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L

Last lecture-recap

We discussed what geochemical modeling is useful for.
We started exploring the Geochemist’'s Workbench.
Today, we will continue working with the Geochemist’s Workbench.

Meret Aeppli



=PrL

B ENV 200: Geochemical Modeling

Reaction balancing with Rxn

ewe| Geochemist’s

s Workbench" Community Edition
= Consider the oxidation of HZS(aCI) to Apps ChemPlugin Docs Settings Support Subscription
. ;
sulfate (SO,*). To balance this ass [’: Specks
reaction, we can use the Rxn App. b b soukon
. . . sy Rxn React
= To balance a reaction with Rxn, first ~— i
set a species, mineral, etc., to appear PIm Ac Phase?
on the left side of the reaction. O SR m dagrams
. - Taa X-1t i 1 - v
= Then, swap the basis to pull in the ’l‘ —
various species you want to appear in TEdt @
the reaction. il | > Cl

a Gtplot ' P2plot Xtpiot
/\‘ piot geochemical data ‘ csplay pha ADg1AM 100t
and reacton paths S0 raem transporn 1¢ S

w
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Rxn: Reaction balancing

Start Rxn and move to the Basis pane. Under “balance reaction for”, select “???”— Aqueous...

— H2S(aq). Set *

|

‘temperature” to 25 °C

— O
File Edit Run Config View Help
] Basis ‘ Command | Results
Left side of
. r balance reaction for
reaction
= A s
~interms of
o2 L iy T
i temperature 25.0 ycvw
ionic strength true I:'v molal stoichy

add delete

T— o LT

factor reaction by h

reverse

\Ready

L
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Rxn: Reaction balancing

= Move to the Results pane and click Run. What chemical reaction does
the program give? What is its log K?

Meret Aeppli o



=PFL  Rxn: Reaction balancing: Solution

— [ — - —

,
Rxn Community Edition - C\Users\maeppli
File Edit Run Config View Help

Meret Aeppli

Basis Command Results

ok HZ2S(agq) + 2 02(ag) = 2 H+ + S504--

Log K at 25 C = 131.3943

Run

B ENV 200: Geochemical Modeling

Ready




=F7L " Rxn: Reaction balancing

Now let’s balance the corresponding half-cell reaction. Click on the swap button next to the
basis entry for “O2(aq)” and select Aqueous... — e-

E= rRxn Community Edition - CAUsers\maeppli — 0 X
File Edit Run Config View Help

Basis Command Results

~ balance reaction for

(~ in terms of

temperature 250 ycvw

ionic strength true I:Iv molal stoich

add delete

factor reaction by ¥ reverse

B ENV 200: Geochemical Modeling

\Ready

[N}
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Rxn: Reaction balancing

= Move to the Results pane and click Run. How has the reaction
changed?

Meret Aeppli @
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Rxn: Reaction balancing: Solution

E Rxn Community Edition - C:\Users\maeppli
File Edit Run Config View Help

——T e T T

—_——Te T

Basis Command Results
+ H2S(aq) + 4 H20 = 10 H+ + S504-- + 8 e-
Log K at 25 C = -40.6093
Run
leady

Meret Aeppli
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Rxn: Reaction balancing

To recast the reaction to liberate dihydrogen, once again click on the swap button next to the

basis entry for “O2(aq)” and select Aqueous... — “H2(aq)”

[

B Run Community Edition - C\Lkers\maeppl O b4
File Edit FRun Config View Help
Basis | Command | Results
balance reaction for
HISieg T sty ™
i eerre o
H: £ activity ™
S0d-- 53 activity =
Hijag) £ Odiag activity ™
WO 2 activity ¥
temperature 250 £
HMIC SRR Ers mmailal l
add
T

=
o
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Rxn: Reaction balancing

= Move to the Results pane and click Run. How has the reaction
changed?

