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As an example of using DB-WIN and NETPATH-WIN, we examine radiocarbon dating in part
of the Floridan aquifer of Florida, USA as originally investigated by Plummer and Sprinkle
(2001). For demonstration purposes, radiocarbon dating is applied to water from well 3.5 (well 5
on flow path Ill, Figure 3 in the Note). All the data for this example are available in the
distribution file of NETPATH-WIN. Figure S1 illustrates the opening screen of DB-WIN.
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Figure S1. The opening screen of DB-WIN showing various options. Steps start by selecting "Open LON file...'
followed by other selections including manipulating the well data, running the thermodynamic speciation code,
WATEQF, and examining the WATEQF results. A specific well to edit is chosen from the pull-down menu, which
is well 3.5 in this screen.
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The screen includes an instruction button that provides information on the use of DB-WIN. In
addition to opening an existing LON file, one can launch a spreadsheet for new data entry, save
the LON file, check the LON file for erroneous data, identify missing critical values, such as
temperature and pH, check charge imbalance, speciate the water analyses in the LON file using
the WATEQF speciation model, and view the text file of the WATEQF results (Figure S1).

From this screen, it is possible to edit the existing data for a chosen well, add a new well to the
database, delete a well, print a text file of the chemical and isotopic data for the well, and select
various options to be used in speciation of the analysis in WATEQF. This screen allows paging
from well to well in the database for additional editing, and saving the new well data for each
well in the LON file. The edited LON file can be saved under a new name and/or location.

Example steps in using DB-WIN

Some of the steps in using DB-WIN are summarized for an example from the Floridan aquifer.
1. Open the file FLORIDA.LON.
2. Select well 3.5 from the drop-down menu as seen in Figure S1.

3. Choose "Edit selected well" and examine various well data and various flags (Figure S2).
The latter include “Units” of concentration, choice of model to calculate “Activity
coefficients”, “Carbon choices” (options for unit of concentration of dissolved inorganic
carbon), and “pe calculation choices” (options for calculation of pe). Detailed
information about well data and flags are available in the original model documentation
(Plummer et al., 1994).

4. If needed, changes can be easily made and saved.

5. Run WATEQF from the main menu to create the FLORIDA.PAT file. Before WATEQF
IS run, an option appears (Figure S3) that permits adjusting the water analyses for charge
imbalance in creating the PAT file. (This is normally not recommended but can be an
option later to test model sensitivity to possible charge imbalance uncertainty in the
analytical data). DB-WIN then asks for the location of the thermodynamic database used
by WATEQF, “DB.IN” (Figure S4). Unless alternate thermodynamic data are to be used,
one normally selects the default option in opening DB.IN. WATEQF is then run and the
PAT file created (Figure S5) that contains all the data needed to run NETPATH-WIN for
the chosen LON file. By clicking on the “Results” tab from the main menu of DB-WIN,
the user can page through an ascii file of the output from WATEQF, viewing, for
example, the distribution of aqueous species in each water sample, dissolved gas partial
pressures, and mineral saturation indices. Having closed the WATEQF “Results”
window, the user is returned to the main screen of DB-WIN where additional options are
available (“Add a new well” to the LON file, “Delete the selected well” from the LON
file). The analytical data for the well selected in the main screen, well 3.5 in this case,
can be displayed (and printed) by selecting the “Well report” tab (Figure S6).
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Figure S2. Example showing the Edit well screen from DB-WIN. The pull-down menus allow editing of
specific information pertaining to the well (location, aquifer, date/time sampled, well depth, amount of
casing, and land-surface elevation), concentration data for the sample, and Flags that set units of
concentration, activity coefficient option used in WATEQF, concentration unit of inorganic carbon, and
choice of redox option.
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Figure S3. Prior to speciating the LON data set in WATEQF, an option is available to adjust the chemical
analyses for charge imbalance, in proportion to their equivalents in the analysis. Selecting “Yes” will alter
all the analytical data in creating the PAT file (the original LON file is unaltered). This can be a useful
option for testing existing NETPATH-WIN models for uncertainties in analytical data, but is not
recommended for initial model construction.
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Figure S4. More advanced users may construct their own thermodynamic data files for WATEQF. Here
the option is given to select an alternate thermodynamic data file, or to select “Open” to use the data file
provided with the distribution package for NETPATH-WIN. The existing thermodynamic data are

consistent with the original NETPATH (Plummer et al., 1994).
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Figure S5. The water analyses in the FLORIDA.LON file were speciated and the NETPATH-WIN data
file, FLORIDA.PAT, was created. DB-WIN then returns to the main screen (Figure S1).
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Figure S6. Display of the analytical data in the LON file for the selected well in the main screen of DB-WIN. Close

the window to exit this display.

