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Abstract 

 
   A variety of characterization activities have been 

undertaken on the Southwest Regional Carbon 

Sequestration Partnership’s San Juan Basin pilot site to 

aid in the deployment and subsequent interpretation of the 
National Energy Technology Laboratory MMV tracer and 

soil gas monitoring efforts. In the San Juan Basin pilot 

test, approximately 75,000 tons of CO2 will be injected in 

the basal Fruitland coal at a depth of approximately 3500 

feet. Site characterization efforts include field and satellite 

based fracture mapping, subsurface mapping of the region 

using geophysical logs, evaluation of interferrometric 

synthetic aperture radar (INSAR) measurements of 

ground movements at the site, detailed electromagnetic 

surveys, lineament analysis of radar and Landsat imagery, 

design of a near-surface ground water monitoring well 
program and the design of detailed logging and vertical 

seismic profiling (VSP) efforts in the injection well. 

 

Structure on the Fruitland coal across the pilot site is 

nearly flat and dips approximately 0.25oNE toward the 

axis of the San Juan basin. The Fruitland Formation is 

about 175 feet thick in the area and contains three coals 

with net thickness of about 55 to 60 feet. The basal coal 

injection zone is about 28 feet thick. Subsurface mapping 

suggests that significant faults and fracture zones are not 

present at the site. Surface and satellite based fracture 

mapping reveal the presence of two systematic fracture 
sets with dominant NE and NW trends. Surface fracture 

trends are consistent with butt and face cleat trends 

observed in core through the Fruitland from a nearby 

well. The face cleat trend in the area is to the NE. Surface 

observations also included acquisition of 26 line-

kilometers of EM data used to help locate potential near-

surface fracture zones. We recommended placement of 

additional tracer and soil gas sample points, and shallow 

groundwater monitoring wells based on the history of 

fracture development and the near-surface distribution of 

low-conductivity features.  
 

Satellite based radar scenes of the site were collected 

multiple times over a three month interval to determine 

whether near-surface deformation was occurring in 

response to hydrocarbon production in the area. INSAR 

observations revealed strong coherence between images 

but no surface deformation. An attempt to examine longer 

term (2 year) production effects on surface subsidence 

failed due to poor coherence with an image of the area 

collected 2 years earlier. 

 
Detailed logging of the injection well is planned and 

includes the FMI log for detailed fracture characterization 

and the sonic scanner to obtain mechanical properties and 

measure sonic anisotropy. One zero offset and three offset 

VSPs will also be collected prior to and during injection 

to determine whether the presence of CO2 can be detected 

and its movements monitored. The VSP may also yield 

evidence of small scale faults and fracture zones and help 

the NETL MMV team interpret post-injection 

observations. The geophysical logging and VSP data will 

help other NETL and SWP researchers develop 
geomechanical and flow models.  

 

 

Background 
 

  The work undertaken in this study is part of a 

collaborative effort between West Virginia University and 

the National Energy Technology Laboratory in the area of 

Monitoring, Mitigation and Verification (MMV) 

associated with geologic sequestration activities. Our 

efforts are primarily focused on the subsurface 

characterization activities to detect leakage pathways and 

also to detect leakage, should it occur, in near surface 

aquifers. 
 

The collaborative efforts discussed in this paper are 

concentrated in the San Juan Basin of northwestern New 

Mexico as part of the Southwest Regional Partnership's 

(SWP) pilot sequestration test in the methane producing 

Fruitland coals in this area. The pilot site is located in the 

high rate production fairway south of the west-northwest 

trending basin hinge. The Fruitland coals are Cretaceous 

in age and consist of three prominent seams between 18 

and 30 feet thick distributed over a 200 foot thick interval 

in the Fruitland Formation. The geology of the area 
consists of a nearly flat lying sequence of late Mesozoic 

and early Cenozoic sedimentary rocks. Structure on the 

top of the basal Fruitland coal (Figure 1) reveals a gentle 

dip of less than a degree to the northeast. Regional 

seismic interpretations suggest the basin is underlain by a 

system of approximately N30E and N60W trending faults 
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(Taylor and Huffman, 1998). However, the sparse 

distribution of wells provides no evidence for the 

presence of local faults in the area. The area appears to 

offer a secure reservoir for carbon storage. 

 

The SWP's MMV plans included tiltmeter work along 
with some 2D seismic or offset VSP monitoring efforts. 

