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Tim G. Tannenbaum1, Garrett G. Speeter1, and Trent D. Hubbard2

INTRODUCTION
�e State of Alaska Department of Transportation and Public Facilities (DOT&PF), Northern 

Region Materials Section (NRMS) supports the feasibility planning for the Arctic Strategic Transporta-
tion and Resources (ASTAR) project, North Slope, Alaska. �e goal of ASTAR is to identify, evaluate, and 
advance opportunities to enhance the quality of life and economic opportunities in North Slope Borough 
(NSB) communities through infrastructure development. One component of this project involves eval-
uating construction material resources that might be used for infrastructure and development projects, 
potentially including roads on the Arctic Coastal Plain to connect existing infrastructure with communi-
ties and resource development projects.

At the request of the Alaska Division of Geological & Geophysical Surveys (DGGS), and as suggest-
ed by NRMS Chief Engineering Geologist G. Speeter, NRMS completed a Capacitively-Coupled Resistivity 
(CCR) survey along the �rst 10 miles of the proposed corridor of the all-season road network connecting the 
northern Alaskan communities of Utqiagvik, Atqasuk, and Wainwright (�g. 1). �e �rst 10 miles of the pro-
posed corridor follow the route used for the North Slope Borough Community Winter Access Trail (CWAT). 
�e goal of the CCR survey was to collect resistivity measurements of the subsurface soils to aid in selecting 
construction material site drill targets for the proposed road network. �e resulting data can be downloaded 
from the DGGS website doi.org/10.14509/30960.

Follow-up geotechnical drilling of the materials site targets identi�ed during the desktop study and 
from the CCR survey was completed in August of 2022 to potentially provide proof-of-concept that CCR 
data could be used for site selection and de�ne materials sites. Geotechnical drilling results and preliminary 
design recommendations are presented in Tannenbaum (2022). A comparison of subsurface stratigraphy 
observed in test hole data, with the subsurface stratigraphy interpreted from CCR data, suggests that use of 
CCR to identify potential material sites is ine�ective due to the local cyrostructure. �e use of CCR to evalu-
ate foundation soils for ground-ice content during alignment selection, however, is a cost-e�ective tool.

FIELD INVESTIGATION
Field work for the geophysical survey was conducted April 18–23, 2022, by NRMS Engineering 

Geologists T. Tannenbaum and M. Blake, based out of Utqiaqvik, Alaska. Snowmachines and local trail 
information, provided by the North Slope Borough Wildlife Management Department, were used to access 
�eld sites and collect data. 

Field work for the material site investigation was conducted August 1–26, 2022, by NRMS Engi-
neering Geologist T. Tannenbaum and NRMS Drillers P. Lanigan, D. Coke, and T. Hartford. A Bell 407 he-
licopter operated by Maritime Helicopters out of the Utqiagvik Airport provided daily access to �eld areas.

http://doi.org/10.14509/30960


Preliminary Interpretive Report 2023-1 2

Figure 1. Capacity-coupled resistivity (CCR) survey location along proposed road corridor, Utqiagvik, Alaska. Start-
ing points of each CCR survey line are labeled A through U.
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Geophysical Investigation Methods
�e CCR geophysical survey was conducted from approximately mile 0 to 10 of the CWAT, during 

which 50,000 survey-line feet of data were collected (�g. 1). �e CCR survey was designed to be used in 
tandem with sur�cial geology terrain maps (DGGS and ASRC Energy Services, in preparation) and limited 
subsurface test hole data from a 2004 U.S. Army Corps of Engineers (USACE) Coastal Storm Damage Re-
duction Gravel Exploration study (USACE, 2005) to assist in identifying potential drill targets for construc-
tion material exploration. CCR data was collected in 0.25- to 0.5-mile segments for e�cient processing with 
smaller batches of raw data. Data were collected along 21 survey line segments, labeled A through U (�g. 1).

Capacitively-Coupled Resistivity
CCR surveys measure the electrical properties of rock and soil by pulling a coaxial cable array with 

a transmitter and receivers along the ground. �e transmitter sends a continuous current sine wave polar-
izing the surrounding earth material, and the receiver array measures the induced polarization from which 
resistivity can be derived.

A Geometrics OhmMapper CCR system, consisting of one transmitter and �ve receivers connected in 
series, was used for this project. Multiple passes along each survey line segment were completed using di�erent 
receiver geometries to collect data at di�erent depths (�g. 2). Changing both the dipole size (cable length) and 
rope length between the transmitter and receiver(s) allows multiple depths of acquisition for each survey.

