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Learning objectives

You should be able to
1. explain what geochemical modeling is useful for

2. be familiar with Apps in the Community Edition of the Geochemist’s
Workbench

interpret and plot the output of a simple modeling run

4. describe how you can use geochemical modeling in environmental
engineering challenges

Meret Aeppli N
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= Geochemist’'s Workbench Community Edition htips:/academy.gwb.com/

= Geochemical and Biogeochemical Reaction Modeling by Craig M.
Bethke (Cambridge University Press)

= Many examples that we cover here are from the GWB Essentials Guide
(by Craig M. Bethke, Brian Farrell, Sharon Yeakel)

Meret Aeppli »
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What is geochemical modeling?

In almost all environmental problems, there is a need for knowledge or predictions of the solute
concentrations in space and time.

» Contamination issues

« Example: what will happen to a particular toxic chemical component or species in groundwater
downstream from a contamination source such as a polluted industrial manufacturing site? How fast
will the contaminant progress downstream, and when will it reach a certain point? What processes will
slow down its movement (retardation) or immobilize it? Will the concentrations of the contaminant be
above regulatory thresholds? Would the remediation methods be effective, i.e., limiting the migration of
a contaminant and lowering its concentrations?

» These questions may also be posed for the history of a site concerning past activities: what has
happened at this site in the past?

» \Water resources issues

+ Example: water is clear and uncontaminated, but just how much is there to tap and who is entitled to
what proportions? In this case, chemical constituents in groundwater and their movement can help
delineate the flow system that hydraulic data alone fail to reveal

F
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Environmental engineering applications

= High-Level Radioactive Waste Disposal
= Mining-related environmental issues

= Landfills

= Deep well injection of hazardous wastes
= Artificial recharge to aquifers

Meret Aeppli L
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Environmental engineering challenge

Waterfall in Dreimuhlen (D)

= \Water emerges from the
subsurface in a karst source just
above a waterfall

= |n the waterfall, the water
equilibrates with the atmosphere
and calcite is precipitating

How fast does the waterfall “grow”,
i.e., how much calcite is precipitating
each year?

Meret Aeppli



B ENV 200: Geochemical Modeling

What do we want to accomplish?

Ultimately, we want to describe the complete chemical composition of a
system (e.g. a lake, a soil column, an aquifer)

There are two ways to accomplish this:

= Thermodynamic description: If a closed system is at equilibrium, its
chemical composition is uniquely defined.

= Kinetic description: If equilibrium is not attained (slow reactions) or if the
system it is continuously perturbed (i.e. biological activity), a kinetic
description is necessary.

Here, we will focus on the thermodynamic description.

Meret Aeppli ~
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Natural systems are complex

» We have discussed different chemical reactions in this class:

Acid-base reactions

Complexation reactions

Dissolution/precipitation reactions

Redox reactions
= You have learned to predict how a system behaves considering a few reactions that
are at equilibrium simultaneously:
+ Remember, for example, the carbonate system or reductive dissolution of iron minerals
« Complex calculations and/or graphical solutions were required to solve these systems

= However, in natural systems, many or even all reaction types mentioned above may
operate simultaneously, forming extremely complex reaction networks.

Meret Aeppli
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How do we deal with complexity?

We could set up a mathematical framework. We already have

= Mass law equations
A2+ + 2B- = AB,
_ _ {48}
K= {4, }(B )

= Mass balance equations
[B] + 2[AB;] + [CB(s)] = [Bliot

= Charge balance equations
2[A**]+ [B]-[B]=0

Meret Aeppli ©
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e have a lot of thermodynamic data!

