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1.0 INTRODUCTION

For many years regulatory agencies have been exploring
met hodol ogi es to eval uate the harnful effects of anthropogenic
activity on the environment. Often times legislation is built
on a conparison of avai |l abl e technol ogy, observed
environmental effects and requirements for industrial growh.
In recent years, goals have been set by nost agencies for
sustai nabl e industrial devel opnent, but often without reliable
l ong term environnmental inpact information.

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

Regul atory agencies have historically been nonitoring total
metal levels for permtting criteria and they have attenpted
to correlate these levels wth observed environnental
bi ol ogi cal effects. Qur own activity with the B.C. Government
has established subcellular techniques that can establish the
effect that a given effluent nay have on, for exanple, the
metal metabolism of fish.

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

Free Metal |on

This refers to the fraction of the disclosed netal
concentration that is in the free cation of hydrate form

€.g.

Cu?* + L* » Cul
Free Metal lon Li gand Metal Ligand Conpl ex
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Hydrate forns such as Cu(CR), may also be regarded as "free
metal ions" fromthe point of wiew of this report as their
dissociation is wvery-rapigd on interaction with biologica
menbranes.  Qher conpl exes such as cuc0,, for exanple, would
not be included in this term

- — _ Iou Speciation Model

This term refers to the type of nodel used in this report. [N
the nodel, specific ionic species are evaluated and the
interactions of each catonic species with each anionic species
is considered. Through an imter=ctive process of bal ancing,
each reaction is determned wiwasin the parameters of known
redox and thernodynam c process,

Bi ol oaicallv Avail abl e

This termis used to describe the cumulative fraction of a
specific element species that are able to be taken up by
bi ol ogi cal nenmbranes. This term is somewhat subjective as
several mechanisns of metal uptake can occur both in the
di ssol ved phase (both active and passive) and in sone cases by
pinocytosis (partial uptake) (George et al., 1976, 1977).

Equi | i brium Const ant

Consi der 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

Kl = Cu 1
[CuL]
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Sinale |on Activity Coefficient

Single ion activity coefficients are constants that greatly
sinmplify ecalculations. They are not measurabl e individually;
only ratios or products of ionic activity coefficients are
measurable.  These theoretical expressions are usually based
on the Debye-Himckel Linmting Law (see Stumm and Morgan,
1970). Other empirical rel ationships can also be used. For
a nore detailed explanation, see Stumm and Mrgan, 1970.

It has been clear since the 1970’s (Sunda and CGuillard, 1976)
that the free metal ion is the predom nant netal species that
Is biologically available. For sone biological systens,
specific pathways of metal nenbrane transfer and partitioning
are well established {Florence, et al., 1984).

In this proposal we have used an ion speciation nodel to
calculate, fromtke total concentration of parameters usually
col l ected by the governnent agencies, the environnenta
concentration ranges 0% free nmetals.

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

- first, the nodel has been adapted to best fit with
existing Tsolmm River data

« second, the nodel is amended with data to allow for the
organi ¢ bondi ng observed at this |ocation to be eval uated

= third, the nodel predictions for this site are conpared
with determned netal species

« fourth, the accuracy of prediction is assessed by
conparing nodel data and determ ned species.

In an attenpt to evaluate the effectiveness of the nodel, the
maj or paraneters affecting speciation and its potential
usefulness to regulators are discussed.
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2.0 DEVELOPMENT OF B.C. MINE 1.2

A nunber of mathematical nodels have been devel oped to
determ ne the chem cal speciation of anions and cations in the
envi ronment . Sone of these have been based on equilibrium
constant data and sone using kinetic effects.

The MINEI.2 nodel is an equilibriumnodel based on a specific
ion interaction. The nmethodol ogy for the nodel was first
i ntroduced by Francois Mrel of M.,I.T. in 1979. The principle
of this nodel is that a single ion activity coefficient can be
determ ned by considering specific ion interactions. That is
the interaction of each anion with each and every cation

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

In order to allow for kinetic effects that may inpact the
observed free metal ion activities, the stability constants of
some |igands have been amended to allow for the observed
effects. These new val ues have been terned "apparent
stability constants"”.

An exanple of such effects would be the release of lead from
particles and colloids. These =xmactions often cannot be
described just in terns of the the:mndynamic equilibrium The
release of lead from many mnaturai surfaces is slow and thus
the apparent "stability constart® is different from the
theoretically predicted val ue. Such variations can be
accounted for by using an experimsntally derived "stability
constant” nunber which is referr=z4 to as the "conditional
stability constant". These "constants'* are operationally
defined but can be used to improve *he ability of the nodel to
fit observed data.

The operation of MNE 1.2 is fully described in the manual
(Mne 1.2, ZBR 1992). Several aliternmate calculations are
avail able, 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 attenpt
to clarify the data obtained.
An exanple of output data is shown in Appendix 1.

The output data tabulates input concentrations and cal cul ated
equilibrium val ues. The percentage contribution to the

‘dissolved phase is also calculated together with the

Concentration of each species. The partitioning between the
particulate and dissolved phases axe based on redox

egui l'i brium 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 inproved to
more clearly show the results of the nodel predictions.
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3.0 EVALUATION COF MINE 1.2 FOR TSOLUM RI VER

3.1 TSOLUM RI VER DATA PILES

Information on the chem cal characterization of the Tsolum
River was provided by John Deniseger, B.C. Mnistry of
Envi ronment (BCMOE) . From this data, nine data files were
prepar ed. The first three files were prepared for mninmm
maxi mum and average data from the Tsolum River, Farnham Bri dge
site. In all cases where total and dissolved concentrations
were presented, total concentrations were used for the initial
I nput data. Case neasurenents 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 BCMCE have
been used in evaluating the effectiveness of the nodel. The
calculation of pE was performed in a nunber of ways, using
bot h oxygen data and nanganese data provided by the BCMOE, and
some assunptions 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 maxinum and mninum recorded
concentrations of each paraneter at the Farnham Bridge site,

it is hoped to evaluate the potential variability of the
actual and calculated netal speciation.

Simlar files were created for Tsolum R ver 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 nodel predictions (section 3).

For the determination of predictive nmodels for all sanpling
sites, organic ligands were treated as one noiety.



Report List

1993 Feb 27 17:06

{INE 1.2
Tsolum farsham
T —
=== |nput Data ---
I NI TI AL CONDI TI ONS
pE = 13.0 _
pH = 7.0 lonic
Anal ytica
| D# Concentration Conponent Ip#
-a--- ---(MOLAR) "' mmmmmmme- ————
1 2.25D-05 CA 99
2 9.47D-06 MG 101
4 1.28p~08 K 102
5 1.61D-04 NA 103
6 1.25D-06 FE3 109
8 1.82D=07 VN2 112
9 3.15D-08 cu?2 157
10 2.19D-07 BA 159
11 8.90D-08 CD 160
12 1.53D-07 7N
13 8.52D-07 NI
19 3.85D~07 IR
20 1.87D-~06 AL
50 | . OOD- 09 H
Table 3.1 I nput data for

Tsolum Ri ver at

Strength = 3.86E-04
Anal yti cal

Concentrati on Component

w==(MOLAR) === ======="<
1.00D-09 E
8.00D~05 co3
1.77D-05 so4
3.67D-05 a
1.05D~06 PO4
3.00D-07 6103
3.04D-06 NO3
6.40D-07 FA
2.40D-07 HA

Farnham (min.)
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MNE 1.2

=== | nput Data ---

I NI TI AL CONDI Tl ONS

Anal yti ca
ip# Concentration
=== (MOLAR) ==~

1 1.44D-04
2 5.68D-05
4 1.280-10
5 1.61D-04
6 6.06D-05
8 2.37D-06
9 1.73D-06
10 2.19D=-07
11 8.90D-08
12 4.59D-07
13 8.52D-07
19 3.85D-07
20 6.61D-05
50 0.00D+00

Table 3.2

esolum far Max

Conponent
CA
MG
K.
NA
FE3
MN2
cu2
BA
CD
ZN
N
CR
AL
B

1993 Feb 27 17:08

lonic Strength = 1.81E-03

99
101
102
103
109
112
157
159

Anal yti ca
%D# Concentration  Conmponent

w- -~ (MOLAR) --. ======""
0.00D+00 E
§.00D-05 co3
2.72D-04 504
7 .05D=-05 CL
1.05D-06 PO4
3.00D~-07 SI 03
1.28D-06 FA
3.20p-08 HA

160

I nput data for Tsolum River at Farnham (pmx.)
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1993 Feb 27 17:10

MNE 1.2
Tsolum f ar Average
=== | nput Data ---
I NI TI AL CONDI TI ONS
E = 13.0
gn = 7.0 | oni ¢ Strength = ¢.55E-04
Anal yti cal Analytical
ID# Concentration Component Ip# Concentration CD”DO?ent
WW-- L (MOLAR)--- Tt M M-  eee(MOLAR)=== ~---"-l---
1 1.87D-05 CA 99 O. CCD+00 E
2 3.27D-05 MG 101 g.00D-05 co3
4 1.28D-10 K 102 4.18D-05 so4
5 1.61D-04 NA 103 5.45D-05 CL
6 4.34D-06 FE3 109 1.05D-06 PO4
8 6.48D-07 N2 112 3.00D-07 6103
9 2.61D~07 cu2 157 3.04D-06 NC3
10 2.19D-07 BA 160 1.61D-07 HA
11 7.83D-13 CD
12 2.78D-07 ZN
13 8.52D-07 NI
19 3.85D-07 CR
20 3.73D=05 AL
50 1.00D-09 H
Table 3.3 I nput data for Tsolum River at Farmham (gyerage)
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In using the nodel, pB and pE have to be input as major
vari abl es. The determnation of pBE is usually performed on
site. For pE, however, values nust be cal cul ated.

(N.B. In the previous nodel MIME 1.1, an error exists in the
input file. pB is incorrectly termed Eh.]

In the remainder of this section, the considerations use to
calculate pE are explained. Eh can be neasured directly by

using an approximte conductivity meter and it is suggested
that this be done when predicting base data for such nodels.
However, this ratio can be calculated. The log of this
concentration pgé has been estimated naking a nunber of

assunptions.

To calculate pE, the redex reactions nust be considered. The
speciation of oxygen in natural waters has been well

establ i shed, as has the importance of control redox variables
such as iron species and manganese Speci es.

TO cal cul ate the pE«pertzining to the Tsolum River system at
Farnham Bridge, the data fromthe average file was used.

To determne pE, the following equilibria were considered:

1. First the oxygen equilibrium was considered.

+ - =

If the water sanple was at equilibrium wth
at mosphere:

the partial pressure of 0, gives Py, = 0.21 atm

From eguation 1, k = 1 = 41.55
P*0,[%%]2[e7]2
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From the Nernst equation:
PE = 20.78 + % log(P%,,[H']3), (2)
PE = 20.45 = pH at 25°C and 0.21 atm Py,
From Henry's Law [0,] = p,, with [0,] at 10 mg/L
RT
Py, 0.15 at 7-C

From equation 1 and 2 above, at 7°C the calcul ated
value for pE:

PE = 13.26

2. Secondly, the manganese equilibrium was considered:

PE = 20.42 + % loqrg*t14
[Mn*]

Again, by substitution in.equation 1:
PE = 20.42 + 2pH + % log{M'™)

Using the nean pH data from Tsolum River at Farnham
and the nean manganese concentrati on:

i.e., For pH of 7.04 and Ma of, 2.2 10~¢ nol ar

pE = 12.94

The val ues obtai ned from both of these cal cul ati ons were
considered and concentrations of pg at 7.0 and of pE at 13.0
were used in the further evaluation of the nodel.
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3.2 ORGANIC LI GAND CONCENTRATIONS

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

In the organic rich river systens of British Colunbia, often
a considerable portion of the humic material is involved in
associations wth copper. This el enent has the highest
affinity with the binding sides of humc materials. Because
of the controlling influence of humics on netal speciation,
hum c determnations were nade at a number of sites in this
proj ect. These data are presented in Table 3.4.

The concentration of humics in the Tsolum River at Farnham was
then used in our average nodel data set. An average nol ecul ar
wei ght of 1000 was used for calculation of humic acid
concentrations.  The nodel was run at pH 7 and pE of 13.  The
printout fromthe nodel is presented in Appendix 1. Fromthis
determ nation, free cupric ion activity was estimted at
equilibrium to be 7.8x107% nol ar. Whi l e sone copper
carbonate conplexes appeared at dissolved solids type 5
species, over 82% of the dissolved copper species were bound
to humc mterial. Using the same nodel, but adjusting the
humc acid concentration to 1.61 mlligranms per litre, the
cal cul ated percentage binding of copper humic naterial was 58%
of the total dissolved copper. Cearly the concentration of
hum c material is critical in this determnation of freely
avail abl e copper species in this system

3.3 COMPLEXING CAPACITY AND STABILITY CONSTANT DATA

In order to evaluate the effectiveness of the MNE 1.2 nodel
of the Tsolum River system the predicted netal speciation was
ground-proofed by performng speciation determ nations from
that river system Speciation determ nations were perforned
two separate ways.
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Murex Creek at Rossiter 10/22/91 1.20 6.42
[| Tsolum River at Duncan Main 10/22/91 4.50 6.50
(| Tsolum River at Farnham 10/22/91 2.40 6.77
fl Benson Mine adit 11/14/91 0.96 7.69
l Quatze River 12/11/91 8.70 6.33

Benson Mine adit 11/27/91 0.96 7.81

Quatze River 11/14/91 8.00 7.48

Quatze River 11/14/91 8.50 6.89

Murex Creek 11/05/91 1.45 6.56

Tsolum River at Duncan Main 11/05/91 3.15 6.20

Tsolum River at Farnham 11/05/91 1.61 8.40
* Assunmes nol ecul ar weight of 1000
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In the first method, the netal |igand assenblage was titrated
‘with the addition of cupric, cadmium |ead, and zinc ions and
titration curves were performed for all of these netals.

