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PHREEQC BACKGROUND

PH'RE'EQ'C = pH, redox, equilibrium written in C
language

Low-temperature aqueous geochemical calculations
Version 1.0 was released in 1995

Latest version is PHREEQC 2.15.0.2697 (Feb 5, 2008)
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MODEL CAPABILITIES - Mixing Model




MODEL CAPABILITIES - Mixing Model

 Mixing Model Example:

— Estimating tailings pond water chemistry (rainfall,
runoff, infiltration, new process feed)

— Estimating mineral precipitation
— Estimating processing water quality



MODEL CAPABILITIES - Equilibrium Model
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MODEL CAPABILITIES - Equilibrium Model

 Equilibrium Model Example:
— O,, CO, and H,0 impact on waste rock (ARD)
— Water through waste rock pile
— Water in underground working space



MODEL CAPABILITIES - 1-D Transport

TENTAN TN




MODEL CAPABILITIES - 1-D Transport

* 1-D Transport Mode Example:

— Groundwater/Contaminants Transport in the
subsurface



% PHREEQC Interactive - lod2_Eq-Dolomite]
%File Edit View Options Window Help

DFE@ [FEEEE]
JIﬂItIE| conditions a & ﬂ X = i (e '..| L
JForward andinverse mpdeling &F @ § <> & & K T g mm
JF‘rlntlng and nurmerical method abe ?ﬁ 18 IH = | )
JStolchlometrj,r and thefnodynamic data a? a— x? W= ﬂ? ﬂ— (5]
I= | SOLUTION 0
= % Input files temp 4
El--- SurWater—Ha ineDam#& rH g. 91
pe —2. B8R
redox Si-2)/508)
units mgs1
den=sity 1
Alkalinitsy 292. 8 az HCO3
Ca 488
Mz 8.1
"i:" Na Jg. 8
E 4.2
; 50 Tailing leach water v Fe 0.1
P C1l 4.3
3 N 7
4 S (8] 1360
5 Si=-2) 0. 274
[ —water 1 # kg
|—__-|... Eg-Delomite
El ; 1 EQUILIERITM_FHASES 0 Equi with Atposphere 02 and COZ, Precip Calcite and Iron Hydrozide
. E-g SOLUTIONO Calcite 00
F-5= EQU|LIBRIUM_PHASES 0 Eg COe () —3.4% 10
Fe(OH)3(a) 0O 0O
02(z) -0. 68 10

ElI:l Simulation 2
F- @ SOLUTION 172
-+ EQUILIBRIUM_PHASES 1-72
#-H5 TRANSPORT
#-T= SELECTED_QUTPUT

SAVE solution O
END
SOLUTION 1-7T2

temp 4
-H [ |




MODELING CAPABILITIES

* |nput Data:
— pH , Redox Potential, Temperature, Alkalinity
— Major Anions: Cl, S-2/SO,, NO,/NQO¢,
— Major Cations: Ca, Na, K, Fe, Al...
— Trace Metals: As, Cd, Hg, Pb, Cu, U ....



Initial conditions

Forward and inverse modeling

Printing and nurnerical method

Stoichiometry and thermodynamic data

El--% Output files

=[] Trans_Mod2_Eq-DolomiteCalcite

Solution compozition

Elements= Molalitwy Moles
- Reading data base.

El[:| Reading input data for simulation 1 C T.09e-004 T.094e-004
Ela Beginning of initial solution cal Ca 1. 08Te—-002 1.06Te—00%
E-g Initial solution 0. Cl 1.216e-004 1.216e-004
=-44@# Beginning of batchreaction c3 Fe 1.227e-009 1. 227e-000
=i Hea;*h":'” step 1. ! K 1.0TTe-004 1.0TTe—004
""""""" 11ase assem Eﬁ? Mz 3. 548e-003 3. 550e-003
Bel;;lri;;iunl::l-fysulllrtilclun ) b, 009e-004 5. 009e-004
. ) Na 1. 804e—-003 1. 604e—-003

Digtribution of species
3 1.420e-0072 1.420e-002

Saturation indices

End pf simulation.
#-[Z7] Readingfinput data for simulation 2
----- 3 Headinilinput data for simulation 3
............. End of

M.

pH

re

botivity of water

Ionic strength

Ma=zz of water (kgz)

