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Abstract 
 

    A pilot test is being conducted in Marshall 

County, West Virginia, to evaluate enhanced 

coalbed methane (CBM) recovery and 

simultaneous carbon dioxide (CO2) sequestration 

in an unminable coal seam in the Northern 

Appalachian Basin.  Researchers from CONSOL 

Energy Inc., West Virginia University and the 

National Energy Technology Laboratory 

(NETL) are collaborating in this effort.  The 

project is funded by the U.S. Department of 

Energy and is managed by the National Energy 

Technology Laboratory. It is planned to inject up 

to 20,000 short tons of carbon dioxide at a 

pressure of up to 700 psig and at a rate of about 

27 short tons per day into an “unminable” region 

of the Upper Freeport coal seam located at 

depths of 1200 to 1800 feet, depending on 

surface topography.  Horizontal coalbed 

methane wells were drilled in a modified five-

spot pattern over a 200-acre area into the Upper 

Freeport seam and separately into the overlying 

Pittsburgh coal seam, and these wells have been 

producing CBM since 2004.  The center wells 

will be converted to CO2 injection wells.  It is 

anticipated that CO2 injection will commence in 

the summer of 2009.  A Class II underground 

injection control permit was obtained from the 

West Virginia Department of Environmental 

Protection Office of Oil and Gas.  The impacts 

of CO2 injection into the center wells on the 

production and composition of the coalbed 

methane produced in the peripheral and 

overlying wells will be monitored.  Injection will 

cease when either 20,000 short tons have been 

injected or the coalbed methane from the 

peripheral or overlying wells becomes 

contaminated with CO2. 

 

The pilot test incorporates numerous site 

characterization and monitoring activities 

including 1) monitoring of the gas and water 

produced from numerous active coalbed 

methane wells and from numerous abandoned 

deep gas wells in the area of review, and from 

two observation wells drilled for this project, 2) 

ground water monitoring, 3) stream water 

monitoring, 4) soil gas monitoring, 5) 

perfluorocarbon tracer testing, 6) tiltmeter 

observations and 7) seismic observations.  

Monitoring will continue for two years after 

injection ceases. 

 

Subsurface characterization of the site employs 

well-log-derived structure and isopach maps, 

integration of structure inferred from the 

horizontal well paths, and partial 2D and 3D 

seismic coverage. Density and sonic logs from 

one well help establish an approximate tie 

between the seismic response and subsurface 

stratigraphic intervals. Data from 

Schlumberger’s sonic scanner tool combined 

with density provide mechanical properties of 

overburden intervals. 3D swath data collected by 

Steve McCrossin, Precision Geophysical, were 

processed using pre-stack time and depth 
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migrations (Vaso Leci, Vemek Ventura Energy). 

The bandwidth of the data is about 75 Hz (25-

100Hz) with a peak frequency of approximately 

50 to 60 Hz. The interval velocity in the 

Pittsburgh coal is approximately 6700 fps; in the 

Upper Freeport it is about 8900 fps, which limits 

resolution to 30 to 40 feet thick intervals, 

respectively. The Pittsburgh coal is between 6 

and 7 feet thick in the area, whereas the Upper 

Freeport varies between 2 to 6 feet across the 

site. Local disruptions in reflection discontinuity 

are common in intervals bounding the Upper 

Freeport. Major penetrative faults and folds have 

not been observed at the site. Edge detection and 

event similarity analysis of the 3D seismic 

volume reveals local structural heterogeneity. 

The acquisition footprint is suppressed using a 

short crossline smoother. Tuning cubes 

generated along horizon-guided intervals help 

evaluate seismic properties of depositional 

environments bounding the Pittsburgh and 

Upper Freeport coals at the site.  

 

Introduction 
 

  The pilot site is located in the foreland area of 

the Appalachian Basin near the west margin of 

the Rome trough. The CONSOL Energy carbon 

sequestration pilot test evaluates the potential for 

geologic sequestration of CO2 in unminable 

coals in the basin. In this test CO2 is injected 

into the Upper Freeport coal. The Upper 

Freeport coal lies at the top of the Pennsylvanian 

Conemaugh Group. An isopach map of the 

Upper Freeport in this area suggests that it has 

pod-like distribution. Abrupt thickness change 

and irregular distribution make the Upper 

Freeport unminable in the area.  

 

Production and injection laterals were drilled by 

CONSOL early in the project. Methane 

production from Upper Freeport laterals along 

the edge of the site (red lines, Figure 1) began in 

2004 along with production from laterals in the 

overlying Pittsburgh seam (thin black lines in 

Figure 1). The CO2 injection laterals (thicker 

lines in Figure 1) are located in the center of the 

diamond outlined by the Pittsburgh injection 

laterals.  