[=Y
[y
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=F*L " Rxn: Reaction balancing: Solution

Rxn Community Edition - C:\Users\maeppli
File Edit Run Config View Help

=Y
N

Meret Aeppli

‘ Basis Command Results
+ H25(aq) + 4 H20 = 2 H+ + 504-- + 4 HZ(aq)
Log K at 25 ¢ = -53.0573

g2

E

o

=

E

E

2

[}

]

o

3 Run

N

>

Z

w

- Ready
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Exercise 1: Iron oxidation —

Dissolved ionic iron exists in anoxic (i.e., in the absence of oxygen)
ground water as the reduced species Fe?*. When such waters are used
from drinking water supplies and the water becomes exposed to the
atmosphere, the Fe?* is oxidized by O, to Fe!!' (ferric iron), which is
insoluble at neutral pH and precipitates as Fe(OH)(s).

Write the balanced equation for the oxidation of Fe?* to Fe(OH),(s) by O,
with the help of Rxn.

_ _ This is Exercise 2
What is the log K value for the reaction? from the Redox |

class

=Y
w
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=PrL  Exercise 1: Solution

Basis Command ‘ Results ‘

=
r

Meret Aeppli

~ balance reaction for

~ in terms of
S I e
Fe(OH)3(ppd) £ Fe++ 10 |Y adivity ¥
H2o 2 L7 iy Y
temperature 250 ycvw
2
5
s
5 File Edit Run Config View Help
=2
£ Basis Command Results
&)O) ............................................................
% + Fe++ + .25 02(ag) + 2.5 H20 = Fe(CH)3(ppd) + 2 H+
>
& Log K at 25 C = 3.5988
.
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SpeckES8: Speclation calculations

SpecES8 calculates the equilibrium
distribution of aqueous species in a fluid,
the fluid’s saturation state with respect to
minerals, the sorption of aqueous
species onto various types of surfaces,
and the fugacity and partial pressure of
gases dissolved in the fluid.

THE . a9
Geochemist’s
ks Workbench’ Community Edition

Apps ChemPlugin Docs Settings Support Subscription

GSS SpecE8
the geochemist's Q) calculate speciation
spreadsheet in solution

' Rxn React
~ balance reactons race reaction
and more processaes
' Il Act2 Phase2
- actvity, stabiley, and .' calculate phase

A solubilty diagrams diagrams

Tact X1t

temperature - activity 4 1D reactive ranspon
diagrams

TEdit X2t

editthermo data b 20 reactive transpon

a Gtplot ' P2plot Xtpiot
/\\ piot geochemical data ‘ cksplay pha Sogram
and reachon paths Sagraems transpont 1e .

=Y
o
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=PrL  SpeckE8: Speciation calculations

The input file “Freshwater.sp8” equilibrates a hypothetical water sample at 25°C. Double-click
the file to launch SpecES8, then move to the Basis pane to see the compositional constraints on
the hypothetical water.

SpecEl - O X
Eile Edit Run Config Wiew Help
Basis Medium | Command Results |
— constraints on initial system )
Hz20 | 1.0 |' freekg ™ solvent
Ma+ o 5.0 v mafkg ¥
K+ 2 Lo ¥ mghg ¥
Cat+ 2 [ 150 |* matkg ¥
Mg++ & 3.0 ~ mgkg ¥
At = |1,u |' ughkg ¥
o S02(z0) = 2.0 * mghg ™
3 a2 [150 |= mong +
=
3 SO o 5.0 * mafkg ¥
£ HCO3- 22 50.0 * mokg ¥
S
8 Ht [s.0 [= =
O]
S temperature 25.0 Tcv-
& :
> + | advanced
i
add delete )
- -
< >

[y
o
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Exercise 1: Hypothetical freshwater —

Press the Run button on the Results pane to calculate the equilibrium species distribution in
the water.

= SpecE8 produces a dataset as output => “SpecE8_output.txt”.

= Examine the output file. Do you expect any minerals to precipitate in this water? If so, which
ones?

[=Y
=
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Exercise 1: Solution

Click on View Results on the Results pane to see calculation results in tabular form.

