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1.0 INTROUUCTION

For many years regulatory agencies have been exploring
methodologies to evaluate the harmful effects of anthropogenic
activity on the environment. Often times legislation is built
on a comparison of available technology, observed
environmental effects and requirements for industrial growth.
In recent years, goals have been set by most agencies for
sustainable industrial development, but often without reliable
long term environmental impact information.

In this report, a model is presented that is intended to
predict trace metal speciation in the environment. It is felt
that it may be a useful tool in helping to regulate the
release of acid mine drainage (AMD). AMD has been the subject
of much review and research in recent years (e.g., Nolan,
1997; Pain 1987; Morin and Cherry, 1988; and Morin et al.,
1988).

Regulatory agencies have historically been monitoring total
metal levels for permitting criteria and they have attempted
to correlate these levels with observed environmental
biological effects. Our own activity with the B.C. Government
has established subcellular techniques that can establish the
effect that a given effluent may have on, for example, the
metal metabolism of fish.

In this report a number of concepts have been used that may
not be familiar to all readers. To aid in the understanding
of the contents of this report, definitions of some terms used
are provided.

Free Metal Ion

This refers to the fraction of the disclosed metal
concentration that is in the free cation of hydrate form,
-3. f

cd+ + L2' * CUL
Free Metal Ion Ligand Metal Ligand Complex
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Hydrate forms such as Cu(Olitf2  may also be regarded as "free
metal ions" from the point of view of this report as their
dissociation is Avery--rapid  on interaction with biological
membranes. Other complexes such as CuCO,,  for example, would
not be included in this term.

This term refers to the type of model used in this report. In
the model, specific ionic species  are evaluated and the
interactions of each catonicspe&es with each anionic species
is considered. Through an intmive process of balancing,
each reaction is determined w?~z;&,n  the parameters of known
redox and thermodynamic process,

Bioloaicallv Available

This term is used to describe  the cumulative fraction of a
specific element species that are able to be taken up by
biological membranes. This term is somewhat subjective as
several mechanisms of metal uptake can occur both in the
dissolved phase (both active and passive) and in some cases by
pinocytosis  (partial uptake) (George et al., 1976, 1977).

Equilibrium Constant

Consider the reaction
cu + L + CUL.

At the equilibrium, the formation constant or the rate of
formation of CuL is equal to the rate of dissociation of CuL
to its constituents. The equilibrium constant for the above
reaction may be defined as

~1 = JCUI  rL1
[CULI
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Sinale Ion A&iv%?? Coefficient

Single ion actifity  coefficients are constants that greatly
simplify calcultians. They are not measurable individually;
only ratios or maducts of ionic activity coefficients are
measurable. These theoretical expressions are usually based
on the Debye-Binskel Limiting Law (see Stumm and Morgan,
1970). Other @ical  relationships can also be used. For
a more detailed explanation, see Stump and Morgan, 1970.

It has been clear since the 1970's  (Sunda and Guillard, 1976)
that the free metal ion is the predominant metal species that
is biologically available. For some biological systems,
specific pathways of metal membrane transfer and partitioning
are well established {Florence, et al., 1984).

In this proposal we have used an ion speciation model to
calculate, from tke total concentration of parameters usually
collected by the government agencies, the environmental
concentration ranges 0% free metals.

The use of such procedures as a predictive tool is assessed in
several stages:

- first, the model has been adapted to best fit with
existing Tsolum River data

- second, the model is amended with data to allow for the
organic bonding observed at this location to be evaluated

- third, the model predictions for this site are compared
with determined metal species

- fourth, the accuracy of prediction is assessed by
comparing model data and determined species.

In an attempt to evaluate the effectiveness of the model, the
major parameters affecting speciation and its potential
usefulness to regulators are discussed.
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2.0 DBVELOPMBBT  OF B.C. NIHE 1.2

A number of mathematical models have been developed to
determine the chemical speciation of anions and cations in the
environment. Some of these have been based on equilibrium
constant data and some using kinetic effects.

The MINE I.2 model is an equilibrium model based on a specific
ion interaction. The methodology for the model was first
introduced by Francois Morel of M.I.T.  in 1979. The principle
of this model is that a single ion activity coefficient can be
determined by considering specific ion interactions. That is
the interaction of each anion with each and every cation.

In our model, this process is repeated for each cation and
each anion.

In order to allow for kinetic effects that'may  impact the
observed free metal ion activities, the stability constants of
some ligands have been amended to allow for the observed
effects. These new values have been termed "apparent
stability constants".

An example of such effects would be the release of lead from
particles and colloids. These zwactions often cannot be
described just in terms of the the.z-r;nc>dynamic  equilibrium. The
release of lead from many naturai surfaces is slow and thus
the apparent "szability constan-2:" is different from the
theoretically prsdicted value. Such variations can be
accounted for by using an expertizantally  derived "stability
constant" number which is referzd  to as the "conditional
stability constant". These "constants'* are operationally
defined but can be used to improvs3 :he ability of the model to
fit observed data.

The operation of MINE 1.2 is fully described in the manual
(Mine 1.2, ZBR 1992). Several aiternate calculations are
available, and are described in tha manual.
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Options now exist for both input and output data to be
selected. The output data has been reorganized in an attempt
to clarify the data obtained.

An example of output data is shown in Appendix 1.

The output data tabulates input concentrations and calculated
eguilib+xn  values. The percentage contribution to the

--~~di~ssolved  phase is also calculated together with the
Concentration of each species. The partitioning between the
particulate and dissolved phases axe based on redox
eguilibrium'phase considerations. The output has been divided
into three categories, each of which may be selected in the
program using an on-off toggle.

In addition, the format of the output has been improved to
more clearly show the results of the model predictions.
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3.0 EVALUATION OF HINR 1.2 FOR TSOLUM RIVER

3.1 TSOLUM RIVER DATA FILES

Information on the chemical characterization  of the Tsolum
River was provided by John Deniseger, B.C. Ministry of
Environment (BCMOE). From this data, nine data files were
prepared. The first three files were prepared for minimum,
maximum and average datd from the TsolumRiver,  Farnham Bridge
site. In all cases where total and dissolved concentrations
were presented, total concentrations were used for the initial
input data. Case measurements for the Farnham Bridge were
provided by the BCMOE, and the pH ranged from 6.6.to  7.5 with
a mean of 7.04.

The major variables that affect the speciation of metals of
natural waters are pH and pE. Data provided by the BCMOE have
been used in evaluating the effectiveness of the model. The
calculation of pE was performed in a number of ways, using
both oxygen data and manganese data provided by the BCMOE, and
some assumptions on equilibrium.

The input data of Tsolum River at Farnham Bridge is presented
in Tables 3.1, 3.2 and 3.3.

BY selecting files of maximum and minimum recorded
concentrations of each parameter at the Farnham Bridge site,
it is hoped to evaluate the potential variability of the
actual and calculated metal speciation.

Similar files were created for Tsolum River at Duncan Main and
Tsolum River at Rossiter. These files were used to evaluate
the effect of several variables (section 4) and the
variability of the model predictions (section 3).

For the determination of predictive models for all sampling
sites, organic ligands were treated as one moiety.



1993 Feb 27 17:06 74INE 1.2

--- Input Data ---

INITIAL CONDITIONS

pR = 13.0
pH = 7.0

ID#
-a---

1
2
4
5
6
8
9

10
1 1
12
13
19
20
50

Analytical
Concentration
---(MOLAR)"'

2.2SD-05
9.470-06
3.2833-08
1.61D-04
1.25D-06
1.82D-07
3.153).08
2.19D-07

8.-9QD-08
1.5333-07
8.52D-07
3.85D-07
1.87D-06
l.OOD-09

Component
---------
CA
MG
K
NA
FE3
MN2
cu2
EA
CD
ZN
NI
CR
AL
H

Tsolum faab=---o==--=----

Ionic Strength = 3.863-04

ID#
v-o-

99
101
102
103
109
112
157
159
160

Analytical
Concentration
---(MOLAR)---

l.OOD-09
8.00D-05
1.77D-05
3.670-05
l.O5D-06
3.OOD-07
3.040-06
6.403).07
2.4OD-07

E
co3
so4
a
PO4
6103
NO3
FA
HA

Table 3.1 Input data for Tsolum River at Farnham  (min.)



MINE 1.2 1993 Feb 27 17:08
!molmu  far Max

--- Input Data ---

INITIAL CONDITIONS

pE = 13.0
pH = 7.0

ID#
-O-W-

1
2
4
5
6
8
9

10
11
12
13
19
20
50

Analytical
Concentration
---(MOLAR)---

1,44D-04
5.68D-05
1.28D-10
1.61D-04
6.06D-05
2.37D-06
1.73D-06
2,19D-07
8.90D-08
4.59D-07
8.52D-07
3.85D-07
6.6113-05
O.OOD+OO

Table 3.2 Input data for Tsolum River at FarnharPa  (max.)

Component
--1-1----
CA
MO
K.
NA
FE3
MN2
cu2
BA
CD
ZN
NI
CR
AL
H

Ionic Strength = 1.81E-03

ID#
w-1--

99
101
102
103
109
l&2
157
159
160

Analytical
Concentration
--- (MOJiiUt)  ---

O.OOD+OO
8.OOD-05
2.723).04
7.05D-05
l.O5D-06
3,00D-07
3.043).06
1.281)"06
3.200-08

Component
--W-1111-
E
co3
so4
CL
PO4
SI03
NO3
FA
HA



MINE 1.2 1993 Feb 27 17:lO
Tsolunt  far Average
----I--=- _----===.i,z:

e-w Input Data ---

INITIAL CONDITIONS

pE = 13.0
pR = 7.0

ID#
w-w--

1
2
4
5
6
8
9

10
11
12
13
19
'20
50

Analytical
Concentration
---(MOLAR)---

1.870-05
3.271).05
1,28D-10
1.61D-04
4.34D-06
6.48D-07
2.61D-07
2.19D-07
7.831).33
2.78D-07
8.52D-07
3.85D-07
3.733).05
l.OOD-09

Component
-------
CA
MG
K
NA
FE3
MN2
cu2
BA
CD
EN
II
CR
AL
H

Ionic Strength = 6.553-04

IDt
m-m--

99
101
102
103
109
112
157
160

Aaalytical
Concentration
---(MosAR)---

O.OOD+OO
8.OOD-05
4.181).05
5.451).05
l.O5D-06
3.00D-07
3.040-06
1.61D-07

Component
-----I---
E
co3
so4
CL
PO4
6103
NO3
EA

Table 3.3 Input data for Tsolum River at Farnham  (average)
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In using the model, pH and pE have to be input as major
variables. The determination of pH is usually performed on
site. For pE, however, values must be calculated.

[H-B. In the previous model 2413%~ 1.1, an error exists in the
input file. pE is incorrectly termed Eh.]

In the remainder of this section, the considerations use to
calculate pE are explained. Eh can be measured directly by
using an approximate conductivity meter and it is suggested
that this be done when predicting base data for such models.
However, this ratio can be calculated. The log of this
concentration pE has been estimated making a number of
assumptions.

TO calculate pE, the redox reactions must be considered. The
speciation of oxygen in natural waters has been well
established, as has the tiportance of control redox variables
such as iron species and mnganese species.

TO calculate the pE*pertaining  to %he Tsolum River system at
Farnham Bridge, the daza from the average file was used.

TO determine pE, the foPlowing equilibria were considered:

1. First the oxygen equilibrium was considered.

If the water sample was at equilibrium with
atmosphere:

the partial pressure of 0, gives P,, = 0.21 atm.

From equation 1, k = 1 = 41.55
P~o$=+]'fe-]'
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From the Nernst equation:

pE = 20.78 + % log(o~,,(si+]~), (2)

PE = 20.45 - pE at 25-C and 0.21 atm P,,

From Henry's Law [01] = poz with [O,] at 10 mg/L
RT

Pal+= 0.15 at 7-C

From equation 1 and 2 above, at 7'C the calculated
value for pE:

PE = 13.26

2. Secondly, the manganese equilibrium was considered:

pE = 20.42 + 4 loq rH+14
[~=I

Again, by substitution in.equation 1:
.

pE = 20.42 + 2pH + 4 log[N++]

Using the mean pH data from Tsolum River at Farnham
and the mean manganese concentration:

.l.e.,  For pH of 7.04 and Nn of, 2.2 10m6 molar

PE = 12.94

The values obtained from both of these calculations were
considered and concentrations of pH at 7.0 and of pE at 13.0
were used in the further evaluation of the model.
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3.2 ORGANIC LIGAND CONCRNTRATIONS

One of the principle variables controlling metal speciation in
natural waters is the concentration of organic ligands that
bind specific metals. The degree to which a given metal will
be bound will depend on competition reactions with other
ligands and the individual metal's affinity to those ligands.

In the organic rich river systems of British Columbia, often
a considerable portion of the humic material is involved in
associations with copper. This element has the ,highest
affinity with the binding sides of humic materials. Because
of the controlling influence of hum&s  on metal speciation,
humic determinations were made at a number of sites in this
project. These data are presented in Table 3.4.

The concentration of humics in the Tsolum River at Farnham was
then used in our average model data set. An average molecular
weight of 1000 was used for calculation of humic acid
concentrations. The model was run at pH 7 and pE of 13. The
printout from the model is presented in Appendix 1. From this
determination, free cupric ion activity was estimated at
equilibrium to be 7.8~10'~'  molar. While some copper
carbonate complexes appeared at dissolved solids type 5
species, over 82% of the dissolved copper species were bound
to humic material. Using the same model, but gdjusting  the
humic acid concentration to 1.61 milligrams per litre, the
calculated percentage binding of copper hunk material was 58%
of the total dissolved copper. Clearly the concentration of
humic material is critical in this determination of freely
available copper species in this system.

3.3 COMPLEXING  CAPACITY AND STABILITY CONSTANT DATA

In order to evaluate the effectiveness of the MINE 1.2 model
of the Tsolum River system, the predicted metal speciation was
ground-proofed by performing speciation determinations from
that river system. Speciation determinations were performed
two separate ways.
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Table 3.4 Concentration of Humic Substances

* Assumes molecular weight of 1000

l
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In the first method, the metal ligand assemblage was titrated
'with the addition of cupric, cadmium, lead, and zinc ions and
titration curves were performed for all of these metals.

From this data, complexing capacities were determined, as was
the initial concentration of metal bound to ligand. In all
cases, only one major break in the titration curve was
observed. Establishing that the ligand assemblages in terms
of analytical protocol act as a single unit, the metal
complexing capacity data and the associated stability
constants are presented in Table 3.5 and 3.6.

In all cases, stability constant data was calculated by the
methods of Chau et al. (1974),  Ruzic (1982) andMatson  (1984).
The tables represent mean determinations of these three
methods. The conditional stability constants calculated are
average operationally defined *'constants"  forthetotal ligand
assemblage.

Theoretically, from the complexing capacity titration cumes,
it is possible to calculate the free metal ion activity in the
initial sample. This is performed by transposing the gradient
of the free metal titration curve, i.e. after the complexing
capacity has been exceeded, through the initial starting point
on the intersect on the x axis, thus giving you the
concentration of free metal ion.

Due to the errors experienced in the first data points of the
titration process and the binding affinity of the organic
ligands in this system, it was not possible to calculate the
free metal ion activity accurately from the titration curves
obtained. Consequently, it was important to determine the
organically bonded calculation of metals by direct
measurement.