 

West Virginia University and NETL researchers 

are working collaboratively with CONSOL 

Energy to expand monitoring and 

characterization activities at the site in a project 

funded by the U.S. Department of Energy and 

managed by the National Energy Technology 

Laboratory. The experiment provides an 

excellent opportunity to test various approaches 

for CO2 leakage detection, should it occur. 

Monitoring activities include monitoring for 

perfluorocarbon tracers injected in the CO2 

stream (NETL), soil gas flux monitoring 

(NETL), ground water monitoring (CONSOL 

and WVU), surface tilt monitoring (WVU) and 

seismic monitoring (WVU). Monitoring 

activities are widely distributed across the site 

and surrounding area (Figure 1). 

 

In this paper we present some results from the 

site characterization activities including some 

well-log-derived subsurface maps and reflection 

seismic images. The seismic survey over the site 

was designed as a swath 3D. Swath style 

acquisition provides 3D data on a 2D budget. 

Geophones and sources were positioned along a 

series of seven lines crossing the site (dark blue 

lines, Figure 1). Line locations were less than 

optimal relative to the injection laterals due to 

permitting problems with one of the landowners 

in the area. 3D data were obtained through the 

northern and western parts of the site through 

simultaneous recording on all geophones of 

seismic disturbances created by each source 

in the survey. The data were binned into a 3D 

grid of CDP midpoints spaced at 20-foot 

intervals along orthogonal inline and crossline 

directions.  
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Figure 1: Site layout. A series of 6 seismic lines (dark blue) trend northwest-southeast across the northern part 

of the diamond outlined by the Pittsburgh laterals (thin black lines). A 2D seismic tie-line (Line 7) cuts 

northeast-southwest through the set of northwest-southeast 2D lines and then extends to the west outside the 

diamond past a well that provides sonic and density log control.  

 

Subsurface Structure  

   

CONSOL Energy provided well log data for all 

wells (vertical and lateral) in the vicinity of the 

site. These wells often had gamma ray and 

density logs which were used to confirm picks 

on the Upper Freeport and overlying Pittsburgh 

coals. Structure of the Upper Freeport based on 

vertical well penetrations and lateral well path 

locations within the seam suggests the presence 

of local structural highs to the north and west. 

The area is gently deformed. Structural relief 

drops to the south and east with a dip of about 2 

degrees or less (Figure 2). Although the laterals 

oscillate up and down in the Upper Freeport 

seam, the thickness of the Upper Freeport varies 

between 2 to 6 feet across the site so that the 

structure shown in Figure 2 is felt to have an 

accuracy of approximately  2 feet in the 

vicinity of control points. Structural variability 

encountered along the forked injection laterals 

across the center of the site suggests that local 

structures with relief of 10 feet or so could be 

present in areas lacking subsurface control.  

Line 7 

Line 7 

Line 1 

Line 6 
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Figure 2:  Structure of the Upper Freeport coal. Contour interval is 5 feet. Elevations are subsea. XY 

coordinates are metric UTM NAD83. Locations of seismic source and receiver lines are shown in 

light blue. 

 

Seismic Data 
 

  3D seismic data extracted from the swath 

survey provide a spatially continuous view of 

the subsurface reflection response over the 

northern part of the site (Figure 3). The seismic 

travel time datum is set at 1500 feet above sea 

level. Coherent reflection events in the 3D data 

begin about 0.15 seconds, which corresponds to 

a depth of approximately 750 feet beneath the 

reference datum. Coherent reflection response 

begins about 400 to 500 feet above the 

Pittsburgh coal and about 1000 feet above the 

Upper Freeport coal. Coherent reflection events 

can be observed down to 1.8 seconds. This gives 

us a structural view down to the lower 

Ordovician Beekmantown dolomite at a depth of 

approximately 13000 feet below the 1500 foot 

datum (or approximately 11500 feet below sea 

level). The following discussions of the data are 

limited to the reflection response between about 

0.2 and 0.32 seconds, extending from just above 

the Pittsburgh coal to a couple hundred feet 

below the Upper Freeport coal. The bandwidth 

of the shallow data extends, on average, from 

approximately 30 to 100 Hz with a dominant 

frequency of about 60 to 65 Hz. There is quite a 

bit of variability though within that window. For 

example, reflection events observed around 0.18 

seconds in the data have a peak frequency of 

about 100 Hz. The 100 Hz response is more 

subdued but also present in reflection events 

from 0.3 seconds near the Upper Freeport coal. 

