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Benefit to the Program 

ÅSupport industries' ability to predict CO2 storage capacity in geologic 

formations to within ±30%

ÁThe project will correlate logs, core studies, seismic and modeling efforts 

with multiple iterations through all stages of the project to determine 

actual storage compared to predicted.  The project also tests storage in 

a regionally significant formation and in regionally significant structural 

closures that should refine regional capacity estimates.

ÅDevelop and validate technologies to ensure 99 percent storage 

permanence.

ÁThe project will use 3D, 9C surface seismic, VSP, in zone and above 

zone geochemical sampling, repeat pulsed neutron logging, tracers, 

distributed T and P sensors and assurance monitoring techniques to 

verify location that the CO2 remains in the storage complex.  
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Benefit to the Program 

ÅDevelop technologies to improve reservoir storage efficiency while 

ensuring containment effectiveness.

ÁPulsed neutron logging and heat pulses to the reservoir combined with 

distributed temperature sensing should provide saturation information 

which can be studied as a function of injection rate.  We will also 

measure rock physics properties as a function of CO2 saturation to try to 

improve understanding of seismic response to SCO2.

ÅDevelop Best Practice Manuals for monitoring, verification, 

accounting, and assessment; site screening, selection and initial 

characterization; public outreach; well management activities; and 

risk analysis and simulation.

ÁBSCSP will use information from this project to contribute to best 

practices manuals.
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Project Overview:  Goals and Objectives

Primary objective - Demonstrate that the target formation and other analogous 

formations are a viable and safe target for sequestration of a large fraction of the 

regionôs CO2 emissions. 

Success Criteria ïProject safely injects CO2 into the storage formation and models 

and monitoring indicate permanence of storage in the reservoir.

Other objectives include improving the understanding of injectivity, capacity, and 

storativity in a regionally significant formation.

Success Criteria ïSite characterization, laboratory core studies, well tests, models 

coupled with operational data deepen understanding of use of site characterization 

data for predicting geologic system performance.  Comparison of natural analog data 

with laboratory studies and geochemical sampling in the injection region improve 

understanding of injected CO2 behavior in reactive rock.  
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Project Overview:  Goals and Objectives

Operational objectives - Safely procure, transport, inject and monitor up to one 

million tons of CO2 into the target formation; understand the behavior of the injected 

CO2 within the formation;  verify and improve predictive models of CO2 behavior; test 

and validate monitoring, verification and accounting (MVA) methodology.  

Success Criteria ïSafe and successful injection; good history matching of multi-phase 

flow and reactive transport models; monitoring techniques detect CO2 when present 

and provide information of plume development.

Post-injection phase objective - Assess any resultant changes from the CO2

injection and to continue to monitor the CO2 plume. 

Success Criteria ïContinued detection of plume evolution and models showing 

predictive capability.

Regional characterization objectives - Understand the costs of carbon 

sequestration; determine the best management practices to sequester carbon in the 

soil of agricultural systems; and refine regional assessments of CO2 sources and 

capacity estimates.    
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Project Overview

ÅPermitting & Public Outreach

Å Site Characterization

Å Infrastructure Development

ïCharacterization wells

ï1 Injection Well

ïMonitoring Wells, Pipelines 

Compressor

Å Injection Operations  

ï4 years

ÅMonitoring & Modeling

ÅSite Closure



Domes Are Attractive Early Storage Target
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Half of the current major point source 

emissions for the next  100 years ~7.5 GT

Resource Estimate for 3 Domes   ~5.3 GT

ÅPrevent trespass issues ïbuoyancy flow will take CO2 to top of 

dome

ÅPotential use as carbon warehouse ïdecouple anthropogenic CO2

rate from utilization rate



Kevin Dome

10

CO2 in middle Duperow

Two ñgold standardò 
seals

ïUpper Duperow
~200ô  tight 
carbonates and 
interbedded
anhydites

ïCaprock~ 150ô 
Anhydrite

Multiple tertiary seals



Kevin Structure Tops & Well Penetrations
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NW - SE Cross Section Kevin Dome
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Site Characteristics ïScientific Opportunities
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Natural CO2 production
ïOpportunity to study the natural accumulation and 

long term effects

CO2 in a reactive rock
ïOpportunity to study geochemical effects on both 

reservoir rock (long term fate of CO2) and caprock

(storage security)

ïTo accomplish this, injection should be in water leg of 

the same formation

ïStill retain engineered system learnings on injection, 

transport, capacity, etc.