Figure 2. CCR Geophysical survey receiver geometry (left) and apparent survey depth (right).

�e measured output of resistivity data from the CCR survey is reported in ohm-meters (ohm-m). 
�e measured resistivity of subsurface materials should be considered a non-unique dataset with multiple 
types of soil and rock capable of producing similar measured resistivity values. As illustrated in �gure 3, 
unweathered igneous and metamorphic bedrock, sand and gravels, limestone, and ice-rich permafrost can 
all produce measured resistivity in the same ranges. �e electrical properties of soil and rock vary drasti-
cally due to phase changes of water in-situ. Frozen soil is resistive to current �ow, especially when ice con-
tents are high, whereas groundwater is conductive (low resistivity). �e following are typical generalized 
resistivity ranges for soil types (Hoekstra and others, 1975):

• 0–100 ohm-m = thawed, or possibly wet material
• 100–1000 ohm-m = ice-poor frozen material and most coarse-grained materials (river gravels/sand)
• 1000–100,000 ohm-m = Ice-moderate to ice-rich material
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Geometrics OhmImager so�ware version 4.0.2.2 was used to process the raw CCR data, which was 
reviewed and checked for data quality. Next, the data were compiled into a format compatible with creat-
ing a 2D data inversion. Aarhus GeoSo�ware Res2dInv version 4.10.20 was used to create 2D resistivity 
data models and display color contoured pseudosection plots. �e resistivity pseudosections were inter-
preted using a combination of resistivity data, surface conditions observed from satellite imagery, sur�cial 
geology terrain maps, and test hole data. 

Drilling and Sampling
Material site drilling was conducted using a helicopter-portable CME-45 drill rig equipped with 

6.5-inch hollow-stem augers. Test holes were selected in areas favorable for potentially hosting construc-
tion materials. A grid pattern of holes was drilled at each site with the goal of identifying 1 million cubic 
yards of construction materials per site. Each test hole was located using a Garmin GPSmap 62s recre-
ational grade GPS (datum WGS 84) with an accuracy of +/- 50-feet. �e elevation at each test hole was 
obtained by plotting the test holes on a lidar derived digital elevation model surface in an ArcGIS Pro 
workspace and then using an ArcGIS Pro geoprocessing tool to extract the elevation for each location. Test 
holes were back�lled with cuttings a�er drilling was completed. 

Split-spoon sampling was conducted during hollow-stem auger drilling, with a standard sampling 
interval of 5 feet from the ground surface to the bottom of hole (BOH). A 2-inch inner diameter, 2.5-inch 
outer diameter split-spoon sampler was driven into the ground using a 340-pound CME automatic ham-
mer with a 30-inch free-fall drop during sampling. Blow count measurements were recorded as the num-
ber of hammer blows required to advance the sampler down a six-inch interval. �e sum of the second 
and third 6-inch intervals are shown as the N-value on the test hole logs, and refusal occurred when 50 or 
more blows were required to advance the sampler six inches.

Samples were collected from auger cuttings or split-spoons, placed in double-layered Ziploc® brand 
bags or poly bags labeled with permanent marker for storage, and transported to the Mappa Test lab in 
North Pole, Alaska. Test hole logs are presented in appendix C.

Laboratory Data
Soil samples and test hole conditions were logged in the �eld following the criteria in the Alaska Ge-

otechnical Procedures Manual (DOT&PF, 2007a) and using the Uni�ed Soil Classi�cation System (USCS). 
In addition, the Alaska Guide to Description and Classi�cation of Peat and Organic Soil (DOT&PF, 2007b) 

Figure 3. Generalized resistivity ranges for rocks and soils, after Palacky,1988).



Preliminary Interpretive Report 2023-1 5

and the Description and Classi�ca-
tion of Frozen Soils (USACE, 1966) 
were used to describe organic rich or 
frozen subsurface conditions. Select-
ed samples were tested in accordance 
with ASTM/AASHTO methods for a 
determination of any one or a com-
bination of the following properties 
(table 1):

• Classi�cation (particle size 
distribution)

• Moisture content
• Atterberg limits 
• Organic content

SUBSURFACE CONDITIONS AND OBSERVATIONS
�e CCR survey was conducted within the �rst 10 miles of the proposed corridor of the ASTAR 