Temperature = 25.8 C
pH = 5.000
Ionic strength
Charge imbalance
Activity of water
Solvent mass
Solution mass
Mineral mass
Fluid density
compressibility =
expansivity =
viscosity =
Chlorinity =
Dissolved solids =
Elect. conductivity =
Hardness =
carbonate =)
non-carbonate
Carbonate alkalinity=
Water type
Bulk volume
Fluid volume
Mineral volume
Inert volume
Porosity =
Permeability =

Pressure

©.001990
0.000062
©.999985
1.0000
1.0001
0.0000
0.996
4.446e-05
0.0002428
0.009
©.000423
114
149.73
49.81
1.77
48 .04
1.77
Ca-S04
1.00e+03
1.00e+03
0.00
9.00
100.
98.7

= 1.013 bar

molal
eq/kg

(2.634% error)

sol'n

(or umho/cm)

sol'n
sol'n
sol'n
sol'n

as
as
as
as

CaCo3
CaCo3
CaCo3
CaCo3

=Y
€3
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Exercise 1: Solution

Agueous species

Na+
Mg++
Sio2(aq)
HCO3-
K+
Caso4
H+
Mgs04
CaCl+
Nas04-
HS04 -
CaHCO3+
MgCl+
KS04-
MgHCO3+
Al+++
A1OH++
NaHCO03
AL(OH)2+
ALSO4+
NaCl
OH-
H35i04-
AL(OH)3
KC1l
c03--
CaCo3

AT FfAuNa

molality

0.00087839
9.0004225
9.0003563
9.0003419
9.0082172
9.0001187
4.994e-05
3.544e-05
2.553e-85
1.723e-05
1.947e-05
4.664e-06
6.228e-07
3.01lle-07
2.901e-07
1.736e-07
5.874e-08
5.097e-08
3.572e-08
1.357e-08
1.265e-08
9.391e-09
7.412e-09
2.699e-09
2.0S%0e-09
1.083e-09
8.151e-18
6.100e-10
2.523e-10
1.860e-10
7.389%e-11

£ CC7A 41

mg/kg sol'n

34.49
14.98
14.28
32.84
4.993
2.884
3.000
2.162
0.9980
2.346
9.91e55
©.5613
9.04698
9.83585
0.02815
8.91755
0.083510
0.006888
©.003047
09.0003661
@.0085564
9.0007888
0.0004520
9.00033208
9.0001221
1.842e-05
7.751e-85
4.758e-85
1.880e-05
1.1l6e-05
7.395e-06

£ 970~ Aas

1.0000
©.9513
©.8252
©.8208
0.95208
0.8294
1.0005
©.9523
©.9513
1.e000
©.9550
1.0000
0.95208
0.9528
0.9520
08.9527
0.95208
©8.95208
©.9520
©.6599
0.8230
1.0000
0.9520
0.9520
1.0000
0.9516
0.9520
1.0000
1.e000
©.8219
1.0000

A Acan

-3.1058
-3.3959
-3.5317
-3.5519
-3.6845
-4.0068
-4.3014
-4.4718
-4.6147
-4.7637
-5.0000
-5.3312
-6.2276
-6.5426
-6.5589
-6.7814
-7.2524
-7.3141
-7.4685
-8.0479
-7.9825
-8.0273
-8.1515
-8.5902
-8.6798
-8.9868
-9.1182
-9.2147
-9.5981
-9.8157
-10.1314