The injection well is surrounded by 3 producing wells that 

will be sampled for increased methane and CO2 

production. The NETL MMV team provided additional 

monitoring activities consisting of perfluorocarbon tracer 

and soil gas monitoring. West Virginia University 

contributes ground water monitoring support along with 

the acquisition and analysis of additional geophysical and 

remote sensing data. Geophysical activities were preceded 

by general surface mapping and fracture characterization 

efforts combined with acquisition and analysis of high 
resolution QuickBird and satellite radar imagery. The 

general layout of the pilot site along with the locations of 

various monitoring activities is shown in Figure 2.  

 

 

 

 

Figure 1: Structure on the top of the upper Fruitland Coal. The approximate location of the injection well is highlighted 

by the red circle near the center of section 32 (31N/8W). Modified from Henthorn et al. (2007).  
 

 

These reconnaissance activities revealed that the near-

surface geology surrounding the pilot site consists of a 

sequence of massive sands separated by thin shale 

intervals. Evidence of active seeps developing in 

permeable zones at the base of the sandstones suggests 

they play a dominant role in the development of the 

canyons that dissect the mesas in this region of 

northwestern New Mexico. Seeps facilitate shale 

weathering and undercutting of overlying sandstones. The 

undercut sands eventually collapse and over time the 

process facilitates headward erosion of canyons and the 

dissection of these broad sandstone supported plateaus.  

 

It seems likely that these seeps develop in more 

permeable well drained intervals within the surface sands. 

If CO2 were to escape from the reservoir either along the 
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injection well or through fracture zones extending into the 

near-surface, these high permeability drainage areas 

might be optimal locations for placement of additional 

tracer and soil gas samples. Based on the near-surface 

geology it was proposed that multi-frequency terrain 

conductivity surveys be made over the site to locate well 
drained, low conductivity, areas. Another source of 

information about potential leakage areas explored in this 

effort is associated with possible ground displacements 

resulting from historical production of oil and gas in the 

area. To explore whether this might have occurred, we 

collected interferometric synthetic aperture radar 

(INSAR) data over the site during a three month period. 

The data were evaluated to determine whether coherence 

could be achieved between consecutive images, whether 
surface subsidence had occurred and, if it had, were there 

any indications of decoupling of surface movements 

across potential fault or fracture zones.  

 

 

 

 

Figure 2: Capillary adsorption tube and soil gas sample locations are shown on this high resolution QuickBird image of 

the pilot site (black dots). The injection well is located in the center of the image.  

 

 

We also designed and funded the logging efforts 

conducted in the intermediate zone of the injection well 

extending from 284 feet to 2890 feet beneath the surface. 

The logs provide general information about the 
distribution of sedimentary strata in the intermediate zone, 

along with their mechanical properties, stress anisotropy 

and detailed images of the strata along the wellbore 

including the occurrence and orientation of natural and 

induced fractures.  
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Design of the near-surface aquifer monitoring activities is 

still ongoing and at present we are waiting for permission 

to proceed with the drilling of one or two monitoring 

wells. Assistance in the design of the SWP monitor VSP 

efforts along with some supplemental funding was also 

provided to the project.  

 

 

 

 

 

Near Surface Geology and Fracture Systems 
 

   The near-surface sand at the site is approximately 11 

meters thick (Figure 3A). The sand is deposited on top of 

a relatively thin, approximately1m thick, shale (Figure 
3B). The sands are part of the Eocene age Cuba Mesa 

member of the San Jose Formation. The Cuba Mesa is the 

lower-most member of the San Jose Fm. The mud log 

from the injection well indicates that the San Jose extends 

an additional 1630 feet beneath the surface. The shale 

intervals in the Cuba Mesa become thicker in the basal 

100 feet overlying the Nacimiento Fm. But generally 

consist of a series of sands separated by thin shale 

intervals. The near-surface stratigraphy throughout the 

region is characterized by canyon cut mesas whose edges 

consist of a series of sandstone steps and benches (Figure 

4).  

 

 

 

 

 

 

 
 

 

 

 

 

 

 

 

 

 

 

 
 

 

 

 

 

 

 

 

 

 

 
 

 

 

 

    A)        B) 

 

 

Figure 3: A) close-up view of near-surface sand overlying shale and shale talus: B) Thin (~ 4 foot) thick shale at the 

base of the sand shown in A. 

11m Massive Sand 

1.2m Shale 

1.2 m shale beneath upper massive sand 
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Figure 4: The edge of the mesa is bordered by a series of three rugged cliffs associated with separate sandstone layers. 