The second method involves the direct determination of metal
species, analytically. This poses a difficult task in that at
any stage inorganic metal contamination can greatly change the
data obtained.
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Table 3.5 Average Complexing Capacity and Stability Constant Data from the
Tsolum River System

Murex  Creek at Rossiter
E 2 0 6 6 8 6

Tsolum River at Duncan
Main
E 2 0 6 5 1 3

Tsolum River at Farnham
0 1 2 7 6 2 0

Murex Creek at Rossiter
E208668

Tsolum River at Duncan
Main
E 2 0 8 5 1 9

Tsolum River at Farnham
0 1 2 7 6 2 0

6 . 4 2 Zinc I 4 . 5 6 - - - 0CadmiumI c o . 0 5 - - - 0 I

Lead I 3.89 1 . 5 5 9 . 3 3Conner I 8 . 4 8 2 5 . 8 8 . 5 4 I
Zinc
Cadmium

3.57 -- - 0

<0.05  -- -0 I
Lead <0.009 7 0 . 0 9 . 7 5

Copper 2.41 181 7 . 5 6
6 . 7 7 Zinc 3.91 -- -0

Cadmium <0.05 - - -0

Lead 1.99 3 6 3 9 . 6 9
Copper 5..  6 6 8 1 5 7 . 3 6

6 . 5 8 Zinc 2.59 -- -0
Cadmium/ s o . 0 5  1 - - -0

4

Lead 1.19 -- -0Copper 29.8 -- -0 I
6 . 2 0 Zinc 3 . 3 4 - - - 0

Cadmium 593 -0 -0
Lead 0 . 0 3 1 2 8 0 8 . 4 1
ICopper 1.44 12470 7.18

6 . 4 0 (Zinc 3 . 1 3 I -- - 0 I I
Cadmium 1.41 19i9 8 . 7 2 .

Lead 0.689 1.36 x 10" 2 2 . 1 6
Copper 9.51 2 5 . 8 a . 5 4
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Table 3.6 Average Complexing Capacity and Stability Constant Data
from B.C. River Water

.  .  .  .  .  .  .;<. :: ~ , : : : , ,  . . : : <;;  _ :>:.:.A:.  <s ,::~::.:::.:;.::j::~~~~.~:~.~~:,:  :.>:  : . . . : I . : . : : . : .  . : .> : . .  s: . . :  . . ;.. : : : . . : . . . . . . : , : : ..y.  . : . : . : ./  ‘... . - . - . . . . . ..::..  . . . . . . , -  . . . . . . . . . ...\. . . , : _ :
:;:i

. . :-~+“::ij;j  :,;  :;>:  :qpJJy&::;.:+:  $A==;;  -~;;,i;~.  ; : . ; j . : . .::.
- . .-.. . , . : , . . . .:...... - -..:  :.>:...:.:..:.: . . . . . . . .. ..~::.:.::~~~~~~:~~:~~~~ili.i.:.:::,:~~~~~~:~..:,  : . ..i.....  - . - . . . . -- . ‘ “ . , . . : , . . , . , .~ .~ . . . : . , . :  ,::::::-.‘.Y’.‘C..  :‘.‘:.:~:~:.:~~-:-:~~:~.‘~:~~.:.:...:.:.-.:.:.::..~.-.... _. :.: :..;:-:.:.::‘.  ( . A  . : . : . . . . ;::: :‘:  .::.:  . : . - ::-:z::  ;j$:.  .~~~~~::‘.i:~~~~~~~~,..::. . . . . , . :.... ‘) -:.  . . . . .;:-  :.:.:..:.:,  : . ;: .,.  I_.:- :.  . . . ..~...“... :.:.  /

g ~~~~~~~~~~~~~~~.~~~~~~~~~~~~~~~~:~~~~~  1;:  k&f;  .!.  :, ::~:y&$$  g-:
$j;~.g&&&& ~g&j$&;-;  :

:~~~~~~~~~
:: 3  ‘:~~~~~.i  ~rj.::::.~~-.~~~~~~~~~~~~~:  ~...::.~~~~~~1  jp;  .~~~~~~~:~~~~:..:.  ~::..‘.. . . . . . .

Benson Mine Adit Zinc 32.9 -0 -0
91/U/14 Cadmium 1.12 -0 -0

Lead 0,117 8.25 8.68
Copper 59.9 17.6 7.49

I

Quatze River 0126360 Zinc 3.82 -0 -0
91/u/14 Cadmium -- -0 -0

Lead 0.166 697 8.81
Copper 6.92 64.5 8.44

~Benson  Mine Adit Zinc 41.6 -0 -0
91/u/27 Cadmium -- -0 -0

ILead 1 3.26 I 13.5 I 9.57
Copper 76.3 32.5 6.60

Quatze River 0126360 Zinc 12.6. -0 -0
91/u/27

I
Cadmium -- 57.5 6.88
Lead -- 17.2 9.19
Copper 513 93.5 8.52

Quatze River Zinc 240 -0 -0
91/12/11 Cadmium 126 -0 -0

Lead 0.330 1.82 8.96
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For this study, a combination of photo-oxidation and Chelex 100
resin extraction was used:Accordingly,  cleaning techniques were
used through this study (including the use of our class 100 clean
room) to reduce the risk of contamination.

In this method "avai.lablen metal was extracted on a chelex resin
and washed off into acid solution. The metal content of this
solution was then determined by atomic absorption spectrometry.
This process was then repeated with a further aliguot of sample
that had first been photo oxidised by radiation to break down the
organic ligands in the sample. The total concentration of metal
bound to the organic fraction was then determined by the
difference.

These data for several locations in B.C. rivers are presented in
Table 3.7.

.
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Table 3.7 Determined Concentrations of Dissolved
by Extraction and Photo-Oxidation

Copper Speciation
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4.0 COMPARATIVE ANALYSIS OF COPPER SPECXATSON  FRQM MODEL AND
LABORATORY DETERMINATIONS

In order to evaluate the effectiveness of the model, an
average data file for the Tsolum River at Farnhamwas created,
(Appendix 1). This data was then compared with data from ion
speciation provided by our laboratory determinations.

Comparative data for dissolved copper species in percentage
terms was collected. Model data using BCMOE data and our
determined humic concentrations was calculated for average
data files from three locations (see Appendix II and III):

Tsolum River at Farnham
Tsolum River at Duncan Main
Murex Creek at Rossiter.

These data were then compared with experimental data (Table
4.1) for the Tsolum River site at'Farnham. The percentage
contribution of organically bound copper by the two methods
was within 2.5%. This was despite the fact that total copper
concentrations in both our data and that from the BCMOE varied
considerably. From the lab data these correspond to "free
dissolved metal" concentratibns  of:

1.77x10-* molar dissolved copper on the 05/11/91 and,
1.27~10'~ molar dissolved copper on the 27/11/91.

The model predicted 1,46x10'*.  Laboratory data average is
1.52x10-* comparison to 1.46x10'* (dissolved copper) from the
model.

In percentage terms, the Tsolum River site at Duncan also
showed similar results. The Rossiter data, however, showed a
discrepancy of approximately 10%. This inaccuracy corresponds
to an actual concentration variable of 0.8x10'*  molar copper
or 0.5 pg/L total copper or 0.15 pg/L free copper.
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Table 4.1 Comparison of Contribution (a) of Organically Bound
Copper by Direct Determination and Calculation

Tsolum Fartiham

91/12/11 99.0% --
Benson 91/n/27 78.0% --

91/u/14 76.0% --
Duncan Main 91/n/14 82.7% 86.7%
Rossiter 91/10/27 36.5% 45.8%
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5.0 EFFECT OF MAJOR VARIABLES ON COPPER SPECIATION

In order to review the effects of major variables on the data
provided by the model, data from the Tsolum River at Farnham
were used. The variables considered were: pH, pE, manganese
concentration, humic acid concentration and general metal
concentrations. Variations in each of these parameters are
discussed below.

In order to evaluate the effects of each parameter, the model
was run with simulated data from the Rossiter site but with
one variable changing. This required more than 50 runs. The
results of each group of runs has been presented in terms of
changes in the concentration of specific copper forms or in
terms of the percentage contribution of organically bound
copper. Those forms that were determined by the model to be
dissolved solids (see manual) have not been included in the
calculation of percentage of each dissolved copper species.

5.1 VARIATION IN pH

All of the samples collected were in a relatively narrow pH
range of 6.0 to 7.4 pH units. Runs to evaluate pH were
performed with only this variable changing and with pE
remaining constant. While this evaluation was performed for
simplicity, it was, of course, realized that pH effects the pE
value and it might be more appropriate to calculate pE for
each pH used.

Nevertheless, the model was run at constant pE of 12.

The effect of pH variation on the percentage of organically
bound dissolved copper and the concentration of free dissolved
copper is shown in Figure 5.1.

In the range 6.2 to 7, the percentage change due to pH is less
than 10% at pH 8.
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Dissolved
organic
copper as
a function
to total
dissolved
cower (8)

PH
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5.2 EFFECT OF pE VARIATION ON COPPER SPECIATION

The value for pE was varied from 11.8 to 18.8 for Rossiter
samples and was found to have no effect on the percentage of
organically bound copper.

5.3 NANGANESE  CONCENTRATION

The concentration of manganese was examined as it influence
over pE is important. However, the model operates by setting
the pE value at the beginning of each run. Then the model
sets the dissolved manganese concentration based on that data.
The determination of dissolved available manganese would,
however, be an important tool in determining the pEfor  a
given system.

5.4 CONCENTRATION OF RUMIC MATERIAL

The data for Rossiter was run on the model at a pH of 7 and pE
of 13. Humic acid concentrations were varied from 1.0~10"  m
to 12x10" m.

These variations were shown to have a substantial effect on
the percentage of copper bound to organic ligand and the
concentration of free dissolved copper. This data is
presented in Table 5.1 and in Figure 5.2.

From this data, it is clear that the major effect on copper
speciation is the concentration of organic ligands and the
concentration of metals in solution.

5.5 COPPER CONCENTRATIONS

TO further examine the relationship of copper to organic
ligand, the concentrations of total copper were changed.
These data are shown in Figure 5.3. Once the organic ligand
assemblage (humic  acid) is saturated with copper, the amount
of organic binding is reduced to a few percent. This has
important. implications in the determination of biologically
active copper.
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Table 5.1 Effect of Hunk Acid Concentration on Copper
Speciation at Rossiter
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Figure 5.3 Variation of Organically Bound Copper with changing Copper
concentration
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6.0 RECGMh¶ENDATIONS  OF PARAMETERS REQUIRED FOR ACCURATE
PREDICTIVE MODRILING

Evaluations of the effects of major variables on copper
speciation has been shown in Section 5.0. This data is used
for both background determinations, at proposed mining sites
and for ongoing monitoring at operational sites as criteria
for compliance with environmental permits.

From the data presented in this report, it appears that the
MINE model could be a useful tool in monitoring. To ensure
accurate predictions, some additional data to the data already
collected by the BCMOE should be considered. The main
parameter currently not measured, but which has dramatic
effect on metal speciation, is that of the humic acid
component.

In order to produce an accurate predictive model at each MINE
site or potential MINE site in B.C., the following criteria
are required:

1. Determination of total cation and anion species.

Much of this data is obtained from the routine monitoring
currently performed by BCMOE. It is important that these
routine determinations be accurately performed and that
cations and anions concentrations be established.

2. Deterxuination  of humic acid content.

The determination of combined humic and fulvic acids at
each site appears to be critical in determining the
proportion of metal that is available for binding. As
shown in Section 5.0, organic ligand concentration is the
single most important parameter in determining the amount
of free metal available for biological systems.
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3. Determination of PH.

The determination of pH is a critical criteria in these
systems. More importantly, the range of pH to be
experienced in any one environment is of critical
importance in looking at release and uptake of metals by
natural ligands and particulates.

4. Determination of Netal Speciation.

Determination of metal speciation on an occasional basis
and during the initial setup of models for a specific
system is suggested. The model should be ground-proofed by
independent determination of metal speciation. This should
not be done electrochemically using the intersect point but
rather done separately using a combination of extraction
procedures and photo-oxidation. These data, while suffering
from the problems of requiring clean techniques to perform,
produce more reliable data for the determination of
speciation. It is felt that this is a necessary step to
ensure the quality and predictive capability of the model
for a specific system.
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7.0 IMPLXCATIONS  OF B.C. MINE AND CGMPLEXING  CAPACITY TO
REGULATORY CONSIDERATIONS

The model described in this report appears to give reasonably
accurate projections of metal speciation at any one point in
time from a given location. In order to be able to use this
data in a regulatory sense, it is important to determine under
what considerations metal bound to organic material would
become available to biological systems. In this regard, some
historical data on the specific site in question or general
data showing variations specifically in pH and Eh for that
area are important. This information, combined with total
metal levels, provide the basis for using predictive modelling
as part .of the regulatory process. Models that have been
calibrated with specific data and showing actual metal
speciation appear to produce accurate determinations of metal
species.

The stability constant data used in our model for specific
ligand interactions appear to be generally applicable in each
of the cases studied. No changes were made to those stability
constants after the initial setup of the model, despite
material being taken from varying sites.' While the model
provides a clear predictive capability to determine speciation
at any one time, it is important to look at the metal
buffering capacity of each environmental receiving system.
This can be determined when measuring the complexing capacity
of that system.

While more limited information is gained from the
determination of complexing capacity for lead, zinc and
cadmium, cupric complexing capacity is a useful parameter in
determining the buffering capacity of 'that system. The
binding affinities of other metals to organics are well known
and published in the literature. The relative binding of Pb,
-Cd and Zn can therefore, be calculated from the copper data.
In our view, by determining the concentration of copper that
can be bound by organics in a given system may be the basis
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for providing regulatory information in terms of increased
copper that can be received to that environment without undue
effect on the relative biota. In addition, some elements such
as cadmium physical binding to other components such as clays,
should be considered.

In summary, the following recommendations are made to improve
the basis of regulatory decision-making in evaluating the
effect of increased metal loading to a given environment.

1.

2.

3.

4.

5.

Determination of cup& conmlexinu capacity.

This gives an estimate of the metal buffering capacity in
that system.

Determination of total metal levels in maior anions and DE,

These parameters allow the determination of metal available
as well as providing information on total metal loading.

Measurement of metal meciation,  i.e., the determination of
ion bound and bound metal forms:

This measurement provides information on actual available
metal at that time. Measurement of this parameter allows
the accurate use of MINE 1.2 and also provides an estimate
in terms of concentration of metal available to biological
systems.

Variation in DE.

The total expected variation in pH is critical to worst
possible case situation for metal availability.

NIMS Bioassavs.

The use of bioassay in situ or in the lab and the
determination of molecular indications of metal stress
allow actual biological effects of increased metal loading
to be established (Imber et al., 1992).
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8.0 CONCLUSIONS

The latest version of the MINE 1.2 has hopefully made the
model sufficiently user-friendly so that scientists who do not
have specific expertise in speciation modelling can safely use
the model as a predictive tool for metal speciation.

The model appears to be accurately predictive, provided
specific background information on the locality is available.
To improve the criteria for regulating new operations,
particularly in areas of high background metal levels, it may
be appropriate to incorporate some fraction of complexing
capacity measurements in the determination of the increased
loading allowable to the receiving environment. Such an
approach using metal speciation rather than total metal levels
in the calculation of regulations allow a scientifically
defensible position in the determination of a concentration
level for specific elements.