Having speciated the FLORIDA.LON data set in DB-WIN, we run NETPATH-WIN and select
the FLORIDA.PAT file, as seen in Figure S7. This PAT file contains all the compositional data

for each water analysis (in mmols/kg water) and isotopic data for each sample. If previous

models have been saved that are associated with the PAT file, they appear in the list of DAT

files. Each model file (DAT file) contains all the parameters, phases, constraints, isotope values,
etc., needed to re-run the model using the saved PAT file. From the main screen of NETPATH-
WIN, new model files (DAT files) can be created or existing files modified and saved with new

or existing names.
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Figure S7. The opening screen of NETPATH-WIN showing various options. Steps start by opening an existing PAT
file (FLORIDA. pat, in this example), followed by opening a selected DAT file (a model file) from the pull-down
menu (which can be edited and saved). New models (DAT files) can be created using tabs under the Edit option, and
saved using the tabs “Save DAT file” or Save DAT file as”. Existing DAT files can be deleted using the “Delete
selected file” tab. Various actions under the “Edit” heading include the “Well list” (permits selection of wells to be
included in the model), “Phases” (selection of phases to consider in the model), ”Constraints” (selection of chemical
and isotopic constraints in the model), and “Model data” (definition of specific parameters applicable to the model).
Options also include examining “Data summary”, "Warnings” (includes identifying missing data), and running
NETPATH, “Run NETPATH".

Example steps in using NETPATH-WIN

Example steps are summarized below to demonstrate construction and/or editing of the model
file (DAT file) for well 3.5 using NETPATH-WIN. In this example it was assumed that the
initial water was similar in chemical and isotopic composition to water 1.1 from the recharge
area (Figure 3 in the Note), that it may have mixed with a fraction of saline water, using an
average seawater composition, and evolved via water-rock reaction to the composition of water
3.5, following criteria originally selected in Plummer and Sprinkle (2001).



1. Having opened the FLORIDA.pat file in NETPATH-WIN, we select the DAT file
previously saved for well 3.5 from the drop-down menu and press the button “Open
selected file” (Figure S7).

2. Under the Edit heading, we click on the “Well list” tab to display and/or modify the
initial and final wells to be included in the model. Only 1 final water analysis can be
selected but as many as 5 initial waters can be included as mixing along the flow path to
the final well (Figure S8).
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Figure S8. From the “Well list” tab, the model file (FL well 3.5.dat) for well 3.5 includes two initial waters, water
from well 1.1 and a Sea Water analysis (upper panel displaying wells used in the model). The lower panel contains
a list that permits changing the wells in the model. The wells in the model are updated by clicking the “Use selected
wells” tab. Finally click the “OK” button to return to the main menu of NETPATH-WIN.

3. The phases menu (“Add or Remove Phases”) permits selection of phases that are
considered possible reactants and products in the evolution of the initial to final water
composition (minerals and gases), (Figure S9). The phases menu permits adding or
removing phases from the model, marking them to be included in every model
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both, and isotopic exchange). This procedure can be used to cause NETPATH-WIN to
exclude some unreasonable models, such as those that precipitate organic matter,
precipitate iron sulphides in aerobic groundwater, or dissolve calcite in under-saturated
groundwater. The “forcing” option causes NETPATH-WIN to display all models that
contain the selected (forced) phase(s). Using the Phases menu (Figure S9), the following
phases were included as possible reactants and products (as in Plummer and Sprinkle,
2001): organic carbon (carbon of zero oxidation state, denoted CH,0), isotopic exchange
of 5.5 mmols/kg water of calcite, dissolution of dolomite, and inclusion of Ca/Na; ion
exchange, iron oxyhydroxide (goethite), gypsum (anhydrite), NaCl, pyrite and CO, gas.
The results were limited to models that only oxidize organic carbon, dissolve dolomite,
gypsum, and NaCl; that only precipitate pyrite, and that can proceed in either direction
for ion exchange, goethite reaction and CO; gas exchange. The CO, gas mass transfer is
expected to be near zero for closed-system evolution, but this phase was included to
allow for some uncertainty in initial conditions.
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Figure S9. The “Phases” menu for the selected model (FL well 3.5.dat). The upper panel allows phases to be
removed from the model and the lower panels allows addition of phases to the model (by marking the open boxes on
the left of each panel and then clicking the “Remove selected phase” or “Add selected phase” tab). In the upper
panel a phase included in the model can be marked to be included in every model. In cases where multiple models

Add zelected phase |
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are found in NETPATH-WIN, this option forces NETPATH to display only models that contain the phase or phases
selected with a mark in the box “Phase in every model?”. By clicking on the cell for “Transfer (choose from drop-

down menu)”, a phase can be marked for “dissolution only”, “precipitation only”, “both” (permitting NETPATH to
display models in which the phase either dissolves or precipitates), and “isotopic exchange”, where the amount of
the phases to be exchanged, in mmols/kg water, is entered in the last column to the right of the upper panel. The
case of isotopic exchange in NETPATH includes the option “both” (permitting net dissolution or net precipitation)
plus isotopic exchange of the prescribed mass of the phase. Additional phases in the model can be displayed using
the list, which includes 74 phases in its default database (only the first 8 are shown here). The list can be edited by
running the Phase Editor program in the NETPATH-WIN distribution package.