Project road network for Utqiagvik, Atqasuk, and Wainwright, beginning at Utqiagvik. NRMS Chief Engi-
neering Geologist G. Speeter identi�ed three high resistivity anomalies during the survey that could represent 
potential sites for construction material exploration (�g. 4) or ice-rich soil. �e sites were selected during 
a desktop study of sur�cial geology terrain units (DGGS, in preparation) with the goal of �nding materials 
suitable for road construction. �e terrain units mapped as coastal beach and barrier island deposits, inland 
paleo-beach and barrier reef deposits, and gravel-bearing marine sands were interpreted to be the most 
probable sources of construction materials. Inland paleo-beach and barrier island, and marine sand were 
the only deposits present in this investigation area. Ground-truthing for CCR interpretations was aided by 
subsurface data from test holes drilled during the 2004 USACE Coastal Storm Damage Reduction Gravel 
Exploration Program and 2022 DOT&PF Materials Site Investigations, proximal to the CCR survey. Test hole 
logs are presented in appendix B. �e proposed material site exploration targets identi�ed during the desktop 
study fall within CCR survey line segments A–C, F, and M. Annotated pseudosection �gures are presented in 
appendix A and �gure numbers in this text are hyperlinked.

CCR Comparison with Test Hole Data Segments A, B, and C
Segments A through C partially underlie proposed material site exploration target 6 (�g. 5). Test holes 

BIA-01 and BIA-28 are located at the southwest margin of the proposed material site exploration target and 
approximately 3,400 feet from segment A. �e generalized subsurface stratigraphy of these test holes is:

• 4.5- to 8-foot-thick layer of ice, with frozen sand and silt inclusions underlain by a;
• 2- to 10-foot-thick layer of frozen silty sand, with up to 12 percent gravel underlain by a;
• 4.5- to 10-foot-thick layer of frozen poorly graded sand with silt and gravel and silty sand with gravel 

with up to 46 percent gravel underlain by a;
• 4.5- to 8-foot-thick layer of frozen silty sand underlain by;
• Frozen silt.

Test Method AASHTO ASTM

Gradation T27 C136

Liquid Limit T89 D4318

Plastic Limit T90 D4318

Moisture Content – Aggregate Soil T255 T265 C566 D2216

Organic Content (Burn) T267

USCS Classi�cation D2487

Table 1. List of Index Tests. AASHTO = American Association of State 
Highway and Transportation O�cials. ASTM = American Society for 
Testing and Materials
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Figure 4. CCR survey line along proposed road network corridor with proposed material site exploration targets.
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Figure 5. CCR survey line segments A through E with USACE test hole locations.
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Segment A from 0 to 964 survey line-feet (�g. A1) is interpreted to represent a generalized subsur-
face stratigraphy of:

• 5- to 9-foot-thick layer of highly to very highly resistive material, interpreted to be frozen surface 
water in polygonal thermokarst troughs and organic silty ice wedge-rich permafrost underlain by a;

• 22- to 30-foot-thick layer of moderately to highly resistive material, interpreted to be frozen sand 
with gravel and gravel with sand with occasional ice underlain by;

• Low resistivity frozen silt and silty sand.
Segment B from 0 to 1,074 survey line-feet (�g. A2) is interpreted to represent a generalized subsur-

face stratigraphy of:

• 7- to 12-foot-thick layer of highly to very highly resistive material, interpreted to be frozen surface 
water in polygonal thermokarst troughs and organic silty ice wedge-rich permafrost underlain by a;

• 25- to 32-foot-thick layer of moderately highly resistive material, interpreted to be frozen sand with 
gravel and gravel with sand with occasional ice that thins to a;

• 10- to 20-foot-thick layer of moderately highly resistive material, interpreted to be frozen sand with 
gravel and gravel with sand with occasional ice and is underlain by;

• Frozen silt and silty sand from survey line-footage 500 to 1,074.
Segment C from 0 to 2,688 survey line-feet (�g. A3) is interpreted to represent a generalized subsur-

face stratigraphy of:

• 7- to 20-foot-thick layer of highly to very highly resistive material, interpreted to be frozen surface 
water in polygonal thermokarst troughs and organic silty ice wedge-rich permafrost underlain by a;

• 15- to 20-foot-thick layer of moderately highly resistive material, interpreted to be frozen sand with 
gravel and gravel with sand with occasional ice that thickens to a;

• 20- to 25-foot-thick layer of moderately highly resistive material, interpreted to be frozen sand with 
gravel and gravel with sand with occasional ice underlain by;

• Frozen silt and silty sand from survey line-footage 0 to 1,350.
Segment F

Segment F partially underlies proposed material site exploration target 7 (�g. 6). Test holes BIA-08 
and BIA-19 are located south of the proposed material site exploration target and approximately 3,500 feet 
from segment F. �e generalized subsurface stratigraphy of these test holes is:

• 8-foot-thick layer of ice with silt inclusions and frozen organic silt underlain by a;
• 4.5-foot-thick layer of frozen silty sand, with gravel (up to 18 percent) underlain by a;
• 10- to 20-foot-thick layer of frozen silty sand and sandy silt underlain by a;
• 3.5- to 7.5-foot-thick layer of frozen poorly graded sand underlain by frozen peat in BIA- 19.

