
DOE/EPA Collaborative Review 

Tracking Geologically-Sequestered CO2

Monitoring, Verification, & Accounting (MVA), Simulation, and 

Risk Assessment

Diagnostic Monitoring of Biogeochemical Interaction of a 

Shallow Aquifer in Response to CO2 Leak

March 23-24, 2010 Sheraton Station Square Hotel, Pittsburgh, PA

D. Goldberg, J. Matter, G. O’Mullan, M. Stute, T. Takahashi

Lamont-Doherty Earth Observatory of Columbia University



Outline

1. Research Objectives 

2. Approach and Activities

3. Previous Field Tests – Selected Results

4. Methods

5. A Look Ahead



Release of Fe and Mn at Frio site 

(Kharaka, et al. 2006)



Research Objectives

Question:  How does an elevated-level CO2

concentration caused by a hypothetical leakage of 

CO2 affect the chemical and microbiological 

conditions in a shallow aquifer?



 Study a shallow aquifer system in the Triassic sand/clay 

sequences of the Newark Basin group using laboratory and 

in situ experimental methods

 Determine metal release rates as a function of pCO2, the 

total CO2 concentration, and pH

 Measure microbial community dynamics (role and 

persistence) as a function of pCO2, the total CO2

concentration, and pH

 Measure mobilization and immobilization of metals and 

metaloids under high-level CO2 conditions

Approach and Activities



Test Site at Lamont-Doherty



Lithology



Cores from the Newark Basin  

Goldberg, et al., 2003



Fractures



Hydrologic testing



Previous Injection Experiments

 Single-Well Pump back Tracer Test

 Injection Fluid is a CO2 Saturated Water (PCO2 1 to 5 atm; pH ~ 4.0)

 Matter et al. (2006) Hydrogeology; Matter et al. (2007) G3; Assayag et 

al. (2009) Chemical Geology



Conclusions from Prior Studies 

Small-scale field injection experiment demonstrated 

hydraulic conductivity and porosity sufficient for small 

volume injections 

Br-: 90 % recovery

SF5CF3

SF6 (purge & trap)

SF6 (headspace)

Br-

Tracer recovery: 

short-term 

push-pull 

experiments



Single- and Dual- Well Injection Tests



Comparison of Injection 

Experiments

Test Stats:

2004 2011

Injection Fluid Surface/Fm Water Formation Water

pH 3.5-4.8 3.5-4

PCO2 (atm) 1-8 atm 1-5 atm

Tracers Cl, Br, d18O, d2H Cl, d18O, d2H, SF6, 

SF5CF3

Depth (m)

Injection Volume (m3)

220-270 m

1.4 m3

300-450 m

2 to 10 m3

Incubation Time (days) 7-20 days > 30 days



Manhole cover and circular prefab 
concrete frame

20 feet of 8 inch casing set in place
with concrete

Hole diameter 6.25 inch from 
20 feet to total depth

3/8” crushed stone

Total depth of TW-5 is 1,500 feet

Parking lot asphalt

Test Well Seal Cap

Well characterization to 1500’



Site plan

Well locations/flow path

TW-5

TW-3

well offset = 20 m

orientation = ESE

injection rate = 20 l/min

 = 3-30%

Transit time (calc) = 30 days, fastest arrival

Transit time (calc) = 69 days, 50% arrival 



Real-time Tracer Experiments

1 Measure in situ flow volumes and rates using Br- and/or SF6

tracers

2 Monitor baseline water chemistry and major element 

concentrations (e.g., Na, K, Mg, Ca, Si, Al, Cl, and SO4)

3 Measure minor and trace element chemistry (e.g, As, Cd, Hg, Pb, 

and U)



Geochemical Experiments

1 Test rock samples using XRD/XRF for mineralogy

2 Test sample fluids for pCO2, pH, and total CO2 and oxygen 

concentrations at sequential time intervals

3 Use crushed rock samples in reaction vessels with sample waters 

(as well as negative control in replicate reactors)  to measure 

release rates of major and minor elements using ICP-MS as a 

function pH, total CO2 and oxygen concentrations dissolved in 

water



Microbiological Monitoring and 

Experiments

1 Establish microbial diversity at baseline and following injection

- 16S rRNA sequence libraries

- Heterotrophic plate count and sewage indicator enumeration  

- Quantitative PCR assays on select microbial targets

2  Reaction vessel experiments to investigate persistence of indicator 

bacteria under altered pCO2 / pH conditions

3  Reaction vessel experiments to investigate the role of microbes in 

metal mobilization under altered pCO2 / pH conditions



Data compilation and distribution



A Look Ahead



Geophysical Logs



Mean Hydraulic Parameters

T

m2/day

K

(m/day)

Sill 0.01 0.0034

Contact 

Zone

0.02 0.006

N.B. 

Sediment

0.57 0.0075

Medium coarse sandstone 

K = 0.8 m/day



Experimental Methods

1 Geological, geophysical and hydrological characterization
- Collect rock samples by drilling and/or coring

- Collect fluid samples from isolated intervals

- Establish baseline chemistry and microbial diversity in laboratory

2 Conduct in situ injection and fluid recovery experiments
- isolated injection intervals using packer system

- injected solutions of CO2 (pCO2 1-5 bars)

- forced-gradient and single-well experiments  

- monitoring Br- and/or SF6, and other tracers

- microbiological monitoring of recovered fluids

- time-series monitoring major and minor element chemistry

3 Conduct laboratory experiments using fluid and rock samples
- geochemical evaluation of recovered fluids, altered pH and pCO2

- determine changes in microbial diversity with pH and pCO2

- determine role of microbes in metal mobilization

4 Compile data for analysis, interpretation, distribution



TW-3

TW-5

N



(1) determine metal release rates as a function of pCO2, 

the total CO2 concentration, and pH

(2) measure microbial community dynamics as a function 

of pCO2, the total CO2 concentration, and pH

(3) determine the role and persistence of microbial 

communities

(4) measure mobilization and immobilization of metals and 

metaliods under high-level CO2 conditions

(5) determine the extent of geochemical trapping of leaked 

CO2

(6) develop diagnostic monitoring techniques to assess 

water quality after CO2 leakage


