8593 1440 12 160
25-50 0.375 0.375 618 7993 1294 2 125
50-75 0.625 0.625 527 8342 1474 43 149
75-100 0.875 0.875 289 9077 1379 7 129
100-125 1.125 1.125 516 10918 1527 <5 143
125—-150 1.375 1.375 497 11398 923 25 111
175-200 1.875 1.875 838 10553 1471 26 195
275-300 2.875 2.875 662 14652 1955 18 174
375-400 3.875 3.875 1412 14312 1604 12 132
480-505 4.925 4.925 1189 13379 1583 26 139
592—617 6.145 6.145 670 6226 1180 <5 102
692—720 7.145 7.145 823 10595 1469 <5 116
770-795 7.825 7.825 626 5509 917 <5 106
873-898 8.855 8.855 831 5065 740 <5 93

973-998 9.855 - 9.855 1116 7751 894 <5 121



Kidd Creek Tailings Solid—Phase Geochemistry

Nest Depth Cr \Y As S C

interval (m) (ppm) (ppm) (ppm) % %

KC1

0-10 0.05 36 58 315 12.5 0.6
10-20 0.15 68 51 373 12,5 : 1.06
20-30 0.25 38 59 487 16.8 0.52
30-~40 0.35 24 60 518 15.6 0.83
40-50 0.45 44 60 458 14.4 0.97
50-60 0.55 49 53 447 13.4 0.96
70-80 0.75 65 46 431 14.5 0.97
90-100 0.95 41 58 356 14.2 0.52
110-120 1.15 47 49 361 13.6 1.06
130-140 1.35 32 53 400 - 10.8 0.74
150-160 1.55 35 52 407 10.8 0.84
KC3

0—-25 0.125 39 ‘ 59 326 11.9 0.9
25-50 0.375 116 56 322 10.6 0.81
50-75 0.625 98 59 346 10,2 0.89
75-100 0.875 37 53 297 14.3 0.99
100-125 1.125 52 62 296 14 1.12
125-150 1.375 58 57 267 21 0.84
175-200 1.875 50 52 487 16.8 0.86
275-300 2.875 52 54 341 13.7 0.94
375-400 3.875 21 60 440 15 0.7
480-505 - 4.925 26 50 392 14.3 0.73
592-617 6.145 23 58 209 14.4 0.76
692-720 7.145 22 51 232 15.1 0.75
770-795 7.825 34 - 43 209 9.2 0.56
873898 8.855 32 52 224 11 0.75

973-998 9.855 40 51 262 14.6 0.74



Kidd Creek Tailings Solid—Phase Geochemistry

Nest Depth Si02 Al203 Fe203 MnO MgO
Interval (m) (wt %) (wt %) (wt %) (wt %) (wt %)

KC1

0-10 0.05 54.64 6.95 17.07 0.12 ' 2.69
10-20 0.15 56.18 6.25 17.36 0.16 3.47
20-30 0.25 49.28 5.62 21.13 0.09 2.21
30-40 0.35 45.3 5.52 20.44 0.14 2.47
40-50 0.45 51.55 5.86 18.76 0.18 2.71
50-60 0.55 54.21 5.89 18.18 0.16 2.81
70-80 - 075 55.42 6.09 19.15 0.16 . 297
90-100 0.95 51.66 6.56 20.54 0.1 2.58
110-120 ‘ 1.15 61.21 5.94 . 14,23 0.13 3.28
130-140 1.35 68 6.85 16.55 0.14 3.22
150-160 1.656 56.48 6.89 17.91 0.15 ) 3.63
KC3

0-25 0.125 56.55 7.69 16.44 0.14 2.65
25-50 0.375 60.69 6.9 14.17 0.13 - 311
50-75 0.625 58.79 7.47 16.04 0.14 3.37
75-100 0.875 54.76 5.82 18.69 0.17 2.76
100-125 1.125 53.74 8.46 15.45 0.18 2.82
125-150 1.375 50.89 5.76 19.59 0.12 2.39
175200 1.875 51.77 6.4 17.57 0.14 2.7
275-300 2.875 5§7.21 6.68 14.67 0.16 2.69
375-400 3.875 51.38 7.01 17.53 0.12 2.79
480-505 4.925 55.45 6.87 16.17 0.14 2.8
592617 6.145 56.99 6.68 17.32 0.14 2.54
692720 7.145 57.18 6.64 13.97 0.15 2.33
770—-795 7.825 64.29 8.28 12.57 0.11 2.7
873-—-898 8.855 60.98 7.46 13.89 0.17 3.12