Substance.

silicon
Si(s)

Sitg)
SiCli(g)
SiOx(guariz)
Silver
Ag(s)
Ag(g)
AgCls)
AgNOx(s)
AgNOS(s)
AgSOL(s)
Ag'(ag)
Sodium
Na(s)
Na(g)
NaCl(s)
NaOH(s)
NaxSO4(s)
Ne(ag)
Sulfur
S(rhombic)
SFylg)
H;S()
50,(s)
505(g)
SOF (ag)
SO (aq)
Tin
white)
nlg)
Sa0s)
sn** (aq)
Titanium
Ti(s)

Tilg)
TCL0D
Ti0a(s)

s
E

A} (0 mol ™)

4500
~6627
~910.7

2849
1270
—444
—444
~7159
1056

1075
=412
-4258

—1367.1
—240.1

~1220.5
-206
2968
-3957
~6355
-9093

3012
-5T16
-89

4130
-804.2
~944.0

AGP (kJ mol ™'y

405.5
6228
~8563

2460
1098
198
198
—6184
771

SaUmeol K

188
168.0
3308

as

426
1730
9.3
1405
1409
2004
7

513
1537
721
644
1496
59.0

321
2915
2058
2482
2568

20.1

512
1685
490
-167

307
1803
2524

506

Thermodynamic Data for Inorganic Compounds at 208.15 K (continued)

Cp @ mol 'K

200
23
903
44

254
208
508
930
9.1
1314

282
208
505
595

1282

26
913
342
399
507

70
213
526

250
44
1452
550

Atomic or
Molecular
Weight (amu)

28.09
28.09
169.70
60.09

107.87
107.87
14332
15388
169.87
31180
107.87

2299
2299
5844
40,00

142,04
2299

32.06
146.07
34.09
64.06
50.06
50.06
96.06

118.69
118.69
150.69
118.69

ar87
47.87
189.69
79.88

1500
1519
1519
1600
1700
1800

10
=
Qo
Q
<<
e
[
=4
(]
=
Gaseous phase Aqueous phase ‘Gaseous phase Aqueous phase
Step no. Step no.
(Scheme2)  Substituent A, 05H°  8r505G°  Ap2esGO (Scheme 1) Substituent — Aeef°  AposG®  AposG®
1 2F -164.2 -151.3 —43.3 X 2F =0.1 =24.4 =344
2-CFy -167.1 —-153.2 —44.1 2-CF; —6.6 =309 =39.0
2-NO, -166.0  -1535 —44.7 2:NO, -13.9 -38.5 476
2-0CH; -1628  -1505 —13.0 2-OCH; 2.3 -21.8 -30.9
2,6-diBr -1654  -152.8 —442 2,6-diBr :
11 2F -190.2  —1802 —63.1 X1 2F
2CF, -1929  -182.0 —64.4 2CFy
2-NO, -191.4 —181.1 —64.9 2:NO,
2-0CH; -1889  -1784 —62.7 2-0CH3
2,6-diBr -188.0 -178.5 —62.6 2,6-diBr
m 2F ~25.0 X1 2F
2CF; ~26.0 2CF,
2NO, -23.0 2-NO,
2-0CH, -224 2-0CH,
2,6-diBr -25.0 2,6-diBr
% 2F -36.7 X
a [0 0 0 2-0 -34.9 XIV 2F
Hp — Hagg s ST _(GT - !'v z-rCH; -51.7 2-CF;
“Imol~! | Tmol™! JK 'mol™" | JK ' mol 2CF, _58.8 20CH,
136 0 165.60 165.60 Tochs e x SocH,
.67 264 166.48 165.60 2,6-diBr —64.7 xvi 2F
.26 15215 209.41 17137 v ifm ‘:g-;‘ :g‘:i
175 31185 245.01 182.64 20CH, ey 20CHs
161 47911 27548 19563 wvi 2F -117.7 2,6-diBr
172 65282 302.25 208.99 by s xvit o
142 83241 326,22 22217 v P 0 el
.88 101757 348.03 234.96 2-CF3 -3.6 2-0CH,
Lid 116958 364.20 24486 TocH, o i deioe
14 116958 364.20 244.86 2-CFy -345
119 120812 368.10 247.28 2;2;1 -349
141 140392 386.75 259.12 el ey
2 5.
1.56 160490 404.24 270.50 —1382.945
1.66 181102 420.73 281.42 —1381.121
1 193713 430.22 287.78 —1379.872
1 193713 430.22 287.78 —1386.232
1.74 202222 436.38 291.94 —1385.785
129 204576 438.06 293.07 713
129 204576 438.06 293.07 —1391.353 | —912.240
.01 211891 443.18 296.54 —1391.195 | —900.813
=90 229615 45543 296.53 —1373.471 —900.788
210.90 241214 463.31 302.50 —1373.337 —882.651
210.90 245222 465.96 304.53 —1373.442 —876.614
210.90 245222 465.96 304.53 —1406.442 —876.612
210.90 262304 476.92 31298 —1406.393 —848.179
210.90 283394 489.71 323.00 —1406.499 —813.289
210.90 304484 501.76 332.60 —1406.651 | —778.391