With the information provided, in terms of organic binding and
free metal ion activity, it is possible to safely provide, in
some cases, increased metal into the system before biological
impact is observed. In addition to these approaches, metal
metabolism of indicator organisms as a controlling system may
well be an important part in the regulatory process.
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APPENDIX I

NINE 1.2 DETERMINATION OF WETAL SPECIES
AT THE TSOLUM RIVER SYSTEM AT FARNNAN BRIDGE
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TSOLUM RIVER AT FARNRAM
USING 2.400 MO/L RUMIC MATERIAL



MINE 1.2

--- Output Data ---

FINAL CONDITIONS

Number of iterations = 59

pE =
pa =

13.0
7.0 Ionic Strength = 6.553-04

----- Concentration (MOLAR) I-----
ID# Equilibrium

1-w-1 w--w-------
1 1.86D-05
2 3.24D-05
4 1.28D-10
5 1.61D-04
6 2.58D-15
8 8.92D-13
9 1.46D-08

10 1.92D-07
11 7.66D-13
12 2.521).07
13 8.31D-07
19 1.24D-27
20 2.98D-14
50 l.OOD-07

99 l.OOD-13
101 4.75D-08
102 4.14D-05
103 5.45D-05
109 1.22D-12
112 7.09D-16
157 3.0413-06
160 1.85D-08

Tsolusn far Average
er================

36
1993 Feb 28 09:42

Analytidal
-----w--w-
1.871).05
3.27D-05
1.28D-10
1.61D-04
4.34D-06
6.48D-07
2.61D-07
2.191).07
7.83D-13
2.78D-07
8.523).07
3.85D-07
3.73D-05
l.OOD-09

O.OOD+OO
8.00D-05
4.181).05
5,45D-05
l.O5D-06
3.00D-07
3.04D-06
2.40D-07

Remainder Component
-0-0w--w- ------w-w
1.721).14 CA
3.77D-14 MG
8.3633-21 K
4.19D-15 WA

-7.14D-21 F E 3
O.OOD+OO MI?2
1.34D-17 cu2

-5.89D-12 BA
-7.07D-28 CD
2.33D-16 ZN
7.68D-16 #I
1.81D-21 CR
O.OOD+OO AL
O.OOD+OO H

O.OOD+OO E
-2.6833-20 co3
O.OOD+OO so4

-4.79D-20 CL
-2.53D-21 PO4
-4.61D-22 6103
.4.66D-21 NO3
-6.563)-21 HA
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MINE 1.2
Tsolum far Average-------------------w--m

--- Output Data ---

TYPE I: COMPONENTS

ID#
--a--

2
4
5
6
8
9

10
11
12
13
19
20

Equilibrium
Concentration
---(MOLAR)---

3.24D-05
1.28D-10
1.61D-04
2.583).15
8.92D-13
1.46DkO8
1.92D-07
7.66D-13
2.523).07
8.31D-07
1.24D-27
2.9833-14

LogK
--e--w--

.00

.oo

.oo

.oo
-00
.oo
-00
.oo
.oo
.oo
.oo
.oo

Species
(Name:Stoichiometric  Coeff)
--------------------------------------
MG
K
NA
FE3
MN2
cu2
NA
CD
ZN
NI
CR
AL

101 4.75D-08 .oo co3
102 4.14D-05 .oo so4
103 5.45D-05 .oo CL
109 1.22D-12 ,. 00 PO4
112 7.09D-16 .oo S103
157 3.0433-06 .oo NO3
160 1.85D-08 .oo HA

1993 Feb 28 09:42

1
1
1
1
1
1
1
1
1
1
1
1

1
1
1
1
1
1
1
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--- Output Data ---

TYPE II: COMPLEXES

ID#
-----

1
1000
1010
1020
1080
1200
1350
1360
1370
1380
1440
1580
1740
1960
1995
2000
2010
2060
2070
2080
2090
2100
2110
2179
2190
2666
2670
2680
2690
2700
2710
3290
3300
3310
3320
3330
3360
3900
3910
3920
3930
3932
3940
3950

Equilibrium
Concentration
---(MOLAR)---

1.86D-05
7.02D-10
2.79D-08
1.221).07
6.02D-10
1.80D-09
l.llD-10
1.94D-09
4.88D-08
2.68D-07
3.32D-09
1.90D-09
1.9313-09
5.94D-14
5.3OD-16
l.O8D-10
2.98D-08
3.34D-09
1.20D-15
l.llD-18
2.98D-18
7.260-22
5.92D-27
9.39D-14
4.34D-14
3.38D-16
4.59D-10
4.33D-06
1.73D-14
7.27D-09
3.33D-18
4.25D-15
5.86D-15
5.4633-16
2.81D-20
4.85D-25
l.l5D-15
6.69D-16
5.63D-26
2.76D-09
2.08D-13
l.lOD-10
9.56D-11
2.82D-12

Tsolum far Average
========='-=o=====

38

1993 Feb 28 09:42

LogK
- - - I - - - -

. 0 0
2.90

11.50
2.20

14.43
3.72

-12.22
3.10

11.50
2.30

14.93
3.50

-11.22
1.05
2.35
1.15
.65

3.05
4.05
5.40
1.33
1.98
1.15

20.48
23.38
6.85

-1.75
-4.77

-20.17
-21.55
-2.30
12.00
2.20
1.05
1.03
.53

16.03
-10.12
-34.20

6.60
9.80

12.20
2.20
-55

CA 1
CA 1 co3
CA 1 co3
CA 1 so4
CA 1 PO4
CA 1HA
CA 1H
MG 1 co3
MG 1 co3
MG 1 so4'
MG 1 PO4
MG 1H.A
MG 1H
K 1 so4
K 1HA
NA 1 co3
NA 1 so4
N A 1HA
FE3 1 so4
FE3 1 so4
FE3 1 CL
FE3 1 CL
FE3 1 CL
FE3 1 PO4
FE3 1 SI03
FE3 1HA
FE3 1H
FE3 1H
FE3 1H
FE3 1H
FE3 2 H
co3 1 MN2
MN2 1 so4
CL 1 MN2
CL 2 MN2
CL 3 MN2
PO4 1 MN2
MN2 1H
MN2 1H
cu2 1 co3
cu2 1 co3
cu2 1 co3
cu2 1 so4
cu2 1CL

1
1H
1
1H
1

- 1
1
1H
1
1H
1

-1
1
1
1
1
1
1
2
1
2
3
1H
1H
1

-1
-2
-3
-4
-2
1H
1
1
1
1
1H

-1
-3
1
2
1H
1
1

1

1

1

1

1
1

1

1

1
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MINE 1.2
Tsolum far Average
===========z======

1993 Feb 28 09:42

--- Output Data ---

TYPE II: COMPLEXES (cont'd)

ID#
-----
3960
4010
4813
4840
4842
4844
4846
4850
4912
5060
5070
5072
5090
5100
5110
5270
5930
5940
5950
5954
5956
5960
5970
5980
5990
6060
6733
6740
6745
6750
6760
6770
6780
7590
9890

10000
10010
10020
10030
10040
10102
10104
10340
10342

Equilibrium
Concentration
---(MOLAR)---

9.16D-17
4.720-11
2.14D-07
1.73D-09
2.74D-08
2.31D-14
2.05D-20
1.000-12
2.82D-11
2.87D-13
4.59D-17
5.78D-15
3.73D-15
9.62D-19
1.32D-23
5.25D-21
7.24D-15
5.75D-18
3.05D-22
1.91D-09
1.91D-09
1.66D-09
3.880-12
6.33D-17
3.45D-20
l.O3D-10
3.71D-10
7.54D-10
1.89D-08
1.27D-13
1.42D-19
5.46D-09
1.28D-10
1.57D-08
2.90D-27
5.56D-24
1.66D-22
1.76D-23
1.39D-15
2.04D-38
2.17D-25
2.29D-37
8.41D-12
1.26D-09

LogK

-------a

-33
16.43
8.90

-7.92
-13.72
-26.80
-39.85
-10.32

3.90
-12.82

3.10
12.20
1.95
2.63
2.03
3.75

-9.02
-19.12
-30.40

5.20
12.20
2.20
-.55

-1.07
0.07

15.53
4.90

-9.52
-15.12
-27.30
-40.25

2.20
.45

-8.72
4.75

-3.35
-8.87

-23.85
3.05
4.60
7.78
2.80

-4.55
-9.37

Species
(NamerStoichiometric  Coeff)

cu2 1 CL 2
cu2 1 PO4 1E 1
cu2 1HA 1
cu2 1 H -1
cu2 1H - 2
cu2 1H - 3
cu2 1 Ii - 4
cu2 2 H - 2
BA 1HA 1
BA 1H -1
CD 1 co3 1
CD 1 co3 1H 1
CD 1CL 1
CD 1 CL 2
CD 1CL 3
CD 1 PO4 1
CD 1 H -1
CD 1H -2
CD 1H -3
ZN 1 c o 3 1
ZN 1 co3 1H 1
ZN 1 so4 1
ZN 1 CL 1
ZN 1 CL 2
ZN 1 CL 3
ZN 1 PO4 1H 1
ZN 1HA 1
ZN 1H -1
ZN 1H -2
ZN 1H -3
ZN 1H -4
II 1 so4 1
NI 1 CL 1
NI 1H -1
CR 1 so4 1
CR 1H -1
CR 1H -2
CR 1H -4
AL 1 so4 1
AL 1 so4 2
PO4 1H 1AL 1
PO4 1H 2 AL 1
)I -1 AL 1
H - 2 AL 1
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MINE 1.2
Tsolum far Average- - - - - - - -------,----P=uI=

1993 Feb 28 09:42

--- Output Data ---

TYPE II: COMPLEXES (cont'd)

10344 i.5l~-b8
10350

Equilibrium
ID# Concentration

2.110-09
10352 1.77D-21
10354

-a---

3.53D-27
12530

---(MOL?m)---

6.72D-05
12540 1.27D-05
12550 5.85D-10
12600 3.24D-07
12610 7.253).07
12620 6.8533-12
12710 7.96D-10
12720 2.99D-07
13595 1.060-07
13600 5.42D-13
13610 7.38D-08
13620 3.11D-07

-15.07 H
-23.15 H
-7.70

Species
-gK

H
-13.88

(Nametstoichiometric  Coeff)

H
10.15

1----111w

co3
16.43

-------1---1--------------------------

co3
2.15 E

12.43 PO4
19.78 PO4
21.75 PO4
13.05 6103
22.63 S103
-13.98 H
****** CR
-68.23 CR
-74.60 CR

-3 AL
-4 AL
-2 AL
-4 Al4
1 B
1E
1 so4
1H
1H
1H
1H
1H

-1
2 H
1H
1H

1
1
2
3
1
2
1
1
2
3
1
2

-14 E -6
-7 E -3
-8 E -3
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--- Output Data ---

TYPE III: FIXED SOLIDS

Equilibrium
ID# Concentration -9x-m--m ---(MOLAR)--- --------
50 3.150-05 7.00
99 2.45D-06 13.00

Tsolum far Average
==I===~==~~~=

TYPE IV: PRECIPITATED SOLIDS

Equilibrium
ID# Concentration -9K--o-w --- (MOLIIR)  --- -1------

20520 2.683).08 11.10
21180 3.73D-05 -7.47
21470 6.483).07 -41.95

Specie6
(NametStoichiometric  Coeff)

BA 1 so4 1
H -3 AL 1
MN2 1H -4 E -2



MINE 1.2
Tsolum far Average
==============z===

--- Output Data ---

TYPE V: DISSOLVED SOLIDS

ID#
---mm
20000
20010
20030
20040
20050
20070
20130
20140
20160
20200
20280
20370
20400
20430
20438
20440
20460
20500
20510
20570
20582
20620
20630
20650
20660
20700
20710
20750
21140
21150
21160
21440
21480
21490
21510

Equilibrium
Concentration
--- (MOLAR) ---

1.40D-04
3.06D-05
1.33D-08
9.59D-15
3.02D-05
5.24D-12
2.21D-13
3.08D-07
5.35D-10
1.22D-07
l.l8D-01
8.47D-10
2.52D-17
2.66D-13
2.35D-06
7.57D-04
9.68D-11
1.37D-02
7.25D-05
5.78D-09
l.l2D-28
1.82D-12
6.02D-04
S.OSD-08
4.50D-04
2.38D-04
4.98D-06

6.23D-03
2.63D-16
6.85D-04
l.l3D-04
l.SOD-04
1.42D-16
1.78D-04
3.66D-23

LogK
--------

8.20
4.60

44.53
47.65
19.13
8.60

-21.92
5.30

28.03
-16.42
25.58
10.30
10.60

-14.52
9.53
5.88

37.33
-8.02
9.90

11.20
32.23

-13.62
10.70
36.33
18.40

-11.02
8.10

-10.12
-9.67
22.28
39.40
25.33

-61.70
-25.70
11.40

42
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CA
CA
CA
CA
CA
CA
CA
MG
MG
MG
FE3
co3
S103
MN2
cu2
cu2
cu2
cu2
BA
CD
CD
CD
ZN
ZN
S103
ZN
WI
NI
CR
PO4
SI03
SI03
MN2
MN2
cu2

1 co3
1 so4
5 PO4
4 PO4
1 PO4
1 6103
1 B
1 co3
3 PO4
1B
1 PO4
1 MN2
1 MN2
1H
1 co3
2 co3
3 PO4
1H
1 co3
1 co3
3 PO4
1H
1 co3
3 PO4
1 ZN
1 H
1 co3
1 H
1H
1 AL
2 H
1 H
3 H
1H
1E

1
1
3 H -1
3 H 1
1H 1
1

-2
1
2

-2
1
1
1

-2
1
1 H -2
2

-2
1
1
2

-2
1
2
1

-2
1

-2
-3
1

-2 AL 2
2.
-8 E -2
-3 E -1
2
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Tsolum  far AverageN---------m-------

--- Output Data ---

TYPE VI: SPECIES NOT CONSIDERED

Equilibrium
ID# Concentration

species
LogK (Name:Stoichiometric  Coeff)

--w-m --- (MOLAR)  --- -I-----I --1---1-1----1----1-------------------
20310 1.28D+03 -3.30 FE3 1 E -3
21460 5. MD+04 5.48 .FE3  3 B -8 E 1
25000 4.00D-04 17.93 co3 1 B 2
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1993 Feb 28 09:42MINE 1.2
Tsolum far Average--------m----s---

--- Output Data ---

DISTRIBUTION OF COMPONENTS

------------- Percent Bound in Species m-o----------
ID# Component (%) ID# (Name:Stoichiometric  Coeff)

----o -0e-o---- --1--------------11--~~~~~~~~~-~~---~---~---------~-
1CA

2 MG

4 K

5 NA

6 FE3

8 MN2

9 cu2

9 9 . 2 1CA 1

9 9 . 0 2 MG 1

100.0 4 K 1

100.0 5 NA 1

9 9 . 8 2680 FE3 1H

100.0 21470 MN2 1 H

5.6 9 cu2 1
1.1 3920 cu2 1 co3

82.1 4813 CU2 1HA
10.5 4842 CU2 1H

10 BA 87.7 10 BA 1
12.3 20520 BA 1 so4

11 CD 9 7 . 9 11 CD 1

12 ZN 9 0 . 8 12 ZN 1
6.8 6745 ZN 1H

13 II 9 7 . 5 13 NI 1
1.8 7590 II 1H

19 CR 19.2 13610 CR .l H
80.8 13620 CR 1H

20 AL

50 H

9 9 . 9 21180 H

1.6 13610 CR
7.9 13620 CR

27.5 2680 FE3
8.2 21470 MN2

354.8 21180 H

-3 AL

1 H
1Ii
1H
1 H

-3 AL

-2

-4 E -2

1
1

-2

1

-2

-1

-7 E -3
-8 E -3

1

-7 E -3
-8 E -3
-2
-4 E -2
1



MINE 1.2
Tsolum far Average~="'---'-----.B'

1993 Feb 28 09:42

--- Output Data ---

DISTRIBUTION OF COMPONENTS

------------- Percent Bound in Species ------------a
ID# Component (%I ID% (Name:Stoichiometric  Coeff)

--B-B --I------ -----------------I---~~~~~~~~~~~~~~~~~--------------
99 E 9.0 13610 CR

38.1 13620 CR
52.9 21470 MN2

1B
1H
1H

-7 E - 3
- 8 E - 3
- 4 E - 2

1
2

101 co3

102 so4

103 CL

109 PO4

112 SI03

157 NO3

160 HA

84.0 12530 CO3 1E
15.8 12540 CO3 1 H

98.9 102 so4

100.0 103 CL

30.7 12600 PO4
68.9 12610 PO4

99.7 12720 SI03

100.0 157 NO3

7 . 7 160 BA
1.4 2060 NA

89.2 4813 CU2

1

1

1B
1H

1H

1

1
1EA
1HA

1
2

2

1
1
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APPENDIX II

EQUILIBRIUJ4  MODEL FOR TSOLUM
RIVER AT DURCAR XAIR
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MINE 1.2
TSOLUM R at DUNCAN MAIN
=====e===r=========--==