Total alkalinity f(eqikg)
Total CO2 (molikg)
Temperature (deg C)
Electrical balance (eq)
Percent error, 100%{Cat—|in|)/ {Cat+|dn|)
Iterations

Total H

Total O

Species Molalitw

COH- 1. 460e-007

Dezcription of =solution

Diztribution of =peciez

1. 220e-00T7

T. 860
14. 686
1. 000
4. 232e-002
1. 000e+000
. 930e—004
T. 089de-004
4. 000
4. 304e-004
0. 98
34
1. 11017 Te+002
5. BE63Tde+001

Charge balance
Adjusted to redox eguilibrium

Log Log

botivity  Molality  Activaitw

-6, 836 -6.914

Log
> amma

—-0. 073




MODEL CAPABILITIES - Qutputs

pH = 7.085
pe = 13.115
Activity of water = 1.000
lonic strength = 3.214e-003
Mass of water (kg) = 1.000e+000
Total alkalinity (eq/kg) = 1.194e-003
Total CO2 (mol/kg) = 1.221e-003
Temperature (deg C) = 10.000
Electrical balance (eq) = 4.483e-004
Percent error, 100*(Cat-|An|)/(Cat+|An|) = 11.21



etry and thermodynamic data

oL

files

Trens_Mod2_Eqg-Dolomite-Calcite

- Reading data base.
Reading input data for simulation 1
- a Beaqinning of initial solution cal
-4 Initial solution 0.

] @ Beginning of batch-reaction cz

=¥ Reaction step 1.

------------- Phase assemblage
------------- Solution compasition
------------- Description of solution
............. Distribution of species
------------- Saturation indices
End of simulation.

Reading input data for simulation 2
Reading input data for simulation 3
- End of run.

Species

OH-
H+
Hz20
Ci-4)
CH4
Cidy
HCO5-
Coz
CaHC03+
MzHCO 53+
CalC03
Co3-2
MgC03
NaHC03
NaC03—
FeHCZO3+
Fel03
Ca
Cat?
Cas04d
CaHCO3+
CalC03
CalH+
CaHS04+
Cl
C1l-
FeCl+2
FeCl+
FeClZ+
Fel1l3
Fe (2]
Fet?
Fesnd
FeHCZO3+
FelC3

Diztribution of =peciez

Log
Molalitw Activity Molalitw

1.460e-007 1. 220e-007 -6, 536

1. 538e-008 1.381e-003 =T.7a7
5.551e+001 9. 995e-001 1.744
0. 000e+000

0. 000e+000 0. 000e+000 -15T.601
T. 084e-004

6. 463e-004 5, 443e-004 -3.190
2.811e-005 2.536e-005 -4, 600
1. 210e-005 1. 586e-005 -4. 718
9.045e-006 &.311e-006 -5, 002
5. 393e-006 5. 446e-006 -0, 268
2. 116e-006 1. 064e-006 -5. 675
0. 020e-00T 1.003e-006 —-6. 003
3. 08he-00T 4. 024e-007 —-6. 400
0.0TEe-009 &, 33%9e-008 —-&. 001
0.044e-022 & 311e-022 -21.002
3. 861e-022 3, 800e-022 -21.413
1. 06Te-002
T.5650e-003 3.815e-003 -2.121
3.0T6e-003 3. 106e-003 —-2.512
1.910e-005 1.596e-005 -4. 7149
5. 393e-006 5, 446e-006 -hb. 268
H.484e-008 4. 583e-008 -T. 261
2.452e-010 2. 04%9e-010 -0.611
1. 216e-004
1. 216e-004 1.007e-004 —-3. 918
6. 248e-022 3. 048e-022 -21.204
2.540e-024 2.123e-024  -23.5895
3.380e-025 Z2,B0Te-025 -24.4T4
2.800e-030 2.82Te-030 -20.853
4. 1T2e-020
3. 130e-020 1.52T7e-020 -18.504
8. 964e-021 9, 052e-021  -20.048
9.044e-022 8. 311e-022  -21.002
S, 861e—-022 3, 89%9=—02¢ -—-21.413

La

Z

Aotivitwy

-14,
—-20.
-21.
-21.