Duperow is a fractured reservoir with very 

secure caprock
ïOpportunity to investigate impact of fracture 

permeability



Site Characterization Approach / Accomplishments

Approach
ÅAssimilate surface data 

ïTopography, water features, 
viewsheds, infrastructure, cultural 
resources, biological resources, 
etc.

ÅCreate GIS products for surface 
features

ÅPerform baseline monitoring

ÅAssimilate subsurface data

ïWells, tops, logs, 2D seismic, 
produced water, drilling records

ÅCreate database

ÅCreate static model

ÅShoot 3D, 9C seismic

ÅDrill, log and core 2 wells

ïPerform well tests and core 
analysis

Key Accomplishments
ÅKevin Atlas created with surface 

and subsurface data incorporated

Å~ 36 sq. mi. 3D, 9C seismic shot, 
processed and being interpreted

ÅStatic geologic model created

ïHundreds of wells for tops, 32 logs 
digitized for geophysical 
parameters, 2D seismic, 3D, 9C 
seismic

ÅInitial flow modeling performed

ïInjection & production regions

ïSensitivity analysis

ïReactive transport

ÅCores and logs acquired / analyzed

ÅWell tests performed

ÅSecond flow modeling performed

14



Well Locations
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Geophysical 

Characterization & 

Monitoring:

Well Logging
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Logs Wells

1st Prod Inj Mon All

DownholeP &T Cont. Cont. Cont. Cont.

Gamma Ray Initial Initial Initial Initial

Resistivity Initial Initial Initial Initial

Porosity Initial Initial Initial Initial

Density Initial Initial Initial Initial

Caliper Initial Initial Initial Initial

P&S Sonic Initial Initial Initial Initial

Sonic Scanner Initial Initial Initial

Isolation Scan Initial Initial Initial

FMI Initial Initial Initial

NMR Initial Initial Initial

Natural Gamma Initial Initial Initial

Elemental Spec Initial Initial Initial

Cement Eval Initial Initial Initial Initial

Pulsed Neutron Initial Annual Annual/ 
2 Annual

Initial







Core Plan ïIntervals and  Analyses
Porosity

Permeability (horizontal, vertical, relative)

Capillary pressure (mercury injection)

Core flood, geochemical reactivity 

Seismic properties, anisotropy analysis

Tight rock analysis)

Petrology/Petrography

Bulk XRD

Powder XRD

NMR calibration

SEM/EDS

Micro-CT imaging

Ductility and rock strength

Bulk composition XRF

BET surface area

Core spectral gamma ray

Whole rock analysis, REE

XrF, ERD

Thin section analysis

Carbon isotopes



Caprock Geomechanical Tests
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ÅPotlatch Anhydrite

Å3687'-depth of the Wallawein

well 

ÅSample density 2.5 - 2.83 

g/cm3(close to the theoretical 

density of anhydrite (2.97 

g/cm3 indicating nearly pure 

anhydrite with very little 

porosity.)

ÅSingle crystals of anhydrite 

appear to be as large as 1-3 

cm



Caprock Geomechanical Tests
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Summary of unconfined strength (150±24 

MPa) and Youngôs modulus (90±10 Gpa) 

compared with shale (X) and anhydrite (    ) 

The Poissonôs ratio is 0.32±0.05. 

Anhydrite (Hangx 2010)

Potlach Anhydrite



Caprock Geomechanical Tests
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UCS (MPA) ¸ƻǳƴƎΩǎ όGPa) Poisson

All Vert Horiz All Vert Horiz All Vert Horiz

Mean 153.1 150.8 155.4 91.42 93.29 89.55 0.32 0.35 0.30

StdDev 27.47 15.30 40.46 11.49 14.15 10.94 0.06 0.07 0.04

ÅThe Potlatch Anhydrite is very 

strong in both orientations 

ÅThe average Youngôs modulus 

(91 Gpa) reflects a very stiff 

material

ÅSamples dilated strongly at peak 

strength before failing indicating 

significant plasticity even under 

unconfined conditions



Middle Duperow ïFractures



Middle Duperow ïFractures Propped by Precipitates

24



Core Analyses
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XRD of Core Plugs (Permeable Zones)

26

92 ï98% Dolomite

0 ï5.6% Calcite

0 ï2% Quartz

0 ï3.5% Anhydrite

0 ï6.4 % Gypsum



Thin Sections ïDual Porosity
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Thin sections show both 

intergrain matrix porosity 

and microfracture porosity 

resulting in good 

permeability

2 mm

2 mm



Core Testing: Reactive Transport Experiments
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Experimental Design

Å Flow-through Reactor

Å Real-time P, T, pH, Cond. 