1993 Feb 28 09:59

--- Output Data ---

FINAL CONDITIONS

Number of iterations = 70

pE =
‘pH =

ID#
-----

1
2
4
5
6
8
9

10
11
12
13
19
20
50

13.0
7.0 Ionic Strength = 5.01E-01

----- Concentration (MOLAR) ------
Equilibrium Analytical Remainder Component
----------- ---------- I-------- c--------
l.O6D-04 l.O6D-04 -3.47D-20 CA
5.16D-05 5.16D-05 3.961).21 MO
1.28D-10 1.28D-10 1;47D-25 R
1.61D-04 1.61D-04 2.21D-20 NA
3.41D-14 7.78D-06 -2.891).20 FE3
2.35D-13 5.40D-07 O.OOD+OO MN2
3.39D-09 5.3OD-08 -5.24D-23 CU2
2.18D-07 2.19D-07 1.173).22 BA
8.820-08 8.90D-08 1.520-22 CD
1.95D-07 2.0413-07 2.983).22 ZN
l.O3D-05 l.O4D-05 4.01D-21 NI
2.57D-31 1.923).07 6.903).15 CR
2.203).13 5.66D-06 9.660-22 AL
l.OOD-07 l.OOD-09 O.OOD+OO H

99 l.OOD-13 l.OOD+OO O.OOD+OO E
101 3.95D-07 8.00D-05 -2.62D-20 CO3
102 1.61D-05 1.61D-05 -1.35D-14 SO4
103 9.03D-05 9.03D-05 -2.85D-20 CL
109 1.83D-11 l.O5D-06 2.61D-21 PO4
112 5.22D-15 3.00D-07 1.66D-21 SI03
157 3.04D-06 3.04D-06 4.66D-21 NO3
160 2.45D-07 3.15D-07 -5.OOD-22 HA



MINE 1.2
TSOLUM  R at DUNCAN MAIN
---------------------

1993 Feb 28 09:59

--- Output Data ---

TYPE I: COMPONENTS

ID#
m-o--

1
2
4
5
6
8
9

10
11
12
13
19
20

Equilibrium
Concentration
---(MOLAR) ---

l.O6D-04
5.16D-05
1.28D-10
1.61D-04
3.4133-14
2.35D-13
3.39D-09
2.18D-07
8.82D-08
1.95D-07
l.O3D-05
2.57D-31
2.2OD-13

101 1.95D-07 .oo
102 1.61D-05 .oo
103 9.03D-05 .oo
109 1.83D-11 .oo
112 5.22D-15 .oo
157 3.04D-06 .oo
160 2.45D-07 .oo

LogK- - - - I I - -
.00
.oo
.oo
.oo
.oo
.oo
.oo
.oo
.oo
.oo
.oo
.oo
.oo

Species
(Name:Stoichiometric  Coeff)

C A
MG
K
NA
FE3
MN2
cu2
BA
CD
ZN
NI
CR
AL

co3
so4
CL
PO4
6103
NO3
HA

1
1
1
1
1
1
1
1
1
1
1
1
1

1
1
1
1
1
1
1

48



MINE 1.2 1993 Feb 28 09:59

49

TSOLUM R at DUNCAN MAIN---------------------oo

--- Output Data ---

TYPE II: COMPLEXES

ID#
----I
1000
1010
1020
1080
1200
1350
1360
1370
1380
1440
1580
1740
1960
1995
2000
2010
2060
2070
2080
2090
2100
2110
2170
2190
2666
2670
2680
2690
2700
2710
3290
3300
3310
3320
3330
3360
3900
3910
3920
3930
3932
3940
3950
3960

Equilibrium
Concentration
---(MOLAR)---

l.lBD-09
4.53D-08
1.88D-08
4.86D-10
9.45D-09
3.23D-10
8.82D-10
2.2lD-08
l.lSD-08
7.51D-10
2.78D-09
1.58D-09
6.10D-15
1.85D-15
l.l7D-10
3.05D-09
l.l7D-08
l.l3D-16
l.O8D-20
8.82D-18
9.38D-22
6.51D-27
4.65D-14
l.SlD-13
l.O9D-15
1.60D-09
7.761).06
3.09D-14
2.53D-08
5.82D-16
3.2OD-16
4.18D-17
6.29D-17
2.75D-21
7.86D-26
4.31D-17
9.06D-17
1.48D-26
1.83D-10
5.66D-14

7.29D-12
6.02D-13
2.86D-13
7.91D-18

LogK
-m----m-

1.74
10.34
1.04

12.40
2.56

-12.51
1.94

10.34
1.14

12.90
2.34

-11.51
.47

1.77
.57
.07

2.47
2.31
3.09
.46
.53

0.59
17.87
21.93
5.11

-2.33
-5.64

-21.04
-22.13
-2.30
10.84
1.04
.47
.16

0.34
14.00

-10.41
-34.20

5.44
8.64

11.04
1.04
-.03
0.54

Species
(Name:Stoichiometric  Coeff)
--~--------------II--~~~~~~~~~~~~~~~~~
CA 1 co3 1
CA 1 co3 1H
CA 1 so4 1
CA 1 PO4 1H
CA 1HA 1
CA 1H -1
MG 1 co3 1
MG 1 co3 1H
MG 1 so4 1
MG 1 PO4 1H
MG 1HA 1
MG 1H -1
K 1 so4 1
K 1HA 1
NA 1 co3 1
WA 1 so4 1
NA 1HA 1
FE3 1 so4 1
FE3 1 so4 2
FE3 1 CL 1
FE3 1CL 2
FE3 1 CL 3
FE3 1 PO4 1H
FE3 1 6103 1H
FE3 1HA 1
FE3 1H -1
FE3 1H -2
FE3 1H -3
FE3 1H -4
FE3 2 H -2
co3 1 MN2 1H
so4 1 MN2 1
CL 1 MN2 1
CL 2 MN2 1
CL 3 MN2 1
PO4 1 MN2 1H
MN2 1H -1
MN2 1H -3
cu2 1 co3 1
cu2 1 co3 2
cu2 1 co3 1H
cu2 1 so4 1.
cu2 1 CL 1
cu2 1 CL 2

1

1

1

1

1
1

1

1

1



MINE 1.2
TSOLUM R at DUNCAN MAIN----m-----------e---

--- Output Data ---

TYPE II: COMPLEXES (cont'd)

ID#
w-B--
4010
4813
4840
4842
4844
4846
4850
4912
5060
5070
5072
5090
5100
5110
5270
5930
5940
5950
5954
5956
5960
5970
5980
5990
6060
6733
6740
6745
6750
6760
6770
6780
7590
9890

10000
10010
10020
10030
10040
10102
10104
10340
10342
10344

Equilibrium
Concentration
--- (MOLAR) ---

1.5613-12
4.59D-08
2.07D-10
3.28D-09
5.37D-15
1.81D-20
2.793).14
2.9633-11
1.68D-13
1.51D-12
1.90D-10
1.87D-10
4.1lD-14
9.31D-19
1.67D-16
4.28D-10
3.40D-13
3.51D-17
4.20D-10
4.2OD-10
3.4733-11
1.31D-12
1.81D-17
1.64D-20
l.l3D-11
2.64D-10
2.99D-10
7.51D-09
9.77D-14
4.15D-19
1.83D-09
6.9lD-10
9.96D-08
4.27D-33
3.03D-28
4.64D-27
9.57D-28
7.32D-17
l.lOD-20
5.99D-26
1.24D-37
1.64D-11
1.261).09
2.51D-08

LogK
----m--w

14.40
7.74

-8.21
-14.01
-26.80
-39.27
-10.61

2.74
-13.11

1.94
11.04
1.37
1.76
1.16
2.01

-9.31
-19.41
-30.40

4.04
11.04
1.04

-1.13
-1.94
0.94

13.50
3.74

-9.81
-15.41
-27.30
-39.67

1.04
0.13

-9.01
3.01

-3.93
-9.74

-24.43
1.31
2.29
5.17
.49

-5.13
-10.24
-15.94

50

1993 Feb 28 09:59

Species
(NametStoichiometric Coeff)
----11-------------1------------------
cu2
cu2
cu2
cu2
cu2
cu2
cu2
BA
BA
CD
CD
CD
CD
CD
CD
CD
CD
CD
ZN
ZN
ZN
ZN
ZN
ZN
ZN
ZN
ZN
ZN
ZN
ZN
NI
II
WI
CR
CR
CR
CR
so4
so4
PO4
PO4
AL
AL
AL

1 PO4 1H 1
1HA 1
1H -1
1 E - 2
1H - 3
1B - 4
2 H - 2
1HA 1
1H -1
1 co3 1
1 co3 1H 1
1CL 1
1 CL 2
1 CL 3
1 PO4 1
1H -1
1 H - 2
1E - 3
1 co3 1
1 co3 1H 1
1 so4 1
1 CL 1
1 CL 2
1CL 3
1 PO4 1 H 1
1 HA 1
1H -1
1 B - 2
1H - 3
1H - 4
1 so4 1
1CL 1
1H -1
1 so4 1
1H -1
1H - 2
1H - 4
1AL 1
2 AL 1
1AL 1H 1
1 AL 1H 2
1H - 1
13 -2
1H -3



51

MINE 1.2
TSOLUM R at DUNCAN MAIN-------------------I-

--- Output Data ---

TYPE II: COMPLEXES (coat'd)

1993 Feb 28 09:59

ID#
--o-B
10350
10352
10354
12530
12540
12550
12600
12610
12620
12710
12720
13595
13600
13610
13620

Equilibrium
Concentration
---(MOLAR) ---

4.11D-09
9.67D-20
2.77D-24
7.27D-05
7.043).06
6.00D-11
6.61D-07
3.9131).07
1.89D-12
1.55D-09
2.98D-Oi
2.0633-07
l.llD-11
1.623).09
1.91D-07

-gK
II------

-23.73
-7.70

-13.59
9.57

15.56
1.57

11.56
18.33
20.01
12.47
21.76

-13.69
******
-66.20
-71.13

Species
(Name:Stoichiometric  Coeff)
-~--1----1----~1-----~~~~~~~~~~~~~~~~~
AL 1 H -4
AL 2 E -2
AL 3 E -4
co3 1 Ii 1
co3 1 H 2
so4 1 H 1
PO4 1 E 1
PO4 1 fl 2
PO4 1 E 3
6103 1 H 1
SIO3 1 H 2
H -1
CR 2 E -6 H -14
CR 1E -3 H -7
CR 1E -3 H -8



MINE 1.2
TSOLUM R at DUNCAN MAIN
-----------------------

--- Output Data ---

TYPE III: FIXED SOLIDS

Equilibrium
ID# Concentration UgK-m--w ---(MOLAR)--- ---m---w
50 -5.223).05 7.00
99 l.OOD+OO 13.00

TYPE IV: PRECIPITATED SOLIDS

Equilibrium
ID# Concentration LogK

-a--- --- (MOLAR) --- --I-----
21180 5.63D-06 -8.34
21470 5.400-07 -41.37

52

1993 Feb 28 09:59

Species
(Name:Stoichiometric  Coeff)
--------------------------------------

H 1
E 1

Species
(Name:Stoichiometric  Coeff)
--------------------_l____________l___
AL 1H -3
MN2 1E -2 B -4



MINE 1.2
TSOLUM R at DUNCAN MAIN
P=========G-'w=====E=

1993 Feb 28 09:59

--- Output Data ---

TYPE'V: DISSOLVED SOLIDS

ID#
---a-
20000
20010
20030
20040
20050
20070
20130
20140
20160
20200
20280
20370
20400
20430
20438
20440
20460
20500
20510
20520
20570
20582
20620
20630
20650
20660
20700
20710
20750
21140
21150
21160
21440
21480
21490
21510

Equilibrium
Concentration
--- (MOLAR) ---

2.27D-04
4.71D-06
6.00D-08
1.48D-14
2.443).05
1.53D-11
6.44D-13
l.QOD-07
2.230-11
9.96D-08
5.85D-02
6.38D-11
3.41D-18
3.61D-14
1.56D-07
6.01D-06
1.27D-14
1.64D-03
2.36D-05
3.09D-02
1.90D-04
1.77D-15
l.O7D-07
1.33D-04
2.41D-10
1.78D-04
9.4533-05
1.76D-05
3.96D-02
7.36D-21
1.89D-04
l.l2D-04
1.50D-04
2.60D-18
4.693).05
8.51D-24

LogK
w----B--

7.04
3.44

37.87
41.29
17.10
7.44

-22.21
4.14

23.69
-16.71
22.97
9.14
9.44

-14.81
8.37
4.43

32.99
-8.31
8.74
9.94

10.04
27.89

-13.91
9.54

31.99
17.24

-11.31
6.94

-10.41
-10.54
19.67
35.93
24.46

-61.70
-25.70
11.40

species
(Name:Stoichiometric  Coeff)
-------1--------1--1------------------
CA 1 co3 1
CA 1 so4 1
CA 5 PO4 3 H -1
CA 4 PO4 3 H 1
CA 1 PO4 1H 1
CA 1 6103 1
CA 1H -2
MG 1 co3 1
MG 3 PO4 2
MG 1H -2
FE3 1 PO4 1
co3 1 MN2 1
6103 1 MN2 1
MN2 1H -2
cu2 1 co3 1
cu2 2 co3 1H -2
cu2 3 PO4 2
cu2 1H -2
BA 1 co3 1
BA 1 so4 1
CD 1 co3 1
CD 3 PO4 2
CD 1H -2
ZN 1 co3 1
ZN 3 PO4 2
SI03 1 ZN 1
ZN 1H -2
NI 1 co3 1
HI 1H -2
CR 1H -3
PO4 1AL 1
SI03 2 A L 2 H- -2
SI03 1H 2
MN2 3 E -2 H -8
MN2 1E -1 H -3
cu2 1E 2



MINE 1.2
TSOLUM R at DUNCAN MAIN--------=-----------'--
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1993 Feb 28 09:59

--- Output Data ---

TYPE VI: SPECIES NOT CONSIDERED

Equilibrium Species
ID# Concentration -gK (NametStoichiometric  Coeff)

-w--B ---(MOLAR)--- -------- 1---1--11-----------------------------
20310 2.291)+03 -4.17 FE3 1 H -3
21460 2.950+05 2.87 P'E3 3E 1H -8
25000 2.22D-04 17.06 co3 1 H 2



33

MINE 1.2 1993 Feb 28 09:59
.TSOLUM R at DUNCAN MAIN-----------------------u-------------m.---

--- Output Data ---

DISTRIBUTION OF COMPONENTS

ID# Component
------------- Percent Bound in Species m--m---------
(%) ID% (NametStoichiometric  Coeff)

w-1-1 -----w--w -~~-~~--~~--~-~-~I~-~~~~~~~~~~~~~~~~~~~~~-~--~------
1CA

2 MO

4 K

5 NA

6 FE3

8 MN2

9 cu2

99.9 1 CA 1

99.9 2 MG 1

100.0 4 K 1

100.0 5 HA 1

99.7 2680 FE3 1 H -2

100.0 21470 MN2 1 E -2 H -4

6.4 9
86.7 4813
6.2 4842

cu2
cu2
cu2

BA

1
1HA
1 H

1
-2

100.0 10 1

99.1 11 CD 1

95.6 12 ZN 1
3.7 6'745 ZN 1B -2

99.0 13 NI 1

99.1 13620 CR 1E -3 H -8

99.5 21180 AL 1B -3

139.2 12530 co3 1 H
26.9 12540 co3 1H
1.3 12600 PO4 1H
1.5 12610 PO4 1H
1.1 12720 SI03 1H

10 BA

11 CD

12 ZN

13 NI

19 CR

20 AL

50 H
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MINE 1.2
TSOLUM R at DUNCAN MAIN
==E=======en==mzE

1993 Feb 28 09:59

--- Output Data ---

DISTRIBUTION OF COMPONENTS

------------- Percent Bound in Species --1-1----1--1
ID# Component (%) ID# (Name:Stoichiometric  Coeff)