The approximate interval velocity of the Upper 

Freeport coal is taken from a nearby deep well 

which indicates an Upper Freeport coal velocity 

Line 7 

Line 1 

Line 6 
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of about 9300 feet/second. The higher 

frequencies in the data make it possible to see 

the top and bottom of a 25 foot thick seam. 

However, the Upper Freeport has a thickness of 

at most 6 feet in the area and it is not resolvable 

as a separate reflection event.  

 

 

Figure 3: Seismic coverage at the CONSOL pilot site. 3D line 30 (a NW-SE line) and 2D line 7 crossing the 

survey from the west are shown for reference in later discussion.  The color plot is a time slice view through 

intervals just above the Upper Freeport. Colors depict the absolute value of the derivative of reflection 

amplitude.   

 

The reflection amplitude response from 0.2 to 

0.32 second two-way travel times along line 30 

(Figure 3 and 4) shows the interpreted Pittsburgh 

coal and Upper Freeport coal reflection events. 

Confidence on the Pittsburgh coal reflection pick 

(cyan highlighted event in Figure 4) is high. 

There was a good correlation between the 

synthetic seismic  response and observations out 

along the western end of 2D Line 7 (Figure 3) at 

the MH 27 well. The Upper Freeport pick, 

however, is conjectural. The tie was not good. 

The sonic from the MH27 well did not make it 

to the Upper Freeport and we had to use a sonic 

log from a deep well about a mile away to 

simulate the seismic response of deeper 

intervals. Since the Upper Freeport does not 

produce an isolated reflection event we are 

seeing a composite response associated with 

stratigraphic intervals in the vicinity of the 

Upper Freeport. The pick must be close to the 

Upper Freeport and provides a representation of 

structure at the level of the injection zone. We 

can see the presence of discontinuity in the 

reflection response below 0.2 seconds. This 
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suggests the presence of greater stratigraphic 

variability in intervals above and below the 

Upper Freeport seam.  The lack of clear 

contiguous offsets in reflection events bounding 

the Upper Freeport and Pittsburgh coal intervals 

suggests that major penetrative faults are not 

present in the area. The minor folds or 

undulations observed in some reflection events 

(e.g. Figure 4) are generally confined to thin 

stratigraphic intervals and do not appear to be 

associated with observable faults 

  

 

 

Figure 4: Amplitude response along northwest to southeast oriented 3D line 30. The data are taken from the 

final migrated stack.  

 

 

 

Attribute Analysis 
 

  In this study, a variety of post-stack seismic 

attributes were computed and evaluated in order 

to gain additional insights into the possible 

existence of penetrative deformation that might 

facilitate leakage at the site. The absolute value 

of the derivative of trace amplitudes versus time 

(Figure 5) is used to illustrate outgrowths and 

insights obtained from some of the attribute 

analysis conducted in this study. The attribute 

provides a more  detailed view of stratigraphic 

boundaries inferred from the reflection response. 

Amplitude and derivative responses highlight 

features in the stratigraphic interval overlying 

the Upper Freeport. This interval thins to the 

northwest and southeast.  
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Figure 5: Absolute 

value of the derivative 

of amplitude versus time 

displayed along line 30. 

Pinch and swell features 

observed in this view are 

associated with 

stratigraphic variability 

in the section. The red 

lines highlight pinchouts 

of reflections events in 

the interval overlying 

the Upper Freeport coal. 

The thin orange lines 

extending across the line 

at 0.27 and 0.32 seconds 

highlight continuous 

reflection events in this 

zone. 

 

 

 

 

Another comparison along 2D Line 7 (Figures 6 

and 7) reveals a pattern of disrupted and noisy 

reflection events between 0.24 to 0.34 seconds.  

 

This time interval includes the Upper Freeport 

coal. Events in the regular amplitude display are 

difficult to follow (Figure 6).

 

 

 
Figure 6:  2D Line 7 

enters the diamond from 

the west crosses the set 

of NW-SE 2D lines and 

exits the site to the 

north. This line provides 

a tie point to a well 

outside the diamond to 

the west. Log picks 

shown on the synthetic 

trace (blue trace at left) 

show the locations of the 

Pittsburgh coal (Pit), 

Bakerstown coal 

(BakrTwn), the 

Mahoning coal (Mh), the 

Upper Freeport coal 

(UFr) and an 

undifferentiated 

Allegheny coal (Alleg).  
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The absolute value of the derivative provides a 

more continuous outline of possible sedimentary 

packages within this stratigraphic complex 

(Figure 7). 