The steps or breaks between bluffs coincide with shale intervals. 

 

 

 

 
 

The characteristics of surface fracturing were evaluated 

using high resolution QuickBird imagery along with 

surface fracture mapping (Figure 5). Fracture traces 

interpreted on the image were digitized and plotted in rose 

diagrams for directional analysis. The occurrence of 

fractures in the image was largely restricted to sandstone 

exposures along the edges of the mesa. This is consistent 

with field observations. Limited fracture development is 

observed in sandstone exposures on the interior of the 

mesa. It appears that the majority of fractures form in 
response to extension near the edge of the sandstone 

layer. The QuickBird derived fracture sets are tightly 

clustered and form two sub-orthogonal sets: one, N50E 

and the other N35W. Field based observations also reveal 

the presence of two systematic fracture sets; however, 

there is much greater variability in the field observations. 

The results suggest that the majority of the joints 

observed in the sandstones exposed in this area formed 

after they were exposed at the surface. Fractures appear to 

have developed in response to release stresses developed 

along bed edges produced by weathering and erosion. 

 

Most of the fractures mapped from the QuickBird image 

in this area consist of linear features in the sandstone 

outcrop that marks the edge of the mesa. The rose 

diagram of QuickBird fracture traces measured along the 

canyon edge to the southwest of the injection well reveals 

prominent N50E and N35W trending sets (Figure 6). 
Fracture trends along the edge of the mesa to the south 

and southeast are dominated by the N50E set. QuickBird 

fracture trends observed near the injection well in Section 

32 (Township 31N/8W) are rotated about 15 degrees
 
east 

from a similar study conducted along the rim of the mesa 

located about 1.5  kilometers southwest of the injection 

well in Section 31. In section 31 the Quickbird fractures 

are clustered about N30E.  

~200feet 
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Figure 5:  QuickBird image centered on the injection well. Mapped fracture traces are highlighted. 

 

 

 

 

 
 

 

 

 

 

 

 

 

 

 

 

  A)        B) 
 

Figure 6: Rose diagrams of QuickBird fracture traces measured in the West (A) and Southeast canyons near the new 

injection well.  
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The N50E QuickBird trend is oriented about 15 degrees 

east of the face cleat trend observed in the Nebu well 

(~N35E) about 7 miles to the east of the area. The high 

permeability production trend within the Fruitland coals is 
expected to follow the face cleat trend.  

 

Surface mapped fracture trace orientations are 

characterized by much greater dispersion in orientation 

(Figure 7). Fracture orientations along the edge of the 

mesa southwest of the injection well, although more 

scattered, retain an approximate N30W mean orientation. 

 

The fractures measured along the east and southeast rim 

of the mesa are scattered through the NE quadrant of the 

rose diagram (Figure 7B) and have vector mean 

orientation of N60E. A cluster of fractures with more 
easterly strikes is present in the distribution. The vector 

mean strike of the fractures in this cluster is N78E.  

 

Fracture systems in the vicinity of the injection well 

suggest that local stress fields are shifted relative to their 

orientation to the east as inferred from the Nebu well cleat 

systems and, more locally, relative to those observed to 
the west in adjacent Section 32. The N50E Quickbird 

trend is close to the maximum shear velocity trend 

mapped out by the sonic scanner log from the CO2 

injection well.  

 

The QuickBird derived fracture orientations appear 

consistent with the fast shear azimuth determined from an 

evaluation of sonic anisotropy in the injection well. The 

reasons for increased dispersion of fracture trends 

observed in outcrop and the rotation of the vector mean 

further to the east are unknown. We assume that the stress 

orientation is actually different in this area and that that 
difference is related in some way to local structural 

variability in which the maximum principal stress has 

rotated about 15 degrees to the NE (Figure 8). 

 

 

 

 

 

                           

 

              A)           B) 

 

 

 

Figure 7: A) Fracture trace orientations measured along the western canyon rim of the southern promontory. B) Fracture 

trace orientations measured on the southeast canyon rim.  
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Figure 8: Fast shear azimuth inferred from Schlumberger sonic scanner analysis is roughly perpendicular to the axis of 

the basin and parallel to the face cleat trend noted in the core east of the pilot site. Taken from Schlumberger Sonic 

Scanner Borehole Anisotropy Analysis (2008).  