973--998 9.855 60.21 7.75 156.7 0.14 2.42



Kidd Creek Tailings Solid—Phase Geochemistry

Nest Depth Cao Na20 K20
Interval (m) (wt %) (wt %) (wt %)

KC1

0-10 0.05 1.5 0.58 0.87
10-20 0.15 1.54 0.38 0.63
20-30 0.25 1.42 0.46 0.65
30—-40 0.35 1.49 0.37 0.57
40-50 . 0.45 1.61 0.38 0.61
50-60 0.55 1.39 0.36 0.62
70-80 0.75 1.41 0.36 0.67
90-100 _ 0.95 1.63 0.53 0.71
110-120 1.15 1.41 0.35 . 0.61
130-140 1.35 1.66 0.39 0.78
150-160 1.55 1.75 i 0.39 0.71
KC3

0--25 0.125 1.88 _ 0.68 0.92
25-50 0.375 1.9 0.53 0.85
50-~75 0.625 1.9 0.59 0.96
75-100 0.875 1.8 0.54 0.65
100-125 1.125 1.76 0.59 0.75
125-150 1.375 1.52 0.45 0.66
175-200 1.875 1.52 0.56 0.71
275-300 2.875 1.68 0.6 0.82
375-400 3.875 1.72 0.55 0.8
480-505 4,925 1.45 0.41 0.81
592~617 6.145 1.79 0.4 0.81
692-720 7.145 1.93 04 0.79
770-795 : 7.825 1.48 0.4 1.15
873-898 8.855 1.47 - 0.44 0.8

973-998 9.855 1.54 0.45 1.16



Kidd Creek Tailings Solid—Phase Geochemistry

Nest Depth Depth Pb Zn Cu Ni Co
Interval (m) (m) (ppm) (ppm) (ppm) (ppm) (ppm)

KC10

0-—-10 0.05 0.05 495 7170 875 <5 89
10-20 0.15 0.15 730 7376 1555 <5 97
20-30 0.25 0.25 840 13035 1517 ' 7 141
30-40 0.35 " 0.35 573 7788 1007 <5 a3
40-50 0.45 0.45 325 4533 564 . <5 63
50-75 0.55 0.55 744 12721 963 <5 _ 59
75-100 0.875 0.875 815 6884 920 <5 112
100—-125 1.125 1.125 783 8567 866 <5 105
125—150 1.375 1.375 979 . 158517 846 <5 116
KC11

0-25. 0.125 0.125 1000 11336 1471 <5 123
25--50 0.375 0.375 1059 10569 1749 28 116
5075 0.625 0.625 566 8437 1200 40 ' 110
75-100 0.875 0.875 746 7124 1034 ‘ 44 117
100-125 1.125 1.125 778 7838 1026 41 126
125-150 1.375 1.375 597 6108 1202 14 155
150-175 1.625 1.625 -~ 560 6084 1140 7 161
175-200 1.875 1.875 502 10203 1367 18 © 171
200-225 2.125 2.125 597 9844 1722 18 170
225-250 2.375 2.375 646 35554 1883 9 221
KC27

0-10 0.05 0.05 500 8561 1432 9 118
10—20 0.15 0.15 783 8123 1354 33 131
25-37 0.31 0.31 1093 11490 2142 21 122
37-50 0.435 0.435 1027 v 10046 1665 17 129
50-75 0.625 0.625 994 11554 1958 16 119
75-100 _ 0.875 0.875 377 5688 780 11 79
100-125 1.125 1.125 466 6556 861 <5 89

s 225—260 2.375 2.375 40 : 335 47 55 24

“~



Kidd Creek Tailings Solid—Phase Geochemistry

Nest Depth Cr \% As S C
Interval - (m) (ppm) (ppm) (ppm) % %

KC10

0-10 0.05 46 48 178 10.9 0.55
10-20 0.15 27 53 275 121 0.35
20-30 0.25 26 56 309 14 0.5
30-40 0.35 16 52 221 11 0.56
40-50 0.45 25 46 124 8.5 0.8
5075 0.55 15 55 209 11.3 0.68
75—-100 0.875 7 47 234 11.2 0.65
100—-125 1.125 33 50 205 14.1 0.72
125—-150 1.375 28 54 219 18.7 0.87
KC11

