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Inverse Modeling of effect of pCO2

* Use PHREEQC to model variations in
dolomite concentrations by modifying

pCO2

» Used 2 deep carbonate-rock wells
* One well with bedrock near the surface

CaCOy + Hy0 + €O, <=3 Cat + 2ZHCO,
3 2 . ;

* One well with bedrock far below the (calcite)
surface | |
, , , CaMg(CO;)s + 2H50 + 200, <> Ca** + Mgt + 4HCOy
* Using inverse modeling (olonttita)
 Test with pCO2 at average atmosphere
level: -3.5

» Test with average pCO2 in aquifers: -4.8



Choose two carbonate
rock aquifer wells to test

Located in North-Eastern

section of Midwestern
Basins and Arches aquifer
system

Within the Maurmee
River Basin

Well #1: Augustine
Well #2: City of Weston

Well mame namber depth (ft) bedeock (1) open imerval (f) u;;cn interval (ft) interval (ft) it
Rosx 106G 2 - NA NA NA, G
Bin 1S 86 76 80 86 3 CR
BealogmHS. 10D 340 » 160 340 ‘180 CR
Searfoss 156G o - NA N.AL NA G
Rife ISS 9 R&Y R 1 R b CR
Schoemberger ISD 240 33 16 240 208 C-R
Beasley 16G 1 - 61 81 2 G
Hill 168 80 52 63 B 17 C-R
Gillig 16D 3o 45 35 3 255 C-R
Lamale 17G 75 - 71 5 3 G
S-18 17D Mo 0 180 L2l 160 C-R
Finnegan IXD 185 2 26 185 159 CR
Wilsom 111G S0 - N A, NA N.A. G
Spencer 1S 43 16 2 43 21 C-R
Stair 1np 250 I8 21 250 229 CR
Fuocis 28 82 30 4 62 X CR
Augastine 12D 2 0 Y 320 311 CR |
T ™ T = o Py P, L2
Kem 138 102 73 75 102 27 C-R
A kermaan 13D 40 78 1= S0 241 C-R
- 18 € 14 13 13 1% k| [ i
City of Wesaton 14D S00 65 410 500 ] C E
TR ™ 133 RE] 113 133 o T
Lacy 4G 67 - i3} 67 i G
Huenmel 45 121 L1 ) 121 Ly C-R
Ko 4D 20 119 122 20 ™ CR
Harrysom is 1? 108 108 117 9 C-R
Mantia iD 200 135 138 20} 62 CR
Lo khart 20 140 - 136 140 4 G
Mastingly 28 150 140 140 150 10 CR
Meritum 2D 3o 170 170 i 140} CR
Gates 1D 30 N L L] 30 2% C-R
Bickford SG 45 . 41 a5 N G
Ban ket 55 106 M ™ 106 32 CR
Dysoto Sobstation S D 265 SN 91 265 174 CR
Staggs 6G 16 - 13 16 3 G
lee 68 1o a2 92 10 I8 C-R
Underwood 6D 302 161 162 302 140 CR
Cobee TG 94 - 84 L3 s G
Ellis 78 102 a9 55 102 47 C-R
Harmon TD 203 51 53 2493 240 CR
Fox £G 89 - 84 K9 5 G
Skides sD 22 63 (5] N2 138 CR
Justike 924G 62 .- 59 62 3 G
Lee 98 13 65 67 13 46 CR
Starbuck 9D 182 Th 79 182 s CR
Creradot 22 26i) 72 0 260 190 G.CR
Stenzel 21 260 1N 170 260 o0 C-R
CR

Rees

e e

230

160

164

230

U



= PHREEQC Interactive - [ex17]
éFiIE Edit Insert View Options Window Help

JDIinﬁ|;’1' ‘E|?’&|I_JHHH

JForward and inverse mudefmg of & E =

hrmuqt use DATRBASE pitzer.dat
TITLE Example 17.--Inverse modeling of Black Sea water evaporation
F‘hrqc1 SOLUTICH 1 Black Sea wWater
[Z3 Simulation 1 units mg/ L
1 ex17 density 1.014
Simulation 1 pH g2.0 # estimated
Simulation 2 Ca 23
Mg 75
Ha B20
K 93
S5(e) 1460
Cl 10340
Br 35
1 Ccz(g) -3.5
SOLUTICN 2 Composition during halite precipitation
units mg,/ L
density 1.271
pH
Ca
Mg
Ha
K
5