 

   

Lineament interpretations made from satellite radar 
imagery were also undertaken. Directional analysis of the 

radar lineaments in a 16 square kilometer area 

surrounding the injection well reveals two clusters (Figure 

9): one dominant cluster with vector mean of N48E and a 

second smaller cluster with vector mean of N49W. 
Lineament interpretations made using Landsat imagery 

revealed the presence of similar clusters in the NE and 

NW quadrants with lineaments in the NE quadrant, 

dominant. 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Figure 9: Rose diagram of lineaments interpreted in a satellite radar image of the area.  
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Near Surface Geophysical Studies 
 

   Near-surface geophysical studies at the site were 

focused on the use of multifrequency terrain conductivity 

surveys. The GeoPhex GEM2 terrain conductivity meter 

was used. This instrument is capable of collecting data 

simultaneously at multiple frequencies. Data were 

acquired at 1050 Hz, 4110 Hz, 16890 Hz and 45030 Hz. 

The high frequency response (Figure 10) reveals a 

complex pattern of near-surface conductivity variation 

through the area. The EM survey covers about 0.7 x 

0.7km centered roughly on the injection well. Individual 

survey lines are spaced at 10 meter intervals. The basic 
coverage consists of about 40km of survey line. An 

additional 24 kilometers of repeat survey were also 

collected over the site. 

The blue areas are interpreted to represent 

relatively permeable well-drained near surface intervals 

and that CO2 rising into the near surface could migrate 

through these areas. The results of the terrain conductivity 
survey will provide some basis for later interpretation of 

PFC tracer and soil gas observations over the site. The 

low conductivity features may extend down to perched 

aquifers near the well. Consistent with this interpretation, 

the mesa edge is marked by a consistently low 

conductivity border that suggests the area is well drained. 

However this border has irregular extent into the mesa. 

These low conductivity features extend for considerable 

distances into the mesa in some areas suggesting the 

presence of an extensive internal drainage network.  

 

Figure 10: Terrain conductivity variations observed over the San Juan basin pilot site. NETL tracer and soil gas sample 

points are located on the map for reference to conductivity features. The injection well is located in the center of the 

image.  
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In the low conductivity area to the southeast of the 

injection well (Figure 10) a variety of surface conditions 

exist: including extensive areas of bedrock exposure 

along with some of the thickest soil section encountered 

in this area. Gullies eroded through the soil layer in the 

area east of the access road passing through the low-
conductivity region reach depths of nearly 8 feet in 

places. It is peculiar that the soils thicken so dramatically 

to the east as they do in this area and that extensive 

dissection is taking place. 

 

The outgrowths of the terrain conductivity surveys over 

the site reveal a complex network of potential near 

surface migration pathways. Recommendations for the 

placement of additional tracer and soil gas sample points 

were made based on the distribution of EM anomalies. It 

remains to be seen what role these features may play in 

CO2 escape, should it occur. Tracer and soil gas sample 
points are located in proximity to several of these features 

and should reveal possible relationships to near-surface 

CO2 migration.  

 

The locations of surface conductivity anomalies were also 

used, in part, to help locate near-surface groundwater 

monitoring wells. If the low conductivity zones mapped 

across the mesa are high permeability and well drained 

near surface areas, they may also represent groundwater 

filtration pathways into underlying aquifers.  

Interferrometric Synthetic Aperture Radar 
 

   Radar interferometry studies over the site were 

conducted by MacDonald, Dettwiler and Associates Ltd. 

(MDA). Satellite radar images were collected and 

processed to determine whether differential subsidence 

related to historical oil and gas production could be 

detected over the region. One archive image and 3 new-

collects were processed as part of this evaluation.  View 

times spanned the January 2004 and October 2006 period 

and included images collected on January 22, 2004, 

August 15, 2006, October 2, 2006 and October 26, 2006.  

Line of site differentials were converted to 
vertical displacements. All data were phase corrected for 

topographic variation. Temporal coherence between the 

August 15 and October 2 and 26, 2006 images was very 

high, while coherence between the January 22, 2004 and 

August 15, 2006 was very poor. Poor long term coherence 

is believed to result primarily from seasonal changes 

(winter versus summer). MDA analysis of vertical 

differentials concluded that significant differential 

subsidence was not observable over the month and a half 

to two and a half month time periods for which coherent 

differentials could be calculated. The differentials that did 
appear were attributed largely to atmospheric and 

topographic effects (Figure 11).  