0-25 0.125 34 60 363 13.8 0.69
25-50 0.375 73 59 359 13.7 0.89
50-75 0.625 90 56 283 12.3 0.9
75~100 0.875 115 56 337 11.3 0.86
100—-125 : 1.125 102 58 360 11.5 0.83
125-150 1.375 67 59 375 11.2 0.97
150-175 1.625 48 56 366 10.9 0.88
175-200 1.875 68 63 373 13.3 1
200-225 2125 51 49 393 14 0.87
225-250 ' 2.375 54 51 492 16.3 0.74
KC27

0~-10 0.05 59 55 307 12.8 0.59
10-20 - 0.15 64 55 319 13.3 0.57
25-37 0.31 52 56 259 13.3 0.75
37-50 0.435 72 55 284 13.8 0.76
50~75 0.625 51 53 241 14.7 0.87
75~100 0.875 73 76 161 8.8 0.99
100-125 1.125 47 . 54 186 9.3 0.87

225-260 2.375 100 124 5 1.1 2.24



Kidd Creek Tailings Solid—Phase Geochemistry

Nest
Interval

KC10

0-10
10-20
20-30
30-40
40-50
50-75
75-100
100-125
125—-150

KC11

0-25
25-50
50-75
75—-100
100-125
125-150
150-175
175-200

- 200-225

225-250

KC?27

Depth
(m)

0.05
0.15
0.25
0.35
0.45
0.55
0.875
1.125
1.375

0.125
0.375
0.625
0.875
1.125
1.375
1.625
1.875
2.125
2.375

Si02
(wt %)

65.19
61.29
57.11
62.94
67.22
59.48
59.85
59.13

54.2

54.43
55.63
59.33
60.86
59.43
58.48
57.97
55.01
585.77
53.13

6.34
6.8
6.8
6.5

5.96

7.99

8.53

6.95

5.65

6.9
7.19
7.05
7.23
7.26
7.56
7.74
6.91
6.81
6.48

Fe203
(wt %)

14.05
15.98
17.34
15.49

12.7
14.63
14.56
14.63
16.02

18.54
16.82
15.29
14.48
15.15
16.43
16.94
17.69
17.73
18.77

0.1
0.09
0.15
0.14
0.1
0.15
0.13
0.12
0.13

.14
0.15
0.13
0.13
0.13
0.13
0.14
0.15
0.13
0.13

2.34
2.23
2.41

2.4

23
2.92
2.99
2.45
2.25

2.62
2.91
2.97

3.1
3.13
3.32
3.43
3.34
3.08
2.72



Kidd Creek Tailings Solid—Phase Geochemistry

Nest Depth Ca0 Na20 K20

Interval (m) (wt %) (wt %) (wt %)

KC10

0-10 0.05 1.67 0.51 ' 0.74
10-20 0.15 1.65 0.52 0.86
20-30 0.25 1.74 ' 0.44 0.79
30-40 0.35 1.76 0.45 0.72
40-50 0.45 1.63 0.54 0.69
50-75 0.55 1.62 0.42 0.97
75—-100 0.875 1.47 0.42 1.04
100-125 1.125 1.41 0.48 0.83
125-150 1.375 1.48 0.43 0.67
KC11

0-25 0.125 1.97 0.63 - 0.84
25-50 0.375 1.98 0.59 0.88
50-75 0.625 1.87 0.56 0.91
75—-100 0.875 1.83 0.57 0.93
100-125 1.125 2.04 0.62 0.93
125-150 1.375 1.84 0.63 0.85
150-175 1.625 1.83 0.67 0.86
175-200 1.875 1.8 0.59 0.74
200-225 2.125 1.63 0.47 0.69
225-250 2.375 1.4 0.58 0.72
KC27