From this data, conplexing capacities were determ ned, as was
the initial concentration of metal bound to I|igand. In all
cases, only one major break in the titration curve was
observed. Establishing that the |igand assenblages in terns
of analytical protocol act as a single unit, the netal
conplexing 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
met hods of Chau et al. (1974), Ruzic (1982) and Matson (1984).
The tables represent nean determ nations of these three
met hods. The conditional stability constants calculated are
average operationally defined "constants" forthetotal [|igand
assenbl age.

Theoretically, from the conplexing capacity titration curves,
it is possible to calculate the free netal ion activity in the
initial sample. This is perforned by transposing the gradient
of the free nmetal titration curve, i.e. after the conplexing
capacity has been exceeded, through the initial starting point
on the intersect on the x axis, thus giving you the
concentration of free netal 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 netal ion activity accurately from the titration curves
obtained. Consequently, it was inportant to determne the
organically bonded cal cul ati on of netals by direct
measur ement .

The second method involves the direct determnation of netal
species, analytically. This poses a difficult task in that at
any stage inorganic metal contam nation can greatly change the
data obtai ned.



15

Data from the

Table 3.5 Average Conplexing Capacity and Stability Constant
System

Tsol um R ver

Murex Creek at Rossiter
E206686 42 [Cadmium | ce.86 - 8
Copper | 8.8% 25.85 9.33]
Tsolum River at Duncan Zi nc 357 0
Mai n Cadm um <0.05 - m
E206513 Lead <0.009] 70.0 9.75
Copper 2.41 | 181 7.56
Tsolum River at Farnham [6.77 [ZIncC s. 91 [ -- —
0127620 Cadm um <0.05 _—
Lead 1.99 | 363 9.69
Copper 5.66 | 815 7.36
Murex Creek at Rossiter .58 [ZIncC 2.59 - - -
E208668 Cadmi um s0.05 |-- -
Lenger 2y. 99 Y
Tsolum River at Duncan .20 [ZInc 3.34 -0
Mai n Cadm um 593 - -
E208519 Lead 0.03 [1280 8.41
Copper 1.44 12470 7.18
Psolum R ver at Farnham .40 (Zinc 3.13 | ] I
0127620 Cadm um 1.41 19.9 8.72
Lead 0. 689 1.36 x 107° 22.16
Copper 9.51 25.8 a.54




Table 3.6 Average Conplexing Capacity

from B.C. River

WAt er

and Stability Constant

16
Dat a

Benson M ne Adit Zinc 32.9 - -
91/11/14 Cadm um 1.12 - -
Lead 0,117 8.25 8.68
Copper 59.9 17.6 7.49
Quatze River 0126360 (Zinc 3.82 - iy
‘ 91/11/14 Cadmium | -- — —
Lead 0.166 697 8.81
Copper 6.92 64.5 8. 44
‘Benson M ne Adit Zinc 41.6 - -
91/11/27 Cadmium | -- -0 __
| Lead | 3.26 13.5 | 9.57
Copper 76. 3 32.5 6. 60
Quatze River 0126360 |Zinc 12.6 - -
91/11/27 Cadni um 57.5 6. 88
Lead -- 17.2 9.19
Copper 513 93.5 8.52
Quat ze River Zinc 240 - .-
91/12/11 Cadm um [126 - -
Lead 0.330 1.82 8. 96

[Copper | 76.3x1077 |
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For this study, a conbination 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
roon) to reduce the risk of contamnination.

In this nethod "available" metal was extracted on a chelex resin
and washed off into acid solution. The netal content of this
solution was then determned by atomc absorption spectronetry.
This process was then repeated with a further aliquot of sanple
that had first been photo oxidised by radiation to break down the
organic ligands in the sanple. The total concentration of netal
bound to the organic fraction was then determned by the
di fference.

These data for several locations in B.C. rivers are presented in
Table 3.7.
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Table 3.7 Determ ned Concentrations of Dissolved Copper Speciation
by Extraction and Photo-Oxidation

Tsolum River/Farnham [91/11/05

i Tsolum River/Farnham [91/10/22 5.66| 1.27 4.4

"Quatze River 91/11/14 8.92] 0.001 8.9

Quatze River 91/11/27 5.19 0.001 5.23
Quatze River 91/12/11 7.69| 0.001 7.7

Benson Mine Adit 91/11/27 76.9 | 16.4 60.5

Benson Mine Adit 91/11/14 59.9 | 14 4.59
Tsolum River/Duncan 2.9 0.5 2.4

| Tsolum River/Rossiter ] 8.5 5.4 3.1
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4.0 COVPARATI VE ANALYSI S OF COPPER SPECIATION FROM MODEL AND
LABORATCORY DETERM NATI ONS

In order to evaluate the effectiveness of the nodel, an
average data file for the Tsolum River at Farnhamwas created,
(Appendix 1). This data was then conpared with data fromion
speciation provided by our [laboratory determ nations.

Comparative data for dissolved copper species in percentage
terms was collected. Mbdel data using BCMOE data and our
determ ned humic concentrations was calculated for average
data files from three locations (see Appendix Il and I11):

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

These data were then conpared with experimental data (Table
4.1) for the Tsolum River site at Farnham. The percentage
contribution of organically bound copper by the two nethods
was within 2.5% This was despite the fact that total copper
concentrations in both our data and that fromthe BCMCE vari ed
consi derabl y. From the lab data these correspond to "free
di ssol ved netal" concentrations of:

1.77x10°8 nol ar dissol ved copper on the 05/11/91 and,
1.27x107® nol ar di ssolved copper on the 27/11/91.

The nodel predicted 1.46x1078. Laboratory data average is
1.52x107% conparison to 1.46x10~% (dissolved copper) from the
model .

In percentage terns, the Tsolum River site at Duncan also
showed simlar results. The Rossiter data, however, showed a
di screpancy of approximately 10% This inaccuracy corresponds
to an actual concentration variable of 0.8x107® nolar copper
or 0.5 ug/L total copper or 0.15 ug/L free copper.
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Table 4.1 Conparison of Contribution (%) of
by Direct Determination and Calculation

Copper

Tsolum Farnham

20

Organi cal |y Bound

91/10/05

81.0%

91/10/22 | 78.0%| -~
Quatze River 91/11/14 | 99.0%| -
91/11/27 | 99.0%| -~
91/12/11 | 99.0%] --
Benson 91/11/27 | 78.0%| --
91/11/14 | 76.0%| - -
Duncan Main 91/11/14 | 82.7%| 86.7%
Rossi ter 91/10/27 | 36.5%| 45.8%
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5.0 EFFECT OF MAJOR VAR ABLES ON COPPER SPECI ATI ON

In order to review the effects of najor variables on the data
provided by the nodel, data from the Tsolum River at Farnham
were used. The variables considered were: pH, pE, manganese
concentration, humic acid concentration and general netal
concentrations. Variations in each of these paraneters are
di scussed bel ow.

In order to evaluate the effects of each paraneter, the nodel
was run with sinulated data from the Rossiter site but wth
one variable changing. This required more than 50 runs. The
results of each group of runs has been presented in terns of
changes in the concentration of specific copper forns or in
terms of the percentage contribution of organically bound
copper. Those fornms that were determned by the nodel to be
di ssolved solids (see manual) have not been included in the
cal cul ation of percentage of each dissolved copper species.

5.1 VARIATION IN pH

Al of the sanples collected were in a relatively narrow pH
range of 6.0 to 7.4 pH units. Runs to evaluate pE were
performed with only this variable changing and with pE
remaining constant. \Wile this evaluation was perforned for
simplicity, it was, of course, realized that pH effects the pE
value and it m ght be nore appropriate to calculate pg for
each pH used.

Neverthel ess, the nodel was run at constant pg of 12.
The effect of pH variation on the percentage of organically
bound di ssol ved 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 pE is |ess
than 10% at pH 8.
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5.2 EFFECT OF pE VAR ATION ON COPPER SPECI ATI ON

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
organi cally bound copper.

5.3 MANGANESE CONCENTRATI ON

The concentration of manganese was examined as it influence
over pE is inportant. However, the nodel operates by setting
the pE value at the beginning of each run. Then the nodel
sets the dissol ved nanganese concentrati on based on that data.
The determnation of dissolved available nanganese would,
however, be an inportant tool in determning the pE-for a
given system

5.4 CONCENTRATION OF BuMIC MATERI AL

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

These variations were shown to have a substantial effect on
t he 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 CONCENTRATI ONS

To further examne 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
assenbl age (humic acid) is saturated with copper, the anount
of organic binding is reduced to a few percent. This has
inmportant. inplications in the determnation of biologically
active copper.
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Table 5.1 Effect of

Speci ation at

Rossi ter

1.0 36.2 1.36
1.5 52.1 1.02
2.0 65.5 0.74
a.0 | s89.3 | o0.23 |
8.0 96.3 0.08
12.0 97.8 0.05
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Humic Acid Concentration on Copper



)

Di ssol ved
organic
copper as
a function
to total

di ssol ved
copper (%)

Figure 5.2 Effect of the Variation of

.40, L%
5.8 ]1.098
1.6 0.03¢
£0.84 0.5
i {0
0 12 5.4 T X "

Bumic Acid Concentration (1077 M

Di ssol ved
free
copper
8(10°8 m)

Humic Acid on organic copper Binding.



| Welcome Screen | Seach | _ ReportList

10,0 5 5

mol @
Di ssol ved Eumic
or gani ¢ ound to
copper as copper
a function 0.0 1 (%)
to total
di ssol ved
copper (%)

5.0

0.0t - :

0.0 5.0 50.0 %0 100.0

Total Copper Concentration (1078

Figure 5.3 Variation of Oganically Bound Copper with changing Copper
concentration



Report List

27

6.0 RECOMMENDATIONS OF PARAMETERS REQUI RED FOR ACCURATE
PREDI CTl VE MODELLING

Eval uations of the effects of major variables on copper
speci ation has been shown in Section 5.0. This data is used
for both background determ nations, at proposed mning sites
and for ongoing nonitoring at operational sites as criteria
for conpliance with environmental permts.

From the data presented in this report, it appears that the
M NE nodel could be a useful tool in nonitoring. To ensure
accurate predictions, some additional data to the data already

coll ected by the BCMOE shoul d be consi dered. The main
paraneter currently not neasured, but which has dramatic
effect on netal speciation, is that of the humic acid
conponent .

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

1. Determnation of total cation and ani on speci es.

Mich of this data is obtained from the routine nonitoring
currently performed by BCMOE. It is inportant that these
routine determnations be accurately performed and that
cations and anions concentrations be established.

2. Determination of humic acid content.

The determ nation of conbined humc and fulvic acids at
each site appears to be critical in determning the
proportion of metal that is available for binding. As
shown in Section 5.0, organic ligand concentration is the
single nost inportant parameter in determ ning the anount
of free netal available for biological systens.
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3. Determ nation of pH.

The determnation of pE is a critical criteria in these
systenms. Mre inportantly, the range of pH to be
experienced in any one environnment is of critical
importance in looking at release and uptake of netals by

natural |igands and particulates.

4. Determnation of Metal Speciation.

Determnation of metal speciation on an occasional basis
and during the initial setup of nodels for a specific
system is suggested. The nodel should be ground-proofed by
i ndependent determ nation of netal speciation. This should
not be done electrochemcally using the intersect point but
rather done separately using a conbination of extraction
procedures and phot o-oxi dation. These data, while suffering
from the problems of requiring clean techniques to perform
produce nore reliable data for the determ nation of
speciation. It is felt that this is a necessary step to
ensure the quality and predictive capability of the nodel
for a specific system
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7.0 IMPLICATIONS OF B.C. M NE AND COMPLEXING CAPACITY TO
REGULATORY CONSI DERATI ONS

The nmodel described in this report appears to give reasonably
accurate projections of netal speciation at any one point in
time froma given location. Inorder to be able to use this
data in a regulatory sense, it is inportant to determnine under
what considerations netal bound to organic material would
becone available to biological systenms. In this regard, sone
historical data on the specific site in question or general
data showing variations specifically in pE and Eh for that

area are inportant. This information, conbined with total
metal levels, provide the basis for using predictive nodelling
as part ‘of the regulatory process. Model s that have been

calibrated with specific data and show ng actual nmeta
speci ation appear to produce accurate determnations of neta

speci es.

The stability constant data used in our nodel 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 nodel, despite
material being taken from varying sites.' While the nodel
provides a clear predictive capability to determ ne speciation
at any one tine, it is inportant to look at the netal
buffering capacity of each environnental receiving system
This can be determ ned when neasuring the conplexing capacity
of that system

Wiile nmre limted information is gained from the
determ nation of conplexing capacity for |lead, zinc and
cadmum cupric conplexing capacity is a useful parameter in
determning the buffering capacity of 'that system The
binding affinities of other netals to organics are well known
and published in the literature. The relative binding of Pb,
-Cd and 2zZn can therefore, be calculated fromthe copper data.
In our view, by determning 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 environnent w thout undue
effect on the relative biota. |n addition, sone el enents such
as cadm um physi cal binding to other conponents such as clays,
shoul d be considered.

In summary, the follow ng reconmendations are nade to inprove

the basis of regulatory decision-making in evaluating the
effect of increased netal loading to a given environnment.

1. Determnation of cuprié complexing capacity.

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

2. Determnation of total netal levels in major ani ons and pH.

These paraneters allow the determ nation of netal available
as well as providing information on total netal | oading.

3. Measurenent of netal speeciatiom, i.e., the determination of
ion bound and bound netal fornms:

This measurement provides information on actual available
metal at that tinme. Measurenent of this paranmeter allows
the accurate use of MNE 1.2 and al so provides an estimate
in terms of concentration of metal available to biological

systems.

4, Variation in pH.

The total expected variation in pH is critical to worst
possi bl e case situation for netal availability.

5. MIMS Bi oassavs.

The use of bioassay in situ or in the lab and the
determnation of nmolecular indications of netal stress
al l ow actual biological effects of increased nmetal | oading
to be established (Inber et al., 1992).
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8.0 CONCLUSI ONS

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

The nodel appears to be accurately predictive, provided
speci fic background information on the locality is available.