4. The “Constraints” tab on the main screen of NETPATH-WIN (Figure S7) allows us to
select appropriate chemical and isotopic constraints in finding valid reaction models
consistent with the observed chemical and isotopic data. The upper panel of the
“Constraints” tab displays all the constraints selected for the model. The lower panel of
the “Constraints” tab is used to modify the constraints in the model (Figure S10). Using
the “Constraints” menu (Figure S10), the following chemical and isotopic constraints
were selected to determine the calculated mass transfers of the proposed phases in each
model: carbon, sulphur, calcium, magnesium, redox (conservation of electrons in redox
reactions), sulphur-34 isotope mass balance, sodium, chloride and iron.

Uszed constraints

Mumber Mumber in list Constraint ]
1 1 Carbon
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4 5 Magneziun
5 20 FRedox w

Tatal list of constraints
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v

Select constraints Df. Icholce: then click "Use e e
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Figure S10. Example showing the “Constraints” menu which was accessed from the main menu of NETPATH-
WIN. The upper panel shows the list of constraints selected in the model (use the side arrows to display all the
constraints in the model). The lower panel permits adding or removing constraints in the model. The “Use selected
constraints” button updates the list of constraints in the model. Click “OK” to return to the main menu of
NETPATH-WIN.



5. The “Model data” button from the main screen of NETPATH-WIN opens the “Model
parameters” window (Figure S11) that has three tabs: 1. Geochemical parameters, 2.
Isotopic data, and 3. Data for **C Ao models. These three features are described briefly
below.

Model parameters |t o |

Geochemical parameters |

|zotopic data |

Drata ar C-14 Ao models |

Cloze

Figure S11. Display of the “Model parameters” window that branches to many chemical and isotopic details of the
phases and models.

6. The “Geochemical parameters” window (Figure S12) summarizes some of the features
previously set for the model: 1. Number of solutions that are allowed to mix along the
flow path; 2. A switch to turn on or off evaporation or dilution; 3. A switch that turns on
(yes) or off (no) Rayleigh isotope calculations (this needs to be “on” for isotope evolution
calculations to be included for the model); 4. A menu that permits selection of the way
cation exchange is computed when the phase “EXCHANGE” is included in the model
(see Plummer et al., 1994 for further details). The middle panel of the “Geochemical
parameters” menu permits entering tentative values of the **C content of the sample in
percent modern carbon (pmc) for each water analysis. Entering values in the white
(active) cells will override the original values in the LON file for the well. These are
temporary changes for testing sensitivity of modelled radiocarbon ages to uncertainties in
14C data. The lower-most panel of the “Geochemical parameters” window applies to the
special cases of inclusion of either of the phases “C0O2-CH4” or EXCHANGE. In the
first case, it is possible to specify the fraction of CO, in a CO,-CH, gas mixture, that, for
possible kinetic reasons, fractionates as it degasses, such as from a landfill. In the second
case it is possible to specify the ratio of Ca/Mg in cation exchange with Na, prompted by
selecting “Variable CaMg” under the lon Exchange menu and including the phase
EXCHANGE in the model (see Plummer et al., 1994 for further details).
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Figure S12. Example of the “Geochemical parameters” menu.
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In this example, the model includes two initial

waters that are allowed to mix, evaporation or dilution is not permitted, simple Ca/Na cation exchange is allowed
(that is, options involving Ca-Mg/Na exchange are not considered), the model will use the original **C data as
defined in the LON file, and no data for the fraction of CO, in a CO2-CH4 gas mixture is permitted because the
phase was not included in the model and the fraction of Ca in Ca/Mg exchange is not allowed because the “Variable

CaMg” option was not selected under the “lon Exchange” panel.

7. The “Isotopic data” window (Figure S13), accessed from the “Geochemical parameters”
window (Figure S11), is used to define: 1. The carbon-13 and carbon-14 isotopic
composition of all carbon-bearing phases (solids and gases) that can enter the aqueous
phase (such as through oxidation of organic carbon, dissolution of CO, gas, carbonate
mineral dissolution), 2. The fractionation factors of carbon-13 and carbon-14 for the
carbon-bearing phases relative to the isotopic composition in the solution, i.e. additive
fractionation factors, as calculated in NETPATH (Wigley et al., 1978; Plummer et al.,
1994), and 3. The carbon-13 and carbon-14 composition of dissolved methane and
dissolved organic carbon. Default values of the additive fractionation factors (middle
panel, Figure S13) are automatically calculated in NETPATH-WIN. However, the
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“Isotopic data” window permits the user to override these values. A cell beneath the
middle panel permits the calculation of the pH-dependent additive fractionation factors at
an intermediate point along the flow path, by interpolation between the pH values of the
initial and final waters. In the example shown in Figure S13, the additive fractionation
factors are calculated at the pH of the final water analysis (a fraction along the flow path
of 1.0). The lower panel of the “Isotopic data” window permits definition of the §*C and
14C isotopic composition of dissolved methane and dissolved organic carbon, if present in
the analytical data of the LON file. In the example shown (Figure S13), the initial and
final water analyses contained DOC (but no methane) and their *3C and **C composition
were defined to be -25 per mil and 0 pmc.