 
 

 

 

 

 

 

 

 

 

 

 

 
 

 

 

 

 

 

 

 

 

 

 
Figure 11: Displacement map generated from images acquired on August 15 and October 26, 2006 (MDA Geospatial 

Services, 2007).  
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A)      B) 

 

Figure 12: Differential surface displacements observed during the August 15 to October 26. The differentials are 

superimposed on the QuickBird image of the area (A) and draped over the DEM for a more local view in the vicinity of 

the future injection well (B).  

 

 

Differential displacements in the vicinity of the injection 
well are shown for reference (Figure 12).  There are some 

local anomalies that appear to lie along the canyon flank 

of the mesa on which the pilot well will be located 

(circled are in Figure 12B). The steep gradient 

displacement gradient south of the injection well (Figure 

12B) is interesting, but of unknown origin. We can only 

speculate that it may be associated with a local rock fall.  

 

Based on the analysis provided by MDA the method 

appears capable of detecting sub-centimeter movements 

in the area with a spatial resolution of 8 meters and would 

be a useful compliment to GPS and tiltmeter 
measurements. The Southwest Partnership has been 

acquiring monitor images at monthly intervals over the 

site. Analysis is being delayed until the results of tiltmeter 

observations at the site are obtained during the injection 

period.  

 

 

Logging and VSPdata 
 

   The injection well (the ConocoPhillips EPNG COM A 

ING 1) was logged in early May (2008). Logging runs 

included acquisition of the Platform Express, Sonic 
Scanner for anisotropy and mechanical properties and the 

FMI log extending from 285 feet to 2890 feet subsurface. 

Shear wave anisotropy analysis reported by Schlumberger 

suggests an average maximum compressive stress 

orientation of approximately N45E (the fast-shear 

vibration direction, see Figure 8) in the well.  

 

As we write, analysis of the logging data has not been 

completed. The data will provide a valuable resource for 

evaluating the VSP, tieing characteristics observed in FMI 

logs to core, the preparation of a geomechanical model 

used to estimate surface deformation in response to CO2 
injection, and flow modeling of the intermediate zone. 

 

A synthetic seismogram compiled from the sonic and 

density logs (see Figure 13) provides an initial reference 

point for identifying reflection events observed in the 

vertical seismic profiles. Prominent events observed 

between 0.3 and 0.4 seconds are associated with 

impedance contrasts in intervals including the base of the 

San Jose Fm., the Ojo Alamo, and upper Kirtland Fm. An 

event in the upper Fruitland Fm. Just above the upper 

Fruitland coal comes in around 0.5 seconds. 
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Figure 13: Synthetic seismogram of the logged intervals 300 feet to 2890 subsurface. 

 

 

 

A zero offset and three offset VSP’s were collected in late 
May (2008) by Schlumberger for the Southwest Regional 

Partnership. Events observed in the zero offset VSP 

(Figure 14) are tentatively correlated to intervals 

identified in the zero offset synthetic (Figure 13). The 

zero offset synthetic is derived from the sonic log 

observations. Sonic transit times are usually shorter than 

those occurring at the much lower vibroseis source 

frequencies used to collect the VSP data. Because of this 

velocity dispersion, reflection two-way travel times 

predicted by the synthetic seismogram are usually less 

than those associated with the actual vibroseis travel 

times. Thus, while we see events associated with the 
upper Fruitland coming in at about 0.5 seconds in the 

synthetic, they come in significantly later in the VSP, at 

about 0.58 seconds or so. Monitor offset VSP’s will be 

collected later during or following CO2 injection. 

 

Interpretation of the offset VSPs will include an 

evaluation of reflection continuity and the possibility that 

subtle fault offsets or fracture zones may be present in the 

area. If these zones are present they may facilitate 

migration of injected CO2 back to the surface. The results 

of VSP interpretations will be tied into the analysis of 
tracer, soil gas, groundwater and titlmeter monitoring 

activities. 

 

Note the increase in frequency content in the zero offset 
VSP (Figure 14) as the geophones are lowered through 

the lower San Jose and upper Kirtland section. Reflection 

interference from this zone degrades the reflection events 

from beneath this interval and emphasizes the 

improvements in resolution provided by the downhole 

VSP sensors. The “zero-offset” source was located 114 

feet from the injection well. The zero offset VSP appears 

to have a peak frequency of roughly 45 Hz at the depth of 

the Fruitland coal. The first breaks have peak frequencies 

of roughly between 55 and 65 Hz.  Thus all the Fruitland 

coal reflection events would fall well within the Fresnel 

zone radius, which would be conservatively estimated at 
300 feet. It would seem very unlikely that the changes in 