To inprove the criteria for regulating new operations,

particularly in areas of high background netal levels, it nmay
be appropriate to incorporate some fraction of complexing
capacity nmeasurements in the determnation of the increased
| oading allowable to the receiving environnent. Such an
approach using nmetal speciation rather than total netal |evels
in the calculation of regulations allow a scientifically
defensible position in the determnation of a concentration
| evel for specific elenents.

Wth the information provided, in terms of organic binding and
free metal ion activity, it is possible to safely provide, in
some cases, increased netal into the system before biologica

inpact is observed. In addition to these approaches, netal
met abol i sm of indicator organisms as a controlling system nay
wel | be an inmportant part in the regulatory process.
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NINE 1.2 DETERM NATION OF METAL SPECI ES
AT THE TSOLUM RI VER SYSTEM AT FARNHAM BRI DGE
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TSOLUM Rl VER AT FARNHAM
USI NG 2.400 MG/L HUMIC MATERI AL



MNE 1.2

--- Qut put

FI NAL CONDI TI ONS

Nunber of iterations
PE = 13.0
pa= 7.0
1‘ \IN'Dﬁ - e S D AR S0 Y% B B e
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 2.52D=07
13 8.31D-07
19 1.24D-27
20 2.98D-14
50 1.00D-07
99 1.00D-13
101 4.75D-08
102 4.14D-05
103 5.45D-05
109 1.22Dp-12
112 7.09D-16
157 3.04D-06
160 1.85D-08

Data ---

1993 Feb 28 09:42

Tsolum far Average

= 59

Equilibrium Analytical

1.87D-05
3.27D-05
1.28D~10
1.61D-04
4.34D-06
6 D 48D-07
2.61D-07
2.19D-07
7.83D~-13
2.78D~07
8.52D~07
3.85D~07
3.73D-05
1.00D-09

0.00D+00
8.00D0-05
4.18D-05
5.45D-05
1.05D-06
3.00D-07
3.04D-06
2.40D~07

lonic Strength = 6.55E-04

Concentration (MOLAR) |-----

Remai nder

Conponent

1.72D-14
3.77D-14
8.36D-21
4.19D-15
~7.14D-21
0.00D+00
1.34D-17
-5.89D-12
-7.07D-28
2.33D~16
7.68D-16
1.81p~21
0.00D+00
0.00D+00

0.00D+00
-2.68D-20

0.00D+00
-4.79D-20
-2.53Dp-21
-4.61D-22
'4.66D-21
-6.56D-21

CA
MG
K
NA
FE3
MN2
cu2
BA
CD
ZN
NI
CR
AL
H

E
co3
so4
CL
PO4
6103
NO3
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MNE 1.2
--- Qutput Data ---
TYPE |: COVPONENTS
Equi l'i brium
| D# Concentration
""8 - ===(MOLAR)--~
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 1.92p-07
11 7.66D-13
12 2.52D-07
13 8.31D-07
19 1.24D-27
20 2.98D-14
101 4.75D-08
102 4.14D-05
103 5.45D-05
109 1.22Dp-12
112 7.09D-16
157 3.04D-06
160 1.85D-08

Report List

1993 Feb 28 09:42

(Name:Stoichiometric Coeff)

Tsolum far Average
Speci es
LogK
"e"VV"
.00 MG 1
. 00 K 1
. 00 NA 1
. 00 FE3 1
.00 MN2 1
. 00 cu2 1
.00 BA 1
. 00 CD 1
. 00 N 1
. 00 NI 1
. 00 CR 1
. 00 AL 1
.00 co3 1
.00 so4 1
.00 CL 1
.00 S103 1
.00 NO3 1
.00 HA 1
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MNE 1.2
--- Qutput Data ---
TYPE 11: COWLEXES
Equi | i brium
| D# Concentration
""" —==(MOLAR) -~~
1 1.86D-05
1000 7.02D-10
1010 2.79D-08
1020 1.22D-07
1080 6.02D-10
1200 1.80D-09
1350 1.11D-10
1360 1.94D-09
1370 4.88D-08
1380 2.68D-07
1440 3.32D-09
1580 1.90D-09
1740 1.93D~-09
1960 5.94D-14
1995 5.30D~-16
2000 1.08D-10
2010 2.98D-08
2060 3.34D-09
2070 1.20p~15
2080 1.11D-18
2090 2.98D-18
2100 7.26D-22
2110 5.92D-27
2170 9.39D-14
2190 4.34D-14
2666 3.38D-16
2670 4.59D-10
2680 4.33D-06
2690 1.73D-14
2700 7.27D-09
2710 3.33D-18
3290 4.25D-15
3300 5.86D-15
3310 5.46D-16
3320 2.81D=-20
3330 4.85D-25
3360 1.15D-15
3900 6.69D-16
3910 5.63D-26
3920 2.76D~-09
3930 2.08D-13
3932 [.10D 10
3940 9.56D~-11
3950 2.82Dp-12

Tsolum far
Species
LogK
[
.00 CA
2.90 CA
11.50 CA
2.20 CA
14. 43 CA
3.72 CA
-12. 22 CA
3.10 MG
11.50 MG
2.30 MG
14. 93 MG
3.50 MG
-11. 22 MG
1.05 K
2.35 K
1.15 NA
.65 NA
3.05 NA
4. 05 FE3
5.40 FE3
1.33 FE3
1.98 FE3
1.15 FE3
20. 48 FE3
23. 38 FE3
6. 85 FE3
-1.75 FE3
-4, 77 FE3
-20.17 FE3
-21.55 FE3
-2.30 FE3
12.00 co3
2.20 MN2
1.05 CL
1.03 CL
.53 CL
16. 03 PO4
-10.12 MN2
-34. 20 MN2
6.60 cuz2
9.80 cuz2
12. 20 cu?2
2.20 cu2
.55 cu?2

Aver age

1993 Feb 28 09:42

(Name:Stoichiometric Coeff)
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MNE 1.2 1993 Feb 28 09:42
Tsolum far Average

--- Qutput Data ---
TYPE I1: COVPLEXES (cont'd)
Equi | i brium Speci es

| D# Concentration LogK (Name:Stoichiometric Coeff)
---- === (MOLAR) === ===;icee ecccecomcmcecccccececcsssmmcmem——e—————-
3960 9.16D-17 .33 cu?2 1 CL 2

4010 4.72D-11 16. 43 Ccu2 1 PoO4 1l H 1
4813 2.14D-07 8.90 cu2 1 HA 1

4840 1.73D-09 -7.92 cu2 1 H -1

4842 2.74D-08 -13.72 cu2 l H -2

4844 2.31pD-14 -26. 80 cu2 1 B -3

4846 2.05D-20 -39. 85 cu?2 1 ®H - 4

4850 1.00D-12 -10. 32 Cu2 2 H -2

4912 2.82D~11 3.90 BA 1 HA 1

5060 2.87D-13 -12. 82 BA l H -1

5070 4.59D~17 3.10 CD 1 co3 1

5072 5.78D-15 12. 20 CD 1 co3 1 H 1
5090 3.73D-15 1.95 CD 1 cCL 1

5100 9.62D~-19 2.63 CD 1 CL 2

5110 1.32Dp-23 2.03 CD 1 cL 3

5270 5.25D-21 3.75 CD 1 PO4 1

5930 7.24D~-15 -9.02 CD 1 R -1

5940 5.75D-18 -19.12 CD l1 B -2

5950 3.05D=-22 -30. 40 CcDh l H -3

5954 1.91D-09 5.20 ZN 1 co3 1

5956 1.91D-09 12. 20 ZN 1 co3 1l H 1
5960 1.66D-09 2.20 ZN 1 so4 1

5970 3.88D-12 -.55 ZN 1 CL 1

5980 6.33D-17 -1.07 ZN 1 CL 2

5990 3.45D-20 -.07 ZN 1 CL 3

6060 1.03Dp-10 15.53 ZN 1 PM4 1 R 1
6733 3.71D-10 4.90 ZN 1l HA 1

6740 7.54D~10 -9.52 ZN 1 R -1

6745 1.89Dp-08 -15.12 ZN 1 H -2

6750 1.27Dp-13 -27.30 ZN 1 H -3

6760 1.42D-19 -40. 25 ZN 1 H -4

6770 5.46D-09 2.20 NI 1 so4 1

6780 1.28D~10 .45 NI 1 CL 1

7590 1.57D-08 -8.72 NI 1 H -1

9890 2.90D-27 4. 75 CR 1 so4 1

10000 5.56D-24 -3.35 CR 1 H -1

10010 1.66D-22 -8.87 CR 1 H -2

10020 1.76D-23 -23.85 CR 1l H -4

10030 1.39D-15 3.05 AL 1 so4 1

10040 2.04D~18 4. 60 AL 1 so4 2

10102 2.17D-25 7.78 PO4 1 H 1 AL 1
10104 2.29D-37 2.80 PO4 1 H 2 AL 1
10340 8.41D-12 -4.55 H -1 AL 1

10342 1.26D-09 -9. 37 H -2 AL 1



MNE 1.2
--- Qutput Data ---
TYPE |1:
Equi | i brium
ID# Concentration
smwne ==-(MOLAR)---
10344 2.51D-08
10350 2.11D-09
10352 1.77D-21
10354 3.53D-27
12530 6.72D-05
12540 1.27D-05
12550 5.85D~10
12600 3.24D=-07
12610 7 .25D-07
12620 6.85D-12
12710 7.96D=-10
12720 2.99D-07
13595 1.06D-07
13600 5.42D-13
13610 7.38D-08
13620 3.11D-07

Tsolum far

Aver age

COVWPLEXES (cont'd)

LogK
-15.07
-23.15

-7.70
-13.88
10. 15
16. 43
2.15
12.43
19.78
21.75
13.05
22.63

Xk kKKK

-68. 23
-74.60

Speci es

Report List

1993 Feb 28 09:42

(Name:Stoichiometric Coeff)
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MNE 1.2 1993 Feb 28 09:42
Tsolum far Average
--- Qutput Data ---
TYPE I11: FIXED SOLIDS
Equi l'i brium Species
Ip# Concentration LogK (Name:Stoichiometric Coeff)
—wmeme .- (MOLAR)--- - ———— - - -
50 3.15D-05 7.00 H 1
99 2.45D-06 13.00 E 1
TYPE 1V: PRECI PI TATED SOLI DS
Equi li brium Speci e6
ID# Concentration LogK (Name:Stoichiometric Coeff)
- 0w .- =" (MOIIAR) -c - - e G G w= o -
20520 2.68D-08 11.10 BA 1l so4 1
21180 3.73D-05 -7.47 H -3 AL 1
21470 6.48D-07 -41. 95 MN2 1 H -4 E -2




MNE 1.2

Report List N

--- Qutput

Data ---

TYPE V. DI SSOLVED SOLI DS

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

Equi i brium
| D# Concentration

( MOLAR)

1 . 4°D-04

3.06D-05
1.33Dp-08
9.59D~15
3002D-05
5.24D-12
2.21D-13
3.08D-07
5 . 35D—1°
1.22p-07
1.18D-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
1.12D-28
1.82Dp-12
6.02D-04
5.05D~-08
4.50D-04
2.38D-04
4.98D-06

6.23D-03

2.63D-16
6.85D-04
1.13D-04
1.50D-04
1.42D-16
1.78D~04
3.66D-23

1993 Feb 28 09:42

Tsolum far Average

Species

(Name:Stoichiometric Coeff)
CA 1 <co3 1

CA 1 so4 1

CA 5 PM 3 H -1
CA 4 PO4 3 H 1
CA 1 PM 1l = 1
CA 1 6103 1

CA 1 B 2

MG 1 <co3 1

MG 3 PM 2

MG 1l BH 2

FE3 1 PM 1

co3 1 M2 1

S103 1 MN2 1

VN2 1 H 2

cu?2 1 co3 1

cu?2 2 co03 1 B 2
cu2 3 PO 2

cu2 1 H 2

BA 1 co3 1

CD 1 co3 1

Cch 3 PM 2

CcD 1 H 2

ZN 1 co3 1

ZN 3 PO 2

S103 1 2ZN 1

ZN 1 R 2

W 1 co3 1

NI l1 H -2

CR 1 H -3

PO4 1 AL 1

SI1 03 2 B -2 AL 2
SI1 03 1 H 2

MN2 3 H -8 E -2
MN2 1 H -3 E -1
cu2 1 E 2
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MNE 1.2 1993 Feb 28 09:42

--- Qutput Data ---
TYPE VI: SPECIES NOT CONSI DERED

Equi l'i brium speci es
| D# Concentration LogK (Rame:Stoichiometric Coeff)
----- - (MOLAR) - - an an e e i - e - S S e o S e e b G S G I D G S M S D G G M G S
20310 1.28D+03 -3.30 FE3 1 B -3
21460 5. 14D+04 548 ‘FE3 3 ® -8 E 1

25000 4.00D-04 17.93 co3 1 H 2



MNE 1.2

.- Qut

Report List

put Data ---

Tsol um f

ar
m

Aver age

-==-8---

DI STRI BUTI ON OF COVPONENTS

| D# Conponent

1
2
4

10

11
12

13

19

20
50

CA
MG
K
NA
FE3
MN2

cu2

CD
ZN

NI

CR

AL

(%)
99.2
99.0
100. 0
100. 0
99.
100.
82.
10.

87.
12.

97.

(o]
oo 0o ©

H
©
N Ul

N
\‘
oo C1TOo o

354.