|zatopic: Compositions

Murnber FPhaze Carbon-13 | C14 % mod Sulfur-24 Sr-87 M-15 |
1 "CHz20" -25.000 0.000
2 CaLCITE 0.000 0.000
3 DOLOMITE 0.000 0.000
4 GYPSLUM 22.000 "

-3333.00 means undefined.

lzotopic Compozitions: Additive Fractionation Factors (in per mil] relative to zolution

MHurnber Phaze Carbon-13 Carbon-14 Sulfur-34 S1-87 M-15 |
1 CaLCITE 2232 * 4 465 i
2 PYRITE 59298 @
3 CO2 GAS -B.542 * -13.024 i
w

To get a computed value, leave the cell blank and hit Update.

* = hased on computed value at IW fraction between initial and final waters
(@ = haged on computed value at final water (inzufficient data in initial water)

# = hazed on computed walue at initial water (insufficient data in final water)

-9333.00 means undefined.

lzotopic compozitions of Carbon it zolution

Mumber wiell name Carbon-13 of CH4 C14 Zmod of CH4 Carbon-13 of DOC C14 Zmod of DOC
1 el 1.1 -25.000 0.000
2 el 3.5 -25.000 0.000
Cancel Update | (] 4 |

Figure S13 Example of the “Isotopic data” menu accessed from the “Geochemical parameters” window (Figure
S11). In this example, the upper panel allows definition of the §*3C, **C, *S, ¥’Sr, and *°N isotopic composition of
all carbon- sulphur- strontium- and nitrogen-bearing phases in the model. The middle panel displays calculated
default values of the additive fractionation factors (relative to the isotopic composition in solution) which can be re-
defined in this panel, and the lower panel is used to define the 8**C and *C composition of dissolved organic carbon
and dissolved methane in the water analyses.
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8. The “Data for C-14 Ao models” window (Figure S14) is accessed from the “Geochemical
parameters” window (Figure S11). The pull-down button in the upper left corner of the
window allows selection of the traditional radiocarbon adjustment model that is to be
applied to the initial water composition to estimate the initial 1“C content, such as “Mass
Balance”, “Vogel”, Tamers, Ingerson and Pearson, Fontes and Garnier, and Eichinger
(see Plummer et al., 1994 for definition of the Ao models used in NETPATH). Checking
the box to the right (Edit data for all models) permits editing the parameters used in all of
the available Ao models. Two sets of carbon-isotope fractionation factors are available in
NETPATH-WIN and this example uses those of Mook (Plummer et al., 1994).
Depending on the Ao model selected, additional values of input parameters are called for
including: 1. Method for defining 8**C of the initial solution, 2. Method for defining the
8C of soil gas CO,, 3. 8*3C and *C values used in the Ao models, 4. User-defined **C
values for the initial wells, and definition of 8*3C of CO, gas in the initial waters. Values
defined in the “Data for C-14 Ao models” menu apply only to calculation of Ao, and are
not used outside of the Ao calculation. For example, the §*C composition of calcite
defined in the Isotopic data window (Figure S13) is not used in the Ao models unless
redefined in the “Data for C-14 models” window (Figure S14).
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C-14 activity in dolomite [% modern] 0.000
C-14 activity in calcite (% modern) 0.000
delta C-13 [per mil] in the solution 0.000
delta C-13 [per mil] in carbonate minerals 0.000
delta C-13 [per mill in soil gaz COZ2 -25.000
delta C-13 [per mil] in dolomite 0000
delta C-13 [per mil] in calcite 0.0oa

o e oo fra | —

Iritial 1 Iritial 2 Iniitial 3 Initial 4 Initial 5
C-13 of CO2 gas for initial well(s) -21.718 0.00000

Cancel | Update | oK |

Figure S14. Example of the “Data for C-14 Ao models” window accessed from the “Geochemical parameters”
window (Figure S11). This window permits selection of a radiocarbon adjustment model that is to be applied to the
initial water composition to estimate Ao. The pull-down tab displays seven models (options) for defining Ao.
Depending on selection of the Ao model, NETPATH-WIN permits definition of other values needed in the model
calculations. Using the default values shown, NETPATH-WIN calculates estimates of Ao based on these models.
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9. Finally we return to the main screen of NETPATH-WIN and click on “Run NETPATH?”,
The first screen (Figure S15) shows the chemical data, phases, wells, and constraints on
which the calculation will be based.

wiell M arme [
Iritial weell 1 fwell 1.1
Initial well 2 |Seawater [DKM et &l madkg goln]

