
Southwest Regional Partnership on Carbon Sequestration 
Quarterly Progress Report January–March 2019 

 

  
 
 
 
 
 
 
Southwest Regional Partnership on Carbon Sequestration 
 
 
 
Quarterly Progress Report 
 
Reporting Period: January 1, 2019–March 31, 2019 
 
 
 
Brian McPherson, PI, and Robert Balch, PI/Project Director 

 

DE- FC26-05NT42591 

 
Recipient:  New Mexico Institute of Mining and Technology 

801 Leroy Place 
Socorro, New Mexico  87801 

 
 

  



Southwest Regional Partnership on Carbon Sequestration 
Quarterly Progress January–March 2019 

 -2- 

Table of Contents 
Table of Contents .......................................................................................................................... 2	  

List of Figures and Tables ............................................................................................................ 3	  

Executive Summary ...................................................................................................................... 6	  

TASK 2.0 Public Outreach and Education ................................................................................ 7	  

Subtask 2.2 Project Website ....................................................................................................... 7	  
TASK 7.0 Post-Injection Period Monitoring and Risk Assessment ......................................... 7	  

Subtask 7.1 Monitoring ............................................................................................................... 7	  
Subtask 7.2 Refine Site Characterization Data ......................................................................... 14	  
Subtask 7.3 Refine Geologic and Reservoir Models ................................................................ 19	  
Subtask 7.4 Risk Assessment .................................................................................................... 39	  

TASK 8 Project Management and Oversight .......................................................................... 56	  

Subtask 8.3 SWP Project Meetings .......................................................................................... 61	  
Cost Status ................................................................................................................................... 61	  

Anticipated Delays ...................................................................................................................... 65	  

Significant Achievements ........................................................................................................... 65	  

Appendices ................................................................................................................................... 65	  



Southwest Regional Partnership on Carbon Sequestration 
Quarterly Progress January–March 2019 

 -3- 

List of Figures and Tables 
 
Figure 1. The Texas Water Development Board groundwater model of the Ogallala Aquifer. (a) 
Image of the model produced using GMS, where colors represent lithologies. (b) Head values 
after a calibration in MODFLOW. ...................................................................................................9	  
Figure 2. A map view of the CO2 surface flux measurements locations. ......................................10	  
Figure 3. Downhole pressure and temperature from the 13-10A well. .........................................12	  
Figure 4. CO2 injection and storage volumes. ...............................................................................14	  
Figure 5. Sample Core 19 (HFU 5) relative permeability curves plotted in Eclipse format. ........17	  
Figure 6. Sample Core L5 (HFU 3) relative permeability curves plotted in Eclipse format. ........18	  
Figure 7. A cross section of Acoustic Impedance (P-Impedance) from the elastic seismic 
inversion through wells 13-10A and 32-8. ....................................................................................19	  
Figure 8. Connections and communications between fault triangles and matrix grid cells, 
determined by STOMP. .................................................................................................................20	  
Figure 9. Flowchart of procedure of optimization framework. .....................................................27	  
Figure 10. Structure of a typical RBF neural network and a normal neural network with one 
hidden layer. ...................................................................................................................................27	  
Figure 11. Values of objective function for different optimization simulation experiments. ........28	  
Figure 12. CO2 storage amount for optimal case and base case. The first eight years are history 
matched with field data, then followed by a 20-year prediction period. .......................................28	  
Figure 13. Cumulative water and gas injection of baseline case and optimal case. ......................29	  
Figure 14. Average reservior pressure predicted by baseline case model and optimal case, the 
MMP of FWU is approximately 4009 psi......................................................................................29	  
Figure 15. Comparative results between the van Genuchten base case (left column) and Corey 
(right column) RP-CP curves presenting the gas saturation (row 1), aqueous CO2 concentration 
(row 2) and pH (row 3) produced with each curve. .......................................................................31	  
Figure 16. ANOVA results for the Basal Cambrian Sandstone fit to the van Genuchten relative 
permeability and capillary pressure formulas. ...............................................................................33	  
Figure 17. Laboratory measured relative permeability and capillary pressure data (open symbols) 
and data fit to the van Genuchten formula (solid lines). ................................................................34	  
Figure 18. ANOVA results for the Viking Sandstone fit to the van Genuchten relative 
permeability and capillary pressure formulas. ...............................................................................35	  
Figure 19. Laboratory measured relative permeability and capillary pressure data (open symbols) 
and data fit to the van Genuchten formula (solid lines). ................................................................36	  
Figure 20. ANOVA results for the Berea Sandstone fit to the van Genuchten relative 
permeability and capillary pressure formulas. ...............................................................................37	  
Figure 21. Laboratory measured relative permeability and capillary pressure data (open symbols) 
and data fit to the van Genuchten formula (solid lines). ................................................................38	  