Å Sampling of Brine Chemistry

Physical Changes in Rock Core

Å Microstructure: Optical & SEM

Å Porosity: CT & NMR

Å Permeability

Limestone Sandstone
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Seismic Structural Data
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Bow Island

Lower Bow Island

Swift
Madison

Bakken

Souris River

Acoustic basement

Structure Top Duperow from Well 

Control and Structure Top Bakken 

Shale from Seismic

Structural surfaces from 

Shear Wave (SH) Seismic 

BSCSP Kevin Dome



BSCSP Seismic Monitoring Program
Poststack P and SH inversion IsSS with Wallewein GR

M Duperow Porosity



BSCSP Seismic Monitoring Program

Joint inversion IsPP shows 

larger variation at Duperow
Ip at Middle Duperow

porosity zone



BSCSP Seismic Monitoring Program

9C dataset has good to excellent P and SH signal useful for characterizing 

Middle Duperow porosity zones

ÅWell to seismic matches, particularly in paleozoic, are excellent on P and SH 

datasets

Å Subtle NE-SW structural fabric points back at crest of Kevin dome throughout 

paleozoic section

Å Joint inversion performance was good, as expected, and middle Duperow

porosity zone is readily visible on both impedances

Å Meaningful impedance variations are visible on joint inversion output at middle 

Duperow level
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THE LEADING EDGE OCTOBER 1998, p 1396

ñThe shear-waves responded

to a change in pore aspect 

ratio or preferential opening 

of microfractures resulting 

from the injection of CO2. The 

faster shear-wave (S1) 

velocity was attenuated less 

with the resulting change in 

low-aspect ratio crack 

porosity.ò



Modeling

Static Geologic Model

ïThree domain sizes (Regional, Dome, Production / Injection) 

Multiphase Flow Modeling For CO2 Injection

ïSensitivity Analysis

ÅThree rock parameters (different k, ū)

ÅTwo injection rates (constant, stepped)

ïMultiple Interacting Continua modeling to account for both fracture 

and matrix permeability

Multiphase Flow ïProduction

ïSensitivity Analysis

ÅThree Gas-water contact heights

ÅPressure effects at multiple distances as a function of production 

rate / duration

Geochemical & Reactive Transport Modeling

Risk Modeling
34
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Static Model

Petra ïWorks with IHS well log 

database.  Use ~1000 wells to pick 

formation tops.  Good for structural 

information.  Export info to Petrel.

Petrel ïIncorporate logs, petro-

physical properties (18 wells in 

injection zone), existing 2D 

seismic and BSCSP acquired 

3D seismic.  Export cellular 

model info for flow modeling.
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Flow Modeling - Multiple Interacting Continua (MINC)

The cores extracted from both wells and the step-rate injection tests at the 

monitoring well showed that the target production/injection formation, the 

Middle Duperow, is highly fractured in its high-porosity zone.

- 2D radial MINC TOUGH2 model, with one fracture continuum and four 

matrix continua, with volumetric fraction of 0.01, 0.05, 0.20, 0.34, and 

0.40, and porosity of 1.0, 0.15, 0.10, 0.10, and 0.08, respectively; 

- In this model, global fracture-fracture connections, global matrix-matrix 

connections, and local fracture-matrix connections are considered;

- Four fracture permeability (Kf) parameters are considered;

- Fracture spacing of the high-porosity layer of the Middle Duperow is 

based on core fracture mapping and FMI logging, and fracture aperture 

or fracture permeability is based on the step-rate injection test analysis 

and sensitivity analysis; 

- The matrix permeability (Km) is based on the effective permeability 

derived from the step-rate injection tests, while matrix porosity is based 

on core measurements; 
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MINC Simulated Pressure Buildup (ȹP)
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MINC Simulated CO2 Plumes
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(c) 1.5 year
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(f) 4 year
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MINC Simulated CO2 Plumes
Fracture
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