$ estimated

= nonooon

non . .
& O

[ =

[ I I

[

()
C1
Br
c
INVERSE MODELING
_—snlutiun 1
-uncertainties
—-range
-balances
Br
K
Hg

oo

(]

[
W om
30 B B3 oin

=]

= b

Seml@m
= L —
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% PHREEQC Interactive - [ex17 modified run 1]

Z %File Edit Insert View Options Window Help

I DEeEdg| =R (SR|E] pun
Initial conditions & 8 1 =0 % X3k e
Forwardandinversemodeling & @ § = <0 & A K 1 i il

i % | #must use DATABASE pitzer.dat
El--% Input files TITLE Example 17.--Inverse modeling of Carbonate-rock aguifer
=] Phrc SCLUTICH 1 Composition of rainwater
units mg/ L
density 1.014
pH ) # estimated
Ca .69
Mg . ]
5L e INVERSE MODELIHNG
K 12 —solution 1 2
- 00 -uncertainties .025
gl th —range
r
C 1 Co2(g) -3.5 -balances
SOLUTICH 2 Augustine Well Br
units mg/L E
density 1.271 M
pH 7.34 $ estimated g
Ca

o] H20 (g)

ia Calcite
i CoZ(g)

o | Gypsum

o Halite
C coz2(g) -3.5

INVERSE MODELING < > Dolomite

—-solution 1 2
-uncertainties 1| % Input I% Diatz 4 I "I

—range

-balances
Br
K
Mg

£ >
-phases
2 input I% Outr « | ¥ H20(g)

-

o T e Y Y I i T i T i Y |

Ready




Results- wells at average pCO2 (-3.5

« Augustine Well

* 65 Models found with
uncertainty at 1

 City of Weston Well

* 65 Models found with
uncertainty at 1

Phase mole transfers:

H20 (g}
Calcite
Co2 (g)
Gypsum
Halite
Dolomite

Phase mole transfe
H2C(g)
Calcite
Co2 (g}
CyEpsSum
Dolomite

Is.

e

[

(S

Wi}

Minimum
«551e+01
oe0e-04
134e-04

0.000e+00
0.000e+00

“+” dissolving

“_»

precipitating

= B3 N [ = LN

B = I = (n

Maximuam

.5251e+01
-134e-014
-3594e-014
-213e-014
<J47e—-01

H20

Calo3

Co2
CaS504:2H20
NaCl

CaMg (C03) 2

H20
CaCOo3

coz
CaS04:2H20
CaMg (CO3) 2




Results- Wells at average aquifer pCO2 (-4.8)

. Phase mole fera:
 Augustine Well R <% . 55
* 65 Models found with R o S
uncertainty at 1 Gypsum 2. 000e+00 5. CaS04:2H2Z0
Halite : 23 0002+00 -3 NaCl
3. 000e+00

Dolomite

[
im

+
[ay}

CaMg (CO3) 2

 City of Weston Well

Phase mole transfers:

* 65 Models found with H20(g) 5. : . H20
< Calcite -1.2 .98 . CaCo3
uncertainty at 1 s _ _ g3 S

Gypsum
Halite
Dolomite

[
Ll
ih

CaS04 : 2H20
NaCl
CaMg (CO3) 2

ST I 8
=] LD
B LD
m M
[ |
L e I

s

“+” dissolving
“-” precipitating



City of Weston Well Results

+ At pCO2 = -3.5

+ At pCO2 = -4.8

Phase mole transfers:
H2C (g)
Calcite
CO2 (g)
Fypsum
Dolomite

Phase mole transfers:
H2C (g)
Calcite
CC2 (g)
Gypsum
Halite
Dolomite

Mimimuam

.551e+01
.S60e-04
.134e-04

o

0. 000e400

o

LO00e4+00

L e R L

Mz i muam

-551e+01
.134e-04
.454e-04
.213e-04
.34Te-04

m m M m

 SCPY (SR R
L o O e e R o
(1 L RS U 0 I T

im
|

H20

CaCO3

Coz
CaS504:2H20
CaMg (CO3) 2

H20

CaCOo3

CO2
CaS04:2H20
NaCl

CaMg (CO3) 2




Conclusions

 Every test showed precipitation of Calcite
 Greater at a higher pCO2
» Greater at City of Weston Well - deeper

bedrock
 Every test showed dissolution CaC0; + HyO + €O, <> CaZ* + 2HCOy
. ‘caleite!
of Dolomite calette)
» Greater dissolution at higher pCO2 CaMg(CO3)s + 2H,0 + 2C0, <> Cat + Mg™* + 4HCOy

» Greater at City of Weston Well el
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