0-10 0.05 1.45 0.45 0.77
10-20 0.15 1.7 0.43 0.86
25-37 0.31 1.63 0.44 0.86
37-50 0.435 1.72 0.38 0.84
50-75 0.625 2.1 0.64 0.96
75-100 0.875 1.6 0.55 1.09
100-125 ‘ 1.125 2.22 1.74 3.38

225-260 2.375 1.59 0.52 0.63
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Bibliography of related papersincluding abstracts



Refereed Journal Articles (published or accepted)

Al, T.A., Blowes, D.W., Jambor J.L. and Scott, J.D. 1994. The geochemistry of mine-waste
porewater affected by the combined disposal of jarosite and base-metal

sulphidetailings. The Canadian Geotechnical Journal. 31, pp. 520-512.

Blowes, D.W., Al, T.A., Lortie, L., Gould, D.W. and Jambor, J.L. 1995. (accepted) Chemical,
mineralogical and microbiological characterization of the Kidd Creek minetailings

impoundment, Timmins area, Ontario. Geomicrobiology, 13: 13-32.

Al, T.A. and Blowes, D.W. 1996. Storm-water hydrograph separation of run off from a

minetailingsimpoundment formed by thickened tailings discharge at Kidd Creek,

Timmins, Ontario. Journal of Hydrology, 180:55-78.

Chaptersin Books

"Al, T.A., Blowes, D.W. and Jambor, J.L. 1994. A geochemical study of the main tailings
impoundment at the Falconbridge Limited, Kidd Creek Divison metallurgical site,
Timmins, Ontario. In Short Course Handbook on Environmental Geochemistry of
Sulfide Mine-Wastes, Mineralogical Association of Canada, J.L. Jambor and D.W.

Blowes editors, Vol. 22, pp. 333-364.



Papersin Refereed Confer ence Proceedings

"Al, T.A., Blowes, D.W., Jambor J.L. 1994. The Pore-Water Geochemistry of the Cu-Zn
Mine-Tailingsat Kidd Creek, Near Timmins, Ontario, Canada. The I nternational
Land
Reclamation and Mine Drainage Conference and the Third I nternational Conference

on Abatement of Acidic Drainage, Pittsburgh, Pennsylvania, USA.

Papersin Non-Refer eed Confer ence Proceedings

"Al, T.A. and Blowes, D.W. Storm-water hydrograph separation of run off from the Kidd
Creek mine-tailingsimpoundment, Timmins, Ontario. Sudbury '95, Mining and the

Environment Conference.

Conference Presentations with Published Abstracts

"Al, T.A,, Blowes, D.W., Jambor J.L. and Scott, J.D. The geochemistry of mine-waste
porewater affected by the combined disposal of jarosite and base-metal

sulphide tailings. The 1993 Joint CSCE-ASCE National Conference on



Environmental

Engineering, July 1993, Montreal, Quebec.

"Al, T.A., Blowes, D.W. and Jambor, J.L. The pore water geochemistry of the mine-tailings
impoundment at Kidd Creek, Timmins, Ontario. The CIMM Annual General Meeting,

March 1994, Toronto, Ontario.

"Al, T.A. and Blowes, D.W. Storm-water hydrograph separation of run off from amine
tailingsimpoundment formed by thickened tailings discharge at Kidd Creek, Timmins,
Ontario. Geological Association of Canada/Mineralogical Association of Canada

Annual Meeting, May 1994, Waterloo, Ontario.

"Cabri, L.J., Martin, C.J., Al, T.A., Blowes, D.W. and Jambor, J.L. Investigation of surface
composition of pyrite from minetailings by Laser Ionization M ass Spectr ometry.
TMS Conference on Process Mineralogy Applications to Environmental Problems,

February 1995, Las Vegas, California.

Presentations at Workshops, Short Courses etc

"Al, T.A., Blowes, D.W. and Jambor, J.L. The hydrogeology and geochemistry of mine



tailingsat Kidd Creek, Timmins, Ontario, Canada. Hydrogeological and Geochemical
Processesin Groundwater Systems | mpacted by Abandoned Mines, Bilateral Resear ch

Workshop Germany - Canada, July 1995.