Southwest Regional Partnership on Carbon Sequestration 
Quarterly Progress January–March 2019 

 -4- 

Figure 22. RROM-GEN input settings for FWU simulations. ......................................................41	  
Figure 23. RROM-GEN output settings for FWU simulations. ....................................................42	  
Figure 24. Pressure (top row) and CO2 saturation (bottom row) at the initial time step for 
permutation HS3noPC. ..................................................................................................................43	  
Figure 25. Pressure (top row) and CO2 saturation (bottom row) at the last time step for 
permutation HS3noPC. ..................................................................................................................44	  
Figure 26. Pressure (top row) and CO2 saturation (bottom row) at the last time step for 
permutation HS4wHSU5Pc. ..........................................................................................................45	  
Figure 27. Pressure (top row) and CO2 saturation (bottom row) at the last time step for 
permutation HS4wHSU6PC. .........................................................................................................46	  
Figure 28. Pressure (top row) and CO2 saturation (bottom row) at the last time step for 
permutation HS4wHSU7-8Pc. .......................................................................................................47	  
Figure 29. Mean CO2 and brine leakage for all 11 FWU reservoir scenarios. ..............................48	  
Figure 30. Model domain of the 2-D slice. ....................................................................................49	  
Figure 31. Initial settings of (a) porosity and (b) permeability of the 2-D model. ........................50	  
Figure 32. Mineralogical data from the FWU: (a) mineral mass fraction as a function of depth at 
Well 13-10A; (b) correlation between quartz mass fraction and porosity from two sets of well 
data. ................................................................................................................................................52	  
Figure 33. Spatial distribution of selected primary mineral volume fraction: (a) quartz; (b) 
calcite; (c) illite; (d) kaolinite. .......................................................................................................53	  
Figure 34. Map of Microseismic site locations. .............................................................................59	  
 

Table 1. Chemical Analysis of Water Samples from FWU Collected February 22, 2019 ..............8	  
Table 2. Monthly CO2 Production and Injection Volumes ............................................................13	  

Table 3. Breakthrough Times for Berea Sandstone Under Different Experimental Settings (ΔP) 15	  
Table 4. Sample Core 19 (HFU 5) Relative Permeability Data* ...................................................16	  
Table 5. Sample Core L5 (HFU 3) Relative Permeability Data* ..................................................17	  
Table 6. Critical Endpoint Data from the Laboratory-Measured Relative Permeability Data 
Produced by the Project in BP3 .....................................................................................................22	  
Table 7. Default Values and Adjustment Range of Parameters Used in Overall Objective 
Function Optimization ...................................................................................................................26	  
Table 8. Comparison Between Baseline Case and Optimal Case ..................................................26	  
Table 9. Relative Permeability and Capillary Pressure Settings  (Gherardi, Xu, & Pruess, 2007)50	  
Table 10. Initial Water Chemistry of the Model Domain (mol/kg, pH Is Dimensionless) ............51	  



Southwest Regional Partnership on Carbon Sequestration 
Quarterly Progress January–March 2019 