B ENV 200: Geochemical Modeling

Workflow for thermodynamic modeling

o 0o A~ 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.

Meret Aeppli



B ENV 200: Geochemical Modeling

1. The conceptual model

= Amodel is a simplified abstraction of nature.

= |t is described by a set of mathematical expressions thought to
represent natural processes in a particular system.

= The model is built by you! You chose what data to use, which software
is appropriate, which results are reasonable.

= You already build conceptual models
 Remember, the carbonate system?

Meret Aeppli



=PrL 2. Partial equilibrium assumptions

= Which timeframe is important for the processes you are interested in?
Which of the relevant reactions will reach equilibrium in this timeframe?

QOcean

- Precipitation —>
~—— Soil moisture —— >
~——— Streams ———>
< Lakes >
~<«—— Groundwaters ———
(tR) RESIDENCE TIMES ————>
w
Solute-solute Gas—
-+ > -
Solute-water water
<—— Hydrolysis of multivalent ions ——————>
Adsorption—__ . (polymerization)
desorption Mineral-water
4— .y -
equilibria
Mineral
recrystallization

(1) REACTION RATES ———> Langmuir,
Seconds Minutes  Hours Days  Months  Years 106 Years Mahoney (85)

B ENV 200: Geochemical Modeling
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2. Partial equilibrium assumptions

= Kinetic information can be introduced into equilibrium calculations.

= Partial equilibrium assumptions

 consider only fast reactions with half-lives much smaller than the reaction
time scale we are interested in (t;, <<t,)

* ignore slow reactions in which half-lives are much larger than reaction times
(tip >>t;)
= This becomes problematic if reactions with half-lives close to the

reaction times are important (t,, = t,). In this case, we would need
Kinetic modeling.