" presenting author



THE GEOCHEMISTRY OF MINE-WASTE PORE WATER AFFECTED BY THE

COMBINED DISPOSAL OF JAROSITE AND BASE-METAL SULFIDE TAILINGS

Since 1985 natrojarosite resdue (NaFe;(S0O,),(OH)e) from the zinc refinery at Kidd
Creek, near Timmins, Ontario has been digposed of with mine tailings containing up to 25
wt% pyrite. Pore-water geochemical data have been collected from depth profilesthrough the
vadose and saturated zonesin thetailings. Three zones are defined by the concentr ations of
metals, SO, and HCO;. In the degpest zone the concentrations of most metals and anionsare
below detection and the concentrations of Fe, Mg, Na, K, Si, Zn, Mn, HCO; and SO, arelow,
similar to thosein the mill discharge-water. Higher concentrations of Na, K, Fe, Mg, Mn, S,
Zn, Pb, As, SO, and HCO; occur within an intermediate zone. Theseincreased concentrations
are attributed to natrojarosite dissolution. A surficial zone affected by sulfide oxidation
contains high concentrations of metals and SO,. High concentrations of Cd, Co, Cu, Ni, Cr
and Al in this zone char acterize the effects of sulfide oxidation on pore-water composition as
distinct from the effects of natrojarosite dissolution. The H* released by Fe® hydrolysis
following natrojarosite dissolution is neutralized by carbonate-mineral dissolution that reduces

the acid-neutralization capacity of thetailings and releases HCO,.



Chemical, Mineralogical, and Microbiological Characterization of the Kidd Creek

Mine-tailings Impoundment, Timmins Area, Ontario

Bacterial enumeration for sulphide-rich tailings was undertaken at three stesin the
Kidd Creek tailingsimpoundment near Timmins, northern Ontario, Canada. At thefirst Ste,
which was geochemically and mineralogically characterized as having negligible oxidation-
derived alteration, the predominant speciesis Thiobacillus thioparus, most probable number
(MPN) valuesrange from 1.1 x 10° to 1.3 x 107, with highest values occurring near thetailings
surface. The onset of acidification is geochemically evident at the second site, at which T.
thioparusisagain the predominant species; its MPN valueis greatest (1.8 x 10°) in the high-
Eh zone near thetailings surface. Thethird stein theimpoundment, at which oxidation and
acidification are well-established, contains abundances of T. thioparus similar to those at the
preceding relatively fresh to weakly altered sites; in contrast, however, the predominant
species ar e Thiobacillus ferrooxidans (M PN to 1.3 x 107) and Thiobacillus thiooxidans
(MPN to 1.4 x 10%), both of which attain maximum abundances at 25 to 40 cm beneath the
impoundment surface. The occurrence of peak abundances at the interface between the zones
of unaltered and overlying partly altered sulphides suggests that coatings of iron
oxyhydroxides may shield the partly altered near-surface sulphides, ther eby inhibiting

bacterial population growth.



STORM-WATER HYDROGRAPH SEPARATION OF RUN OFF FROM A MINE-
TAILINGSIMPOUNDMENT FORMED BY THICKENED TAILINGS DISCHARGE AT

KI1DD CREEK, TIMMINS, ONTARIO

TheKidd Creek Cu-Zn sulfidemineislocated near Timmins, Ontario. Mill tailings
arethickened and deposited asa thickened durry in a circular, conical-shaped pile with an
area of approximately 1200 ha. Deposition of tailings asathickened durry resultsin a
relatively uniform grain-size distribution, and hydraulic conductivity, and a thick tension-
saturated zone above thewater table. Thetailings aredrained by numerous small, ephemeral
stream channds, which have developed in aradial pattern. During storms, water from these
streams collectsin catchment pondswhereit isheld prior to treatment. The contribution of
tailings pore water to therun off is of interest because of the potential for discharge of pore
water containing high concentrations of Fe(l1)-acidity, metals and SO, to the stream.
Hydraulic head measurements, measur ements of water-table elevation and groundwater flow
modelling wer e conducted to deter mine the mechanisms responsible for tailings pore water
entering the surface streams. Chemical hydrograph separation of storm run off in one of
these streams, during threerainfall events (May 24/1993, May 26/1993, May 30/1993), using
Na and ClI as conservative tracers, indicatesthat the integrated tailings pore water fraction
comprises between <1% and 20% of thetotal hydrograph. Thisrangeislessthan the
maximum fraction of tailings porewater of 22 to 65% reported for run off from a conventional
tailings deposit. At thisste, preferential flow through permeable fractures may be the