Final well well 3.5
v.
Ename Final [ritial 1 [mitial 2 [ritial 3 [rnitial 4 Initial 5 | #*
C 3.0462 2. 7hA8 21276
S 1.7042 01250 29,2670
Ca, 05493 09483 10.EE19
MG 1.1937 03333 550711
RS 212443 | 1004424 | 184.9318 -
Prarne lem coef lem coef elem (ol
"CH20" C 1.0000 11 -25.0000 |2 oo
CALCITE Ca, 1.0000 E; 1.0000 RS 4.0
DOLOMITE Ca, 1.0000 MG 1.0000 E 20
EXCHAMNGE Ca, -1.0000 A, 2.0000 MG 001 e
< | >
CamMCEL RUM

Figure S15. Pull-down menus that display water samples, constraints, phases and chemical composition data to be
used in the NETPATH-WIN model calculations. The vertical and horizontal arrows permit viewing of all the values.

10. Clicking on “Run” in the lower right corner runs NETPATH-WIN for the described
model displaying the screen shown in Figure S16. The upper panel of the NETPATH-
WIN “Results” gives the calculated mass transfers in mmols/kg water under the column
labelled “Delta” (negative for phase precipitation or gas loss, positive for phase
dissolution or addition of a gas to the groundwater). The lower panel compares computed
and observed values of isotopic data. 8*3C data are given for dissolved inorganic carbon
and total dissolved carbon. The model radiocarbon age, “22,779” years of the total
dissolved carbon in the final well, well 3.5, appears below the panel of calculated and
observed isotopic data.
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9 model(z] checked 1 model(z] found

MODEL 1

Pharme Tranzfer Force Delta Ammount exchanged tdemo i

Init 1 dizzolution F 093470

it 2 dizzolution F 0.00530

"CHz20" dizsolution 047621

CaLCITE -0.94675 5500 exchanged

DOLOMITE dizzolution 0 57056

E=CHAMGE 1.78392 .

|zotopic values

M ame Caomputed Obzerved F aylzigh data |

Carbon-13 27513 -2.7520

DICC13 15992 1 6000 Ea e
C-14 (% mod) 34395 |* 087 o

Inzufficient data

Sulfur-34 281891 27,3979
Strontium-27 0.0000 Undefined
Mitrogen-15 0.0000 Undefined

Aduzted C-14 age inyears: 22773*  * = bazed on Onginal Data

Cloze

Figure S16. The Results page from NETPATH-WIN. The upper panel shows the calculated phase transfers for
each phase in the model (negative for precipitation, positive for dissolution). The mixing fractions of initial
solutions 1 and 2 (well 1.1 and sea water, respectively) are 0.9947 and 0.0053. The lower panel gives computed and
observed isotopic data. The modeled radiocarbon age is shown below the lower panel, 22,779 years in this case.

11. Next we click on the “Rayleigh data” tab of the “Results” window. This produces a
potentially long ascii file displaying all the isotopic data at increments along the flow
path (Figure S17). In our example only data for §°C, *C and **S were computed.
Shown are the calculated results for the isotopic composition of precipitating (out-going)
phases at increments of 10% of the overall net reaction from the initial point to the final
point.
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Data used for CGarbon-13

Initial Value: -12.94468 Modeled Final Value: -2.7513

3 dissolving phases:

Phase Delta C Isotopic composition (o/foo0)

“"CH20" A_47621 —-25._4d84a8

CALCITE L.58068 2.808088

DOLOMITE 1.14112 a.808a88

2 precipitating phases: Average

Phase Delta C Fractionation factor Isotopic composition (o/oo0}
GCALCITE -6 . 44679 2.2324 -3 .6461

CO2 GAS -8._37680 -6.5418 -12 3689

Data used for C-14 {% mod)

Initial WValue: LA_WG64 Modeled Final Ualue: 3.4395

3 dissolving phases:

Phase Delta C Isotopic composition (% modern)

"CHZ2D" B.47621 A.0888

CALCITE L.-a08a8 A.08088

DOLOMITE 1148112 A.0888

2 precipitating phases: Average

Phase Delta C Fractionation factor Isotopic composition (% modern)
CALCITE -0 . 44679 L4 _hoh9 14._8652

C02 GAS -B.37680 -13.8837 14 5466

Pata used for Sulfur-34

Initial Ualue: 12.2076 Modeled Final UValue: -92 2994
1 precipitating phases: Average
Phase Delta S Fractionation factor Isotopic composition {(o/oo0}
PYRITE -B8.23h68 -50 . 2979 -112.8752
Isotopic composition of precipitating PYRITE
e et et et et L +
-GB. 6411 ] *= I
| 3363 |
| *x |
| I |
Sulfur-34 | HHHR |
ofo0 | 363333 |
I i |Avg =-112.8752
| 3636 63 I I |
| 36363636 36 36 3 3 |
145 _ 6948 | 36 3636 36 36 3 36 36 36 3 3 |
e e e e +
Initial Final
Data used for Strontium-87
Initial Value: 0.00080 Modeled Final Ualue: 0.0000