914
. 560
. oaa

. BOG

. 264
. 504
78T
. 080
. 264
L9973
. ooa
. 395
.o7a
. 080
408

.418
. 508
LTaT
. 264
330
. BEE

L 2aT
.0l16
LBT3
. BA2
B0

814
043
0s0
409

G

Log
AMma

LOTE
. 063
. 0aa

. 004

.07h
. 004
LOTE
078
. 004
. 208
. 004
. 004
078
078
004

L 297
. 004
078
. 004
078
078

. 082
312
L0783
078
. 004

312
004
078
_ 004




MODEL CAPABILITIES - Qutputs

Molality Activity Gamma
-0.024

-7.061

-7.085

3.781e-008 3.560e-008 -7.422 -7.449 -0.026
1.744 -0.000 0.000

Species Molality  Activity
H+ 8.688e-008 8.218e-008
OH-

H20 5.551e+001 9.999¢-001

Al 4.128e-005
Al(OH)4- 3.599e-005 3.388e-005
Al(OH)2+ 3.410e-006 3.210e-006
Al(OH)3 1.691e-006 1.692e-006
AIOH+2 1.798e-007 1.412e-007
Al+3 5.513e-009 3.202e-009
AISO4+ 1.869e-009 1.760e-009

Al(SO4)2-

1.172e-011-1103e-011

4444
5467
5772
6.745

-8.259

-8.728
-10.931

-4.470
-0.494
-5.7172
-6.850

-8.495
-8.755

-10.957 o 026S0Q

-0.026
-0.026

0.000

-0.105
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cichiometry and thermodynamic data

% Output files
E| Trans_Mod?_Eg-Dolomite-Calcite
............. Reading data base.
E||:| Reading input data for simulation 1
& a Beginning of initial solution cal
a Initial solution 0.
[—]@ Beginning of batch-reaction ca
E@ Reaction step 1.
Phase assemblage
- Solution compaosition
------------- Description of solution
............. Distribution of species
------------- Saturation indices
------------- End of simulation.
#-[_7] Reading input data for simulation 2
----- (23 Reading input data for simulation 3
............. End of run.

Magretite -1.

- = . e

-

—

—

e A T Ty

Feald+ oo Udde—UEY 4. 22de—ULE =21, 29 =21, 374 =Ll Usi
Fe(304)2- 4.815e-023 4.07T2e-023 -22.308 —22.390 -0. 082
FeH304+2 1. 803e-028 8.482e-029 -27.744 -28.071 -0.327
Saturation indices

