
Model Comparison – Old RifleModel Development 
(after Rittman and McCarty, 2001)
Growth Equations

Ri = fe,i Ra,i + fs,iRc,i – Rd,i (1)
Equation 1 is written once for every combination of 
donor and acceptor utilized by each metabolic group.

Introduction
The overall goal of this project is to develop and test 
a thermodynamic network model for predicting the 
effects of substrate additions and environmental 
perturbations on the composition and functional 
stability of subsurface microbial communities.  The 
hypothesis is that a thermodynamic analysis of the 
energy-yielding reactions performed by broadly 
defined groups of microorganisms can be used to 
make quantitative and testable predictions of the 
change in microbial community composition that 
will occur when a substrate is added to the 
subsurface or when environmental conditions 
change (Fig. 1).

Approach
The network model will be used to predict the 
effects of substrate additions on the microbial 
community composition by predicting the growth of 
major metabolic groups of organisms (aerobes, 
fermenters, denitrifiers, Fe(III)/sulfate/metal 
reducers).  Model predictions will be tested by 
quantifying changes in the abundance of each of 
these groups using a combination of functional 
genes and lipid analysis.
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Fig. 2. Donor 
addition 
stimulates 
range of in situ 
microbial 
activities at 
FRC.

1 See Fig. 4.  glucose, ethanol, lactate, butyrate, propionate, and acetate

Fig. 3. 
Proposed 
network model 
predicts the 
effect of donor 
addition on 
growth of these 
major 
metabolic 
groups
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Fig. 1. Community 
response to 
substrate addition 
and environmental 
perturbation.
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Model Comparison – FRC cont.

Area 1 – FW21 Site Groundwater

Area 2 – GW835 Site Groundwater
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Rifle Geochemistry
Batch model - react 50 mmol of NaCH3COO.
Flush model - same initial conditions as the batch 

model but then react 50 pore 
volumes of groundwater and 
3.0mmol NaCH3COO.
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Model Comparison - FRC

Cell Equations fs fe ΔG (kJ/mol) logK

514 Fe+++ + 254 H2O + NH4
+ + 67 CH3COO- = C5H7O2N + 514 Fe++ + 128 HCO3

- + 577 H+
0.04 0.96 28610 -5012

113 MnO4
-- + 398 H+ + NH4

+ + 59 CH3COO- = C5H7O2N + 113 Mn++ + 113 HCO3
- + 230 H2O 0.04 0.96 67449 -11817

3.0 NO3
- + 2.6 H+ + NH4

+ + 4.4 CH3COO- = C5H7O2N + 1.5 N2(aq) + 3.7 HCO3
- + 4.5 H2O 0.57 0.43 1196 -210

32 SO4
-- + 1.5 H+ + NH4

+ + 35 CH3COO- = C5H7O2N + 32 HS- + 65 HCO3
- + 3.0 H2O 0.07 0.93 1261 -221

3.3 O2(aq) + NH4
+ + 4.1 CH3COO- = C5H7O2N + 0.15 H+ + 3.3 HCO3

- + 3.0 H2O 0.60 0.40 1086 -190

95 H2O + 1.5 H+ + NH4
+ + 100 CH3COO- = C5H7O2N + 98 CH4(aq) + 98 HCO3

- + 2320 H+
0.02 0.98 1145 -201

2324 Fe+++ + 5.0 HCO3
- + NH4

+ + 1172 H2(aq) = C5H7O2N + 2324 Fe++ + 13 H2O 0.01 0.99 172672 -30251

520 MnO4
-- + 5.0 HCO3

- + NH4
+ + 1049 H2(aq) + 2083 H+ = C5H7O2N + 520 Mn++ + 2092 H2O 0.01 0.99 348206 -61003

13 NO3
- + 5.0 HCO3

- + NH4
+ + 43 H2(aq) + 17 H+ = C5H7O2N + 6.7 N2(aq) + 53 H2O 0.23 0.77 7970 -1396

48 SO4
-- + 5.0 HCO3

- + NH4
+ + 203 H2(aq) + 52 H+ = C5H7O2N + 48 HS- + 206 H2O 0.05 0.95 9364 -1641

15 O2(aq) + 5.0 HCO3
- + NH4

+ + 40 H2(aq) + 4.0 H+ = C5H7O2N + 60 CH4(aq) + 43 H2O 0.25 0.75 7438 -1303

65 HCO3
- + NH4

+ + 250 H2(aq) + 64 H+ = C5H7O2N + 193 H2O 0.04 0.96 9615 -1685

3.6 O2(aq) + 0.7 HCO3
- + NH4

+ + 4.3 CH4(aq) = C5H7O2N + 0.29 H+ + 7.3 H2O 0.58 0.42 1146 -201

56 H2O + NH4
+ + 17 CH3COO- = C5H7O2N + 59 H2(aq) + 29 HCO3

- + 13 H+
0.15 0.85 -2417 424

Batch Model

Geochemistry
Batch model 
React 500 mmol of Ethanol

Geochemistry
Batch model 
React 200 mmol of Ethanol
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Cell Equations fs fe ΔG (kJ/mol) logK