1

2

4

5
2680
21470
9
3920
4813
4842

10
20520

11

12
6745

13
7590

13610
13620

21180

13610
13620

2680
21470
21180

Per cent
ID# (Name:Stoichiometric Coeff)

ca
MG
K
NA
FE3
VN2

cu?
cu2
cu2

BA
BA

CD

ZN
ZN

NI
NI

CR
CR

H

CR
CR
FE3
MN2
H

Bound i n Species

1993 Feb 28 09:42

1 .
WRKHKHP ) e

1
1
1

- —

- —

so4

1
—~ RPN OO~

[N

mm

44



Report List

MNE 1.2

--- Qutput

Data ---

DI STRIBUTI ON OF COVPONENTS

| D# Conponent

99

101

102
103
109

112
157
160

E

co3

so4
CL
PO

SI03

NG3

1993 Feb 28 09:42

Tsolum far Average
------------- Percent Bound in SpeCi €S eemmmeccmcca=
(%) ID# (Name:Stoichiometric Coeff)
9.0 13610 CR 1 8 -7 E -3
38.1 13620 CR 1 H -8 E -3
52.9 21470 MN2 1 H -4 E -2
84.0 12530 CO3 1 H 1
15.8 12540 CO3 1 ® 2
98.9 102 so4 1
100.0 103 CL 1
30.7 12600 PO4 l1 H 1
68.9 12610 Po4 1 H 2
99.7 12720 SIO03 1 =H 2
100.0 157 NO3 1
7.7 160 HA 1
1.4 2060 NA 1 HA 1
89.2 4813 CU2 1l HA 1
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EQUILIBRIUM MCDEL FOR TSOLUM
RI VER AT DUNCAN MAIN



MNE 1.2 1993 Feb 28 09:59
TSOLUM R at DUNCAN MAI N
--- CQutput Data ---
FI NAL CONDI TI ONS
Nunber of iterations = 70
pE = 13.0
‘pE = 7.0 lonic Strength = 5,01E-01

1 1.06D-04
2 5.16D-05
4 1.28D-10
5 1.61D-04
6 3.41D-14
8 2.35D-13
9 3.39D-09
10 2.18D-07
11 8.82D-08
12 1.95D-07
13 1.03D-05
19 2.57D~31
20 2.20D-13

50 | . OCD- 07
99 1.00D~13
101 1.95D~-07
102 1.61D-05
103 9.03D-05
109 1.83b-11
112 5.22D-15

157 3.04D-06
2.45D-07

Concentration (MOLAR)
ID#  Equilibrium Anal yti cal

1.06D-04
5.16D-05
1.28D~10
1.61D-04
7.78D-06
5.40D-07
5.30D-08
2.19D-07
8.90D-08
2.04D-07
1.04D-05
1.92D-07
5.66D-06
| . OOD- 09

1.00D+00
8.00D-05
1.61D-05
9.03D-05
1.05D-06
3.00D-07
3.04D-06
3.15D=-07

ﬁenainder
-3.47D-20
3.96D-21
1.47D-25
2.21D-20
-2.89D~20
0.00D+00
-5.24D-23
1.17D-22
1.52D-22
2.98D-22
4.01D-21
6.90D~-15
9.66D-22
O. OOD+00

0.00D+00
-2.62D-20
-1.35D-14
-2.85D-20
2.61Dp-21
1.66D-21
4.66D-21
=-5.00D0-22

CuU2

SI 03



MNE 1.2
--- Qutput Data ---
TYPE |: COVPONENTS
Equi l'i brium
ID# Concentration
mo--  ---(MLAR) ---
1 1.06D-04
2 5.16D-05
4 1.28D-10
5 1.61D-04
6 3.41D~14
8 2.35D-13
9 3.390-09
10 2.18D-07
11 8.82D-08
12 1.95D-07
13 1.03D-05
19 2.57D-31
20 2.20D-13
101 1.95D-07
102 1.61D-05
103 9.03D~05
109 1.83D-11
112 5.22Dp-15
157 3.04D-06
160 2.45D-07

Report List

1993 Feb 28 09:59

TSOLUM R at DUNCAN MAI N
Speci es
LoPF (Name:Stoichiometriec Coeff)
00 ca 1
.00 MG 1
.00 K 1
.00 NA 1
.00 FE3 1
.00 M2 1
.00 cu2 1
.00 BA 1
.00 CD 1
.00 ZN 1
.00 NI 1
.00 CR 1
.00 AL 1
.00 co3 1
.00 so4 1
.00 CL 1
.00 PO4 1
.00 6103 1
.00 NO3 1
.00 HA 1

48



MNE 1.2
--- Qutput Data ---
TYPE |1: COVPLEXES
Equi | i brium
ID# Concentration
memme === (MOLAR)-~-
1000 1.14D=-09
1010 4.53D~-08
1020 1.88D-08
1080 4.86D-10
1200 9.45D-09
1350 3.23D-10
1360 8.82D~-10
1370 2.21D-08
1380 1.15D-08
1440 7.51D=10
1580 2.78D=-09
1740 1.58D-09
1960 6.10D-15
1995 1.85D-15
2000 1.17D-10
2010 3.05D-09
2060 1.17D-08
2070 1.13D-16
2080 1.08D~-20
2090 8.82D~-18
2100 9.38D-22
2110 6.51D-27
2170 4.65D-14
2190 1.51D-13
2666 1.09D-15
2670 1.60D-09
2680 7.76D-06
2690 3.09D-14
2700 2.53D-08
2710 5.82D-16
3290 3.20D-16
3300 4.18D-17
3310 6.29D-17
3320 2.75D-21
3330 7 .86D-26
3360 4.31D~-17
3900 9.06D-17
3910 1.48D~26
3920 1.83D-10
3930 5.66D-14
3932 7.29D-12
3940 6.02D~-13
3950 2.86D~-13
3960 7.91D-18

LogkK
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
016
-l34
14.00
-10. 41
-34. 20
5. 44
8. 64
11. 04
1.04
-.03
-.54

Speci es

1993 Feb 28 09:59

(Name:Stoichiometric Coeff)

CA
CA
CA
CA
CA
CA
MG
MG
MG
MG
MG
MG
K

K

NA

l—\l—\n—\HHHHHHwI\)I—\I—\I—\NHHI—IHHl—\l—\l—\Hl—\l—\l—\H|—\|—\H|—\.—0N|—‘|—\|—\|—\Hpr—w—\l—\|_\

co3
co3
so4
PO4
HA
B
co3
co3
so4
PO4
HA
H
so4
HA
co3
so4
HA
so4
so4
CL
CL
CL
PO4

1 1 1 1 1 1 1 1 1
Nl—\HHNI—\prl—\l—\n—\n—\HwaNHn—\HHwml—\NHHHn—\n—\n—\Hl—\Hn—\Hn—\l—‘n—\HHHH

8 m
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MNE 1.2
--- Qutput Data ---
TYPE I1I:

Equi li brium

| D# Concentration

W B- - - (MOLAR)

4010 1.56D-12
4813 4.59D-08
4840 2.07D~10
4842 3.28D~09
4844 5.37D~15
4846 1.81D-20
4850 2.79D-14
4912 2.96D-11
5060 1.68D-13
5070 1.51D-12
5072 1.90D-10
5090 1.87D-10
5100 4.11D-14
5110 9.31D-19
5270 1.67D-16
5930 4.28D-10
5940 3.40D-13
5950 3.51D~-17
5954 4.20D0-10
5956 4.20D-10
5960 3.47D-11
5970 1.31p-12
5980 1.81D~-17
5990 1.64D-20
6060 1.13D-11
6733 2.64D-10
6740 2.99D-10
6745 7.51D-09
6750 9.77D-14
6760 4.15D~-19
6770 1.83D-09
6780 6.91D-10
7590 9.96D-08
9890 4.27D-33
10000 3.03D-28
10010 4.64D-27
10020 9.57D-28
10030 7.32D-17
10040 [.10D 20
10102 5.99D-26
10104 1.24D-37
10340 1.64D-11
10342 1.26D-09
10344 2.51D-08

50

R at DUNCAN MAIN

e-

COVPLEXES (cont' d)

LogK
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
-094
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
1.31
2.29
5.17
.49
-5.13
-10. 24
-15.94

Speci es

1993 Feb 28 09:59

(Name :Stoichiometric Coeff)

cuz2
cuz2
cu?
Cu2
cu?
cu?2
cu2
BA
BA
CD
CD
CD
CD
CD
CD
CD
CD
CD
ZN
ZN
ZN
ZN
ZN
ZN
ZN
ZN

HHREHERRENVHRBRHEE MR R RR DR R R R R R R R e N Rl

PO4 1
1
-1

1
w

1 1 1 1
HHEE, AN PRPERP R, AW, RWONR R ONP I ON e S

(@)
EgRPALEnTgPPRgZ R R e

@)
omggmmmm
» N

B 2> > b g
RIN '

: ¢ 1
H 1
H 1
H 1
B 1
R 2
1
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MNE 1.2 1993 Feb 28 09:59
TSOLUM R at DUNCAN IN
--- Qutput Data ---
TYPE 11: COWLEXES (cont'd)
Equi | i brium Speci es
| D# qu%;;hk?tion LogK (Name:Stoichiometric Coeff)
10350 4.11D-09 -23.73 AL 1 ® -4
10352 9.67D-20 -7.70 AL 2 H -2
10354 2.77D-24 -13.59 AL 3 H -4
12530 7.27D=-05 9.57 col 1 H 1
12540 7 .04D-06 15.56 col 1 H 2
12550 6.00D-11 1.57 so4d 1 H 1
12600 6.61D~-07 11.56 PO4 1 H 1
12610 3.91D-07 18.33 PO4 1 B 2
12620 1.89D~-12 20.01 PO4 1 H 3
12710 1.55D-09 12. 47 6103 1 % 1
12720 2.98D-07 21.76 S103 1 =® 2
13595 2.06D-07 -13.69 H -1
13600 1.11D-11 ok kok ok CR 2 E -6 H -14
13610 1.62D~-09 -66. 20 CR l1 E -3 EH -7
13620 1.91D~07 -71.13 CR 1 E -3 H -8



Report List

1993 Feb 28 09:59

TSOLUM R at DUNCAN MAIN

MNE 1.2
--- Qutput Data ---
TYPE 111: FIXED SOLI DS
Equi l i brium

| D# Concentration LogK

==mm= === (MOLAR)==~ =cecceae-
50 =5.22D-05 7.00
99 1.00D+00 13.00

TYPE 1V: PRECI PI TATED SOLI DS

Equi librium
| D#  Concentration LogK
-a---  --- (MLAR) --- --]-7---
21180 5.63D~06 -8. 34
21470 5.40D-07 -41. 37

Speci es

(Name:Stoichiometric Coeff)
H 1

E 1

Speci es

(Name:Stoichiometric Coeff)
AL l1 K -3

MN2 1 E -2 H -4

52



MNE 1.2

Qut put

SRt e s St i WD G e S S P S G St g e St e S g e S S
o

TYPE' V: DI SSOLVED SQOLI DS

Equi I i brium
| D# Concentration

- - (MOLAR)

20000 2.27D~04
20010 4.71D-06
20030 6.00D-08
20040 1.48D-14
20050 2.44D~05
20070 1.53D-11
20130 6.44D-13
20140 1.40D-07
20160 2.23D-11
20200 9.96D-08
20280 5.85D-02
20370 6.38D~-11
20400 3.41D-18
20430 3.61D-14
20438 1.56D-07
20440 6.01D-06
20460 1.27D-14
20500 1.64D-03
20510 2.36D~-05
20520 3.09D-02
20570 1.90D-04
20582 1.77D-15
20620 1.07D-07
20630 1.33D-04
20650 2.41D-10
20660 1.78D~04
20700 9.45D-05
20710 1.76D-05
20750 3.96D~02
21140 7.36D-21
21150 1.89D-04
21160 1.12D-04
21440 1.50D-04
21480 2.60D-18
21490 4.69D-05
21510 8.51D-24

DUNCAN MNAI N

Report List

1993 Feb 28 o09:59

(Name:Stoichiometric Coeff)

TSCLUM R at
speci es
Logg
7.04 CA
3. 44 CA
37.87 CA
41. 29 CA
17.10 CA
7.44 CA
-22.21 CA
4.14 MG
23.69 MG
-16.71 MG
22.97 FE3
9.14 col
9. 44 6103
-14.81 MN2
8. 37 cu2
4,43 cu?
32.99 Cu2
-8.31 cu?
8.74 BA
9.94 BA
10. 04 CD
27.89 CD
-13.91 CD
9.54 ZN
31.99 ZN
17. 24 SI03
-11. 31 ZN
6.94 NI
-10. 41 HI
-10.54 CR
19. 67 PO4
35.93 SI03
24. 46 SI03
-61.70 MN2
-25.70 VN2
11.40 cu?

Bt i COBd PO ol ol 2 il I Ot W I a bd O NIl 2 2 el GO fd = N O

co3
so4
PO4
PO4
PO4
6103
H
co3
PO4
H
PO4
MN2
MN2
H
co3
co3
PO4
H
co3
so4
co3
PO4
H
co3
PO4
ZN
H
co3

>
tvmrnmr_gtum

1 1 1 1 1 ] ] 1
I\JH[\)I\)[\)I—\‘J\JI\)I—‘NI—‘I\)HNNI—‘I—\I—\NNHI—‘NHHHNNHNHwaHH

<]

—

1
N

w o



Report List

MNE 1.2
TSOLUM
--- Qutput Data ---
TYPE VI: SPECIES NOT CONSI DERED
Equi librium
ID# Concentration
IR L 7 L L
20310 2,29p+03 -4.17
21460 2.95D+05 2.87
25000 2.22D-04 17.06

1993 Feb 28 09:59
R at DUNCAN MAIN

———

Speci es

(Name:Stoichiometric Coeff)
FE3 1 H -3

FE3 3E l H -8

co3 1 B 2

54



Report List

MNE 1.2

.-~ Qutput

Data ---

DI STRI BUTI ON  OF COVPONENTS

| D#

1

o o o1 B~

10
11
12

13
19
20
50

Conponent
E;.-----.
MG

K

NA

FE3

cu2

BA
CD

ZN

NI
CR
AL

()

- Sue T G S I S G S SR WS D O G an g S

99.

9

99.9

100.
100.

99.
100.

86.