Ho incoming or outgoing phases

Figure S17. Calculated Rayleigh distillation paths of the isotopic composition of precipitating phases along the flow
path.
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12. By clicking on “Run all C-14 models” from the “Results” page, the **C adjusted model
ages are displayed for all the **C Ao models of NETPATH-WIN (Figure S18).

r—

Model AA Computed Observed age

{(for initial A@) {initial) (no decay) {(final)
Original Data ha. 4y 3.44 a.22 22779,
Hass Balance 4o 7L 3.89 a.22 23794
Uogel 77 6.35 a.22 27854
Tamers 45 .51 3.87 a.22 23750,
Ingerson and Pearson L 3.89 8.22 23794,
Mook 37 .63 3.2 a.22 22179,
Fontes and Garnier 46.23 3.93 a.22 23879,
Eichinger L3 .89 3.73 a.22 23458,
User-defined 1048. 68 8.58 a.22 38257 .

Figures S18. Display of the adjusted radiocarbon ages of total dissolved carbon at well 3.5 based on application of a
range of Ao models to the initial water. In our case the original data were used to define Ao corresponding to an
adjusted radiocarbon model age of 22,779 years.

From the NETPATH-WIN results, the overall net mass balance reaction can be written:

Water 1.1 + 0.57 dolomite + 1.71 anhydrite + 0.48 CH,O + 0.12 goethite + 5.5 calCite(primary) +
1.78 NapX + 0.53 seawater — 0.95 calcite + 5.5 calcitesecondary) +

1.78 CaX + 0.12 pyrite + 0.38CO; + Water 3.5.
The part of the overall reaction pertaining to calcite recrystallization (isotopic exchange),
5.5 mmol/L calcitegprimary) — 5.5 mmol/L calcite(secondary) »

represents recrystallization of an estimated mass of 5.5 mmols of calcite (of marine origin,
#%}mm52pmnm)pah%nﬁamﬂﬁﬁobnniSmmdsdﬁummhwcddw(mammmg&r
isotopic fractionation in calcite precipitation) in freshwater. One of the findings from the
NETPATH modeling was that without calcite recrystallization, the modeled values of §Cpc
were significantly depleted in **C relative to the observed. The mmols/kg of water of calcite
recrystallization was that needed in the NETPATH models to match the observed §=Cpc.
During recrystallization, a fractionation occurs that enriches the secondary calcite with *C from
the DIC, lowering the **C content of DIC in the dissolved HCO5. Therefore, recrystallization of
calcite lowers the value of A,q (Figure 2 in the Note), and thus lowers the adjusted radiocarbon
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age. The adjusted radiocarbon age of total dissolved carbon at well 3.5 is (rounded to the nearest
100 years) 22,800 yr, as in Plummer and Sprinkle (2001).

Application of Traditional Radiocarbon Adjustment Models to Single Water Samples

Next we use NETPATH-WIN to apply traditional adjustment models to the final water, as in
Figure 1 in the Note. The steps are as follows:

1. Beginning with the DAT file for well 3.5 (Figure S7), the file is edited with NETPATH-
WIN using the “Well list” menu to define the initial and final water to both be well 3.5,
and seawater is removed (Figure S19).

Jzed wells
MHurnber it list I arne
Imitial 1 12 well 3.5
| ritial 2
[ mitial 3
I ritial 4
I ritial &
Final 12 well 3.5

Total izt of wellz [make changes here; maximum 5 intial wells, one final well]

M umber M ame Initial? | Final? | [
10 well 3.3 M M
1 well 3.4 M M
12 well 3.5
13 well 3.6 M M
14 well 3.7 M| M
15 well 4.2 M M|
16 well 4.3 M M .
Select wells of choice [one final well and mawxinmum of 5 intial Ilze zelected wells |

wellz] then click ''Use selected wells' to activate choice,

ok,

Figure S19. From the “Well list” menu under the Edit heading of NETPATH-WIN, the FL well 3.5 DAT file is
modified choosing well 3.5 as both the initial and final well and removing seawater as an additional initial water.
Other options are described in Figure S8.
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2. Under phases, isotopic exchange is changed to dissolution (only) (Figure S20). The
constraints and phases can be left as they were since the initial and final waters are
identical in composition, and thus all net mass transfer will be zero. No changes are
needed to the geochemical parameters or isotopic compositions of phases, because, again,
their mass transfers will be zero.