-
'Y
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. 0 0 0
=PrL K QG HY— Hlrs | 57 G~ /T | 30| G
= ' emo JK ' mol™" | Jmol™! JK™ mol™! JK "mol™! kimol™" | kJmol™'
" 298.15 | 109.4 0 113.70 113.70 —961.536 | —884.475
300 109.8 203 114.38 113.70 —961.512 | —883.998
400 108.4 10823 144.93 117.87 —960.818 | —858.275
500 114.6 21978 169.79 125.84 —960.126 | —832.719
Gaseous phase Aqueous phase N Gaseous phase Aqueous phase P o o o e 050359 | _son 109
. ep no. ! )
(Sst:ll:er:nve 2)  Substituent  AyoegH®  ApggsG®  AygeeGP (Scheme 1) Substituent  ArpogH®  ApggG®  ApagsG® 700 124.9 45959 210.04 14438 —058.531 | —782.033
2 —957.646 | —756.877
1 2F =-164.2 =151.3 -43.3 X 2F =0.1 =244 =344 800 129.3 58672 227.01 153.67 . 21839
2CFy -1671 1532 -u1 208 Thp—=tad_—=ial SANAF 2 JANAF3 900 133.4 71813 242.48 162.69 —956.698 | —731.
Socu Tas Ties o Yok, o Stull and Prophet (1971 Chase et al. (1985}, ( 950 136.6 82614 253,98 169.68 —955.869 | —711.977
26.dinr Clesd 128 -M2 26dine -2 Aqueous BAG" aH" s A6 Akt | og0 136.6 82614 253.98 169.68 —960.319 | =71 {I’ :;g
2-F -190.2 —180.2 —-63.1 X1 2-F A A Jmol” K ke mol e mol 5. . ]"' 1 39 _960 | 49 _70 )
! 2CF, -1929 1820  -644 2.CFy _7._Species kJ mol kJ mol m: s Lo 137.3 85353 256.75 0420
2NO, T E ) N0, 1. H20{1} -~ .1 390 1100 | 1410 99271 270.01 179.76 959071 | —681.5
F Ths pv B e W okt ke e 1200 | 1446 113552 282.43 187.80 ~957.778 | —636.365
2,6diBr -1785 626 2,6-dilir -6_Spacies kimol'  kimol®  Jmol'K'  kimol'  kimol | T
m o - A 5l 2" 02(g) 0.000 0.000 205,142 0, 0. | 1300 148.0 128183 294.14 195.54 —9356.2 —631.
2.CF; e e ¥ H200) 0.000 0.000 130,684 0. 0. | 1360 150.1 137127 300.87 200,04 —0955.260 | —616.425
' ey iy :
zoa, Tote Taa zocn, B 2%0(03 g:}:;; g;:g ;“’gﬁg gﬁgx g;gg 1360 | 150.1 137127 300.87 200.04 —gigggg —2(1) ::i:
-di -124.9 —25.0 2,6-diBr 1 -393. 3 -394, X p 305.2 202.98 —959, _ 242
v :S: o —146.6 —36.7 X —@ﬁm A5 AH* . 9: ) vy 3 AR 7 1400 151.4 143157 305.24 )
2-0CH; —-142.1 -349 X 2F —10. 5 las kd md-‘ kJ mol Jmol' K kJ mol kJ mol
v jo e o Tt 1o Piwhite) 12012 17460  41.079 0. 0. 41077 0,000 0.000 41.087
Q.CF‘ :::‘i ::2‘: ¥V kXS * - Piradl 0.000 0.000 22.803 -12.026 -17.460 22853 -12.134 -17.573 22845
200 228.781
2.0CH, 097 228781 2723335 -3000.936 228781  -2723.357 -3008.970 g
2,6diB e BS7 41463 856443 910857 41463  -856.637 910940 41840
w 2¥ ek 430 53848 1192796 -1271936 53953  -1194.312 -1273.484  53.974 ;
2CFy - -t 20 moi™) 1) S Weight 900 88743 068520 -1003.900 88743 50 (GY—HY, /T | AHO AG
w o e e = 274 509% 582275 1675692 50950 1562223 167502 60819 | | L_, | Cf RIS o=t | el
1 2F Silicon
T | 0 o s | —1386.185 | —1284.409
vm g-?caﬂs 0 o s s oyt o 072 83220  D4d4dE2 2592072 03221 2442843 2500314 93776 igﬁ?}: i??gi —1386.176 | —1283.779
30Ty doi oor s e o "o 503 B7.400 743523 825503  B7.400 742293 624248  87.404 209.41 17137 1385372 | —1249.751
20CH, ;::3;(:“"’«‘ 894 145.268 -1017.438 -1120.884 145266 -1015.228 -1118.383 146.147 245.01 182.64 —1384.332 —1215.966
x :-2[-‘ Agls) 0 0 426 254 107.87 -1380.682 -1479.881 151.001 275.48 195.63 _1383.264 _1182.394
2NO, Aste) w19 260 1m0 w3 w0787 241 26945 568945 601241 26024 560200 601482  26.845 aas 20859 Ziasr210 | “1is ool
2-0CH, AgCl9) 1270 1098 %3 508 14332 664 63.178 833652  -924.6684 B3.242 o g vl Bpe
2,6-diBr AgNO(5) —aad 198 1406 90 15388 BB 65,856 -1028.124 -1111.689 65854  -1029.209 -1113080 65103 326.2 222, :
ANOL) s 18 109 » 8 935 95140  2057.879 2176935 05140 2054944 2174006 95140 348.03 234.96 —1380.081 | —1082.647
AgS04s) s -oned oot s i 603501 635089 38212  -603.459 635089  38.074 364.20 244.86 _1379.150 | —1056.369
S e o ! . A4 BRMET  AMF 364.20 244.86 —1385.825 | —1056.370
o -1129.033 -1207 544 91.713 _
: 5.10 24728 —1385.648 | —1049.525
g N s o e s ey 540,629 -1634.940 82006 igﬁ s Y01 T isnads | 1015060
K] N 12 a1 71 55 skt 982 75040 379080 417982 75042 378322 417145 75270 | 9073 - - .
3 y’::glr(:;:) ::zlsls 397 s 5 40.00 120 72.115 -384.024 411120 72115 384,082 411153 72.132 404.24 270.50 —1382.945 | — 3
2 NS0, ~rasn3 -1202 1496 282 1200 171 84140 322084 363171 04140 | -301.257 339882 102008 | 420.73 281.42 —1381.121 | —949.236
= Ne'(ag) ~2401 —2619 »0 29 584 82.555 408761 436,684 82.554 A0B.B19  436.747 82.546 430.22 28778 —1379.872 | —929.462
8 Suitor 1360 | 21171 193713 430.22 287.78 _1386.232 | —920.462
E s o . os o o 1400 | 213.74 202222 436.38 29194 —1385.785 | —915.903
- - = A 146,07 1. 2 22 0.5 a - >
5 N gy e e ua 3409 1411 | 21429 204576 438.06 203.07 —1385.713 | —912.238
E S048) 28 ot He2 fied 6106 1411 214.29 204576 438.06 293.07 ~1391.353 | —912.240
o pocty - by ool o o 1445 | 21601 211891 44318 206.54 —1391.195 | —900.813
ek St s o ! . 229615 455.43 296.53 ~1373.471 | —900.788
O - ~ - 96.06 1445 | 21090 229615 5.
S " - - N 1500 | 21090 241214 46331 30250 —1373.337 | —882.651
S Selwhite) 0 " o2 o e 1519 | 21090 245222 465.96 30453 —1373.442 | —876.614
S o s s s i i;z:’; 1519 210.90 245222 465.96 304.53 —1406.442 | —876.612
2 o e s 61 e it 1600 | 21090 262304 476,92 31298 1406393 | —848.179
P4 $0%(ag) -89 272 167 8.60 !
w Thanlum 1700 | 21090 283394 489.71 323.00 —1406.499 | —813.289
T 0 o o 20 aw 1800 | 21090 304484 501.76 332.60 —1406.651 | —778.391
| Tilg) 47130 4284 1803 24 47.87
TiCl) —804.2 -1372 2524 145.2 189.69