1m INAAT

[y
©
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Exercise 1: Solution

Mineral saturation states log Q/K log Q/K
Quartz -9.3021 Ca(OH)2(c) -16.1091
Tridymite -9.4679 Bloedite -16.2163
Chalcedony -8.5733 Margarite -16.4969
Cristobalite -9.8526 Diopside -17.1108
Gibbsite -1.0083 Artinite -17.4205
Amrph~silica -1.5878 KNaCO376H20 -18.0936
Diaspore -1.7997 Clinoptil-Mg -18.2165
Kaolinite -2.1279 MgCl2~4H20 -18.2561
Gypsum -2.6403 CaCl2~2H20 -18.4197
Boehmite -2.6441 MgOHC1 -18.4501
Anhydrite -2.8184 Spinel -18.4955
Bassanite -3.4473 CaCl2~H20 -18.5545
Cas04~1/2H20(beta) -3.6159 Clinoptil-Na -18.5887
Pyrophyllite -4.3613 Prehnite -19.3408
Calcite -4.7164 Ca-Al Pyroxene -206.3895
Beidellit-Ca -4.8387 Forsterite -20.4615
Aragonite -4.8813 Talc -20.7888
Beidellit-Mg -4.8987 Gaylussite -21.0728
Beidellit-H -4.9456 Pirssonite -21.2355
Beidellit-K -5.5079 Saponite-Ca -21.2662
Beidellit-Na -5.5310 Saponite-Mg -21.3263

N
o

Meret Aeppli

B ENV 200: Geochemical Modeling

Minerals will not precipitation because all saturation states are negative (remember: Q is the ion activity product, when
assuming activity = 1 for mineral phases; K is the solubility product. Hence, if log Q/K is negative, IAP < K)



B ENV 200: Geochemical Modeling

SpeckES8: Speclation calculations

The run also produced a dataset
“SpecE8_plot.gtp” that passes
more complete information to the
graphics program Gtplot.

Click on “Plot Results”.

Create a Piper diagram from the
data.

TDS (mg/kg)

160

% meg’kg

N
>4

Meret Aeppli
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SpeckES8: Speclation calculations

A piper diagram segregates
concentrations of the most abundant
cations and anions to understand the
sources of dissolved constituents in
water.

Advantages

= Many water analyses can be plotted
on the same diagram

= Can be used to classify waters

= Can be used to identify mixing of
waters

Disadvantages
= Concentrations are renormalized

= Cannot easily accommodate waters
in which other cations or anions are
significant

Meret Aeppli

Ca-S04 waters: typical of

Ca-HCO3 waters: typical gypsum ground waters
of shallow, fresh and mine drainage

groundwaters

Na-Cl waters:

typical of marine
and deep ancient
groundwaters

Na-HCO3 waters:
typical of deeper

groundwaters
influenced by ion
exchange

potassium

Ca cl
“%lo meq |/ |

CATIONS ANIONS
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SpeckES8: Speclation calculations

Ca?* + Mg?* = 60 meg/kg + 20 meg/kg
= 80 meqg/kg

SO,% + CI- = 60 meg/kg + 40 meq/kg =
100 meq/kg 160

TDS (mg/kg)

% meg’kg

N
[

Meret Aeppli
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SpeckES8: Speclation calculations

We can add the river data for
Mississippi and Amazon from
last week: Simply drag and drop
the file RiverWaters.gss into
Gtplog

What is the main chemical
difference between our
hypothetical freshwater and the
river waters?

TDS = total dissolved solids

Typical tap water concentrations: 150-400

TDS (mg/kg)

O

150

® Amazon River
A Mississippi River
¥ World average

N
=

Meret Aeppli
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Exercise 2: Iron precipitation =,

Let’s re-examine exercise 1 from Homework 4: A wastewater contains 104 M
phosphate. Fe(lll) is added to the system to precipitate phosphate. Is FePO,(s) or
Fe(OH),(s) precipitated at pH=7?

Use SpecES8 to answer this question. The following information is useful:
= Assume an oxic system (O2(aq) at saturation: 9 mg/L)
= Assume an Fe(lll) concentration of 104 M.

= Assume typical wastewater concentrations of
« Ca?*= 6.6 meg/L
« Cl-=3.5meq/L
« SO,% =2.6 meg/L

= Strengite is a FePO, mineral.