Uzed phazes Phase ID
; fram Phaze in
Select phase to remove then Cl'd.{ phasze list FPhase every Transfer [choose fram Amount ta
the remave button. Change data in FPhaze Mo, below MHame model? drop-down menu] exchage
table &z desired then click the _ _
update button. O 1 1 "CH20" 1 dissolution el
O 2 11 CALCITE | dizzolution
O 3 2 DoLOMITE O dizzolution
O 4 22 ExCHANGE ] both diss. & prec.
O 5 29 GOETHITE [ bath diss. & prec.
O B a0 GYPSUM 1 diszolution v
Remove selected phase Update
i
Complete phase list
S
IJze the complete list of phases to add Sl R s : L i g : b : 1
ta those above, by selecting the O 1 "CH20" + C 1.000 1 -25.00 12 n.an
DhEﬁE of chaoice then -:Iin:king the add D 2 ALBITE e & 1.000 AL 1.000 [ 2,000
buttan. Phase will appear at end of list : ! :
it table above. O 3 ALLIMITE K. 1000 | AL 3000 5 2000 RS 12
O 4 AMALCIME + s 1000 | AL 1.000 sl 2.000
To edit thiz complete list, rn the
e S e U e e s O 5 AMMITE + k. 1.000 FE 2000 AL 1.000 Sl ar
MWETPATH-WIMN package. After O g AMORTH + Ca 1.000 [ AL 2000 sl 2000
zaving the changes, [re]open the
PAT file to update the list of phazes O i ARAGONIT Ca 1.00 c 1.00 A3 4.00
here. O g BARITE Ba, 1.000 5 1.000 RS £.000 "
<
Add zelected phase

_ ok |

Figure S20. Screen showing the “Phases” menu in which calcite was changed to dissolution (only), removing the
option of isotopic exchange with calcite. Other features of the “Phases” menu are described in Figure S9.

3. Isotopic data used in the traditional adjustment models are defined in the "Data for C-14
Ao models" screen. Here we check the box to Edit data for all models (Figure S21).
Following the selections of Plummer and Sprinkle (2001), the soil gas 8*3C was defined
using the open system model, the Mook set of fractionation factors were selected
(Plummer et al., 1994), the **C content of carbonate minerals was defined to be 0 pmc
and for soil gas CO,, 100 pmc. The 8*3C of dissolving carbonate minerals was defined to

be 0 per mil.
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Chooge Ao model from the list:

Uzer-defined ﬂ [ Edit data for all models

Carbon fract. factors
(* Mook

|nitial Carbon-14, A0, [percent madern] for Taotal Diszolved Carbon

Model Iritial 1 [nitial 2 © Daines, et al
1 |Original D ata 0.219
2 |Maszz Balance 91 8592 tethod for C-13 of initial zolution
3 [Wogel 80.816 & Original YWalue
4 |Tamers 48174 " User-defined Y alue
5 |Ingerson and Pearson 18.684
£ [Mook 033397 tethod for C-13 of soil gag CO2
7 |Fontes and Garhier 14.714 e e
i Eichingelr iR " Masz Balance - no fractionation
8 e i GRS " Mass Balance - with fractionation
£ »

+ Open Systern [gas-solution equilibriuem]

Farameters for the Ao models Uzer-defined C-14 activity

s Wwel name Walue
C-14 activity in carbonate minerals [ ma... 0.000 ] ol 55 T00.00
C-14 activity in 20l gas CO2 [ modem) 100.000 5
C-14 activity in dolomite (% madern] 0.000 3
C-14 activity in calcite [% modern) 0.a00 1
delta C-13 [per mil] in the solution 0.000 5
delta C-13 [per mil] in carbonate mineralz 0.000
delta C-13 [per mill in 20il gas COZ -25.000
delta C-13 [per mil] in dalomite 0.000
delta C-13 [per mil] in calcite 0.000

Imitial 1 Iitial 2 Imitial 3 Imitial 4 Imitial &
C-13 of CO2 gas for initial well(s) 81418
Cancel | Update ‘ OF.

Figure S21. This screen permits selection of the Ao model to be applied to the initial water, and allows editing of all
data used in all the Ao models. Cells that can be edited have white background (active), depending on selected
model and/or options. Two optional sets of carbon-isotope fractionation factors are available. It is possible to
define an alternative value of the 8**C of DIC in the initial water, possibly accounting for paleoclimatic variations in
C4/C, plant abundance. Four options are provided for defining the 8**C of soil-gas CO..

4. Selecting “Run NETPATH” from the main screen of NETPATH-WIN (Figure S7),
displays a “DATA” window that lists the wells in the model, their chemical composition
in mmols/kg water corresponding to the selected (and displayed) constraints, and all of
the selected phases in the model (Figure S22).
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el MName |
Initial wel 1 pwell 3.5
Final well well 3.5
»
Ename Final [ritial 1 [ritial 2 [ritial 3 [ritial 4 Initial 5 ||
C 30452 3.0452
5 1.7542 1.7542
Ca 0.5493 0.5493
kG 1.1937 1.1937
RS 21.2443 | 21.2443 .
Prame elem coef elem coef elem ol
"CHz20" C 1.0000 I -25.0000 |2 oo
CalLCITE Ca 1.0000 C 1.0000 RS 4.0
DOLOMITE Ca 1.0000 MG 1.0000 E. 2.0
EXCHAMGE Ca -1.0000 M 2.0000 MG (0.0 e
£ [
CaMCEL RIJH

Figure S22. The first screen that appears after selecting “Run NETPATH” displays the wells in the model. The
initial and final wells are identical in the case of application of traditional adjustment models in radiocarbon dating,
as in this example. The screen also previews the constraints and compositions of solutions and phases in the model.
Since the initial and final solutions are defined identically, the calculated mass transfer will be zero.