TiOs(s) ~9440 8888 506 550 79,88
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4. Solve equations using a numerical model

= Here, we are using the Geochemist’s Workbench.
= The remainder of the class will focus on how to use this software.

Y
[
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Geochemist’s Workbench
Installation guide
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B ENV 200: Geochemical Modeling

Information

» The Geochemist’s Workbench
is not available for MacOS or
Linux systems

= |f you are working with
MacOS (or Linux), please find
another student whose PC is
running on Windows and work
together

=y
[
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Installation guide

Go to https.//www.gwb.com/store.php and add GWB community to your

chart ($0).

C O B https://www.gwb.com/store php

Checkout

GWB Community Subscription ( 1 year)

End User

Company
EPFL

First Name * Last Name *

[Free Download — The Geochemist's Workbench Community Edilionll

$0

Total: $0

{ Meret } Aeppli

Email Address * Confirm Email Address *

meret.aeppli@epfl.ch } meret.aeppli@epfl.ch

| consent to be contacted by email @ *

[y
©
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Installation guide

Meret Aeppli

You will receive an email with a link to the download. Download and
install following the prompts on the screen.

GWB Community Edition 2023

B ENV 200: Geochemical Modeling

@ 6we Community Edition 2023 -

Welcome to the GWB Community
Edition 2023 Installer

This wizard will guide you through installing The
Geochemist's Workbench® Communi ity Edition 17.0.1.