Meret Aeppli
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Exercise 2: Solution

Basis Medium Command Results
~ constraints on initial system
H20 ' freekg ¥ solvent
HPO4-- 40 ¥ logmoll ¥
Fe+t+ | Fe++ ' log mol/l ¥
Ca++ % ' meqg/l ¥
SO4-- £ 26 Y meg! ¥
Ty o e
temperature 25.0 ycv

add delete

+  advanced

Meret Aeppli
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B ENV 200: Geochemical Modeling

L Exercise 2: Solution

.8024s/sat
.1110s/sat
.4229s/sat
.5244s/sat
.8737s/sat
.5997s/sat
.3962s/sat
.8338s/sat

Hematite
Hydroxyapatite
Goethite
Whitlockite
Magnetite
Ferrite-Ca
Strengite

Fe(OH)3(ppd)

Strengite has a higher saturation state and is therefore expected to form

preferentially compared to Fe(OH),

N
=

Meret Aeppli
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SpecES: Redox
disequilibrium

Redox reactions in natural waters, especially
at low temperatures, cannot always be
assumed to be at thermodynamic equilibrium.

For example, the photo shows part of a river in
the Rocky Mountains where waters containing
reduced iron come into contact with oxygen-
containing waters. As a result, iron is oxidized
and iron minerals are precipitating as
evidenced from the orange color.

In our modeling efforts, we therefore want to
calculate a scenario in which redox reactions
are in a state of disequilibrium. Let’s see how
this works in SpecE8!

Meret Aeppli



=P7L  SpecES8: Redox disequilibrium

Double-click the “Redox.sp8” input file to launch SpecE8, then move to the basis pane. The
input configures a model of a fluid of a certain pH, Eh, and major ion composition.

[5] specks - m} X
File Edit Run Cenfig View Help
Basis Medium | Command Results
constraints on initial system ~
H2o [10 v freekg ¥ solvent
He 2 [6.0 v pH Y
e £ 02(aq) [0.4 oy
Ca++ '0.4 - mofkg ~
Mg++ = 0.6 T mgkg ¥
Na+ 2= 0.1 v mokg *
K+ &2 0.2 > maokg
Fe+t 2 [0.7 > makg ¥
o HCO3- &2 0.6 ~ mokg ¥
c r -
g 504~ = 3.0 v mokg ¥
= | |
= o 2 14 v mohkg ¥
3 | |
E Hematite = Fe+++ 1.0 v freeem3 ¥
% AsO4— &= [o.1 ~ mokg ™
o] ;
8 As(OH)4- £ 0.8 > mgkg *
g temperature [25.0 v cv
N .
> .+ | advanced
P
w add delete v
L] < >

Meret Aeppli
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SpecE8S: Redox disequilibrium

Open the Config — Redox couples... dialog and note the decoupled redox pairs. Disabling the
redox couples between ferric and ferrous iron and between trivalent and pentavalent arsenic
[i.e., basis species AsO,--- and As(OH)4-] causes the program to consider that oxidized and
reduced iron and arsenic species exist in quantities not related to the value entered for Eh.
Other redox couples, such as between HS- and SO4-, remain enabled and will reflect the
specified Eh.

[33 Redox Couples — O X
o couples O coupling reactions Y invert selection
~ coupled ~ decoupled
(O-phth)—/HCO3" AsO4~/AS(OH) 4
AmtHEEAmT I decouple > > Fet++/Fet+
AmOp*/Am*T+T
AMOy*+/Am*+++ decouple all
AsH3(ag)/As(OH)a~
Aut /AUt << couple
CH3COO_{HC?3_ couple all
CHy4(aq)/HCO3
Clog~/Cl-
Co+++/Co++
Apply Cancel Reset

w
(-]
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SpecE8S: Redox disequilibrium

By nature, you need more information
to constrain a model of a fluid in redox
disequilibrium than you do for an
equilibrium model.

As you can see on the Basis pane,
separate constraints are required for
the oxidized and reduced forms of iron
and arsenic (i.e., we give the model
different concentrations for each redox
species).