----- -------II ----------------------------------------------------
99 E 34.5

65.2
13620
21470

CR 1 E
MN2 1E

-3 H -8
-2 B -4

1
2

101 co3 90.9
8.8

12530 co3
12540 co3

1H
1B

102 so4

103 CL

109 PO4

99.8 102 so4 1

100.0 103 CL 1

62.8 12600 PO4
37.1 12610 PO4

1B
1 H

1
2

2112 SI03

157 NO3

160 BA

99.5 12720 SI03 1 H

100.0 157 NO3 1

77.7 160 BA
3.0 1200 CA
3.7 2060 NA

14.6 4813 cu2

1
1HA
1 BA
1 BA

1
1
1
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TSOLUM RIVER AT FARNRAM USING 1.61 MO/L



MINE 1.2

--- Output Data ---

FINAL CONDITIONS

Number of iterations = 59

pE =
pH =

13.0
7.0 ~oaic  Strength = 6.553-04

----- Concentration (MOLAR) ------
ID# Equilibrium Analytical

----- ----------I ---0---1--
1 1.861).05 1.87D-05
2 ,3.24D-05 3.27D-05
4 1.28D-10 1.28D-10
5 1.61D-04 1.61D-04
6 2.58D-15 4.34D-06
8 8.923).13 6.48D-07
9 3.36D-08 2.61D-07

10 1.92D-07 2.19D-07
11 7.66D-13 7.833).13
12 2,53D-07 2.781).07
13 8.31D-07 8.52D-07
19 1.24D-27 3.853):07
20 2.98D-14 3.73D-05.
50 l.OOD-07 l.OOD-09

99 l.OOD-13
101 4.75D-08
102 4.14D-05
103 5.453).05
109 1.22D-12
112 7.09D-16
157 3.04D-06
160 5.73D-09

O.OOD+OO
8.00D-05
4.18D-05
5.45D-05
l.O5D-06
3.00D-07
3.04D-06
1.61D-07

58

1993 Feb 27 17 :12
Tsolum far Average----u--w----------w---------------

Rknainder Component
--------- -------I-
1.73D-14 CA
3.80D-14 MG
8.431).21 K
4.22D-15 NA
5.54D-21 FE3
O.OOD+OO MN2
3.13D-17 cu2

-5.93D-12 BA m
1.76D-27 CD
2.361).16 ZN
7.74D-16 NI
2.0733-21 CR
O.OOD+OO AL
O.OOD+OO H

O.OOD+OO
5.27D-20
O.OOD+OO
6.80D-20
3.OOD-21

-l.lOD-21
4.66D-21
-7.lOD-23

E
co3
so4
CL
PO4
SI03
NO3
HA



1993 Feb 27 17 :12
Tsolum far Average
==I=r=====a~=====

MINE 1.2

--- Output Data ---

DISTRIBUTION OF COMPONENTS

-0-0-0m---o--
ID# Component

------------- Percent Bound in Species
0) ID# (Name:Stoichiometric  Coeff)-II-- --------- -------I-------------~~~~~~~~~~~~~~~~~~-------------

10 BA

11 CD 97.9 11 CD 1

12 ZN 90.9 12 ZN 1
6.8 6745 ZN 1H

13 #I

19 CR

20 AL

50 ii

1CA 99.2

2 MG 99.0

4 SC 100.0

5 NA 100.0

1CA 1

2 MG 1

4 K 1

5 NA 1

6 FE3 99.8

8 MN2 .lOO.O

9 cu2 12.9
2.4

58.7
1.5

24.3

2680 FE3 1 H -2

21470 MN2 1H -4 E -2

9 cu2 1
3920 cu2 1 co3
4813 CU2 1HA
4840 CU2 1H
4842 CU2 1H

87.7 10 BA 1
12.3 20520 BA 1 so4

97.5 13 NI 1
1.8 7590 #I 1H

19.2 13610 CR 1 H
80.8 13620 CR 1 H

99.9 21180 H -3 AL

1.6 13610 CR
7 . 9 13620 CR
27.4 2680 FE3
8.2 21470 MN2

1H
1H
1H
1H

-3 AL354.0 21180 H

1
1

-1
-2

1

-2

-1

-7 E -3
-8 E -3

1

-7 E‘ -3
-8 E -3
-2
-4 E -2
1



6U

1993 Feb 27 17:12MINE 1.2
Tsolum far Average
====te==13"=P====

--- Output Data ---

DISTRIBUTION OF COMPONENTS

------------- Percent Bound in Species -----1-------
(%) ID# (Name:Stoichiometric  Coeff)

-I-------------------~~~~~~~~~~~~-~~~~~-------------
9.0

38.1
52.9

13610
13620
21470

CR
CR
MN2

1H
1H
1E

-7 E -3
-8 E
-4 E

1
2

ID#
-----

99

Component

E

84.0 12530 co3 1H
15.8 12540 co3 1H

101 co3

102

103

109

so4

CL

PO4

98.9 102 so4 1

100.0 103 CL

PO4
PO4

1

30.7 12600
68.9 12610

1H
1H

1
2

2112 SI03

157 NO3

160 HA

99.7 12720 S103 1H

100.0 157 NO3 1

3.6 160 HA 1
95.0 4813 cu2 1 HA 1



MINE 1.2

--- Output Data ---

TYPE I: COMPONENTS

ID#
---I-

2
4
5
6
8
9

10
11
12
13
19
20

Equilibrium
Concentration
---(MOLAR)---

3.243).05
1.28D-10
1.61D-04
2.58D-15
8.923).13
3.36D-08
1.923).07
7.66D-13
2.5333-07
8.31D-07
1.24D-27
2.983).14

101 4.750-08 .oo
102 4.14D-05 .oo
103 5.45D-05 .oo
109 1.22D-12 .oo
112 7.09D-16 .oo
157 3.04D-06 .oo
160 5.73D-09 .oo

61

1993 Feb 27 17:12
Tsolum far Average
---------B----m-w--m

bgK---101-m
.oo
.oo
.oo
.oo
.oo
.oo
.oo
.oo
.oo
.oo
.oo
.oo

MG
K
NA
FE3
MN2
Cu2
BA
CD
ZN
NI
CR
AL

co3
so4
CL
PO4
S103
NO3
NA

1
1
1
1
1
1
1
1
1
1
1
1

1
1
1
1
1
1
1



MINE 1.2

--- Output Data ---

TYPE II: COMPLEXES

IDt
-----

1
1000
1010
1020
1080
1200
1350
1360
1370
1380
1440
1580
1740
1960
1995
2000
2010
2060
2070
2080
2090
2100
2110
2170
2190
2666
2670
2680
2690
2700
2710
3290
3300
3310
3320
3330
3360
3900
3910
3920
3930
3932
3940
3950

Equilibrium
Concentration
---(MOLAR)---

1.8613-05
7.02D-10
2.79D-08
1.22D-07
6.02D-10
5.58D-10
l.llD-10
1.943).09
4.88D-08
2.681).07
3.32D-09
5.87D-10
1.93D-09
5.94D-14
1.64D-16
l.O8D-10
2.983).08
l.O3D-09
1.2OD-15
l.llD-18
2.98D-18
7.26D-22
5.92D-27
9.39D-14
4.34D-14
l.OSD-16
4.59D-10
4.33D-06
1.73D-14
7.273).09
3.33D-18
4.250-15
5.86D-15
5.46D-16
2.81D-20
4.85D-25
l.lSD-15
6.693).16
5.63D-26
6.37D-09
4.8OD-13
2.53D-10
2.21D-10
6.5033-12

62

1993 Feb 27 17:12
Tsolum far Average
====-"'=~=~===r

LogK-0----1-
.oo

2.90
11.50
2.20

14.43
3.72

-12.22
3.10

11.50
2.30

14.93
3.50

-11.22
1.05
2.35
1.15
.65

3.05
4.05
5.40
1.33
1.98
1.15

20.48
23.38
6.85

-1.75
-4.77

-20.17
-21.55
-2.30
12.00
2.20
1.05
1.03
.53

16.03
-10.12
-34.20

6.60
9.80

12.20
2.20
.55

CA 1
CA 1 co3
CA 1 co3
CA 1 so4
CA 1 PO4
CA 1HA
CA 1H
MG 1 co3
MG 1 co3
MG 1 so4
M G 1 PO4
M G 1HA
M G 1B
K 1 so4
X 1HA
NA 1 co3
NA 1 so4
WA 1HA
FE3 1 so4
FE3 1 so4
FE3 1CL
FE3 1 CL
FE3 1 CL
FE3 1 PO4
FE3 1 S103
FE3 1HA
FE3 1H
FE3 1H
FE3 1H
FE3 1H
FE3 2 H
co3 1 MN2
MN2 1 so4
CL 1 MN2
CL 2 MN2
CL 3 MN2
PO4 1 MN2
MN2 1H
MN2 1H
cu2 1 co3
cu2 1 co3
cu2 1 co3
cu2 1 so4.
cu2 1 CL

1
1H 1
1
1H 1
1.

-1
1
1H 1
1
1 H 1
1

-1
1
1
1
1
1
1
2
1
2
3
1H 1
1H 1
1

-1
-2
-3
-4
-2
1H 1
1
1
1
1
1H 1

-1
-3
1
2
1H 1
1
1



MINE 1.2
Tsolum far Average
=========c=a====

--- Output Data ---

TXPE II: COMPLEXES (cont'd)

ID#
-----
3960
4010
4813
4840
4842
4844
4846
4850
4912
5060
5070
5072
5090
5100
5110
5270
5930
5940
5950
5954
5956
5960
5970
5980
5990
6060
6733
6740
6745
6750
6760
6770
6780
7590
9890

10000
10010
10020
10030
10040
10102
10104
10340
10342

Equilibrium
Coxkentration
---(MOLAR)---

2.11D-16
1.090-10
1.53D-07
3.99D-09
6.33D-08
5.32D-14
4.74D-20
5.34D-12
8.73D-12
2.87D-13
4.593).17
5.78D-15
3.73D-15
9.62D-19
1.320-23
5.25D-21
7.2433-15
5.75D-18
3.05D-22
1.91D-09
1.91D-09
1.66D-09
3.893).12
6.33D-17
3.453).20
l.O3D-10
1.15D-10
7.550-10
1.90D-08
1.27D-13
1.42D-19
5.46D-09
1.28D-10
1.57D-08
2.90D-27
5.561).24
3.66D-22
3.76D-23
1.39D-15
2.04D-18
2.17D-25
2.29D-37
8.41D-12
1.26D-09

LogK
-------I

.33
16.43
8.90

-7.92
-13.72
-26.80
-39.85
-10.32

3.90
-12.82

3.10
12.20
1.95
2.63
2.03
3.75

-9.02
-19.12
-30.40

5.20
12.20
2.20
0.55

-1.07
-.07

15.53
4.90

-9.52
-15.12
-27.30
-40.25

2.20
.45

-8.72
4.75

-3.35
-8.87

-23.85
3.05
4.60
7.78
2.80

-4.55
-9.37

63
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cu2
cu2
cu2
cu2
cu2
cu2
cu2
cu2
BA
BA
CD
CD
CD
CD
CD
CD
CD
CD
CD
ZN
ZN
ZN
ZN
ZN
ZN
ZN
ZN
ZN
ZN
ZN
ZN
II
II
NI
CR
CR
CR
CR
AL
AL
PO4
PO4
H
H

1CL 2
1 PO4 1H 1
1EA 1
1H -1
1R -2
1B -3
1H -4
2 E -2
1 HA 1
1B -1
1 co3 1
1 co3 1H 1
1CL 1
1 CL 2
1 CL 3
1 PO4 1
1 H -1
1H -2
1H -3
1 co3 1
1 co3 1H 1
1 so4 1
1 CL 1
1 CL 2
1 CL 3
1 PO4 1H 1
1 HA 1
1B -1
1 H -2
1H -3
1 H -4
1 so4 1
1 CL 1
1H -1
1 so4 1
1 xi -1
1 H -2
1' H -4
1 so4 1
1 so4 2
1H 1AL 1
1B 2 A L 1

-1 AL 1
-2 AL 1



MINE 1.2
Tsolum far Average=="""'--'------

--- Output Data ---

TYPE II: COMPLEXES (cont'd)

64
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ID#

10344
10350
10352
10354
12530
12540
12550
12600
12610
12620
12710
12720
13595
13600
13610
13620

Equilibrium
Concentration
---(MOLAR)---

2.51D-08
2.110-09
1.770-21
3.5333-27
6.723).05
1.270-05
5.85D-10
3.241).07
7.25D-07
.6.85D-12
7.96D-10
2.99D-07
l.O6D-07
5.42D-13
7.38D-08
3.11D-07

-15.07 H -3 AL
-23.15 E -4 AL
-7.70 H -2 AL

-13.88 H -4 AL
10.15 co3 1B
16.43 co3 1H
2.15 H 1 so4

12.43 PO4 1H
19.78 PO4 1 ii
21.75 PO4 1H
13.05 SI03 1B
22.63 SI03 1H

-13.98 H -1
****** CR 2 H
-68.23 CR 1H
-74.60 CR 1H

-14 E -6
-7 E -3
-8 E -3



MINE 1.2
Tsolum far Average
=======zz===zr===

--- Oukput Data ---

TYPE III: FIXED SOLIDS

Equilibrium
ID# Concentration

Species
me (Name:Stoichiometric  Coeff)

--w-w ---(MOLAR)--- -------- ~-----1-~-1~--~~~1-~-~~~~~~~~~--~--~--
50 3.160-05 7.00 B 1
99 2.45D-06 13.00 E 1

TYPE IV: PRECIPITATED SOLIDS

Equilibrium
ID# Concentration LogK

--m-w ---(MOLAR)--- --w-1--1
20520 2.68D-08 11.10
21180 3.73D-05 -7.47
21470 6.48D-07 -41.95

1993 Feb 27 17:12

Species
(Name:Stoichiometric  Coeff)
-l----l----------cI---o------o--------
BA 1 so4 1
B -3 AL 1
MN2 1H -4 E -2



MINE 1.2
Tsolum far Average
=="====zzc===P==

I bb

1993 Feb 27 17:12

--- Output Data ---

TYPE V: DISSOLVED SOLIDS

ID#
-----
20000
20010
20030
20040
20050
20070
20130
20140
20160
20200
20280
20370
20400
20430
20438
20440
20460
20500
20510
20570
20582
20620
20630
20650
20660
20700
20710
20750
21140
21150
21160
21440
21480
21490
21510

Equilibrium
Concentration
--- (MOLAR) ---

1.400-04
3.06D-05
1.33D-08
9;59D-15
3.02D-05
5.2433-12
2.21D-13
3.08D-07
5.35D-10
1.22D-07
1.18D-01
8.47D-10
2.52D-17
2.66D-13
5.420-06
4.03D-03
l.l9D-09
3.17D-02
7.25D-05
5.78D-09
l.l2D-28
1.82D-12
6.03D-04
S.O6D-08
4.51D-04
2.39D-04
4,98D-06
6.23D-03
2.631).16
6.85D-04
1,13D-04
1.50D-04
1.42D-16
1.78D-04
8.44D-23

-gK
I-------

8.20
4.60

44.53
47.65
19.13
8.60

-21.92
5.30

28.03
-16.42
25.58
10.30
10.60

-14.52
9.53
5.88

37.33
-8.02
9.90

11.20
32.23

-13.62
10.70
36.33
18.40

-11.02
8.10

-10.12
-9.67
22.28
39.40
25.33

-61.70
-25.70
11.40

Species
(NamerStoichiomettic  Coeff)
---------------------~~~-~~~~~--~~~~~~
CA 1 co3 1
CA 1 so4 1
CA 5 PO4 3 H - 1
CA 4 PO4 3 H 1
CA 1 PO4 1H 1
CA 1 SI03 1
CA 1H - 2
MG 1 co3 1
MG 3 PO4 2
MG 1H - 2
FE3 1 PO4 1
co3 1 MN2 1
SI03 1 MN2 1
MN2 1 H - 2
cu2 1 co3 1
cu2 2 co3 1H - 2
cu2 3 PO4 2
cu2 1H - 2
BA 1 co3 1
CD 1 co3 1
CD 3 PO4 2
CD 1H - 2
ZN 1 co3 1
ZN 3 PO4 2
SI03 1 ZN 1
ZN 1 H - 2
II 1 co3 1
NI 1 H - 2
CR 1 H - 3
PO4 1 AL 1
SI03 2 H -2 AL 2
S 1 0 3 1H 2
M N 2 3 H -8 E - 2
M N 2 1H -3 E -1
cu2 1E 2