It is recommended that you close all other applications
before starting Setup. This will make it possible to
update relevant system files without having to reboot
your computer.

© 64 Bit (recommended)
O328it

Uninstall GWB 32-Bit

Please select an install type then click Next to continue:

W —o
r—-":-:’l )

=
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Installation guide

GWB Community Edition 2023

AN Comenuney | dticn 2073

Conlfrmaton
Pleace condum the telected inctalation ot one Thek inetall £a Degn the
I ARALIEn Of ChOL DLE LS trdbe (Nandeh

CAE eorcutabin
CProguam Mev'owt

CWE Ihermodmanec data, cubrmple JOIPLL, AN tourie Niet
Cladiars PABAC Dacemerts G 08

RS

Canced

N
>4
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Once installation is complete, open the software. Input the activation code
you received by email and click activate, then finish.

e
A 6WB Activation Utility X
License Sources

Activate GWB X

Enter the activation code or license server here:

GCCSU1L-341 ‘\ABEDI

Alternatively if you have a license file or XML response file,
browse to and select it :

Browse...

B ENV 200: Geochemical Modeling
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The Geochemist’s Workbench Essentials

We will use the following Apps here:

= GSS is a spreadsheet designed for
manipulating and plotting geochemistry
data

= Rxn balances chemical reactions and
calculates equilibrium constants,
temperatures, and equations

= Act2 generates stability diagrams on
activity, Eh, pe, pH, and fugacity axes

= SpecE8 computes the distribution of
species, sorption onto surfaces, mineral
saturation, gas fugacity, and isotope
fractionation in aqueous solutions

THE x
Geochemist’s
e workben(:h' Community Edition

Apps ChemPlugin Docs Settings Support Subscription

: GSS SpecE8
the geochemist's ’ calculate speciation
spreadsheet in solution
g Rxn React
<~ balance reactions trace reaction
and more processes
’ Il Act2 Phase2
- actvity, stabiley, and “ calculate phase

dagrams

A solubilty diagrams

Tact X1t

temperature - activity 4 1D reactive ranspon
diagrams

TEdit X2t

edithermo data u 2D reactive transpon

el Gtplot W, P2plot Xtplot
/“ piot geochemical data ‘ Agram reactiv
and reachon paths Sagram transpor 1¢ .

N
&
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GSS: The Geochemist’s Spreadsheet

= GSS is a spreadsheet designed for geochemists. The program works
with the other software tools in The Geochemist's Workbench. You
enter, paste, or drag the analyses for your samples into a GSS data
sheet.

= You can then convert units, create plots and diagrams, mix samples,
compare replicate analyses and check standards, calculate speciation
and saturation, and more. You can drag samples into the other GWB
apps, and drag calculations results from the other apps into GSS.

Meret Aeppli
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|
Open GSS, go to File — Open and select the file “RiverWaters.gss”
GSS Community Edition - C:\Users\maeppli\OneDrive - epfl.ch\GWB\RiverWaters.gss Samp Ies
File Edit Data Plot Analysis Help —
Analytes 1 @~ 2 A< 5V | +sampk |
%mple ID v »|Amazon River Mississippi River  |\World average
m\ A < |mmol/kg 4 0.1165 0.1315 0.2164
AlF++ ¥ + |mmol/kg b 0.002594
Fet++t <> « |mmol/kg » 0.001074 358.1E-6
Catt @ ~ |mmol/kg 4 0.1073 0.9481 0.3743
Mg*+ A ~ \mmol/kg b 0.04526 0.4114 0.1687
Na* V¥ ~ mmol’kg 4 0.0783 0.87 0.274
K* @ ~ mmol/kg 4 0.07417 0.05883
HCO3- X « mmolkg > 0.3114 1.852 0.9506
2 S04~ %+ |[mmol/kg 4 0.03123 0.5309 0.1145
% Cl- O « |mmol/kg b 0.05359 0.677 0.22
% F- X «|mmolkg b 0.01053 0.01579
§ NO3- ¢ + |[mmol/kg 4 0.001613 0.03871 0.01613
(085 TDS B ~ mg/kg > 28 232 89
s pH O~ 4 6.5 7.4
&
% + analyte
|

Meret Aeppli
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GSS: Converting units

Select one or more analytes, right click in the unit field to show a selection of units.