Fhaze SI log IAP log KT

Anhydrite -0.61 -4.96 —4.35 Cad04

Aragonite -0. 14 —8. 349 —-8. 23 CaCo3

Artinite -T.48 3.72 11.20 MgCO3:Mgz (0H) 2= 3H20

EBrucite —-6.45 11. 89 18.358 Mg (OH)Z2

Calcite .00 -8.39% —-8.39 CaC03

CH4 (g} -5.7TT  -8.44 -2 87T CH4

CO2ig) -1.80 -2.97 -1.18 C0O2

Dolomite 0.00 -16.587 -16.87 CaMg(Co3i2

Dolomite(d) -0.64 -16.87 -16.92 CaMg(C03)2

Epzomite -2.45 -4.75  —2.30 Mg304:TH20

Fe(OH)Z. TC1.3 -1.70 -4.74 -3.04 Fei(0H)Z2 TC10.3

Fe(0H)3(a) -6.28 -1.40 4. 89 Fel(0H)3

Fe3 (0H) & -14. 88 .27 20.22 Fe3(0H)E

Felippt) -0.60 -4.41 -3.92 Fe3

zoethite -1.20 -1.40 -0.20 FeQOH

Greigite 0.42 -44.62 -45.03 Feld4d

G¥psum -0.36 -4.96 —4.680 CaS04d:2H20

H2(z) -8.21 -11.26 -3.08 HZ2

H20 (z) -2.08 -0.00 2.09 H20

H2S (z) -4.45 -B.20 -0.74 H2S

Halite -8.42 —A.849 1.53 HNaCl

Hematite -0.60 -2.79 -2.29 FelD3

Huntite -4, 38 -32.92 -28.84 CaMg3(C03)4

Hydromagnesite —14.95 -20.81 -5.86 Mgh{CO3)4 (OH)2:4H20

Jarozite(zz) -26,12 -34.95 -9,83 (E0.TTNal. 03HO. 2)Fe3(504) 2 (0H) &

Jarozite—K -26.890 -34.37 -T7.47 EKFe3(504)2(0H)A

Jarosite-Na -29,92 -33.19 -3.27 NaFe3d(304)2 (0H)A

JaroziteH -36.14 -3T7.47 -2.33 (H30)Fe3(504)2(0H)A

Mackinawite 0. 24 -4.41 -4.65 Fel

Maghemite -B.18 -2.74 6. 39 Fe203

Magnezite -0.4% -8.17 -T.69 MzC03

27 b, 2T 6. 54 Fedod



MODEL CAPABILITIES - Qutputs

Phase S| log IAP log KT

Al(OH)3(a) 0.93 1276 1183  Al(OH)3
AlAsO4:2H20 -7.73 -23.57 -15.84 AlAsO4:2H20
Albite 317 -22.18 -19.01  NaAlISi308
Analcime -4.04 1745 1341  NaAlSi206:H20
Anglesite -.60 -15.48 -7.87 PbSO4
Anhydrite -2.62 -6.906 -4.34 CaS04
Anilite -120.76 -154.32 -33.57 Cu0.25Cu1.5S
Anorthite -1.93  -21.69 -20.16  CaAl2Si208
Antlerite 0.29. ... .8.58.. ..8.29 Cu3(OH)4SO4ﬁ




MODEL CAPABILITIES - Advantages

* Very strong geochemical analytical capabilities

— Many commercial modelling software use
PHREEQC as the calculation core

* Widely accepted by the industry for geochemical
calculation

« Users are able to edit databases
« |ITISFREE



MODEL CAPABILITIES - Limitations

* Not User Friendly

* No visual demonstration (need Excel graphs, need
strong geochemistry judgment)

* No kinetics calculation
* Only give qualitative estimate



CASE STUDY - Phase Il ESA at Outpost

* Project Name: Phase |l Environmental Site Assessment
* Mine Name: Outpost Island (Philmore Mine)

* Location: 88 km SE of Yellowknife at Grate Slave Lake
+ Status: Abandoned

* Issue: Runoff water from high ARD potential tailings into
Great Slave Lake






CASE STUDY - Phase Il ESA at Out
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CASE STUDY - Phase Il ESA at Outpost

www.eba.ca
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www.eba.ca







CASE STUDY - Phase Il ESA at Outpost




Great Slave Lake
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CASE STUDY - Phase Il ESA at Outpost

 Data:
— Tailings Shake Flask
— Lake Water Routine Parameters
— Lake Sediment Metals



CASE STUDY - Phase Il ESA at Outpost

Parameter Units Tailings Shake Flask Lake Water

pH - 3.13 7.93
Aluminum (Al) mg/L 1015 1,000X (.1
Arsenic (As) mg/L 0.009 0.0
Calcium (Ca) mg/L 142.0 26.0
Cadmium (Cd) mg/L 5.86E-04 35X 0
Copper (Cu) mg/L 192 96,000X (0.008 4X
Iron (Fe) mg/L 3.8 13X 0.08
Magnesium (Mg) mg/L 83.4 6.3
Manganese (Mn) mg/L 1 0.02
Sodium (Na) 1mg/L 0.15 7.50
Nickel (Ni) Jmg/L 0.14 6X 0000 Lo

Zinc (Zn) Smg/L 054 18X (012 ©°0Q



CASE STUDY - Phase Il ESA at Outpost

* Tailing water quality:
— Only a few Iron minerals slightly oversaturated

* Lake water quality:
— Aluminium minerals slightly oversaturated

— Iron minerals oversaturated (Sl 4ie=19)



CASE STUDY - Phase Il ESA at Outpost

Mixing Model in Dilution Rate: 1:1, 1:10, 1:20, 1:100 and
1:1000

— For 1:1, 1:10 and 1:20, Sl of Aluminium, Copper
and Iron minerals increase, as more lake water
neutralize the pH of the tailing water

(Slaiomys@=1-7; Slarochantite=3-4; Sleeion)z=2-3)

— For 1:100 and 1:1000, Sl of Aluminium, Copper
and lron minerals decrease, but still above zero, as
more lake water starts to dilute the mineral
concentration

P =
e0Q



CASE STUDY - Phase Il ESA at Outpost

www.eba.ca

. . Tailing Leach (TL) | Lake Vifater (LVi) |50 TL - 50 L/ [10 TL - 90 Lv¢| 5TL:95 LW |1TL:99 LV | 0.4 TL:99.9 L\ | After Al & Cu Precip
Hinerals Hineral Structure ) i