100.
99.
95.

99.
99.
99.

139.
26.

~N O O

= o

P owop ol

Per cent

1993 Feb 28 09:59

Bound in Species -

ID§ (Name:Stoichiometric Coeff)

1

2

4

5
2680
21470
4813
4842
10

11

12
6' 745

13
13620
21180
12530
12540

12600
12610

12720

CA
MG
K
NA
FE3
MN2
cu2
cu2
cu2
BA
CD

ZN
ZN

1
1
1

N

—_

[V

s s

mEainm

-3 H -8

NNRENR



Report List 0

MNE 1.2

--- Qutput

Data ---

TSOLUM R at

DI STRI BUTI ON OF COVPONENTS

ID# Conponent

101

102
103
109

112

157
160

E

co3

so4
CL
PO4

SI 03
NC3

100.

62.
37.

99.
100.
77.

14.

o O 0 oo MOl

oNo~ o ol

Per cent

DUNCAN MAI N

S S v A S A Sl (S A G4 G D S S S S i SUR S D G G

1993 Feb 28 09:59

Bound in SpeCi €S mmsessscaccmwe

(Name:Stoichiometric Coeff)

CR
MN2

co3
co3

504
CL

PO4
PO4

SI03
NO3
CA

NA
cu2

[N

EER

1

[N

-3
-2



’ Welcome Screen _| Report List

57

TSOLUM RI VER AT FARNHAM USING 1.61 MG/L



58

MNE 1.2

--- Qut put
FI NAL
Nunber of

B
I n

Data ---

iterations

:Tgl:o:lh‘:n‘:\/\/:::::::

CONDI TI ONS

= 59

Concentration (MOLAR)

Ip# Equilibrium Analytical

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  3.36D-08
10  1.92D-07
11  7.66D-13
12 2.53D-07
13 8.31D-07
19 1.24D~-27
20 2.98D~14
50 1.00D-07

99 1.00D-13
101 4.75D-08
102 4.14D-05
103 5.45D-05
109 1.22p-12
112 7.09D-16
157 3.04D-06
160 5.73D-09

1.87D-05
3.27D-05
1.28D-10
1.61D-04
4.34D-06
6.48D-07
2.61D-07
2.19D0-07
7.83D-13
2.78D=07
8.52D-07
3.853): 07

3.73D-05

1.00D-09

O. C0D+0O0
8.00D-05
4.18D-05
5.45D~05
1.05D-06
3.00D-07
3.04D-06
1.61D-07

1993 Feb 27 17 :12

far Average

IonicStrength =

Remainder
1.73D-14
3.80D-14
8.43D-21
4.22D~-15
5.54D-21
0.00D+00
3.13p-17

-5.93D-12
1.76D-27
2.36D-16
7.74D-16
2 . °7D-21
O. OOD+00
O. OOD+00

0.00D+00
5.27D-20
0.00D+00
6.80D-20
3.00D-21
-1. 10D 21
4.66D-21
=-7.10D-23

6.55E-04

Conponent
CA
MG
K
NA
FE3
IMN2
cu2
BA
CD
ZN
N
CR
AL



MNE 1.2

- Qut

Report List

put Data ---

Tsolum far

DI STRI BUTI ON  oF COVPONENTS

| D# Conponent

© 0 o 0o A~ N m

10

11
12

13

19

20
50 i

FE3
VN2

cu2

BA

CD
ZN

NI

CR

AL

(%)
99. 2
99.0
100.0
100.0
99.8

'100.0

12.
2.
58.
1.
24.

oY ~o

87.
12.

97.

90.
6.

co©W ©o© wX

97.
1

19.
80.

99.

N

NON"
oN-bLOoa © oo N oo U1

1

2

4

5
2680
21470
9
3920
4813
4840
4842

10
20520

11

12
6745

13
7590

13610
13620

21180

13610
13620

2680
21470
21180

Per cent

ca
MG

FE3

cu?
cu?
Ccu2
Ccu2
Ccu2

BA
BA

CD

ZN
ZN

NI
NI

CR
CR

CR

FE3
VN2
H

Aver age

1993 Feb 27 17 :12

Bound in SpecCieS ecemmmcmece- ——
| D# (Name:Stoichiometric Coeff)

1

e

(SR ok o w == -

mmgé

so4

T T

AL

- R--N--

N~

[N

1 1 1 1
— ~ADN oo~

-2

1 1
wWw



MNE 1.2

Report List

--- Cut put
DI STRIBUTI ON OF COVPONENTS

101

102
103
109

112
157
160

E

co3

so4
CL

PO4

Sl 03
NO3
HA

Data ---

100.

30.
68.

99.
100.

95.

Tsolum far

Aver age

1993 Feb 27 17:12

13610
13620
21470

12530
12540

102
103

12600
12610

12720
157

160
4813

CR
CR
MN2

co3
co3

so4
CL

PO4
PO4

S103
NO3

HA
cu2

1
1
1
1
1

1

[N

(W W Ty

HH

mm o

bt pxt

[ 1
oo

N —

N~ -



MNE 1.2

--- Qutput Data ---
TYPE |: COVPONENTS
Equi librium
| D# Concentration

2 3.24D~-05

4 1.28D-10

5 1.61D-04

6 2.58D~-15

8 8.92D~-13

9 3.36D-08

10 1.92D-07

11 7.66D-13

12 2.53D-07

13 8.31D-07

19 1.24D-27

20 2.98D-14
101 4.75D-08
102 4.14D-05
103 5.45D~05
109 1.22D-12
112 7.09D-16
157 3.04D-06
160 5.73D-09

Tsolum far

LogK
.oo
.00
.00
Ooo
.00
.00
.00
.00
.00
.00
.00
.00

.oo
.00
.00
.00
.00
.00
.00

Report List [

1993 Feb 27 17:12

Average

Species
(Name:Stoichiometric Coeff)

MG
K
NA
FE3
MN2
Cu?2
BA
CD
ZN
NI
CR
AL

Ll e Sl S SN N T T

o
1
Ll el el o T R e



MNE 1.2 1993 Feb 27 17:12
Tsolum far Average

S e S e A e S S U S S A T S G S s
. S S . o S S0 S S G S G A Sty s S

--- Qutput Data ---
TYPE |1: COVPLEXES
Equi l'i brium Species
ID# Concentration Logk (Name:Stoichiometric Coeff)
'''' ===(MOLAR) ==~ ®=vecess ecccccmeccea-- -
1 1.86D-05 .00 CA 1
1000 7.02b-10 2.90 CA 1 co3 1
1010 2.79D-08 11.50 CA 1 co3 l H 1
1020 1.22p-07 2.20 CA 1 so4 1
1080 6.02D-10 14. 43 CA 1 PO 1 B 1
1200 5.58D-10 3.72 CA 1 HA 1
1350 1.11p~-10 -12. 22 CA l1 H -1
1360 1.94D-09 3.10 M6 1 co3 1
1370 4.88D-08 11.50 MG 1 co3 l H 1
1380 2.68D-07 2.30 MG 1 so4 1
1440 3.32D-09 14.93 MG 1 PM 1 H 1
1580 5.87D-10 3.50 MG 1 HA 1
1740 1.93D-09 -11. 22 MG l H -1
1960 5.94D-14 1.05 K 1 so4d 1
1995 l1.64D~16 2.35 X 1l HA 1
2000 1.08D~10 1.15 NA 1 co3 1
2010 2.98D-08 .65 NA 1 so4 1
2060 1.03D-09 3.05 NA 1l BA 1
2070 1.20D~-15 4. 05 FE3 1 so4 1
2080 1.11D-18 5.40 FE3 1 so4 2
2090 2.98D-18 1.33 FE3 1 CL 1
2100 7.26D~22 1.98 FE3 1 CL 2
2110 5.92D~-27 1.15 FE3 1 CL 3
2170 9.39D~-14 20. 48 FE3 1 PM l H 1
2190 4.34D-14 23.38 FE3 1 S103 1 H 1
2666 1.05D-16 6.85 FE3 1 HA 1
2670 4.59D-10 -1.75 FE3 1l H -1
2680 4.33D-06 -4.77 FE3 1 H -2
2690 1.73D-14 -20.17 FE3 1 H -3
2700 7.27D-09 -21.55 FE3 l1 B -4
2710 3.33D~-18 -2.30 FE3 2 H -2
3290 4.25D-15 12.00 co3 1 M\N2 l1 H 1
3300 5.86D~-~15 2.20 MN2 1 so4 1
3310 5.46D-16 1.05 CL 1 MN2 1
3320 2.81D-20 1.03 CL 2 M\2 1
3330 4.85D-25 .53 CL 3 MN2 1
3360 1.15D-15 16.03 PO4 1 M2 1 H 1
3900 6.69D~-16 -10.12 MN2 1 H -1
3910 5.63D-26 -34.20 MN\2 1 H -3
3920 6.37D-09 6. 60 cu2 1 co3 1
3930 4.80D-13 9.80 cu2 1 co3 2
3932 2.53D-10 12.20  cuv2 1 co3 1 H 1
3940 2.21D-10 2.20 cu2 1 sod4. 1
3950 6.50D~-12 .55 cu2 1 CL 1



MNE 1.2 1993 Feb 27 17:12
Tsol um far Average

--- Qutput Data ---
TXPE 11: COVWPLEXES (cont'd)
Equi li brium Species
| D# Concentration LogK (Name:Stoichiometric Coeff)
----- ===(MOLAR) === ==mmowme =e=- —— -—-
3960 2.11D-16 .33 cu2 1l CL 2
4010 1.09D~-10 16. 43 cu2 1 PO4 l1 H 1
4813 1.53b-07 8.90 cu2 1l HA 1
4840 3.99D-09 -7.92 cu? 1 H -1
4842 6.33D-08 -13.72 cu2 1 H -2
4844 5.32D-14 -26. 80 cu? l B -3
4846 4.74D-20 -39. 85 cu?2 l E -4
4850 5.34D~12 -10. 32 cu2 2 R -2
4912 8.73D~-12 3.90 BA 1 HA 1
5060 2.87D-13 -12.82 BA 1 R 1
5070 4.59D-17 3.10 CD 1 co3 1
5072 5.78D~15 12. 20 CD 1 co3 1 H 1
5090 3.73D-15 1.95 CD l1 CL 1
5100 9.62D-19 2.63 CD 1 CL 2
5110 1.32Dp~-23 2.03 CD 1 CL 3
5270 5.25D-21 3.75 CD 1 PXM 1
5930 7.24D-15 -9.02 CD 1 ® 1
5940 5.75D-18 -19.12 CD 1 H 2
5950 3.05D-22 -30. 40 CD l1 ® 3
5954 1.91D-09 5.20 ZN 1 co3 1
5956 1.91D-09 12. 20 ZN 1 co3 1 H 1
5960 1.66D-09 2.20 ZN 1 so4 1
5970 3.89D-12 -.55 ZN 1 CL 1
5980 6.33D~17 -1.07 ZN 1 CL 2
5990 3.45D~20 -.07 ZN 1 CL 3
6060 1.03D-10 15.53 ZN 1 PO4 1 E 1
6733 1.15D~10 4.90 ZN 1 HA 1
6740 7.55D~10 -9.52 ZN l H 1
6745 1.90D~-08 -15.12 ZN 1 H 2
6750 1.27D-13 -27.30 ZN l R 3
6760 1.42D~-19 -40. 25 ZN 1 H 4
6770 5.46D-09 2.20 NI 1 so4 1
6780 1.28b~10 .45 NI 1 CL 1
7590 1.57D-08 -8.72 NI 1l H 1
9890 2.90D-27 4. 75 CR 1 so4 1
10000 5.56D-24 -3.35 CR 1 H 1
10010 1.66D-22 -8.87 CR R 2
10020 1.76D-23 -23.85 CR 1' H 4
10030 1.39D-~15 3.05 AL 1 so4 1
10040 2.04D-18 4,60 AL 1 so4 2
10102 2.17D-25 7.78 PO4 1 B 1 AL 1
10104 2.29D-37 2.80 PO4 1l H 2 AL 1
10340 8.41D-12 -4,55 H -1 AL 1
10342 1.26D-09 -9. 37 H -2 AL 1



MNE 1.2
--- Qutput Data ---
TYPE |I1:
Equi I ibrium
| D# Concentration
—_ ---(MOLAR)---
10344 2.51D-08
10350 2.11D-09
10352 1.77D~-21
10354 3.53D-27
12530 6.72D-05
12540 1.27D-05
12550 5.85D-10
12600 3.24D~07
12610 7.25D-07
12620 6.85D-12
12710 7.96D~10
12720 2.99D-07
13595 1.06D-07
13600 5.42D-13
13610 7.38D-08
13620 3.11D-07

Tsolum far Average

S S S Gy S S S S S S ik S S S S S A
Lttt ]

COMPLEXES (cont' d)

Report List

64

1993 Feb 27 17:12

Species
LogK (Name:Stoichiometric Coeff)
-15. 07 H -3 AL 1
-23.15 H 4 AL 1
-7.70 B -2 AL 2
-13.88 H -4 AL 3
10. 15 co3 1 H 1l
16. 43 co3 1l H 2
2.15 H 1 so4 1
12. 43 PO4 l1 H 1
19.78 PO4 1 i 2
21. 75 PO4 l1 R 3
13. 05 SI03 l1 EH 1
22.63 SI03 1 H 2
-13. H -1
FREEEEOCR 2 H -14 E -6
-68. 23 CR l1 H -7 E -3
-74.60 CR 1 H -8 E -3



Report List

1993 Feb 27 17:12

MNE 1.2
Tsolum far Average
--- Output Data ---
TYPE IIl: FIXED SOLIDS
Equi | i brium Speci es
| D# Concentration LogK (Name:Stoichiometric Coeff)
mmmee  ---(MOLAR)--- """ e o e e e e e
99 2.45D-06 13.00 E 1
TYPE 1V: PRECI PI TATED SOLI DS
Equi l'i bri um Speci es
ID# Concentration LogK (Name:Stoichiometric Coeff)
[ —— - (Mom) - - - - - S S S . e . - - - e = . . -
20520 2.68D-08 11.10 BA 1 so4 1
21180 3.73D-05 -7.47 H -3 AL 1
21470 6.48D-07 -41. 95 VN2 l1 H -4 E -2