MINE 1.2
Tsolum far Average
-------m-----wu_-------u------

67

1993 Feb 27 17:12

--- Output Data ---

TYPE VI: SPECIES NOT CONSIDERED

Equilibrium
ID# Concentration

Species
LogK

--- (MOLAR) ---
(Name:Stoichiometric  Coeff)

--e-w -----m-w ----------1------1--------------------
20310 1.28D+03 -3.30 FE3 1 H -3
21460 5.1413+04 5.48 FE3 3 B -8 E 1
25000 4.000-04 17.93 co3 1 E 2



68

MINE 1.2 1993 Feb 27 17:lO
Tsolum far Average
===t==r===========

--- Output Data ---

FINAL CONDITIONS

Number of iterations = 59

pE =
pH =

13.0
7.0 Ionic Strength = 6.553-04

----- Concentration (MOLAR) ------
ID# Equilibrium Analytikal Remainder Component

----- ----------- LIIIIIIIIl --II----- ------I)--
1 1.86D-05 1.87D-05 1.73D-14 C A
2 3.24D-05 3.270-05 3.8033-14 MO
4 1.28D-10 1.28D-10 8.43D-21 R
5 1.61D-04 1.61D-04 4.22D-15 NA
6 2.58D-15 4.34D-06 5.54D-21 F E 3
8 8.923).13 6.481).07 O.OOD+OO MB2
9 3.36D-08 2.6133-07 3.13D-17 cu2

10 1.92D-07 2.19D-07 -5.93D-12 BA
11 7.6633-13 7.83D-13 1.760-27 CD
12 2.53D-07 2.7833).07 2.36D-16 ZN
13 8.31D-07 8.52D-07 7.74D-16 II
19 1.24D-27 3.85D-07 2,07D-21 CR
20 2.98D-14 3.731).05 O.OOD+OO AL
50 l.OOD-07 l.OOD-09 O.OOD+OO H

99 l.OOD-13 O.OOD+OO O.OOD+OO E
101 4.75D-08 8.00D-05 5.2733-20 co3
102 4.140-05 4..18D-05 O.OOD+OO so4
103 5.45D-05 5.45D-05 6.80D-20 CL
109 1.22D-12 l.O5D-06 3.OOD-21 PO4
112 7.09D-16 3.00D-07 -l.lOD-21 SI03
157 3.04D-06 3.04D-06 4.661).21 NO3
160 5.73D-09 1.61D-07 -7.lOD-23 HA
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APPENDIX III

MODEL CALCULATION OF CHEMICAL
SPECIATION AT ROSSITER



MINE 1.2

--- Output Data ---

FINAL CONDITIONS

Number  of iterations = 73

pE =
pH =

13.0
7.0 Ionic Strength = 5.01E-01

----- Concentration (MOLAR) ---m-e
ID# Equilibrium

----- -0-0c--m---
1 6.71D-05
2 2.07D-05
4 1.28D-10
5 1.61D-04
6 7.143).14
8 2.3513-13
9 3.12D-07

10 2.18D-07
11 8.83D-08
12 4.44D-07
13 l.OlD-06
19 8.98D-31
20 2.2OD-13
50 l.OOD-07

99 l.OOD-13
101 1.95D-07
102 3.59D-05
103 4.42D-05
109 1.83D-11
112 5.22D-15
157 3.04D-06
160 7.913).09

70

1993 Feb 28 1O:Ol
TSOLUM R at ROSSITER
=====z===t====a====

Aualytidal
-0-0-0-1-1
6.710-05
2.073).05
1.28D-10
1.610-04
1.63D-05
2.55D-06
7.87D-07
2.19D-07
8.903).08
4.64D-07
l.O2D-06
6.731).07
5.60D-06
l.OOD-09

l.OOD+OO
8.00D-05
3.59D-05
4.42D-05
l.O5D-06
3.00D-07
3.04D-06
1.451).07

Remainder

7.06D-20
-1.41D-20
-4.OOD-25
-1.65D-19
-1.690-21
O.OOD+OO

-9.82D-22
l.O3D-22
7.71D-23
2.7OD-22

-6.1933-22
1.29D-12
4.23b-22

-8.47D-22

O.OOD+OO
-5.940-20
-2.98D-14
-9.06D-21
6.31D-22
2.36D-22

-1.693)-21
-2.94D-22

Component
-1------o
CA
MG
K
NA
FE3
MN2
cu2
BA
CD
ZN
WI
CR
AL
H

E
co3
so4
CL
PO4
S103
NO3
HA



MINE 1.2
TSOLUM R at ROSSITER-----------------I-- -

--- Output Data ---

TYPE I: COMPONENTS

ID#
-1-11

1
2
4
5
6
8
9

10
11
12
13
19
20

Equilibrium
Concentration
--- (MOLAR) ---

6.71D-05
2.07D-05
1.28D-10
1.61D-04
7.14D-14
2.35D-13
3.12D-07
2.1833-07
8,83D-08
4.44D-07
l.OlD-06
8.98D-31
2.2OD-13

101 1.95D-07 .oo co3
102 3.59D-05 .oo so4
103 4.42D-05 .oo CL
109 1.83D-11 .oo PO4
112 5.22D-15 .oo S103
157 3.04D-06 .oo NO3
160 7.910-09 .oo NA

LwKL-I-II-l
.oo
l oo
.oo
.oo
.oo
.oo
.oo
.oo
.oo
.oo
.oo
.oo
.oo

1993 Feb 28 1O:Ol

CA
MO
K
NA
FE3
MN2
a32
BA
CD
ZN
II
CR
AL

1
1
1
1
1
1
1
1
1
1
1
1
1

1
1
1
1
1
1
1



MINE 1.2 1993 Feb 28 1O:Ol
TSOLUM R at ROSSITER
t===e======c========

--- Output Data ---

TYPE II: COMPLEXES

ID#
-----
1000
1010
1020
1080
1200
1350
1360
1370
1380
1440
1580
1740
1960
1995
2000
2010
2060
2070
2080
2090
2100
2110
2170
2190
2666
2670
2680
2690
2700
2710
3290
3300
3310
3320
3330
3360
3900
3910
3920
3930
3932
3940
3950
3960

Equilibrium
Concentration
---(MOIAR)---

7.24D-10
2.880-08
2.66D-08
3.090-10
1.94D-10
2.05D-10
3.54D-10
8.88D-09
l.O3D-08
3.01D-10
3.6OD-11
6.33D-10
1.3633-14
5.98D-17
l.l7D-10
6.81D-09
3.77D-10
5.29D-16
l.l2D-19
9.05D-18
4.71D-22
1.6OD-27
9.750-14
3.16D-13
7.35D-17
3.35D-09
1.63D-05
6.47D-14
5.3lD-08
2.56D-15
3.2OD-16

9.32D-17
3.08D-17
6.6OD-22
9.220-27
4.32D-17
9.06D-17
1.48D-26
1.69D-08
5.21D-12
6.71D-10
1.24D-10
1.29D-11
1.75D-16

Low--------
1.74

10.34
1.04

12.40
2.56

-12.51
1.94

10.34
1.14

12.90
2.34

-11.51
.47

1.77
.57
-07

2.47
2.31
3.09
.46
.53

-.59
17.87
21.93
5.11

-2.33
-5.64

-21.04
-22.13
-2.30
10.84
1.04
.47
.16

-.34
14.00

-10.41
-34.20

5.44
8.64

11.04
1.04
-.03
0.54

CA 1 co3 1
CA 1 co3 1H
CA 1 so4 1
CA 1 PO4 1H
CA 1EA 1
CA 1H -1
MO 1 co3 1
MG 1 co3 1H
MG 1 so4 1
MG 1 PO4 1H
MG 1HA 1
MG 1H -1
K 1 so4 1
K 1 HA 1
NA 1 co3 1
WA 1 so4 1
NA 1EA 1
FE3 1 so4 1
FE3 1 so4 2
FE3 1CL 1
FE3 1CL 2
FE3 1 CL 3
FE3 1 PO4 1H
FE3 1 S103 1H
FE3 1EA 1
FE3 1H -1
FE3 1B -2
FE3 1B -3
FE3 1H -4
FE3 2 H -2
co3 1 MN2 1H
so4 1 MN2 1
CL 1 MN2 1
CL 2 MN2 1
CL 3 MN2 1
PO4 1 MR2 1H
MN2 1E -1
MN2 1E -3
cu2 1 co3 1
cu2 1 co3 2
cu2 1 co3 1H
cu2 1 so4 1
cu2 1 CL 1
cu2 1 CL 2

1

1

1

1

1
1

1

1

1



MINE 1.2
TSOLDM R at ROSSITER
-'=======o=="=P==r==

--- Output Data ---

TYPE II: COMPLEXES (cont'd)

ID#
a----
4010
4813
.4840
4842
4844
4846
4850
4912
5060
5070
5072
5090
5100
5110
5270
5930
5940
5950
5954
5956
5960
5970
5980
5990
6060
6733
6740
6745
6750
6760
6770
6780
7590
9890

10000
10010
10020
10030
10040
10102
10104
10340
10342
10344

Equilibrium
Concentration
---(MOJ.AR)---

1.44D-10
1.36D-07
1.90D-08
3.02D-07
4.94D-13
1.67D-18
2.36D-10
9.56D-13
1.68D-13
1.51D-12
1.90D-10
9.170-11
9.86D-15
l.O9D-19
1.67D-16
4.28D-10
3.40D-13
3.51D-17
9.56D-10
9.56D-10
1.76D-10
1.46D-12
9.89D-18
4.37D-21
2.58D-11
1.940-U
6.811).10
1.71D-08
2.23D-13
9.46D-19
4.01D-10
3.33D-11
9.79D-09
3.33D-32
1.063).27
1.62D-26
3.35D-27

1.63D-16
5.48D-20
5.99D-26
1.24D-37
1.64D-11
1.26D-09
2.513).08

LogK
-----w-w

14.40
7.74

-8.21
-14.01
-26.80
-39.27
-10.61

2.74
-13.11

1.94
11.04
1.37
1.76
1.16
2.01

-9.31
-19.41
-30.40

4.04
11.04
1.04

-1.13
-1.94
0.94

13.50
3.74

-9.81
-15.41
-27.30
-39.67

1.04
-.13

-9.01
3.01

-3.93
-9.74

-24.43
1 . 3 1
2.29
5.17
.49

-5.13
-10.24
-15.94

73

1993 Feb 28 1O:Ol

Species
(Name:Stoichiometric  Coef f)
----I----~----------------------------
cu2 1 PO4 1H 1
cu2 1HA 1
cu2 1H -1
cu2 1E -2
cu2 1B -3
cu2 1B -4
cu2 2 R -2
BA 1EA 1
BA 1B -1
CD 1 co3 1
CD 1 co3 1H 1
CD 1 a 1
CD 1 CL 2
CD 1 a 3
CD 1 PO4 1
CD 1H -1
CD 1E -2
CD 1 II -3
ZN 1 co3 1
ZN 1 co3 1H 1
ZN 1 so4 1
ZN i a 1
ZN 1 a 2
ZN 1 CL 3
ZN 1 PO4 1B .1
ZN 1EA 1
ZN 1H -1
ZN 1H -2
ZN 1H -3
ZN 1E -4
WI 1 so4 1
NI 1 a 1
NI lli -1
CR 1 so4 1
CR 1E -1
CR 1H -2
CR 1H -4
so4 1AL 1
so4 2AL 1
PO4 1AL 1H 1
PO4 1AL 1H 2
AL 1 H -1
AL 1H -2
AL 1H -3
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MINE 1.2
TSOLUM R at ROSSITER
r======="==========

1993 Feb 28 1O:Ol

--- Outpyt Data ---

TYPE II: COMPLEXES (cont'd)

Equilibrium
ID# Concentration J-QgK----- ---(MOLAR) --- --------

10350 4.11D-09 -23.73
10352 9.67D-20 -7.70
10354 2.77D-24 -13.59
12530 7.270-05 9.57
12540 7.04D-06 15.56
12550 1.34D-10 1.57
12600 6.61D-07 11.56
12610 3.91D-07 18.33
12620 1.90D-12 20.01
12710 l.SSD-09 12.47
12720 2.98D-07 21.76
13595 2.06D-07 -13.69
13600 1.36D-10 ******
13610 5.66D-09 -66.20
13620 6.67D-07 -71.13

Species
(kme:Stoichiometric  Coeff)

AL 1. H
AL 2 H
AL 3 H
co3 1H
co3 1H
so4 1H
PO4 1H
PO4 1H
PO4 1H
6103 1H
6103 1H
H -1
CR 2 E
CR 1E
CR 1E

-6 H -14
-3 H -7
-3 H -8



MINE 1.2
TSOLUM R at ROSSITER

=="""'-'-'----'-'

--- Output Data ---

TYPE III: FIXED SOLIDS

Equilibrium
ID# Concentration

Species
LogK (Name:Stoichiometric  Coeff)

-I--- --- (MOLAR) --- 1-11-m-B o--------11--1------------------------
SO -2.29D-65 7.00 E 1
99 l.OOD+OO 13.00 E 1

TYPE IV: PRECIPITATED SOLIDS

Equilibrium
ID# Concentration LogK----- ---(MOLAR)--- ---B-e--

21180 5.5733-06 -8.34
21470 2.550-06 -41.37

75

1993 Feb 28 10:01

Species
(Name:Stoichiometric  Coeff)
-----------------I--------------------
AL 1H -3
MN2 1E -2 ri -4
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1993 Feb 28 1O:Ol
TSOLUM R at ROSSITER

--- Output Data ---

TYPE V: DISSOLVED SOLIDS

ID#
--M-w
20000
20010
20030
20040
20050
20070
20130
20140
20160
20200
20280
20370
20400
20430
20438
20440
20460
20500
20510
20520
20570
20582
20620
20630
20650
20660
20700
20710
20750
21140
21150
21160
21440
21480
21490
21510

Equilibrium
Concentration
--- (MOLAR) ---

1.44D-04
6.68D-06
6.23D-09
2.41D-15
1.55D-05
9.71D-12
4.100-13
5.60D-08
1.44D-12
3.99D-08
1.23D-01
6.38D-11
3.41D-18
3.61D-14
1.44D-05
5.090-02
9.87D-09
1.51D-01
2.36D-05
6.88D-02
1.90D-04
1.78D-15
l.O8D-07
3.02D-04
2.85D-09
4.06D-04
2.15D-04
1.7333-06
3.903).03
2.57D-20
1.90D-04
l.l2D-04
1.50D-04
2.6OD-18
4.69D-05
7.83D-22

LogK
I--I----

7.04
3.44

37.87
41.29
17.10
7.44

-22.21
4.14

23.69
-16.71
22.97
9.14
9.44

-14.81
8.37
4.43

32.99
-8.31
8.74
9.94

10.04
27.89

-13.91
9.54

31.99
17.24

-11.31
6.94

-10.41
-10.54
19.67
35.93
24.46

-61.70
-25.70
11.40

CA 1 co3 1
CA 1 so4 1
CA 5 PO4 3 H -1
CA 4 PO4 3 H 1
CA 1 PO4 1 E 1
CA 1 SI03 1
CA 1 E -2
MG 1 co3 1
MG 3 PO4 2
MG 1H -2
FE3 1 PO4 1
co3 1 MN2 1
SIO3 1 MN2 1
MN2 1H -2
cu2 1 co3 1
cu2 2 co3 1H -2
cu2 3 PO4 2
cu2 1H -2
BA 1 co3 1
BA 1 so4 1
CD 1 co3 1
CD 3 PO4 2
CD 1H -2
ZN 1 co3 1
ZN 3 PO4 2
SI03 1 ZN 1
ZN 1H -2
WI 1 co3 1
NI 1H -2
CR 1H - 3
.PO4 1A.L 1
5103 2AL 2 H -2
SI03 1H 2
MN2 3 E -2 E -8
MN2 1E -1 H -3
cu2 1E 2
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--- Output Data ---