12 Fe+++ + 0.33 H2O + NH4
+ + 2.7 Ethanol = C5H7O2N + 12 Fe++ + 0.33 HCO3

- + 13 H+
0.63 0.37 443 -78

2.7 MnO4
-- + 10 H+ + NH4

+ + 2.6 Ethanol = C5H7O2N + 2.7 Mn++ + 0.10 HCO3
- + 11 H2O 0.65 0.35 1353 -237

2.5 NO3
- + 1.1 H+ + NH4

+ + 2.7 Ethanol = C5H7O2N + 1.2 N2(aq) + 0.41 HCO3
- + 7.0 H2O 0.62 0.38 1018 -178

17 SO4
-- + NH4

+ + 13 Ethanol = C5H7O2N + 17 HS- + 22 HCO3
- + 16 H2O + 5.1 H+

0.13 0.87 846 -148

2.8 O2(aq) + NH4
+ + 2.6 Ethanol = C5H7O2N + 0.18 HCO3

- + 5.6 H2O + 1.2 H+
0.64 0.36 927 -162

14 Fe+++ + 4.1 H2O + NH4
+ + 4.3 CH3COO- = C5H7O2N + 14 Fe++ + 3.6 HCO3

- + 15 H+
0.58 0.42 511 -90

3.1 MnO4
-- + 13 H+ + NH4

+ + 4.1 CH3COO- = C5H7O2N + 3.1 Mn++ + 3.1 HCO3
- + 9.3 H2O 0.61 0.39 1590 -279

3.0 NO3
- + 2.6 H+ + NH4

+ + 4.4 CH3COO- = C5H7O2N + 1.5 N2(aq) + 3.7 HCO3
- + 4.5 H2O 0.57 0.43 1196 -210

32 SO4
-- + 1.5 H+ + NH4

+ + 34.8 CH3COO- = C5H7O2N + 32 HS- + 65 HCO3
- + 3.0 H2O 0.07 0.93 1261 -221

3.3 O2(aq) + NH4
+ + 4.1 CH3COO- = C5H7O2N + 3.3 HCO3

- + 3.0 H2O 0.15 H+
0.60 0.40 1086 -190

95 H2O + 1.5 H+ + NH4
+ + 100 CH3COO- = C5H7O2N + 98 CH4(aq) + 98 HCO3

-
0.02 0.98 1145 -201

8.6 Fe+++ + 5.0 HCO3
- + NH4

+ + 7.2 Ethanol = C5H7O2N + 8.6 Fe++ + 7.2 CH3COO- + 5.8 H2O + 12 H+
0.70 0.30 356 -62

1.9 MnO4
-- + 5.0 HCO3

- + 4.8 H+ + NH4
+ + 6.9 Ethanol = C5H7O2N + 1.9 Mn++ + 6.9 CH3COO- + 14 H2O 0.72 0.28 1016 -178

1.8 NO3
- + 5.0 HCO3

- + NH4
+ + 7.2 Ethanol = C5H7O2N + 0.9 N2(aq) + 7.2 CH3COO- + 11 H2O + 1.4 H+

0.69 0.31 768 -134

7.2 SO4
-- + 5.0 HCO3

- + NH4
+ + 7.0 Ethanol = C5H7O2N + 7.2 HS- + 19 CH3COO- + 22 H2O + 8.2 H+

0.26 0.74 497 -87

2.0 O2(aq) + NH4
+ + 7.0 Ethanol = C5H7O2N + 7.0 CH3COO- + 10 H2O + 3.0 H+

0.71 0.29 706 -124

65 Fe+++ + 5 HCO3
- + NH4

+ + 42 H2(aq) = C5H7O2N + 65 Fe++ + 13 H2O + 61 H+
0.24 0.76 4864 -852

14 MnO4
-- + 5 HCO3

- + 62 H+ + NH4
+ + 39 H2(aq) = C5H7O2N + 14 Mn++ + 71 H2O 0.26 0.74 9740 -1706

13 NO3
- + 5 HCO3

- + 17 H+ + NH4
+ + 43 H2(aq) = C5H7O2N + 6.7 N2(aq) + 53 H2O 0.23 0.77 7970 -1396

48 SO4
-- + 5 HCO3

- + 52 H+ + NH4
+ + 203 H2(aq) = C5H7O2N + 48 HS- + 206 H2O 0.05 0.95 9364 -1641

15 O2(aq) + 5 HCO3
- + 4 H+ + NH4

+ + 40 H2(aq) = C5H7O2N + 43 H2O 0.25 0.75 7438 -1303

65 HCO3
- + 64 H+ + NH4

+ + 250 H2(aq) = C5H7O2N + 60 CH4(aq) + 193 H2O 0.04 0.96 9615 -1685

3.6 O2(aq) + 0.7 HCO3
- + NH4

+ + 4.3 CH4(aq) = C5H7O2N + 7.3 H2O + 0.3 H+
0.58 0.42 1146 -201

2.3 H2O + 5 HCO3
- + NH4

+ + 15.3 Ethanol = C5H7O2N + 21 H2(aq) + 15 CH3COO- + 11 H+
0.33 0.67 -690 121
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