] R Bl [ [5] [6] [l [
AOHY (1) Al{OHY, 624 090 211 1.66 173 0.93 042 093

Basalurnitite AlOHLO50, 89 Ll 46 16.1 15.5 10.5 3.5 13

Boshmite AIODH 41 L2 ] 35 3.9 3l L7 1.2

Digspoe AIODH 22 3l 19 5.6 5.7 4.9 3.6 3.l

Gibhsite AlOH) 34 L3 0.7 ) L6 3.8 P 19’

] Halloysite AlySig O (O H)y A8 17 34 3.6 3.7 2.0 a7 1T

Aluminum .

Juthanite AIOHSO, 0.3 57 L4 L6 L5 19 43 54

Faalinite Alp3iy O (OH)y 6.3 3.6 L6 5.5 5.9 7.3 4.5 ]

Lasenoatite C 1AL SO 4H, D -18.0 a7 57 L1 L7 L3 01 -1.0

Lecuhardite CagLiSig Dy THa O -298 6.0 0z 10.5 1.7 10.9 5.l 6.2

Montmosillonite-Ca  [Tag 16541 335k 670, (QH) B 0.5 23 6.4 6.5 4.5 L5 0.7

Pyrophyllite AlgSyCng (O H) -6.6 2.6 L1 79 5.0 6.3 3.5 2.5

Antlerite Cup(OH)E 0y 704 794 221 1.79 176 .29 547 3.8

Aruite Cup(OHI2(C Oy -1000.0 45 47 L1 L7 1.2 21 24

Copper Brochantite Cug(OH}S 0y 103 82 34 32 34 21 2.4 23
Malachite Cup(OH)C O, -1000.0 33 38 L3 L3 Lé 04 04

Tenoite Cul 49 15 23 0.2 L5 b 01 0z
Copper-Iron Cuprick etﬂb.e CuFep0y -2 145 10.6 15.6 16.0 l6.4 15.9 14.5°
CuprousFerite CuFe(, 30 55 7 6.9 7.2 7.a 6.9 540

Fe{OH)2TCL3 Fe{OH)y7Ch; -10004 7l %] 74 7.3 7.3 7.2 6.5

Fe(OH}() Fe(OH)y 411 270 116 2.39 245 258 269 20

iron Groethite FeOOH 122 5.03 6.49 7.72 7.75 7.91 5.02 7.4
Hetnatite Fe2y 437 17.99 1491 1737 17.49 17.76 1797 16.7

Maghetnite Fe2y 432 5.79 571 517 5.29 5.56 5.77 7.5

Magnetite Fey 04 -2.5 10.3 10.2 p p ] 2.9 1.3 7.9

Biressite MnO, 175 5.5 B 33 3.7 46 5.7 6.6

Bixchyite MOy -253 5.4 143 0.2 L1 3.0 5.2 6.2

Hausenannite My Oy 366 2.7 336 53 41 1z 2.2 3.2

Hanganese -

Manzanite MaQOH A7 3.0 4.0 L3 L7 2.7 3.5 4.2

] e 1hih | ¥ B A d s T i1 in [ ¥+ rm e




CASE STUDY - Phase Il ESA at Outpost

Modeled concentration at 1:1000 Dilution Rate

pH - 7.75
Aluminum (Al) mg/L 0.2
Arsenic (As) mg/L 9.0E-07
Calcium (Ca) mg/L 26.0
Cadmium (Cd) mg/L 5.9E-07
Copper (Cu) mg/L 0.2
Iron (Fe) mg/L 0.08
Magnesium (Mg) mg/L 6.4
Sodium (Na) mg/L 7.5
Nickel (Ni) mg/L 0.002
Lead (PDb) mg/L 2.8E-07 -

Zinc (Zn) mg/L: 0.012 €ba




CASE STUDY - Phase Il ESA at Outpost

* Findings:
— Aluminium, Cadmium, Copper, and Zinc in the

tailing will be carried to the lake water due to low
pH of the tailing water

— Copper, iron and aluminium minerals tend to
precipitate from the mixed water into sediments

— Mixed water and sediments will reach equilibrium
in the suspended mineral concentration (exceeding
applicable criteria)

P =
e0Q



Questions