TXPE VI: SPECIES NOT CONSIDERED

Equilibrium
ID# Concentration

Species
Ilogx (NamerStoichiometric  Coeff)

----I ---(MOLAR)--- -------- -1-1---11----1------------------------
20310 4.800+03 -4.17 FE3 1B -3
21460 2.71D+O6 2.87 FE3 3 E 1H .-8
25000 2.233).04 17.06 co3 1 H 2
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1993 Feb 28 1O:OlMINE 1.2
TSOLUM R at ROSSITER
=============5======

--- Output Data ---

DISTRIBUTION OF COMPONENTS

------------- Percent Bound in Species -0-0-1-e-1---
ID# Component (%) ID# (Name:Stoichiometric  Coeff)

----- o-e------ ---------------------~~~~~~~~~~~~~-~---~------------
1 CA 99.9 1 CA

MC

1

2 MG 99.9 2 1

4 K 100.0 4 K 1

5 NA 100.0 5 NA 1

6 FE3 99.7 2680 FE3 1 H -2

8 MN2 100.0 21470 MN2 1E

9 cu2 39.6
2.1

17.3
2.4

38.3

9 cu2
3920 cu2
4813 cu2
4840 cu2
4842 cu2

1
1 co3
1 HA
1E
1H

-2 H -4

1
1

-1
-2

10 BA

11 CD

12 ZN

100.0 10 BA 1

99.2 11 CD 1

95.7 12 ZN 1
3.7 6745 ZN 1H -2

13 NI

19 CR

20 AL

50 H

99.0 13 NI 1

99.1 13620 CR 1E

99.5 21180 AL 1H

-3 H -8

-3

318.0 12530 co3 1H 1
61.6 12540 co3 1H 2
2.9 i2600 PO4 1H 1
3.4 12610 PO4 1H 2
2.6 12720 SI03 1H 2
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MINE 1.2 1993 Feb 28 1O:Ol
TSOLUM R at ROSSITER
============o=======

--- Output Data ---

DISTRIBUTION OF COMPONENTS

------------- Percent Bound in Species -I-----------
ID# Component w ID# (Name:Stoichiometric  Coeff)

----- --------- -1----1-1--------1---~~~~~~~~~~~~~~~~~~~-~~~---~-~~~
99 E 28.1 13620 CR 1E

71.6 21470 MN2 1E
-3 H -8
-2 H -4

1
2

101

102

103

109

co3 90.9
8.8

12530 co3
12540 co3

1H
1H

so4

CL

PO4

99.9 102

103

so4 1

100.0 CL 1

62.8 12600 PO4
37.1 12610 PO4

1H
1H

1
2

2112 SI03

157 NO3

160 HA

99.5 12720 SI03

157 NO3

1 H

100.0 1

5.5
94.1

160 NA
4813 cu2

1
1 NA 1
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1.0 I#STALLATIOZJ

MINE has been developed to run on a simple IBM compatible
computer. However, it is strongly recommended that the
program be run on a unit fitted with a math coprocessor.
While not required, such a configuration will significantly
reduce the time taken for each operation.

MINE is- composed of several data files and is menu driven.
The MINE disk can easily be copied to a hard drive if
available and, again, operation on a hard drive will improve
the speed of operation.

The ANSI driver supplied with the MS-DOS System must be
resident in the host computer system in order for the MINE
package to function properly. To do this:

. Edit the CONFIG.SYS  file on the booting disk's main
directly using any text file editor (the line editor,
EDLIN, is supplied with MD-DOS). If CONFIG.SYS does not
exist, create it.

0 Add the line "DEVICE=<path>ANSI.SYS" where <path>
designates the pathtothe directory containing the MS-DOS
file ANSI.SYS.

. Save the updated CONFIG.SYS file and reboot the system.

As an alternative method, if CONFIG.SYS does not exist:

0 Type "COPY CON CONFIG.SYS" and press <ENTER>,

or if CONFIG.SYS does exist, then type

. "COPY CONFIG.SYS+CON CONFIG.SYS" and press <ENTER>



followed by,

. type "DEVICE=<pathXUSI.SYSW  and press <ENTER>

0 press "2" while holding down the <Ctrl> key.

Use the DOS TYPE command to verify the contents (or
modifications) of the file CONFIG.SYS, then reboot the system.
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2 . 0  oPERlwIom

Operation of MINE 1.2 is controlled by a series of menus.
Each menu has a help function which can be accessed by
pressing H. In order to run MINE 1.2 each of the menu items
1 to 4 must be addressed before the model can be run.

I I Nain J4mau II

1 Input option.

2 OaItplIt  optiow

3 Coavmrgmnco &brie

4 m1tip1.  run*

5 mAnnodd  ..notyet

6 &it to DOB

( B.lP
- option >

MIBEis anion intemstionmdel  usad am an aid  in emiaathq
spmci~tion  in the  wTironwnt.

-0ptioM  -
ma min nonal  conDi8tm of 6

optioM1t0  4mwtbm amplotd  kfOr0 the  actud
mdal  (Option S)uy  bm rnn;  Option 6 r&urns  thm  wrto thr
ma wdronrnt.

mt op+i- - l pocify pmblr
olltput  aptionm -rope* dmmtixutiom
conTwgwa  critori8
mAtip  Run0

- met  Ihits for solving thm problr

Run Jbd.1
- nt rangOD  of  pa and Bh
- l ⌧mcuto nmn

BxittoDos - finimhod

Bomt Poc8umo of the  *rant of calcnlationm  blTolw.d,  8 Yth
co-prownor  is highly mcrnddL

Promm  - to continw..
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After each operation is complete and you return to the main
menu, a tick will appear on the.main menu to show completion
of the task.

Nxxs minnsan

1 Inpntoptiaas v

2 oeput options
3 conTwgww critori8

4 lrnltfplo runs

I Run~ol . . not yet
6 lbtttoms

( -lP )=
m=xRoptioa~

2.2 INPUT OPTIONS

Input options can be selected by either typing 1 or I and
enter. Once in this file, five options are available as
shown.

1 ssloct  file

2 vir contmnts

3 Edit oontonts

4 Updata  to disk

Input sped: iaations

Tbo input  d&8 which dofiws  a problr  for WEIR i8 dofined fn
mworal groups. mm first gr~tlp c0ntaiw tbo inforvtfon for
tbm capwont  whbh arm to bm  inoludad  ia tba oaptlution.
This fm follmed  b -ral group*  o f  data  ia wbicb the TXPE
sp#iffc8tion  of a 8p.ci.8  up k mdifiod. The default dmta
s o t  (DrmuLz.~)  bw bmw colpfhd  fra avmragm  numbarm  f o r
British Caltmhfa. Those  ntmbors  uy bm mdifid for spociffc
loc8tionm win9  the  Mit option.

Soa HIIR Ornor's Ham181  for a dotafhd  description.
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The EDIT Menu is shown below. By typing the appropriate
number or letter each of the three components may be edited.
Ionic strength is calculated and usually should not be
changed. 'Provided you do not violate the phase rule it is
probable that you will only need to edit the title and the
species. Other types of associations may be changed if
required but generally require a solid understanding of the
phase equilibrium and redox conditions.

0 Title
1 Ionic  strmngth
2 speciee

(nodolliag  Sp0ci.m)

:m
5 ?IXED SOLIDS
6 PRECIPITATKD SOLIDS
7 DXSSDLVED SDLIDS
8 SPECXESSDTCDBSIDERED
9 Return to input  mmin

Titloa SC. REC~lvmo a 1
Xnpllt data filer

Ionic strength*
DXFAULT.DA%!  l

.6012

NIBmra1Bqmilibriu~l6odoJ

Probla specificatiolaa

Tbo ummr  im allowd  to nodify the  problr input am de&rod.
Options  0 through 2 caprime  the  aatual  problem:  Optionm  3
through  8 allau edification  to the  dofault IKUE mdel rmlws
for  each capon-t  qecfes  type (mm  specified).

m0TS:  Modificationa to the  input  data  will not be w0d  in my
l ubmequent run8 of the mdel  WSS the input  d&8 file
ia Updatad frmtho  NIHE Input Datawno  11

SeeKIISUmerL8Nanual  for a detailed desuriptiom.

Problems of phase rule violations can be solved in two ways.
If the species concerned are redox influenced reactions and of
little consequence to the speciation of the metals of
interest, the precipitating reactions can be classified as
type 8 species. However, it is often better to put
precipitated solutions in type 6 species.

There are a number of terms which have particular significance
with regard to the classification of various forms.
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1. Components

In a mathematical sense this is the independent base set from
which every species can be defined and upon which the mass
balance equations are based. In a chemical sense, the
components are a set of chemical entities such that every
species can be represented as the product of a reaction
involving only these components,. and no component can be
represented as the product of a reaction involving only the
other components. The particular set of components for a
given problem is certainly not unique, but once a set of
components has been chosen, every species has a unique
representation in terms of this set. There has been a
tendency-to consider only neutral entities for the set of
components; however, there is no reason for.the exclusion of
ionic entities from this set, and in this discussion ionic
entities will be included as components.

2. Species

Mathematically, a species represents a log linear combination
of the components; chemically, a species is the product of a
chemical reaction involving the components as reactants. The
species include every chemical entity to be considered in a
chemical equilibrium problem. Species are of two kinds:
soluble species and solids.

3. Soluble Species

Soluble species include every species in the aqueous phase.
They can be simple ions: Ca2+, H+, OH'; ion pairs: CaCO,
(W; chelates Ca EDTA;  etc. Soluble species can be both the
soluble components and complexes (products of reactions
involving components). The concentration (activity) of every
soluble species is variable, being a function of the
concentration of the components of which the species is
composed.
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4. Solids

Solids are species of a fixed activity (for normal solid
phases such as CaCO,  (s), Ca(OH)  2(s), this fixed activity is
equal to one). However, gases at a fixed partial pressure are
also solids according to this definition. Solids may be in
two states, dissolved or precipitated.

5. Dissolved Solids

Dissolved solids pay no direct role in a chemical equilibrium
computation. The fact that a dissolved solid exists indicates
simply that the solubility data for the solid are present, and
after an -equilibrium computation has been made, the solubility
of this solid phase may be checked. If the solubility product
is exceeded, the solid may be precipitated and become directly
involved in the computation.

6. Precipitated Solids

Precipitated solids are those solid phases which are present
at a fixed activity. This implies a certain fixed
relationship among the components with the result that the
chemical equilibrium problem loses one degree of freedom.
This is equivalent to transforming the set of components to
include the solid phase, which is then set at fixed activity.
If, after a chemical equilibrium computation has been made
with a given phase, the amount of that solid phase is
calculated to be negative, the solid may be dissolved, i.e.,
removed from the computation and the fixed relationship among
the constituents disestablished.

These six definitions are applicable to chemical equilibrium
in general. For the-purpose of presenting the program, these
definitions will further be used to define six types of
species which have significance within the program.

Type I Species: are the soluble species which correspond
to the component.
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Type II Species: are the complexes (all soluble species

which are not components).

Type III Species: are precipitated solids which are not
allowed to dissolve, even if the amount
of these solids becomes negative.
Examples are gases at a fixed partial
pressure, or simply a solid phase which
is specified to be present.

In addition, if the concentration
(activity) of any soluble species is to
be fixed, i.e., set to a certain value
(for example, fixed pH), this fixed
soluble species is included as a Type III
species.

Type IV Species: are precipitated solids which are subject
to dissolution if the amount present
becomes less than zero.

Type V Species: are dissolved solids which are subject to
precipitation if the solubility product
is exceeded.

Type VI Species: are species which are not to be
considered at all (e.g., dissolved solids
which are not subject to precipitation,
or the electron which does not exist in
solution).

Edit Function

Ions can be added by: 1) typing in a new reference number
that is not currently being used; 2) using an existing
reference number and typing .a new species ID number and new
concentration data; or 3) a line may be deleted by typing "D"
prior to an existing reference number.



Input  cosPo8mT  SPECIES
Eiectr

Raft  S~OCID ChePrcal P- Chargr

f
2 MS +2
4 R +1

3 5 Ma +1
4 6 Pa +3
%

8X8 +2
9 cu +2

7 10 8a +2
8 12 Za +2
9 so H +1

10 99 0 -1
11 101 co3 -2
12 102 so4 -2
13 103 cl -1
14 109 PO4 -3
15 lZ2 $iO2(ou)2 -2

157 no3 -1
( IIortPago  BottodfList  )

- Raft  >
( liolp  Exit )

- XorAylxC8A -
Coaematratroa

y Kolar - -4ll-
.1728E-03 4.199
.1279B-09 .5001t-08
.1609B-03 3.699
.138OE-OS .3002
.2190~-05 .1202
.7874s-a7 . sooox-02
.218SL-06 .3oolx-01
.6118X-07 .moo3-02
.lOOOt-08 .1ooowo8
1.000 1000.
.8oooB-04 4.800
.3123E-03 3 0 . 0 0
.282OS-07 .9997s-03
.lOS3X-m .looo
.3OOOS-06 .282311-01
.30431-05 .1400

obm~.  for
mm. c
Eg-=

-10.
- 4 . 0
- 5 . 0
- 6 . 0
- 7 . 0
- 7 . 0
- 7 . 0
- 9 . 0

.oa
4.0
4 . 0
- 8 . 0
- 6 . 0
- 7 . 0
- 6 . 0

Jmabtical  concmntratioam M input  ip q/l IJmZS8 prwcmdod
by 60 lottor "W" (for Wlar concontratioa). coacaatmtioam
for Fulric(SpocfD#119) and Bamic(~pocxD~160) acids MP k
oatormd  fror Dimaolved
thr coawatration  with

Orgaaic  CarJmn  (ia4/1) byprrcmding
a ‘0” (for DOG).

800 Warr Uwr'8  Maawl for a dotailod  dmscription.

Emtmr the refmrmnco au&or (Rmft)  of tha  caponoat  domirod to
edit. TO ADD a ccapoaoat,  ckww  a Rmf#  lugor than the  lut
shmm  in the currant  sot (999 Will always  workl). ToDmxTz
a caponmat.  ontor a *D- (for DIl*tr)  imediately  procodfpg
tbo  roforoaca nwhor. Doletad  corpononts  l UJU aa adorisk  l
8ftmr  the Iloft  on  tlm If&. To rotaAn  a dmloted capoaoatr
caponmat,  simply updatm  thr  Spaei8m  10 (rhich  f8 changmd to
amro whoa flaggad  for dolotion).

Typo1  -- storchiamcrac  P a i n
Log10  of cwp ! CapoamntIDtStoichi~rlCCMffiClUNt

Raft  SpoclD FormatioaCoaat bPair2- yPlAir2y *air31 yPUZ4-

( aoaa  fouad  )

( iT.lp  Exit )

NIZfaral Equilibrium Hod01

mlit  Control

l!ntar thr  rmfrrmaem  amber  (Ref#)  of the cwpoaaat  daairad to
oat. To ADD a c-neat, chooar a Reft  lugor  l&ma  tbo hat
mhwa  in thr curroat sot (999 rrill  aiwqa  work:). %o ORLETS
a cwpoamat,  oator a "0" (for Doleto)  iamdiatrlp  prmcsdiog
thr roformco numb-. Dalrtod  campoaeats  shw aa l sterimk l
aftor  tko Rmfl on the list. TO rmtain  a dolotod caponon+,
caponmat, simply  update tbo Upocims  ID (which  in chmgod to
xmro whoa flaggod for doletioa).