Figure 7:  Absolute value of derivative along 2D Line 7. Area of disrupted reflection events is circled in 

orange. The red diagonal line locates a seismic feature interpreted to be a minor fault (see also Figure 9). Log 

picks shown on the synthetic trace (blue trace at left) show the locations of the Pittsburgh coal (Pit), 

Bakerstown coal (BakrTwn), the Mahoning coal (Mh), the Upper Freeport coal (UFr) and an undifferentiated 

Allegheny coal (Alleg).  

 

The black lines observed in the derivative 

display (Figure 7) represent lines with zero 

slope. They are associated with peaks and 

troughs in the data. The derivative highlights 

continuity in peak and trough reflection events. 

The interval interpreted to contain the Upper 

Freeport coal is fairly continuous across the site. 

A time slice view relative the Upper Freeport 

reflection event reveals channel-like morphology 

in the derivative attribute (Figures 3 and 8). The 

blue colored features represent areas of near-

zero dip. The seismic response inferred from 

both amplitude and derivative displays suggest 

the presence of considerable stratigraphic 

variability in intervals 50 to 60 feet above the 

Upper Freeport. The lowermost interval 

overlying the Upper Freeport is approximately 

200 feet thick. Although there is no evidence of 

major penetrative deformation, subtle features 

observed in the derivative displays suggest that 

small-scale faults and/or fracture zones may be 

present that could intersect the reservoir and 

extend into overlying intervals. 
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Figure 8: Time slice view of 

the absolute value of the first 

derivative of reflection 

amplitude 8 milliseconds 

above the Upper Freeport 

reflection event. The dark 

blue areas are associated 

with nearly zero derivatives.  

 

 

 

 

 

 

 

 

Figure 9:  Subtle disruptions observed in 2D Line 7 are referenced by red arrows and lines. These disruptions 

extend through several reflection events and may be associated with minor faults, fracture zones and folds.  
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Conclusions 

CONSOL Energy Inc. developed a 

comprehensive CO2 sequestration pilot test to 

evaluate the feasibility of sequestration in 

unminable coals. The test seam is the Upper 

Freeport coal which has pod-like distribution in 

the area, making it unminable.  Horizontal wells 

in the Upper Freeport and overlying Pittsburgh 

coals define the perimeter of the site. The 

laterals extend approximately 3000 feet (1 km) 

in length along each side. A series of four, one 

thousand-foot long horizontal wells located in 

the center of the site will be used for CO2 

injection into the Upper Freeport. A detailed 

monitoring plan for the site was developed in 

collaboration with West Virginia University and 

the National Energy Technology Laboratory. 

Monitoring activities at the site include 1) 

monitoring of the gas and water produced from 

numerous active coalbed methane well and from 

numerous abandoned deep gas wells in the area 

of review, and from two observation wells 

drilled for this project, 2) ground water 

monitoring, 3) stream water monitoring, 4) soil 

gas monitoring, 5) perfluorocarbon tracer 

testing, 6) tiltmeter observations and 7) seismic 

observations. 

 

Site characterization efforts reveal that the area 

is mildly deformed. Bedding dip in the vicinity 

of the site is generally less than 2 degrees. Updip 

directions lie to the west and northwest. 2D and 

3D seismic data were also collected over the site. 

An attribute calculated from the absolute value 

of the derivative of reflection amplitude was 

used to enhance frequency content and sharpen 

structural and stratigraphic features in the 

seismic data. The seismic data do not reveal the 

presence of major penetrative faults or folds 

within the pilot site and surrounding area. The 

data suggest the presence of complex 

stratigraphic environments in intervals overlying 

the Upper Freeport coal. Stratigraphic variability 

is inferred in an approximately 200-foot thick 

interval of strata whose base is located 

approximately 50 feet above the Upper Freeport 

coal.  

 

Although major penetrative faults and folds are 

not observed in the seismic data over the site, the 

presence of near-vertical alignments of subtle 

features in the attribute display do suggest that 

minor faults and/or fracture zones may be 

present. This is not surprising, since fractures are 

commonly observed in outcrop, core and FMI 

log. The extent that such zones, if present, could 

facilitate CO2 escape into overlying stratigraphic 

intervals would largely depend on CO2 injection 

pressure. Injection pressures less than 

hydrostatic should not force CO2 into overlying 

strata. In addition, a dense site-monitoring 

network ensures that if CO2 escape should occur 

it will be detected.  

 

The seismic data over the site has provided 

valuable stratigraphic and structural information 

about site geology that is difficult to infer from 

well data alone. Detection of CO2 within the 

Upper Freeport is not considered a possibility; 

however, it may be possible to detect CO2 if it 

migrates along fracture zones and into other 

stratigraphic intervals. Post-injection seismic 

acquisition will help verify reservoir integrity. 
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