MNE 1.2

--- Qut put

Data ---

TYPE V. DI SSOLVED SOLI DS

Equilibrium

| D# Concentration

""" (MLAR) ---
20000 1.40D-04
20010 3.06D-05
20030 1.33D-08
20040 9.59D~15
20050 3.02D-05
20070 5.24D-12
20130 2.21D-13
20140 3.08D-07
20160 5.35D-10
20200 1.22D-07
20280 1.18D-01
20370 8.47D-10
20400 2.52D-17
20430 2.66D~13
20438 5.42D-06
20440 4.03D-03
20460 1.19D-09
20500 3.17D-02
20510 7.25D-05
20570 5.78D-09
20582 1.12p-28
20620 1.82D~-12
20630 6.03D-04
20650 5.06D-08
20660 4.51D-04
20700 2.39D-04
20710 4.98D-06
20750 6.23D-03
21140 2.63D-16
21150 6.85D-04
21160 1.13D-04
21440 1.50D-04
21480 1.42D~16
21490 1.78D-04
21510 8.44D-23

Report List

1993 Feb 27 17:12

Coeff)

Tsolum far Average
Speci es
LogK (Name:Stoichiometric
8. 20 CA 1 co3 1
4.60 ca 1 so4 1
44,53 CA 5 POM 3 H
47. 65 CA 4 PO 3 H
19. 13 CA 1 PM 1 H
8. 60 CA 1 SI03 1
-21.92 CA 1l = -2
5.30 MG 1 co3 1
28.03 MG 3 PM 2
-16. 42 MG l1 B -2
25. 58 FE3 1 PO 1
10. 30 co3 1 MN2 1
10. 60 SI03 1 MN2 1
-14.52 MN2 1 H -2
9.53 cu?2 1 co3 1
5.88 cu2 2 co3 1 H
37. 33 Cu2 3 PM 2
-8.02 cu2 1 H -2
9.90 BA 1 co3 1
11.20 CD 1 co3 1
32.23 CcD 3 PM 2
-13.62 CD 1 H -2
10.70 ZN 1 co3 1
36. 33 ZN 3 PM 2
18. 40 SI 03 1 ZN 1
-11.02 ZN 1 H -2
8.10 NI 1 co3 1
-10.12 NI 1 H -2
-9. 67 CR 1 H -3
22.28 PO4 1 AL 1
39. 40 SI03 2 H -2 AL
25. 33 S103 1 H 2
-61.70 MN2 3 H 8 E
-25.70 MN 2 1 H 3 E
11. 40 cu? l1 E 2

— =



"

MNE 1.2 1993 Feb 27 17:12
Tsolum far Average

--- Qutput Data ---
TYPE VI: SPECIES NOT CONSI DERED

Equi i brium Speci es
ID# Concentration LogK (Name:Stoichiometric Coeff)
= oo n - - NO-AR) - 5 - - S B e G e i e ek e S G O S T A D O A e
20310 1.28D+03 -3.30 FE3 1 )| -3
21460 5.14D+04 5.48 FE3 3 =B -8 E 1
25000 4.00D-04 17.93 co3 1 H 2



MNE 1.2

--- Qutput
FI NAL CONDI TI ONS

Data ---

Tsolum far

1993 Feb 27 17:10

Aver age

Nunmber of iterations = 59
PE = 13.0
pE = 7.0 lonic Strength = 6.55E~04
----- Concentration (MOLAR) ------
|D# Equilibrium Analytical Remainder Component
1 1.86D-05 1.87D-05 1.73D-1 CA
2 3.24D~05 3.27D-05 3.80D-14 MG
4 1.28D-10 1.28D-10 8.43D-21 K
5 1.61D-04 1.61D-04 4.22D-15 NA
6 2.58D-15 4.34D-06 5.54D-21 FE3
8 8.92D~-13 6.48D~07 0. OOD+00 MB2
9 3.36D-08 2.61D=07 3.13p-17 cu2
10 1.92D-07 2.19D-07 -5.93D-12 BA
11 7.66D-13 7.83D-13 1.76p-27 CD
12 2.53D-07 2.78D~07 2.36D-16 2N
13 8.31D-07 8.52D-07 7.74D-16 NI
19 1.24D-27 3.85D-07 2.07D-21 CR
20 2.98D-14 3.73D-05 0.00D+00 AL
50 1.00D-07 1.00D-09 0.00D+00 H
99 1.00D-13 0.00D+00 0.00D+00 E
101 4.75D-08 8.00D-05 5.27D-20 co3
102 4.14D-05 4.18D-05 0.00D+00 so4
103 5.45D~05 5.45D=-05 6.80p-20 CL
109 1.22D~-12 1.05D-06 3.00D=-21 PO4
112 7.09D-16 3.00D~-07 -1.10Dp-21 SIO03
157 3.04D-06 3.04D-06 4.66D-21 NO3
160 5.73D-09 1.61D-07 -7.10D-23 HA
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MNE 1.2

--- Qutput

FI NAL CONDI TI ONS

Data ---

TSCLUM R at

70

1993 Feb 28 10:01

ROSSI TER

of iterations = 73

Concentration (MILAR)

lonic Strength =

Equilibrium Analytieal Remainder

Number
pE = 13.0
pH = 7.0
| D#
1 6.71D-05
2 2.07D-05
4 1.28D-10
5 1.61D-04
6 7.14D-14
8 2.35D-13
9 3.12D-07
10 2.18D=07
11 8.83D-08
12 4.44D-07
13 1.01D-06
19 8.98D-31
20 2.20D-13
50 1.00D-07
99 1.00D-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 7.91D-09

6.71D-05
2.07D-05
1.28D~-10
1.61D-04
1.63D-05
2.55D~06
7.87D-07
2.19D-07
8.90D-08
4.64D-07
1.02D-06
6.73D~-07
5.60D-06
1.00D-09

1.00D+00
8.00D-05
3.59D-05
4.42D-05
1.05D-06
3.00D-07
3.04D-06
1.45D-07

5.0l1E-01

Conponent

7.06D-20
-1.41D-20
-4.00D-25
-1.65D-19
-1.69D-21
0.00D+00
-9.82D-22
1.03D-22
7.71D~23
2.70D~-22
~6.19D~22
1.29Dp-12
4.23D-22
~8.47D-22

0.00D+00
-5.940- 20
-2.98D-14
-9.06D-21
6.31D-22
2.36D-22
-1.69D-21
~2.94D=-22

CA
MG

K
NA
FE3
MN2
cu2
BA
CD
ZN
W
CR
AL
H

E
co3
so4
CL
PO4
S103
NO3
HA



MNE 1.2
--- Qutput Data ---
TYPE |: COVPONENTS
Equi I i brium
| D# Concentration
L I 1. 1 1 - (NU_AR) -
1 6.71D~-05
2 2.07D~-05
4 1.28D-10
5 1.61D-04
6 7.14D~14
8 2.35D-13
9 3.12D-07
10 2.18D=-07
11 8.83D-08
12 4.44D-07
13 | . Ol D-06
19 8.98D-31
20 2.20D~-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 7.91D-09

LogK
. oo
¢ 00
400
400
400
400
400
400
400
400
400
400
400

.00
.00
.00
.00
.00
.00
.00

Species

Report List

1993 Feb 28 10:01

(Name:Stoichiometric Coeff)

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

co3
so4
CL
PO4
S103
NO3
HA

P el b e

= e e e e



MNE 1.2

--- Qutput Data ---
TYPE 11: COVWPLEXES
Equi | i brium

ID# Concentration

""" ~==(MOLAR) -—-
1000 7.24D-10
1010 2.88D-08
1020 2.66D-08
1080 3.090-10
1200 1.94D-10
1350 2.05D-10
1360 3.54D-10
1370 8.88D-09
1380 1.03D-08
1440 3.01D-10
1580 3.60D-11
1740 6.33D-10
1960 1.36D-14
1995 5.98D-17
2000 1.17D-10
2010 6.81D-09
2060 3.77D-10
2070 5.29D-16
2080 1.12D-19
2090 9.05D-18
2100 4.71D-22
2110 1.60D=-27
2170 9.75D~-14
2190 3.16D-13
2666 7.35D=-17
2670 3.35D~-09
2680 1.63D-05
2690 6.47D-14
2700 5.31D-08
2710 2.56D-15
3290 3.20D~-16

3300 9.32D-17

3310 3.08D-17
3320 6.60D-22
3330 9.22Dp-27
3360 4.32D-17
3900 9.06D-17
3910 1.48D-26
3920 1.69D-08
3930 5.21D=-12
3932 6.71D-10
3940 1.24D-10
3950 1.29D-11
3960 1.75D-16

i &

1993 Feb 28 10:01

(Name:Stoichiometric Coeff)

TSOLUM R at ROSSI TER
Species
LogK
1.74 CA 1 co3
10. 34 CA 1 co3
1.04 CA 1 so4
12. 40 CA 1 PO4
2.56 CA 1 HA
-12.51 CA 1 B
1.94 MG 1 co3
10. 34 MG 1 co3
1.14 MG 1 so4
12.90 MG 1 PO
2.34 MG 1 HA
-11.51 MG l H
.47 K 1 so4
1.77 K 1 BHA
.57 NA 1 co3
.07 NA 1 so4
2. 47 NA 1l HA
2.31 FE3 1 so4
3.09 FE3 1 so4
.46 FE3 1 CL
.53 FE3 l1 CL
-.59 FE3 1 CL
17. 87 FE3 1 PM
21.93 FE3 1 S103
5.11 FE3 l HA
-2.33 FE3 l1 H
-5.64 FE3 l1 H
-21.04 FE3 1 H
-22.13 FE3 1 H
-2.30 FE3 2 H
10. 84 co3 1 MN2
1.04 so4 1 M\2
.47 CL 1 MN2
.16 CL 2  MN2
-.34 CL 3 MN2
14. 00 PO4 1 MN2
-10. 41 MN2 1l H
-34.20 VN2 1 H
5.44 cu?2 1 <co3
8. 64 CU2 1 co3
11.04 cu2 1 <co3
1.04 cu2 1 so4
-.03 cu2 1 CL
~-.54 cu? 1 CL

1 1 1 1 1 1 1 1 1
NP RN WORREEPEEPE PR WONRE 2 e WON PO e s e ) b el 5 S e Sl



MNE 1.2

--- Qutput Data ---
TYPE |I:

Equi | i brium
ID# Concentration

@ """ =w=(MOLAR)==-
4010 1.44D-10
4813 1.36D-07
4840 1.90D-08
4842 3.02D-07
4844 4.94D-13
4846 1.67D-18
4850 2.36D-10
4912 9.56D-13
5060 1.68D-13
5070 1.51p-12
5072 1.90D-10
5090 9.17D-11
5100 9.86D~15
5110 1.09D-19
5270 1.67D-16
5930 4.28D-10
5940 3.40D-13
5950 3.51D-17
5954 9.56D-10
5956 9.56D-10
5960 1.76D-10
5970 1.46D-12
5980 9.89D~18
5990 4.37D-21
6060 2.58D-11
6733 1.940-U
6740 6.81D-10
6745 1.71p-08
6750 2.23D-13
6760 9.46D-19
6770 4.01D~-10
6780 3.33D-11
7590 9.79D-09
9890 3.33D-32
10000 1.06D-27
10010 1.62D~-26
10020 3.35D-27
10030 1.63D~-16
10040 5.48D-20
10102 5.99D-26
10104 1.24D-37
10340 1.64D~-11
10342 1.26D-09
10344 2.51D-08

TSOLUM R at

COVPLEXES (cont'd)

LogK
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
-.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
1.31
2.29
5. 17
.49
-5.13
-10. 24
-15.94

Speci es

ROSSI TER

1993 Feb 28 10:01

(Name:Stoichiometric Coef f)

cu?
cu?
cu?
cu?2
cu?2
Cu2
cu?2
BA
BA
CD
CD

Ll e e S g e e e Y e S e e e Ll e S e W) W) ) W Wy WUy W e

PO4

mgnmmmmg

B3Rvg

S

S

b s et B 0 B Q) 0 B

' 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1
ool\_)|—\'.||.||—\|—\.[>I\)I—\|—\|—\|—\|—\.I>OJI\J|—\|—\HwNHHHI—\wNHI—\wNHHHHHwaNI—H—\p
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ROSSI TER

(Name:Stoichiometric Coeff)

Report List [

1993 Feb 28 10:01

MNE 1.2
TSOLUM R at
--- Output Data ---
TYPE |1: COWLEXES (cont'd)
Equi | i brium Speci es
I D# Concentration LogK
""" ---(MLAR)  --- oo
10350 4.11D-09 -23.73 AL
10352 9.67D~20 -7.70 AL
10354 2.77D-24 -13.59 AL
12530 7.27D-05 9.57 co3
12540 7.04D-06 15.56  co3
12550 1.34D-10 1.57 so4
12600 6.61D-07 11.56 PO4
12610 3.91D-07 18.33 PO4
12620 1.90D-12 20.01 PO4
12710 1.55D-09 12.47 6103
12720 2.98D-07 21.76 6103
13595 2.06D-07 -13. H
13600 1.36D-10 FREEET O CR
13610 5.66D~09 -66.20 CR
13620 6.67D~07 -71.13 CR

RN e ) N

MMM MEmmm T T T

WWD NHWNKHEHENH

IIT T

-14
-7
-8



Report List

MNE 1.2
--- CQutput Data ---
TYPE 111: FIXED SOLIDS
Equi | i brium
| D# Concentration
-l L0 (MOLAR) - --
99 1.00D+00

TYPE 1V: PRECI Pl TATED

Equi l i brium
| D# Concentration
----- -~~~ (MOLAR) --~
21180 5.57D=-06
21470 2.55D=06