5. Next we click on “RUN” from the “DATA” screen which displays the NETPATH
“Results” screen (Figure S23). This example shows the expected zero mass transfer for
all phases and identical computed and observed isotopic values. The **C age assuming an
initial **C content of 100 pmc is 50,600 years (Figure S23).
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1 model(z] checked 1 model(z] found

MODEL 1
Prame Tranzfer Force Delta Amount exchanged b e s
“CHz20" dizzolution 000000
CALCITE dizzolution 000000
DOLOMITE dizzolution 000000
EXCHAMGE 000000
GOETHITE 000000
GYPSLIK dizzolution 000000 “

|zotapic values

M ame Computed Obzerved Haylzigh data ‘
Carbaon-13 27520 -2.7520
DICC3 16000 16000 Run all C-14 models ‘
C-14 [% mod) 000000 | = 0.2187 =
[nsufficient data
Sulfur-34 273979 27,3974
Strontium-27 0.0000 Undefined
Mitragen-15 0.0000 Undefined

Adjusted C-14 age inyearz: BOE3E*  * = bazed on Uzer-defined

Cloze

Figure S23. The “Results” window of NETPATH-WIN showing zero mass transfer of phases in this example
applying traditional adjustment models and identical computed and observed isotopic values.

6. Clicking on "Run all C-14 models™ in this particular case calculates the radiocarbon ages
from the traditional models (Figure S24): Unadjusted age, 50,600 yrs; Tamers (1975),
44,600 yrs; Ingerson and Pearson (1964), 36,800 yrs; Mook (1972), 49,100 yrs; Eichinger
(1983), 28,800; and Fontes and Garnier (1979), 34,800 yrs (ages rounded to nearest 100
years). The unadjusted age, and those adjusted radiocarbon ages utilizing the traditional
adjustment models are, in this case, all considerably older than the adjusted age (22,800
yrs, Figures S16) generated at the end of the flow path form well 1.1 to well 3.5 with
correction for additional geochemical reactions that are not included in the traditional
adjustment models.
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L

Model Ad Computed Observed age

{for initial A@) {initial) (no decay) (final)
Original Data a.22 a.22 a.22 8.
HMass Balance 91_89 91 .89 a.22 49937 .
Uogel 80.82 8@.82 a.z22 LBRTS .
Tamers 48 17 48 17 a.z2z2 L4508 .
Ingerson and Pearson 18.68 18 .68 8.22 36769 .
Mook 83.34 83.34 a.z2z2 49129,
Fontes and Garnier 14.71 14.71 a.22 3u704,
Eichinger 7.89 7.89 a.22 28762 .
User-defined 1068. 68 186.88 a.22 LB636.

Figure S24. The “Results” screen showing all radiocarbon ages of total dissolved carbon in FL well 3.5 as
calculated from all the traditional adjustment models in NETPATH (and NETPATH-WIN).

Closing Comment

Selected traditional adjustment models are best suited for geochemical systems undergoing
relatively simple water-rock reactions, such as usually occur in shallow recharge areas, but,
depending on choice of model, can be applied to radiocarbon dating of DIC in groundwater
systems undergoing carbonate-mineral dissolution, gypsum dissolution, Ca/Na ion exchange,
CO; gas dissolution, and isotope exchange between soil CO,, calcite, and dissolved inorganic
carbon during recharge. In general, many more geochemical reactions can occur in groundwater
systems that are often overlooked. Some of the more important reactions that are not accounted
for in traditional adjustment models include degradation of organic matter accompanying various
redox reactions, such as iron reduction, sulphate reduction, methanogenesis, degradation of
dissolved organic carbon, isotopic fractionation in precipitation of carbonate phases, and
recrystallization of carbonate minerals.

Adjusted radiocarbon ages will likely be overestimated if calculated from traditional adjustment
models in systems undergoing more complex geochemical reactions than those considered in the
traditional adjustment models. Because of the internal consistency in ability to import and
export analytical data through spreadsheet files from PHREEQC, NetpathXL (that uses
Microsoft Excel® (Parkhurst and Charlton, 2008)), and NETPATH-WIN (that has been
constructed to migrate NETPATH and NetpathXL applications into the Microsoft WINDOWS®
environment), more complete geochemical calculations can be made. For example, it is now
possible to reconstruct NetpathXL or NETPATH-WIN models in PHREEQC in-order to
consider uncertainty in analytical data, or to consider in PHREEQC possible geochemical
evolutionary reaction paths in aquifers from net geochemical models generated in NetpathXL or
NETPATH-WIN. Alternatively, analytical data from PHREEQC can be exported to NetpathXL
or NETPATH-WIN in-order to apply some of the more advanced radiocarbon dating options of
NETPATH (and NetpathXL or NETPATH-WIN).
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