I3 speces O
File Edit Run Config Miew Help
Basis Medium | Command Results
constraints on initial system
H2o [10 v freekg T solvent
H+ ;6.0 o
e o 02ad) [0.4 .oy
Ca++ 2 :0.4 :' mofkg ¥
Mg++ = _u_s .T mgkg *
Na+ &= (01 v mgkg ¥
K+ o [0.2 v mgkg ¥
Fet++ jn.? * mokg T
HOO3- [0.6 ~ moka ¥
504~ = [30 [+ mopg ~
- = [1.4 T mgfkg ¥
Hematite &% Fe+++ |10 v freecm3 ¥
W = et
As(OH)}4+- & |08 v mgkg ¥
temperature | 25.0 vy cv-
'+ | advanced

add delete

w
=4
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SpecE8S: Redox disequilibrium

Whenever there are two or more independent redox couples in a run, SpecE8 reports in
“SpecE8 output.txt” the theoretical oxidation state of each couple. In this example, the couples
and corresponding Nernst Eh and pe values are:

Eh (volts) pe
e + 1/, 0,(aq)+H" 5 /4, H,0 0.400 6.762
2e +4H +As0; S As(OH): 0.081  1.362
e +Fe™ SFe™ -0.002  -0.035

The first line reflects the Eh specified as an input constraint. The second and third lines show
the oxidation states calculated from the activities of arsenic and iron species. The differences
in oxidation state reflect the extent of redox disequilibrium in the solution.

[
N

Meret Aeppli
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Exercise 3: Redox disequilibrium —

We just discussed the example on redox disequilibrium. In what speciation would
As occur if it equilibrated with the solution at the specified potential of Eh = 0.4 V?

Use the input file Redox.sp8 and remove the As redox couple from the list of
decoupled redox couples. Then, examine the output file. What is the redox state of
As and why?

[
w

Meret Aeppli
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L Exercise 3: Solution

As occurs predominantly as H,AsO, and HAsO %

Aqueous species molality
Cl- 3.948e-05
504-- 3.108e-05
Mg++ 2.457e-05
Fe++ 1.248e-05
Ca++ 9.921e-06
co2(aq) 6.840e-06
K+ 5.114e-06

|__H2As04- 4.730e-06
Na+ 4.349e-06
HCO3- 2.991e-06
H+ 1.015e-06
[ HAsQ4-- 8.655e-07
MgS04 1.135e-07

The redox state of As is therefore +V (in As(OH),, As
has redox state +lIl). This makes sense because the

system Eh is higher than the Eh of the As redox couple
in the previous example. When equilibrating the solution

to higher Eh, As(lll) oxidizes to As(V)

mg/kg sol'n act. coef. log act.
1.400 0.9843 -4.4104
2.978 0.9390 -4.5359
©.5972 0.94091 -4.6364
©.6968 ©.9395 -4.9309
©.3976 ©.9395 -5.83e5
0.3010 1.00080 -5.1649%
©.2000 0.9843 -5.2981
©.6666 0.9844 -5.33206
©.09999 0.9844 -5.3684
©.1825 ©.9844 -5.5389
0.001024 ©.9847 -6.0000
0.1211 ©.9390 -6.0901
0.01367 1.0000 -6.9448
Eh (volts) pe

e + 1/, 0,(aq)+H" 5 Y/, H,0 0.400 6.762

2e +4H" +As0; S As(OH)a 0.081 1.362

e +Fe™ S Fe™ -0.002  -0.035

[
-
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Environmental engineering challenge

Waterfall Dreimthlen (D): How fast does the waterfall “grow”, i.e., how
much calcite is precipitating each year?

Schmidkonz, B, J Chem Educ, 2022, 99, 3323-3331.

w
o
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Dreimiihlen waterfall

Waterfall Dreimiihlen
schematic map

&8

spring

»

spring spring

artificial ditcp

dashed: .
: formercreeks &
now cut off

travertine U

.
)
2,
we'e,
w

Waterfall
Dreimiihlen

Schmidkonz, B, J Chem Educ, 2022, 99, 3323-3331.