75

1993 Feb 28 10:01

TSOLUM R at ROSSITER

LogK

1-11-mB

7.00
13. 00

SOLI BS

LogK
___B_ge__

-8.34
-41. 37

Speci es

{(Weme:Stoichiometric Coeff)
E 1

E 1

Speci es

(Name:Stoichiometric Coeff)

AL 1 B -3

MN2 l E -2 H -4



MNE 1.2 1993 Feb 28 10:01
TSOLUM R at RCSSI TER
--- Qutput Data ---
TYPE v: DI SSOLVED SOLI DS
Equi librium Species
| D# Concentration LogK (Name:Stoichiometric Coeff)

———— - (MLAR) ---  I--1%--- caean c—————— - —————— -
20000 1.44D-04 7.04 CA 1 co3 1

20010 6.68D-06 3. 44 CA 1 so4 1

20030 6.23D-09 37.87 CA 5 PO4 3 H -1
20040 2.41D-15 41. 29 CA 4 PO 3 H 1
20050 1.55D-05 17.10 CA 1 PO4 I - 1
20070 9.71D-12 7.44 CA 1 SI03 1

20130 4.10D-13 -22.21 CA 1 H -2

20140 5.60D-08 4.14 MG 1 co3 1

20160 1.44D-12 23. 69 MG 3 PO 2

20200 3.99D-08 -16.71 MG 1 H -2

20280 1.23D-01 22.97 FE3 1 PO 1

20370 6.38D-11 9.14 co3 1 MN2 1

20400 3.41D-18 9. 44 SI03 1 MN2 1

20430 3.61D-14 -14. 81 VN2 1 H -2

20438 1.44D-05 8. 37 cu?2 1 co3 1

20440 5.09D-02 4.43 cu2 2 co3 1 H 2
20460 9.87D-09 32.99 cu2 3 PM 2

20500 1.51p-01 -8.31 cu2 1 H -2

20510 2.36D-05 8.74 BA 1 co3 1

20520 6.88D~-02 9.94 BA 1 so4 1

20570 1.90D-04 10. 04 CcD 1 co3 1

20582 1.78D-15 27. 89 CD 3 PM 2

20620 1.08D-07 -13.91 CD 1 H -2

20630 3.02D-04 9.54 2N 1 co3 1

20650 2.85D-09 31.99 ZN 3 PO 2

20660 4.06D-04 17. 24 SI 03 1 2N 1

20700 2.15Dp-04 -11. 31 ZN 1 H -2

20710 1.73D-06 6. 94 W 1 co3 1

20750 3.90D-03 -10. 41 NI 1 H -2

21140 2.57D-20 -10.54 CR 1 H - 3

21150 1.90D-04 19. 67 ‘P04 1 AL 1

21160 1.12D-04 35.93 SI03 2 AL 2 H -2
21440 1.50D-04 24. 46 SI 03 1 H 2

21480 2.60D-18 -61.70 VN2 3 E -2 H 8
21490 4.69D-05 -25.70 VN2 1 E -1 H 3
21510 7.83D-22 11. 40 cu2 1 E 2



:

MNE 1.2 1993 Feb 28 10:01

TSoLuM R at ROG|JER

--- Qutput Data ---
TXPE VI: SPECIES NOT CONSI DERED

Equi | i brium Speci es
| D# Conc'\(/e&t At ation LogK (Name:Stoichiometric Coeff)

20310 4.80D+03 -4.17 FE3 1l H -3
21460 2.71D+06 2.87 FE3 3 E l H .-8
25000 2.23D-04 17. 06 co3 1 H 2



Report List

1993 Feb 28 10:01

MNE 1.2

--- Qutput

Data ---

TSOLUM R at

o T —— -
—_—— e e s e E TR e

DI STRI BUTI ON OF COVPONENTS

| D# Conponent

10
11
12

13
19
20
50

CA

MG
K

NA
FE3
VN2

cu?

BA
CD

ZN

NI
CR
AL

100.
99.
95.

99.
99.
99.

318.
61.

~

= o

OO OO ol

Per cent

RCSSI TER

Bound in Species

| D# (Name:Stoichiometric Coeff)

2680
21470
3920
4813
4840
4842
10

11

12
6745

13
13620
21180
12530
12540
12600

12610
12720

FE3
MN2

cu?
cu?
cu?
cu2
cu2

BA
CcD

ZN
ZN

N
CR
AL
co3
co3
PO4

PO4
SI03

1
1

= P

W ENYEINIRN
Eﬂlﬂ%

[

(WYY W

(¢)
o
w

S M O m

-2 H

1 1
NP

RN — N

78



MNE 1.2

--- Cut put

Report List [N

Data ---

TSOLUM R at
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| D# Conponent

101
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103
109

112
157
160

co3

so4
CL
PO4

SI03
NO3

(%)

28.
71.

90.
8.

99.
100.

62.
37.

99.
100.

94.

13620
21470

12530
12540

102
103

12600
12610

12720
157

160
4813

Per cent

CR
MN2

co3
co3

so4
CL

PO4
PO4

SI03
NO3

cu?
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| D# (Name:Stoichiometric Coeff)
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E
H
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H -4
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1.0 INSTALLATION

M NE has been developed to run on a sinple IBM conpatible

conput er. However, it is strongly recomended that the
programbe run on a unit fitted wth a math coprocessor.

Wile not required, such a configuration will significantly
reduce the tine taken for each operation,

M NE is- conposed of several data files and is menu driven.
The M NE disk can easily be copied to a hard drive if
avail abl e and, again, operation on a hard drive will inprove
the speed of operation.

The ANSI driver supplied with the M5-DOS System nmust be
resident in the host conputer system in order for the MNE
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 wth M>-DOS). If CONFIG SYS does not

exi st, create it.

+ Add the line “DEVICE=<path>ANSI.SYS" Wwhere <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 nmethod, if CONFIG SYS does not exist:

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

or if CONFIG SYS does exist, then type

¢ "COPY CONFI G SYS+CON CONFIG.SYs" and press <ENTER>



fol l owed by,
J type "DEVICE=<path>ANSI.SYS" and press <ENTER>
¢ press "Z" while holding down the <Ctrl> key.

Use the DOS TYPE command to verify the contents (or
nodi fications) of the file CONFIG SYS, then reboot the system
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2.0 OPERATIONS

2.1 MAIN MENU

Qperation of MNE 1.2 is controlled by a series of nenus.
Each nmenu has a help function which can be accessed by
pressing H In order to run MNE 1.2 each of the nenu itens
1 to 4 nust be addressed before the nodel can be run.

MINE Main Menu |

[y

Input option.
Qutput options
Convexgence criteria
Multiple runsg

Run model .. not yet
Bxit tO DOS

oo W N~ oW N

{ Help )m
ENTER option >

MINeral Equilibrium Model

* ¢ * Walcome to MINE * * »

MINE is an ion interaction model used am an aid in evaluating
. speciation | N the envircoment. The Main Menu consists of 6
options « Options 1 to 4 must be leted before the actual
model ((ptiOn 5) may be run; OptiON O returns the user to the
DOS environment.

Input Options = 0 OOMXXE problem

Output Options = report destination

Coavergence Criteria « set limits fOr solving thm probles
Multiple Runs ~ set ranges of pf and Bb

Run Model = ¢ OO MINK

Exit to DOS = finished

NOTE: Because of the extent of caleulations involved, a math
co-processor is highly recommended!

Press ENTER to continve..
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After each operation is conplete and you return to the nmain
menu, atick wll appear on the main menu to show conpletion
of the task.

NINE Main Menu J

1 Input options v
2output options

3 Couvergence criteria

4 Multiple runs

5 Run model .+ NOL yot
6§ Exit to DOS

( Balp )=
ENTER Opticam >

2.2 IRPUT CPTIONS

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

MINE Input Data

1 Select file

2 View contents

3 Bdit contents

4 Update tO disk
S Return to main

( Belp )=

ENTER Option >

Input data file: DEFAULT.DAT

MiMeral Bquilibrium Nodel
Input Specif ications

The input data which defines o problem for MINE is defined in
‘mrlg groups. The first group contains the information f Or
the components which arm to he included in the computation.
This is followed by several groups of data in which the TIPE
specification of 8 species may modified. The default data
sot (DEFAULT.DAT) has heen compiled from average numbers for
British Columbia. These numbers may be modified for specific
locations using the Edit option.

See MINE User's Manual for 3 detailed description.
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The EDIT Menu is shown bel ow. By typing the appropriate
nunmber or |etter each of the three conponents may be edited.
lonic 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
speci es. Q her types of associations may be changed if

required but generally require a solid understanding of the
phase equilibrium and redox conditions.

MINE Problem: EDIT

0 Title

1 Iomic strength

2 Species

(Modelling Species)
COMPONENTS

COMPLEXES

PIXZED SOLI DS
PRECIPITATED SOLIDS
DISSOLVED S0LIDS
SPECIES NOT COMSIDERED
Return to input main

©CoO~NO Ak W

( Help )=
ENTER Option >

Title: BC. RECEIVING WATER 1 | oni ¢ streagth: .5012
Input data filer DEFAULT.DAT .

MIFeral Equilibrium Model
Problem Specifications

The user is allowed t0 modify the problem input am de&rod.
Options 0 t hrough 2 comprise the actual problem; Options 3
through 8 allow modification t0 the default MINE model values
for each component species type (as specified).

NOTE: Modifications to the input data will NOt be used in amy
ubmequent runs of the model UNLESS the input data file
is Updated from the MINE Input Data menu 11

See MINE User‘'s Manual fOr a detailed description.

Probl ems of phase rule violations can be solved in two ways.

| f the species concerned are redox influenced reactions and of
little consequence to the speciation of the netals 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 nunber of terms which have particular significance
wth regard to the classification of various forns.
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1. Conponents

In a mathematical sense this is the independent base set from
which every species can be defined and upon which the mass
bal ance equati ons 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 conponents,. and no conponent can be
represented as the product of a reaction involving only the
other conponents. The particular set of conponents for a
given problemis certainly not unique, but once a set of

conponents 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

conponents; however, there is no reason for the exclusion of
ionic entities from this set, and in this discussion ionic

entities will be included as conponents.

2. Species

Mat hematical |y, a species represents a log |inear conbination
of the conponents; chemically, a species is the product of a
chem cal reaction involving the conponents as reactants. The
species include every chemcal entity to be considered in a
chem cal equilibrium problem Speci es are of two kinds:

sol ubl e species and solids.

3. Sol uble Species

Sol ubl e species include every species in the aqueous phase
They can be sinple ions: ca?*, g*, OH; ion pairs: cCaCo,
(ag); chelates Ca EDTA; etc. Soluble species can be both the
sol uble components and conplexes (products of reactions
invol ving conponents). The concentration (activity) of every
soluble species is variable, being a function of the
concentration of the conponents of which the species is
conposed.
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4. Solids

Solids are species of a fixed activity (for normal solid
phases such as CaCO, (s), Ca(OH) ,(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

Di ssol ved solids pay no direct role in a chemcal equilibrium
conputation. The fact that a dissolved solid exists indicates
sinply that the solubility data for the solid are present, and
after an -equilibrium conputation has been nade, the solubility
of this solid phase may be checked. |f the solubility product
is exceeded, the solid may be precipitated and becone directly
involved in the conputation.

6. Precipitated Solids

Precipitated solids are those solid phases which are present
at a fixed activity. This inplies a certain fixed
relationship among the conponents with the result that the
chemcal equilibrium problem |oses one degree of freedom
This is equivalent to transformng the set of conponents to
include the solid phase, which is then set at fixed activity.
[f, after a chemcal equilibrium conputation has been made
wth a given phase, the anmpbunt of that solid phase is
cal culated to be negative, the solid may be dissolved, i.e.
renmoved from the conputation and the fixed relationship anong
the constituents disestablished.

These six definitions are applicable to chemcal equilibrium

in general. For the-purpose of presenting the program these
definitions will further be used to define six types of

speci es which have significance within the program

Type | Species: are the soluble species which correspond
to the conponent.
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Type |1 Species: are the conplexes (all soluble species
which are not conponents).

Type |11 Species: are precipitated solids which are not

allowed to dissolve, even if the amount
of these solids becones negative.
Exanples are gases at a fixed parti al
pressure, or sinply 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 Il
speci es.

Type |V Species: are precipitated solids which are subject
to dissolution if the amount present
becones | ess than zero.

Type V Speci es: are dissolved solids which are subject to
precipitation if the solubility product
s exceeded.

Type VI Speci es: 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

sol ution).

Edit Function

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



Input CONPONENT SPECIES cm——— ABBLYTICAL —=——  (uass iOr
, Electr Concentration Free COmp
Reft SpecID Chemical Nanme Charge ~— Molar — ~— =g/l — LogiOConc
1 2 Mg +2 .1728E-03 4. 199 -4.0
2 4 K +1 .1279E=09 .5001E-05 -10,
3 S Ha *1 .1609E-03 3.699 4.0
4 6 Pa +3 .5380E-05  .3002 5.0
s 8 Mo *2 .2190E-05 .1202 -6.0
6 9 cu +*2 .7874R=07 . 5000E-02 7.0
1 10 Ba +2 .2185E-06 .3001E=-01 -7.0
8 12 2n +2 .6118E-07 40008=02 -7.0
9 so 8 +1 .1000E=08 .1000E-05 .9 .0
10 99 o 1 1.000 1000. .00
11 101 co3 2 . 3000E~04 4. 800 -5.0
12 102 so4 2 .3123E-03 30.00 4.0
13 103 ¢l 1 .28208-07 .9997E-03  -8.0
14 109 poe 3 .10538-08 .1000 -6.0
3 112 stoz(on)z 2 .3000E-06 .28238-01 7.0
6 157 -1 .30438~08 .1400 6.0
Morel ( loxt!’aq- BottomOfList )
ENTER Ref# >

Type I

( Belp Exit )

[ MIBeral Equilibrium Model J

Edit Control

gnter the reference number (Reff#) of the component desired to
edit. TO ADDa component, choase 2 Refj larger than the last
shown i N the current set (999 WI!| always worki). To DELETE
a component, enter a "D" (fOr Delets) ately preceding
the refersnce nugber. Deleted components ® UJU an asterisk.
after the Ref# on the list. T0 retain 3 deleted component,
componant, simply update the Species ID (which is changed to
sero when flagged for deletion).