reflection character observed in the zero offset VSP could 

be related to local stratigraphic variability. In addition, 

given the dominant frequency of approximately 45 to 

50Hz for reflections from the Fruitland coal interval, and 

assuming a coal velocity of 6000 feet per second, the 

vertical resolution limit (tuning thickness) is 

approximately 30 to 33 feet. The basal Fruitland coal is 

approximately 28 feet think in the area, so the reflection 

response is near the vertical resolution limit for the basal 

coal. The offset VSPs retain similar frequency. Individual 
coals although not resolvable should be detectable. 
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Figure 14: Zero offset VSP acquired in the CO2 injection well. This data was collected for the Southwest Regional 
Partnership and processed by Schlumberger (VSP display, courtesy of Schlumberger, 2008).  

 

 

Conclusions 
 

   As part of the NETL-University Consortium we 
initiated several site characterization activities with the 

objective of providing feedback to the NETL MMV team 

regarding locations of possible CO2 leakage pathways and 

the optimal placement of monitoring technologies to 

maximize accurate estimation of CO2 escape volume if 

leakage occurs. Just as importantly our efforts are 

designed to compliment and enhance ongoing Partnership 

efforts. The work discussed in this paper concentrates on 

collaborative efforts conducted at the Southwest Regional 

Partnership’s San Juan Basin pilot.  

 

Results indicate that systematic fractures develop in near 
surface sandstones with orientations of N35W and N50E.  

These fracture systems tend to develop as release 

fractures near the edges of the mesa and may not 

contribute significantly to groundwater flow through the 

near surface intervals. However, satellite radar and 

Landsat interpretations reveal lineament clusters with 

dominant N50E and secondary N50W trends. If these 

lineaments are associated with regional scale fracture 

systems, then some fracture control on near-surface 

groundwater flow may occur. Sonic anisotropy in the 

intermediate zone reveals shear-wave polarization with 
the fast-shear direction oriented roughly N45E. Surface 

fracture and image derived fracture trends all have 

prominent NE clusters. The axis of the San Juan basin 

trends NW-SE through the area to the north and the NE 

fracture clusters and fast-shear direction are likely due to 

NE-SW compression during basin development. 

Variability of mean orientation in QuickBird and surface 

mapped fractures over distances of about a kilometer 

suggest the presence of similar local variability in stress 

fields resulting from basin formation.  

 

Terrain conductivity surveys of the site reveal several 

interconnected low conductivity features that are believed 

to be associated with high permeability and well drained 

areas within the massive sand that underlies the site. 

These low conductivity zones may facilitate groundwater 
flow and migration of CO2 to the surface if leakage 

occurs. Based on the results of the terrain conductivity 

surveys, recommendations were made to undertake 

additional tracer and soil gas sampling in these areas.  

 

The radar interferometry study revealed good coherence 

between images collected over a 72 day period (between 

mid-August and late October of 2006). Surface deflation 

resulting from oil and gas production in the area during 

that period was not observed.  Analysis reveals the 

method should be capable of detecting sub-centimeter 

scale surface deformation with 8 meter ground cell 
resolution. The SWP has continued acquisition of radar 

images for potential use in the evaluation of tiltmeter 

responses observed across the site. 

 

Log data through the intermediate zone (top of the 

Fruitland to near-surface) provide detailed observations of 

P-wave and S-wave transit times, density, shear-wave 

anisotropy and mechanical properties through 2600 feet 

of the strata overlying the injection zone. Results from the 

FMI log analysis will be tied into the fracture studies. A 

synthetic seismogram compiled from the density and 
sonic logs provides a preliminary view of the subsurface 

seismic reflection response serves as the basis for a 

preliminary interpretation of events observed in the zero-

offset vertical seismic profile (VSP). Future VSP 
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interpretations and modeling may provide additional 

insights into the potential for CO2 escape through the 

intermediate zone. The planned time-lapse imaging may 

also reveal the position of the CO2 flood front within the 

Fruitland coal interval.  

 
While the research efforts undertaken in this project are 

quite varied, the research has two primary objectives: 1) 

to identify potential leakage zones and 2) to recommend 

additional monitoring locations to the NETL MMV team. 

Doing this requires that a variety different 

characterization methods be used. A secondary but 

equally important objective of our research is to be a 

contributing partner in the regional partnership efforts. 

Many of our activities are undertaken to help expand 

outgrowths of partnership monitoring efforts by 

enhancing the monitoring and modeling efforts conducted 

both by NETL and the partnerships at individual pilot 
sites.  
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