Geology is dominated by limestone

Travertine is a dense, banded rock
composed of calcite (CaCO,)

Relevant chemical reaction:
CaCO4(s) + H,0 + CO,(g) = Ca?*(aq) + 2HCO,(aq)

In the underground, high partial
pressure of CO, (>> 400 ppm) shifts
the equilibrium position to the right

When water emerges from the

underground, it is oversaturated with
dissolved lime (lower partial pressure
of CO,), causing calcite to precipitate

w
-
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Dreimiihlen waterfall

Calcite precipitates as observed under a scanning electron microscope:

prismatic-
rhomboedric

rhomboedric

8/2/2017 [ det [spot| HV | WD [ ———100 ym ———
2:40:06 PM |ETD| 4.0 |30.00 kV| 7.4 mm Waterfall Dreimiihlen

Schmidkonz, B, J Chem Educ, 2022, 99, 3323-3331.

w
=
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=PFL Dreimiihlen waterfall

How many kg of calcite are precipitating each year?

On your field trip, you measured a flowrate of 60 L/s and the parameters in the table
below. Use SpecES8 to calculate the amount of calcite precipitating.

Table 1. Some Averaged Results (Micro-Titrations Only) of
All Ten Excursions from 2008 until 2017

parameter head foot difference
conductivity (1S cm™') 602
temperature (°C) 8.8
pH (units) 7.61
p(Ca*) (mg L7") 108.7 "
c(Ca?) (mmol L™Y) 2711 :
p(CaC0;aq) (mg L") (= Ca-hardness) 2714
c(M**) (mmol L™') (M = Ca, Mg) 3.409
c(HCO;™) (mmol L") 5.57

B ENV 200: Geochemical Modeling
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B ENV 200: Geochemical Modeling

Dreumiihlen waterfall: Solution

. E SpecE8 Community Edition - C:\Users\maeppli\OneDrive - epfl.ch\GWB

— O X
| File Edit Run Config View Help
Basis Medium Command Results
-~ constraints on initial system
H20 ' freekg ¥
- e e
Calcite 4% Ca++ ' freemg/lasCa ¥
HCO3- & 5.57 ¥ mmol/kg ¥
temperature ' c
+ advanced
add delete

\Ready
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B ENV 200: Geochemical Modeling

Dreimiihlen waterfall: Solution

Minerals in system moles log moles grams volume (cm3)
Calcite ©.002715 -2.566 ©.2717 ©.1003
(total) 0.2717 0.1003

0.2717 g/L calcite are precipitating
Using a flow rate of 60 L/s, we obtain 16.302 g/s
16.302 g/s * 60 s/min * 60 min/h * 24 h/d * 365 d/y = 514’100 kg/y
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B ENV 200: Geochemical Modeling
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Workflow for thermodynamic modeling

o 0ok~ W

Develop a conceptual model: List the processes that likely determine
the chemical composition of a system.

Make partial equilibrium assumptions: Consider the timeframes in
which you wish to understand a system (minutes? years? millions of
years?). Decide which of the relevant reactions will reach equilibrium
in this timeframe, and which ones will not proceed to any relevant
degree.

Make sure you have thermodynamic parameters for these reactions.
Solve all equations simultaneously with a numerical model.
Interpret the output with respect to your conceptual model.
Potentially revise the conceptual model and start over.
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B ENV 200: Geochemical Modeling

Environmental engineering challenge

Waterfall DreimUhlen: Are 514’100 kg/y calcite precipitation a plausible
value?

Schmidkonz, B, J Chem Educ, 2022, 99, 3323-3331.
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Summary

1. We can use the Rxn app in the Geochemist’s Workbench to balance
reactions.

2. The SpecES8 app is a versatile tool for speciation calculations.
Successful implementation of speciation calculations requires a good
understanding of the system of interest.

3. Geochemical models are always simplifications of natural systems.
They can still provide meaningful clues to understand the functioning
and complexities of natural systems.
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