Analvtical concentrations are iaput in mg/l UNLESS preceded
by the letter "M" (10 Molar comcentration). Concentrations
for Fulvic(SpecID#159) a nnnc(SpocIDusm aci ds may be
entered from Dissolved Organic Carbon (in mg/l) by preceding
the concentration with a "p" (for DOG) .

See MINE User's Manual for a detailed description.

- COMPONENTS —————————— Stozchiometric Pain

Logl0 of Comp Compenent ID:StoichiometricCoefficient

Ref# Specld PormationConat L—Pnn-— ~Pair2— ~Pairi— ~Paire—

( none found )

ENTER Ref$ >

( Belp Exit )

MINeral Equilibrium Nodel
gait Control

Enter the reference number (Ref#) gf the component desived tO
edit. To ADD a component, chocose a Reff larger thap the last
shown in the curreat sSot (999 will always Work:). To DELETE
a component, enter a "D" (for Delete) immedistely preceding
the refersnce number. Deleted componsats Shw ap'® sterimk
after the Reff on the list. 7O retain a deleted component,
component, simply update the Species |D (which is changed to
sero when flagged f Or deletion).

See MHINE User's Manual for a detailed descriptionm.

.0
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In the model, humic and fulvic acid have been added as
potential netal binding ligands. |t is possible to make very
rough approxi mations of hum c and fulvic concentrations if DOC
data is avail able. In this case the concentrates should be
preceded by a "b” for DOC. The proportion of DOC expected in
either humc or fulvic acids will then be cal cul ated.

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

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

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

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

2.3 OUTPUT OPTI ONS

Once you have entered your input data and are satisfied that
you have made the required nodifications you are nearly ready
to run MNE 1.0. You nust first select the MINE Options. The
first of these are the Qutput Option 5, Return to Main Menu
and Sel ect Qutput Options.

KINE Revorting

1 Pile output

2 Printer output
3 Screen output
4 Contents

S Return 1O main

( Help )md

ENTER option >

Report Contents: SELECTED



Table 2.1

THRM DATA

Li st

12

of Conponents and ldentification Numbers in

| coMpoNENT

PO,

4—
 P,04

P,0"

Si0, (OH) 2~

CN™

17

101 0,2~

18

102 50,%"

19

103 a

20

104 F~

21

105 Br~

A2~ *%=

*
* %

* %%

1125 AC
159 FA
160 HA

Acetic acid
Ful vic acid
Humic acid
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MINeral EZquilibrium Model
Output Specifications

The reports generated by NINE say be directed to on. of three
destinations, 95Q @ pociffed by the user.

Pile - report sent t0 a file; thm pname is specified by the
user and must consist of a (optional) DOS path amd
a DOS filename, both valid
eg. A:\REPORT\RUN.DMP , A:\REPORT is the path
MM.DMP is the filename
Printer - report seat to the default printing device
(PR or LPT1:)
Screea <~ report seat to the video display (COW)
Contents—- selection of report conteats

The output can be directed to one of the three |ocations as

shown

in menu. The Help menu gives details on each option

MINE Report Contants

(Problem Input)

1 Components v

2 Species v
()lodol Output)

Components $

S Distribution v

6 Concentration8 .. NOLAR
7 Retura to report main

( Help )=

ENTER Option >

MINeral Equilibrium Model
Report Specifications

The User aay choose general report contsents. One ar more of
the MINE model ocutput options NUST he selected before
ooatinuing. Toggle ON or OFPF.

PROBLEM INPUT: Parameters ® ntornd by the user for input to
the MINE model. Divided i nto 2 categories =
Components and Species.
MODEL OUTPUT: The MINE model results based on the problea
input. Divided i Nt0 Components, Species and
Percent Distribution of Components.
Component concentrations are NMOLAR or MG/L.

See MINE User‘'s Manual for a detailed descriptiom.

Press ENTER tO continue..
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By use of a toggle switch, each report option can be selected.
For exanple, if it is wished to print the inport conponents,

then press 1, a «# will be put by this input parameter. |[|f a
v/ is already there and it is not a requirenent to print this,

then a repeat press of 1 will renove toggle.

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

2.4 CONVERGENCE OPTI ONS

After returning to MAIN Menu the convergence screen nust next
be sel ected.

MINE Convergence

1 Select file
2 Edit contents

3 Update to disk
4 Bell is ON
5

Return to main

( Help )=

ENTER Optiom >

Maximum Iterations: bi-]
Convergence Limit: .108-03

Detection Threshold: . 10E-01 )
Convergence critnria in file: CONVERGE.DAT

| KINeral Equilibrium Model|
Convergence Specifications

Convergence criteria determine if a solution will bs found to
the problem at hand. The critmria supplied (default) should
be sot ficient for NSt purposes. However, i MINE should aot
converge, changing t h m criteria i s recommended.

Maxisum (terations =~ maxioum number o f iterations allowed
for a problem (default 40)

Convergence Limit » tolerance |IN the coanvexrgencs tmmt
(default ,0001)

Dntnttfoa Threshold = the threshold for percentage
distribution output (default .01 or 1%)

The BELL sounded at ® ach iteration may be toggled om orOFPF.
NOTE: To reduce computing time, raise thm Convergence Limit.

Press ENTER t 0O continue..
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The nenu gives you the option to change the conditions for
conver gence. . It is not normally required to change these
criteria. Before changing these criteria the operator is

asked first to check the error nessages. The nost conmon event
that prevents convergence is a phase rule violation.

The value for the convergence limt is the level at which the
program allows a solution. [f only approximate values are
required then this limt can be raised. It is usually not a
paraneter that needs to be changed. However, if the nunber of
iterations (40) is exceeded, increasing the convergence limt
may allow a solution within 40 iterations. |t is recomended
that when convergence limt is to be changed that orders of
magni t ude are used.

2.5 pH AND Eh RANGES

On returning to the MAIN nmenu the ranges after which the node
is to run may be scheduled. Due to the time it takes to run
each nodel, if the operator has not had much experience wth
the nmodel it is recommended that runs be perforned one at a
time to avoid ineffective runs.

MINE Ranges: pH,pE

1 delact file
2 Edit contents

3 Update to disk
4 Return tO main

( Help )=

AY

ENTER Option >

Minimum Maxisum Increment
pi: 7.00 7.00 1.00
pi: 13.00 13.00 1.00
pE,PE Ranges in file: RANGE.DAT

MINeral Equilibrium Model

Ranges Specifications

mcr speciation changes oceur under varying conditions of pE
pE. In order to ® raluatmthr probla over ® xpoctnd pE

and DH criteria, NINE may be run Al a series of these values.

pHE Min/Max/Inc - NINE WM || execute overthe pR range, fron
the MINimum to the MAXimum vaiue (inclusive)
by the INCrement
eg. if Min=4, Max=s, Iac=.5
then pHw4(Ruanl), 4,5(Runl), etc..
PE Min/Nax/Inc = the MINimum, MAXimum and INCrement values of
PE, applied similar to pH (above)

NOTE: Specified pE ranges are executed 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 nost purposes. However, if MNE should not
converge, changing the criteria is recomended.
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3.0 ourrpur DATA

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

L. | nput data

2. Solution for all conponents showi ng concentrations
and specific associations

3. Percentage distribution of conponents

An exanple is given in the appendices.

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

The data showi ng concentration of each class of conpound
allows the operator to consider all species of a given ion
This section is also nmost informative when considering ERROR

messages.

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

3.1 ERROR MESSACES

There are several problens which cause an error nmessage to be
printed and execution to be termnated. .The error nessages,
the subroutine from which they are called, the probable cause
and corrective response are given bel ow.

1. "COWPONENTS > NXDI M', SUBRQUTI NE | NPUT:

The nunber of conponents in the problem is greater than the
dinmension of the arrays allocated for their storage.
Response: Either renove non-essential conponents from the
conputation or increase the dinension of the arrays (See
Section I, "Storage").
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2. "SPECIES > NYDIM", SUBROUTI NE | NPUT:

The nunber of species in the problemis greater than the
dimension of the arrays allocated for their storage.
Response: Either renove non-essential conmponents from the
computation or increase the dimension for the arrays (See
Section |, "Storage").

3. "1D NOT FOUND:  INPUT", SUBROUTI NE | NPUT:

The species identification nunber used to re-specify an
exi sting 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 conputation.

4. "1 D NOT FOUND: LADY" FUNCTI ON LADY

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

5. "ID NOT FOUND: | ADX" FUNCTI ON LADY

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

6. "PHASE RULE VI OLATION' SUBROUTI NE SOLID

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

7. "I TERATIONS > ITMAX" SUBROQUTINE SOLVE

The nunber of iterations allowed in subroutine SOLVE has been
exceeded. The nunber of allowable iterations is set at 40 and
should be sufficient for nost calculations. [f 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 sone species types are re-exam ned.
To do this the user requires some know edge of redox reactions
and is advised to seek the help of a chemst if they do not
feel they can make appropriate changes.

8. "SINGULAR Z MATRI X" SUBROUTI NE s1IMQ

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 nost common errors involve 6 and 7and stem from the
inclusion of redox reaction in the conputations. |In order to
do this it is necessary to include the electron in the input
data (ldentification #99),

In order to run the program both H+ and E™ nmust be included as
fixed solids +type |IIl species. The appropriate E
concentrations nust 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 wll
alleviate this problem and reduce the number of iterations.
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APPENDI X

Exanpl e of Input and
Qut put Data
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SPECI ES | DENTI FI CATI ON

It should be noted that conpound identification is perforned
using only capital letters.

In addition, OH and B* are represented as H  and BH'
respectively.



MNE 1.2

--- Input
I NI TIAL  CONDI TlI ONS

13.0
7.0

PE =
pa =

Data ---

Anal yti cal
| D# Concentration
-==(_MG/L)=-=-=

4.20D+00
5.00D=-06
3.70D+00
3.00D-01
1.200-01
5.00D~-03
3.00D-02
4.00D-03
1.00D-06

1992 Nay 20 16:09
BC. RECEI VING HATER 1

S e s S ey T S D Gl S S (A U S Y s S S i
L

lonic Strength = 5.01E-01

Anal yti cal
Conmponent ID# Concentration Conponent
—_— |- cme( MG/L)=== =memmeae-
MG 99 1.00D+03 E
K 101 4.80D+00 co3
NA 102 3.00D+01 s04
FE3 103 1.00D-03 CL
MN2 109 1.00D-01 PO4
Cu2 112 2.82Dp-02 SI03
BA 157 1.40D-01 NO3
2N 159 5.00D~02 FA
H 160 5.00D-02 HA
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MNE 1.2

Qut put
FI NAL CONDI TI ONS
Nunber of

pPE = 13.0
pa = 7.0

2 4.18D+00
4 5.00D-06
5 3.70D+00
6 1.31D-09
8 1.29D-08
9 2.29D-03
10 3.00D-02
12 3.82D-03
50 1.00D-04

99 | . O0D- 10
101 1.17D-02
102 2.99D+01
103 | . OCD- 03
109 1.74D-06
112 4.91D~-10
157 1.40D-01
159 4.90D~02

1.62D-02

Data ---

iterations

Bc.

= 7

Concentration ( MG/L) "
Equilibrium Analytical Remai nder

4.20D+00
5.00D-06
3.70D+00
3.00D0-01
1.20D-01
5.00D-03
3.00D-02
4.00D-03
| . OCD- 06

1.00D+03
4.80D+00
3.00D+01
| . OOD- 03
. OOD-01
2.82D-02
1.40D-01
5.00D-02
5.00D-02

1992 May 20 16:09

RECEI VI NG WATER 1

lonic Strength = 5.01E-01

l.1ID-17
-1 . 16D-20
=-3.15D-16
2.59D-15
0.00D+00
3.89D-18
-2 . 69D-17
2.33D-18
O OOD+00

0.00D+00
-3.88D-16
-5.83D-16
=1.44D-18
2.46D~-16
4.37D~15
=7.79D~17
3.58D-17
=1.64D~17

Conponent

MG
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.-~ Qutput

Data ---

BC. RECEIVING HATER 1

DI STRIBUTION OF COVPONENTS

ID#

2

4
5
6

s}

10
12

50

FE3
MN2

cu2

BA
IN

100.

100.

~N (@] oo, o1 () ~ o © 35}

— B~ ow

2680

21470

3920

4813
4840

48472
10

12
6745

12530
12540
12610

Per cent

FE3

Cu?2
co3
Cu?
cu2
cu2

BA
ZN
co3

co3
PO4

Bound in Species
| D# (Name:Stoichiometric Coeff)

b o

[N

Hpp e

mmg@

1992 May 20 16:09

NN —

MN2
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MINE 1.2 1992 May 20 16:09
BC. RECEI VING WATER 1

--- Qutput Data ---
DI STRIBUTION OF COVPONENTS

------------- Percent Bound in Species ———————
éD# Conmponent (%) | D# (Name:Stoichiometric Coeff)
99 E 100.0 21470 ® -4 E -2 MN2 1
101 co3 90.9 12530 co3 1 B 1
8.8 12540 co3 1 =B 2
102 so4 99.7 102 so4 1
103 CL 100.0 103 cCL 1
109 PO4 62.7 12600 PO4 1 H 1
37.1 12610 PO4 i1 B 2
112 8103 99.5 12720 8103 1 H 2
157 NO3 100.0 157  NO3 1
159 FA 97.9 159 FA 1
160 HA 32.4 160 HA 1
1.2 1580 HA 1 MG 1
1.5 2060 HA 1 NA 1
64.8 4813 cuU2 1l HA 1
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