GSS Community Edition - C:\Users\maeppli\OneDrive - epfl.ch\GWB\RiverWaters.gss

File Edit

Data

Plot Analysis

Help

1

A4 2 A~

3 \ A d

+ sample

Sample ID

w

»|/Amazon River

SiOo(aq) FANR mmol/kg
AlF++ K ~ [mmolikg
Fet++ & ~ [mmolikg
o O
v O
Na* k4 ~ [mmolikg
K+ 3 ~ [mmolikg
E mmol/kg
mmol/kg
cr &l ~ |mmolikg
F- HE ~ [mmolikg
NO3- mmolikg
DS 1~ |mg/kg
pH O~ 4
+ analyte

Mississippi River

0.1165 0.1315

0 00to7

o/l
s
mg/kg
ma/
ug

b871
232
74

ug/kg
ug/I

World average
0.2164

0.3743
0.1687
0.274
0.05883
0.9506
0.1145
0.22

0.01613
89

ng
ng/kg
ng/l

wt fraction
wit%

N
~

Meret Aeppli



=PFL GSS: Plotting data

Meret Aeppli

Go to Plot and choose from the list of plots and diagrams.
You can add
GSS Community Edition - C\Users\maeppli\OneDrive - epfl.ch\GWB\RiverWaters.gss more Samples
File Edit Data Plot Analysis Help 7
XY Plot > - 2 A~ 3 V¥ v | +sample L/
Sample ID Ternary Diagram.. Mississippi River  |World average
SiOz(aq) A Piper Diagram... i5 0.1315 0.2164
Alt++ v Durov Diagram... 14
Fe*+ <& Schoeller Diagram... 4 358.1E-6
Catt o Stiff Diagram... 13 0.9481 0.3743
Mg*+ A Radial Plot... 6 0.4114 0.1687
Na+ v Yorm Belbree s 13 0.87 0.274
K* 2 0.07417 0.05883
HCO5- X Update Plot(s) Ctrl+U 4 1852 0.9506
% S04~ * 7 AutoUpdates .3 0.5309 0.1145
% You can add O « |mmolkg > 0.05359 0.677 0.22
= X + |mmol/kg b 0.01053 0.01579
% more analytes ¥ v |mmol/kg 4 0.001613 0.03871 0.01613
E S B ~ |mg/kg b 28 232 89
g AN O~ N 6.5 7.4
& + analyte
|
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GSS: Plotting data

Chose XY Plot — Cross Plot. This will open Gtplot to generate the following:

GSS Community Edition - C\Users\maeppli\CneDrive - epfl.ch\GWB\RiverWaters.gss — ] X
L
Flle Edi+ IREREN Dlat Amahicic Llnla { . . .
XY Plot Confi tion — Select Y- Variabl
Gtplot Community Edition - C:\Users\maeppli\OneDrive... ot -entiguration el Vet s Vel X
is Y Ax
Sample File  Edit Plot Format View Help X fods B Sampli
SiOa(aq Variale In Tab X Axis, you can
A+ 2 r— 1| Filter chose which parameter
Fett | T { to show on the X axis
—— i
++ i
Mg++ E :
2 tad forld average 1
—A -] v
3 5 507
e i
cr Amazzn River .
I Siogag)
2 F- . &
% . A! Fr '3
° NOS' /Amazon River Mississippi River World average
% Sample ID
w TDS B Auto-scale [ ] Reverse axis
o
€ pH 1 1 Minimum 0] mmol/kg v
@
§ Maximum 2 as Species
o)
O] . =1 [:
Tick t 3 | v
g Readly ick incremen - linear
I
>
P4
w OK ] I Apply ] I Cancel ] [ Reset ]
|
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GSS: Plotting data