SH NIHE Usor' Maual for a dotailed doscriptioa.
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In the model, humic and fulvic acid have been added as
potential metal binding ligands. It is possible to make very
rough approximations of humic and fulvic concentrations if DOC
data is available. In this case the concentrates should be
preceded by a "D" for DOC. The proportion of DOC expected in
either humic or fulvic acids will then be calculated.

The screen also shows the (free comp/LoglOConc).  This is the
log of the concentration data and is the number used by the
program for the first iteration. These numbers are refined
with each iteration of the model to provide the final output.

NB: Once you have edited a file you must update the data
file on disc before running MINE 1.0.

Each ion included in the model has an identification number
(see Table 2.1). Once the line number has been chosen the ion
of choice is then selected using its identification number and
its concentration in mg/L is input.

In order to calculate ionic interactions, molar concentrations
are used. If data are already in molar concentrations then
"M" must be typed prior to exiting the concentration. Other
edit functions are explained in the Help screen shown.

2.3 OUTPUT OPTIONS

Once you have entered your input data and are satisfied that
you have made the required modifications you are nearly ready
to run MINE 1.0. You must first select the MINE Options. The
first of these are the Output Option 5, Return to Main Menu
and Select Output Options.

1 ?il* output

2 Printer o&put

3 ~r0.n ootpnt

4 contont8

s ~turn to do
( -lP

mmzR  option >
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Table 2.1 List of Components and Identification Numbers in
THRM DATA

1 Ca2+

2 Mg2+

3 Sr2+

4 K+

5 Na+

6 Fe3+

7 Fe'+

8 Md+

9 cd+

10 Ba2+

11 Cd2+

12 Zn2+

13 Ni2+

14 Hg2+

15 Pb2+

16 co2+

17 co3+

18 w+
19 Cr3+

20 Al3+

21 cs+

22 Li+

23 Be2+

24 sc3+

25 Ti02+

26 Sn2+

27 Sn4+

28 La'+

29 Ce3+

30 Au+

31 Th4+

32 uo22+

33 cd+

34 U4+

35 Ra2'

50 H+

99 e'

101 co,2-

102 so,Z-

103 Cl'

104 F-

105 Br'

106 I I-

110 I P2044" II

113

114 1 CN-

115 I AC- * II

I WOW,‘

155

* 1125 AC = Acetic acid
** 159 FA = Fulvic acid
*** 160 HA = Humic acid
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lameral zquilibrium  Modal

oatput  spacific8tions

Zhm mport8 gmrratod  by JUXS mq ba diroctd  to on. of thrao
demtinationm  , am l pociffed by thm  unr.

?ilO - report unt to a fib; thm nmma  L8  8pecifiod by thm
usu and mt consist of a (optional)  DOS path aud
a DOS fihw,  both valid
mg.  A*\mPoRT\Aum.DllP, Ar\ASPORT im  tb pr+h

mm.DmP  L tbm  film

The output can be directed to one of the three locations as
shown in menu. The Help menu gives details on each option.

I(f~ Report contmnts

(Problem Input)
1 campon.nto
2 Spmcirs

(Hod*1  output)
3 =C=pOMBtS

45 Spmcirs  ;Dbtributfon

6 Concentration8 . . MLAU

7 rtaturntoroportmain

-t -lP

Aqort.  Spmcific8tioao

Tbm u8.r may choose gourral rwpart  contmnts.  ODI 0I ID- of
ti NIBS mod.1 output options  MDST & ul0ctuI  befOr
on&inning.  Iogglm  OII  or OR.

Pm6Imt.rnPuTr Punmotor  l ntormd by the  umor for input to
th HISE dol.  Divided into 2 CatogOri.~ -
Componmnt8 and Spocimm.

WooaWTPUT: TbonInERolrrsmlt8  buad on thoproblr
input.  Diridod  into Corpononts,  Spociom and
Penant Dimtribotion of Caponmnts.
Camponmt  concmntrdionm  8rm  NOL&R Or 110/L-

Sam m Umor’s ll8nual for a datafled  dwcription.

Prmsa  D to contim*..
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By use of a toggle switch, each report option can be selected.
For example, if it is wished to print the import components,
then press 1, a J will be put by this input parameter. If a
J is already there and it is not a requirement to print this,
then a repeat press of 1 will remove toggle.

The concentrations in the report can be displayed in either
molar concentrations or mg/L. Again change from one to the
other is accessed via the depression of the number 6.

2.4 CONVERGENCE OPTIONS

After returning to MAIN Menu the convergence screen must next
be selected.

1 Select  file

2 Edit  cont.&s

3 Update  to disk

4 Bmll  is OIP

YIIIlm  ftmrationmz 75
Coawmrgoncm  Lidt: .101-03
Dmtmctioa  Tbrmmholdr . LOW01
Conrmrgmacm  critmria ia film: COmiDAT

I HIHmral EquiUbritm  Jlodml  (

Cenvmrgmncm  Spmcitic8tions

Convmrgmncm  critmda  dmtmxminm  if a wlntioa  will k found  to
thm problratbmad. Thm critmria sappliod (dmfanlt)  sbomld
bm sot ffcimnt for most pnrpommm.  mnmwr,  if m should no+
aonrmrgm, changing  t h m  critmria i s  -Ui.

Xuiaum  ftmrmtionm - auimm  awbmr o f  itmration8  allad
for a probla (dmfaalt 40)

Canrmrgmnom  JAmit - tolmraacm in the  ccwmrgmnem  tmmt
(dmfault  .OOOl)

Dmtmctfoa Tbrmsbald - .thm  tbrmmbold for pmrumatagm
dfatribntioa output  (dmfanlt  .Ol ot I*)

Thm BKLL soundmd  at l acb itmratioa uy bm toggled OW or OR.

MOTE:  T o  rmducr caputfng  thm, rttsm t h m  Coavmrgmacm  Id&t.

Prmw tm!KX t o  contiaum..
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The menu gives you the option to change the conditions for
convergence.. It is not normally required to change these
criteria. Before changing these criteria the operator is
asked first to check the error messages. The most common event
that prevents convergence is a phase rule violation.

The value for the convergence limit is the level at which the
program allows a solution. If only approximate values are
required then this limit can be raised. It is usually not a
parameter that needs to be changed. However, if the number of
iterations (40) is exceeded, increasing the convergence limit
may allow a solution within 40 iterations. It is recommended
that when convergence limit is to be changed that orders of
magnitude are used.

2.5 pB AND Eh RIWGES

On returning to the MAIN menu the ranges after which the model
is to run may be scheduled. Due to the time it takes to run
each model, if the operator has not had much experience with
the model it is recommended that runs be performed one at a
time to avoid ineffective runs.

II WINE Ranqos:  pIi,pE

1 s*hct fila

2 Edit contants

3 Updatr to df8k

4 Rmturn to main

( E.lP  1

ERTRR option w

wlnimum Hadsum xnc-nt
oI* 7.00 7.00 1.00

1.00
$1ps  Rag%  fi;:;"L.oRT

nm0r81Equili.briumnurl.1

a4np.D Spociflc8tions

Hajor  apuziation  chmgm8  accnz ends  varying condftfoa8  of pK
and pB. In ordor to l raluatm thr probla omr l xpoctmd pb
aad pR critrria, NIBS map ba  ma at a srrioo  of thoar  value.

pli lel/Hax/nic - HIW will oxoout*  -r tbo pB mago,  from
tbo  HImmum to tbm  laXhum talur (incluoiro)

bY Y--ntW* Hin=4,  Hue, 1nr.s
tkon pw4(Runl),  4.5(Run2),  ate..

pb Hin/Hax/Inc - tbo  )(~W.EUD, MUhum  and IHCrmnnt  ralura of
pll, applied  ridlar  to p8 (abore)

m: Sprciffod pS rangm  mm wmoutad  first.
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Convergence criteria determine if a solution will be found to
the problem at hand. The criteria supplied (default) should
be sufficient for most purposes. However, if MINE should not
converge, changing the criteria is recommended.
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3.0 ODTPUT DATA

The output for MINE 1.0 has been broken down into three
sections:

1. Input data
2. Solution for all components showing concentrations

and specific associations
3. Percentage distribution of components

An example is given in the appendices.

The printing of the input data file is included for
verification. Changes to specific components may be
considered in hard copy before a new one is made.

The data showing concentration of each class of compound
allows the operator to consider all species of a given ion.
This section is also most informative when considering ERROR
messages.

The percentage contribution of each cation shows only those
species that represent more than 1% of a given cation's forms.

3.1 ERROR MESSAGES

There are several problems which cause an error message to be
printed and execution to be terminated. <The  error messages,
the subroutine from which they are called, the probable cause
and corrective response are given below.

1. "COMPONENTS > NXDIM", SUBROUTINE INPUT:

The number of components in the problem is greater than the
dimension of the arrays allocated for their storage.
Response: Either remove non-essential components from the
computation or increase the dimension of the arrays (See
Section I, "Storage").
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2. "SPECIES > NYDIM,", SUBROUTINE INPUT:

The number of species in the problem is greater than the
dimension of the arrays allocated for their storage.
Response: Either remove non-essential components from, the
computation or increase the dimension for the arrays (See
Section I, "Storage").

3. "ID NOT FOUND: INPUT", SUBROUTINE INPUT:

The species identification number used to re-specify an
existing species type was not found, and the stoichiometry was
not valid for generating a new species. Response: Check (a)
input format; (b) whether the indicated species was included
in the computation.

4. "ID NOT FOUND: LADY" FUNCTION LADY

A species identification number was not found. Response:
Verify that the identification number is valid., and that the
species is included in the computation.

5. "ID NOT FOUND: IADX" FUNCTION LADY

A component identification number was not found. Response:
Verify that the identification number is valid, and that the
component is included in the computation.

6. "PBASE RULE VIOLATION" SUBROUTINE SOLID

More solid phases have been specified than there are allowed
by the Phase Rule. Response: Restart computation with an
alternate set of Type III and/or Type IV solids.

7. "ITERATIONS > ITMAX"  SUBROUTINE SOLVE

The number of iterations allowed in subroutine SOLVE has been
exceeded. The number of allotiable  iterations is set at 40 and
should be sufficient for most calculations. If this error
message is given it is probable that the initial concentration
data have been poorly chosen. It is also possible that the
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model would converge if some species types are re-examined.
To do this the user requires some knowledge of redox reactions
and is advised to seek the help of a chemist if they do not
feel they can make appropriate changes.

8. "SINGULAR Z MATRIX" SUBROUTINE SIMQ

The Jacobian has been found to be singular. Response: Check
for an input error; the Jacobian is very largely singular if
the problem has been correctly specified.

The most common errors involve 6 and 7 and stem from the
inclusion of redox reaction in the computations. In order to
do this it is necessary to include the electron in the input
data (Identification 899).

In order to run the program both H+ and E- must be included as
fixed solids type III species. The appropriate E
concentrations must be included in the input data.

Phase rule violations may occur if species are allowed to
precipitate and dissolve with successive iterations. Again
fixing some redox control precipitates as solids will
alleviate this problem and reduce the number of iterations.
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APPENDIX

Example of Input and
Output Data
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SPECIES IDENTIFICATION

It should be noted that compound identification is performed
using only capital letters.

In addition, OH- and H+ are represented as H' and H+
respectively.



MINE 1.2

--- Input Data ---

INITIAL CONDITIONS

pE = 13.0
pa = 7.0

ID#
-----

2
4
5
6
8
9

10
12
50

Analytical
Concentration
---(  Ms/L)---

4.20D+OO
S.OOD-06
3.70D+OO
3.00D-01
1.200-01
S.OOD-03
3.OOD-02
4.000-03
l.OOD-06

1992 Nay 20 16:09
BC. RECEIVING HATER 1
o==========~~-,,...~L-I-

Component

MO
R
NA
FE3
MN2
Cu2
BA
ZN
H

Ionic Strength = S..OlE-01

ID#
I----

99
101
102
103
109
112
157
159
160

Analytical
Concentration
---(  HG/L)---

l.OOD+O3
4.80D+OO
3.00D+Ol
l.OOD-03
1.000-01
2.820-02
1.40D-01
5.00D-02
S.OOD-02

Component
---III-II
E
co3
so4
CL
PO4
SI03
NO3
FA
EA



MINE 1.2 1992 May 20 16:09
BC. RECEIVING WATER 1
===========2====5====

--- Output Data ---

FINAL CONDITIONS

Number of iterations = 7

pE =
pa =

13.0
7.0 Ionic Strength = 5.01E-01

----- Concentration ( MG/L) ------
ID# Equilibrium

----- -------I---
2 4.18D+OO
4 5.00D-06
5 3.70D+OO
6 1.31D-09
8 1.29D-08
9 2.29D-03

10 3.OOD-02
12 3.82D-03
50 1.000-04

99 l.OOD-10
101 l.l7D-02
102 2.991)+01
103 l.OOD-03
109 1.74D-06
112 4.91D-10
157 1.40D-01
159 4.90D-02
160 1.62D-02

Analytidal Remainder Component
-------I- ---II----
l.llD-17 MG

-l.l6D-20 K
-3.15D-16 NA
2.593).15 FE3
O.OOD+OO MN2
3.893).18 cu2

-2.69D-17 BA
2.33D-18 ZN
O.OOD+OO H

4.20D+OO
5.00D-06
3.70D+OO
3.00D-01
1.20D-01
5.00D-03
3.000-02
4.00D-03
l.OOD-06

l.OOD+03
4.80D+OO
3.00D+Ol
l.OOD-03
l.OOD-01
2.82D-02
1.40D-01
5.OOD-02
5.00D-02

O.OOD+OO
-3.88D-16
-5.833).16
-1.443).18
2.46D-16
4.373).15

-7.79D-17
3.5833-17

-1.64D-17

E
co3
so4
CL
PO4
SI03
NO3
FA



1992 Hay 20 16:09MINE 1.2
BC. RECEIVING HATER 1
=========Izz,cZPc=-'=

--- Output Data ---

DISTRIBUTION OF COMPONENTS

-------------
ID# Component

------------- Percent Bound in Species
(%I ID# (Name:Stoichiometric  Coeff)

---I- --------- -1-1-----1--1---------------------------------------
2 NO 99.5 2 MG 1

4 K 99.9

SNA 100.0 5 NA 1

6 FE3 99.7

a m2 100.0 21470 H -4 E

9 cu2 45.8 9
2.5 3920
4.1 4813
2.8 4840

44.4 4842

10 BA

12 21

50 B

100.0

95.4 12 ZN 1
3.7 6745 ZN 1 H

105.3 12530 co3 1H
20.4 12540 co3 1H
1.1 12610 PO4 1H

4

10

R

FE3 1 B

Cu2
co3
Cu2
cu2
cu2

BA

1

1
1 CD2
1BA
1B
1H

1

-2

-2 MN2 1

1
1

-1
-2

-2

1
2
2



1992 Xay 20 16:09HSNE  1.2

--- Output Data ---

BC. RECEIVING WATER 1-0---------w----u--w--m-

DISTRIBUTION OF COMPONENTS

------------- Percent Bound in Species -----------I-
ID# Component (%) ID# (Name:Stoichiometric  Coeff)

--a-- --------- ------------------------o---------------------------
99 E 100.0 21470 H -4 E -2 MN2 1

1
2

101 co3

102 so4

103 CL

109 PO4

112 SIO3

157 NO3

159 FA

160 RA

90.9 12530 co3 1B
8.8 12540 co3 1E

99.7

100.0

62.7 12600
37.1 12610

C L

PO4
PO4

1 H
1B

99.5 12720 SIO3 1H

100.0 157 NO3 1

97.9 159 F A 1

32.4 160 RA 1
1.2 1580 RA 1 MG
1.5 2060 RA 1 NA

64.8 4813 cu2 1m

102

103

so4 1

1

1
2

2

1
1
1
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