dominant mechanism causing dischar ge of tailings pore water to storm run off. Estimates of



the mass of Fe(l1) that dischargesto the surface run off from the pore water range up to 2,800
mg/s during a moder ate intengity, long duration rainfall event. The greatest potential for
discharge of significant masses of solutes derived from the pore water, exists during long
duration rainfall events when the water tablerisesto the surface over large areas of the

tailingsimpoundment.



THE PORE-WATER GEOCHEMISTRY OF THE Cu-Zn

MINE TAILINGSAT KIDD CREEK, NEAR TIMMINS, ONTARIO, CANADA

TheKidd Creek Cu-Zn sulfide deposit near Timmins, ON. has been in operation since
1966, with current production of approximatey 10,000 tpd. Tailingsfrom the depost contain
10to 25wt % pyriteand are disposed of asa thickened durry in a 12- to 15-m high cone-
shaped deposit in a 1,200-ha impoundment. Approximately 2.5 wt % natrojarositeresidue
from the zinc concentrate refining cir cuit has been disposed of with the tailings since 1985.
Thenatrojarositeresdueislimited to the upper 4.5 m of tailings. Three geochemical zones
are defined by the pore-water concentrations of metalsand SO,. I1n the deepest zone,
concentrations of most metals and anions are below detection and Na, K, Mg, Mn, Fe, Zn,
HCO;, and SO, are low, reflecting the mill discharge-water released with thetailings. In this
zone, gypsum precipitation controlsthe concentrations of Ca and SO,, the dominant elements
in the porewater. Higher concentrationsof Na, K, Mg, Mn, Fe, Zn, Pb, As, HCO;, and SO,
occur in an intermediate zone coincident with detectable natrojarostein core samples. These
increasesindicate that some natr ojar osite deposited with the tailings has dissolved. Higher
Zn concentrationsin the intermediate zone than in the deep zone ar e attributed to minor
subgtitution of Zn in natrojarosite and to resdual aqueous Zn-sulfatein the natrojarosite
residue that is co-disposed with thetailings. A surficial zone with visible signs of sulfide
oxidation contains high concentrations of Na, K, Mg, Mn, Fe, Zn, Pb, Cu, Ni, Co, Cd, Al, As,
NO3, and SO,. Oxidation reactions, and the consequent pH decrease, have increased the

concentrations of metals and SO, in the shallow pore-water .



STORM-WATER HYDROGRAPH SEPARATION OF RUN OFF FROM THE KIDD

CREEK MINE-TAILINGSIMPOUNDMENT, TIMMINS, ONTARIO

The Kidd Creek tailings are deposited by thickened tailings dischar ge within a 1200 ha
impoundment which currently contains approximately 100 million tonnes of sulfide-rich
tailings. Thickening thetailingsresultsin a deposit with a uniform grain-size distribution,
uniform hydraulic conductivity, and a thick tenson-saturated zone above the water table,
relative to conventional unthickened tailings. Numerous small, ephemeral stream channels,
which have developed in aradial pattern, drain thetailings surface at Kidd Creek. During
storm events, water from these streams collects in catchment pondswhereit isheld prior to
treatment. Chemical hydrograph separation of storm run-off in one of these streams, during
threerainfall events, indicatesthat tailings pore water comprises between 0 and 23.5% of the
sream flow. Preferential flow through fractures may be an important mechanism for causing
discharge of tailings porewater to storm run off. Estimates of the mass of Fe(l1) that
dischargesto the surface run off from porewater range up to 2,800 mg/s during a moder ate
intengty, long duration rainfall event. The greatest potential for discharge of significant
masses of SO,, Fe and other metalsderived from tailings pore water existsduring long
duration rainfall events when the water tablerisesto the surface over large areas of the

tailingsimpoundment.
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