To change the appearance of the plot, go to Format — Appearance

Components in fluid (mmol/kg)

1.5

v A Mississiﬂ]pi River
® ca™t I
o cr
X F
<> FE++
X HCO,
L
A Mg”
v NOj
¥ Na'
* S04
LA siOyaq) World average
e I
\4
O
L *
i A
Amazon River ®
I
i g

Amazon River

Mississippi River
Sample ID

World average

w
o
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GSS: Calculate water hardness

Go back to the initial GSS table. Click on + analyte — Calculate with SpecE8 — Hardness
(carbonate). A row with water hardness values is added to the table.

w
=4

Meret Aeppli
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GSS Community Edition - C:\Users\maeppli\OneDrive - epfl.ch\GWB\RiverWaters.gss = O X
File Edit Data Plot Analysis Help
1 o~ 2 A~ 3 YV v | +sample

Sample ID hd b|{Amazon River Mississippi River  |World average
SiOs(aq) A ~ |mmol/kg 4 0.1165 0.1315 0.2164
Al+++ Y+ |mmolkg 4 0.002594
Fett <+ |mmolkg 4 0.001074 358.1E-6
Catt @® ~ |mmol/kg 4 0.1073 0.9481 0.3743
Mg*+ A ~ mmol/kg 4 0.04526 0.4114 0.1687
Na* ¥ ~|mmolkg 4 0.0783 0.87 0.274
K+ @ ~ |mmolkg 4 0.07417 0.05883
HCO3- X +|mmol’kg 4 0.3114 1.852 0.9508
S04~ * + [mmol/kg 4 0.03123 0.5309 0.1145
Cl- O « |mmol’kg 4 0.05359 0.677 0.22
F- X +|mmol’kg 4 0.01053 0.01579
NO3- ¥¢ + |[mmol/kg 4 0.001613 0.03871 0.01613
TDS B ~ mg/kg 4 28 232 89
pH O~ 4 8.5 7.4
Hardness © « |mg/kg_as_CaC(| b 15.27 136.1 54.35

+ analyte
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Interpreting the data

Why is the water of the Mississippi River harder than the water of the
Amazon River?

OCEAN

w
N
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Reaction balancing with Rxn

= Consider the oxidation of H,S(aq) to sulfate (SO,%-). To balance this
reaction, we can use the Rxn App.

= To balance a reaction with Rxn, first set a species, mineral, etc., to
appear on the left side of the reaction. Then, swap the basis to pull in
the various species you want to appear in the reaction.

Meret Aeppli
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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

i Rxn Community Edition - C:\Users\maeppli - 0O
File Edit Run Config View Help
Basis ‘ Command ‘ Results
Left side of .
. r balance reaction for
reaction
= R L st
~in terms of
i temperature 250 vcorw
ionic strength true |:|v molal stoich
add delete

B

factor reaction by

1

o

reverse

LReady

[
Y
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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



=PFL  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-

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

Basis Command Results

 balance reaction for

~ in terms of

temperature 250 yCcv-

ionic strength true I:Iv molal stoich

add delete

factor reaction by v reverse

B ENV 200: Geochemical Modeling

\Ready
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Rxn: Reaction balancing

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

w
~
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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 fn Community Edition - C\lbsers\masepgli (] »
File Edit Run Config View Help
Basis | Command | Results
balance reaction for
HISisg ity ™
in benms ol
Me £ activity ™
S04-- g% activity ™
Hiag) | £ | Ofisg aclivity ™
2D =2 activity ™
T —— 250 cC-
W FIPEMmg s malal 1]
add
-

Rirady

w
-
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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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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!l (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

Meret Aeppli
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Summary

1. Geochemical modeling is used to obtain information on solute
concentrations in space and time.

2. The model is always a simplification of a complex real system. We
therefore need to be careful with our assumptions and interpretation of
the modeling output.

3. The GSS spreadsheet in the Geochemist's Workbench can be used to
convert units, create plots, and calculate speciation and saturation.
(We will talk more about this when discussing the SpecES8 app!)

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

Meret Aeppli
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