 -5- 

Table 11. Average Initial Primary and Secondary Mineral Compositions and Their Surface Areas 
(Labus & Bujok, 2011; Pan et al., 2016; Xiao, Dai, et al., 2017; Xiao, McPherson, et al., 2017) in 
the Simulations...............................................................................................................................52	  
Table 12. Microseismic Site Locations ..........................................................................................58	  
Table 13. Project Budget and Expenditures for Quarter 46, January–March 2019 .......................62	  
Table 14. BP4 Milestones ..............................................................................................................63	  

	  
	   	  



Southwest Regional Partnership on Carbon Sequestration 
Quarterly Progress January–March 2019 

 -6- 

Executive Summary 
 
The Continuation Application for Budget Period 4 was approved and BP4 began on January 1, 
2019. Tasks active during Budget Period 4 will be 1, 2, 7, and 8. Much of the work of BP4 will 
be concentrated in Task 7. 

Task 2–Public Outreach and Education: The SWP website was maintained. The SWP 
Annual Meeting page was set up and information was disseminated.   

Task 7– Post-Injection Period Monitoring and Risk Assessment: In 7.1 Surface and 
Near-Surface, the project team began working with existing Texas Water Conservation District 
groundwater models of the High Plains Aquifer, the most critical USDW at the FWU study site. 
Water samples were taken, but CO2 surface flux samples could not be taken because of adverse 
weather conditions. SWU researchers noticed gaps in the data stored on the LiCor eddy flash 
drive (cause not determined) and continued to develop methods for quantifying CO2 emissions 
from point sources. They addressed on-the-fly lag time correction for the Picarro spectrometer 
and worked on downhole pressure and temperature data from 13-10A. Tracer sample testing was 
ongoing. Researchers conducted an optimal design study for the FWU microseismic monitoring 
network. CO2 storage was reported. In 7.2 Refine Site Characterization Data, a research plan and 
multiple simulation scenarios began development. In 7.3, Refine Geologic and Reservoir Models, 
work progressed on the geologic model, on evaluating the geochemical network developed in 
BP3 and its solution with the ECKEChem solver, and on developing capabilities for modeling 
the fault structures within the FWU as embedded features. Researchers cataloged the experi-
mental relative permeability data from BP3, determining critical endpoints for both saturation 
and relative permeability. They continued to assess the impact of geochemical reactions on CO2 
storage via three-phase reactive transport models of FWU, and worked on column experiments, 
including data analysis, of CO2 intrusion into the overlying groundwater aquifer. Development 
continued of an optimization framework to co-optimize CO2-EOR performance and CO2 storage 
in FWU, as well as project NPV, in a 20- year forecasting period. A generic reactive transport 
model for CO2 injection into a sandstone reservoir was adapted and modified for 
TOUGHREACT, to test the impact of RP-CP parameters on dissolution and mineral trapping 
predictions. Researchers continued work on grid conversion software that will allow for code 
comparisons, targeting ECLPSE, CMG, TOUGH2, and STOMP. In 7.4, Risk Assessment, re-
searchers worked on a plan to deal with geomechanical rock failure due to CO2 injection as a re-
sult of pore pressure increase and/or chemomechanical changes in the caprock, using RROM-
GEN. Researchers worked on the new set of FWU reservoir category simulations with NRAP-
IAM-CS. To simulate geomechanical effects associated with CO2 exposure, rock samples were 
assessed to determine the best option for initial testing using analogous rock types compared to 
reservoir rocks. A study on vertical CO2 intrusion into caprock was carried out with 
TOUGHREACT, and assessment continued via FWU three-phase reactive transport models of 
the impact of geochemical reactions on CO2 storage.  

Task 8–Project Administration and Oversight: Several field trips were made to the 
FWU. The BP4 Continuation was approved and BP4 began on January 1, 2019. The Annual 
SWP Meeting was held in Allen, Texas.  