Segment F from 0 to 2,675 survey line-feet (�g. A4) is interpreted to represent a generalized subsur-
face stratigraphy of:

• 7- to 10-foot-thick layer of highly to very highly resistive material, interpreted to be frozen surface 
water in polygonal thermokarst troughs and organic silty ice wedge-rich permafrost underlain by a;

• 5- to 12-foot-thick layer of moderately highly resistive material, interpreted to be frozen sand with 
gravel and gravel with sand with occasional ice that thickens to a;
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Figure 6. CCR survey line segments F through H and test hole locations.
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• 10- to 20-foot-thick layer of moderately highly to highly resistive material, interpreted to be frozen 
gravel with sand with occasional ice from survey line footage 1,650 to 2,000, but elsewhere thins to a;

• 10- to 20-foot-thick layer of moderately highly resistive material, interpreted to be frozen sand with 
gravel and gravel with sand with occasional ice that is underlain by;

• Frozen silt and silty sand. 
�e combination of this area being mapped as beach and barrier island deposits, along with the 

presence of potential gravel deposits interpreted from CCR data, led to MS 7 being selected as a material 
site drill target. Eight test holes (TH22-2012 to TH22-2019), spaced 250 to 600 feet apart, were drilled 
from depths ranging from 36 to 47 feet below ground surface (bgs; �g. 6).

Test holes drilled at this site encountered a generalized subsurface stratigraphy of a:

• 0.3- to 1.0-foot-thick layer of thick thawed organic mat overlying a;
• 0.6- to 1.2-foot-thick layer of thawed, moist, organic silt overlying a;
• 1.1- to 10.0-foot-thick layer of frozen Vx/Vs silt with ice content from 10 to 70 percent and massive 

ice layers from 1 to 5-feet thick overlying a;
• 6.0- to 14.0-foot-thick layer of frozen Vx/Vs silty sand and sandy silt with ice content from 10 to 70 

percent overlying a;
• 5.0- to 11.0-foot-thick layer of frozen Nbn/Nf poorly graded sand with gravel and well-graded sand 

with gravel overlying a;
• 10.0- to 15.5-foot-thick layer of frozen Nbn/Nf poorly graded sand, well-graded-sand, silty sand, and 

silt overlying;
• Frozen, lean clay, silty sand, and silt with sand.

A comparison of test hole data from MS 7, with stratigraphy interpreted from the CCR data, sug-
gests a more complex subsurface stratigraphy is present than can be interpreted from resistivity pseudo-
sections. In this case, the resistivity signature of the ice content and cryostructure of the surveyed soils is 
dominant over the resistivity signature of interbedded silt, silty sand, sandy silt, poorly-graded sand with 
silt poorly-graded sand with gravel and well-graded sand with gravel horizons observed in test holes.

Segment M
Segment M partially underlies proposed material site exploration target 8 (�g. 7). USACE test hole 

BIA-13 is located southwest of the proposed material site exploration target and approximately 4,500 feet 
from Segment M. A generalized subsurface stratigraphy of this test hole is:

• 4-foot-thick layer of frozen peat underlain by a;
• 6-foot-thick layer of ice underlain by a;
• 8-foot-thick layer of frozen silty sand underlain by a;
• 7.5-foot-thick layer of frozen poorly graded sand underlain by;
• Frozen sandy silt.

Segment M, from 0 to 2,725 survey line-feet (�g. A5), is interpreted to represent a generalized sub-
surface stratigraphy of:

• 5- to 12-foot-thick layer of highly to very highly resistive material, interpreted to be frozen surface 
water in polygonal thermokarst troughs and organic silty ice wedge-rich permafrost underlain by a;
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Figure 7. CCR survey line segments M through N and test hole locations.
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• 2- to 27-foot-thick layer of moderately highly resistive material, interpreted to be frozen sand with 
gravel and gravel with sand with occasional ice with a;

• 20-foot-thick layer of highly resistive material, from 300 to 500 survey line-feet, that may be sand 
with gravel underlain by;

• Frozen silt.
�e combination of this area being mapped as beach and barrier island deposits, along with the 

presence of potential gravel deposits interpreted from CCR data, led to MS 8 being chosen as a material 
site drill target. Five test holes (TH22-2021 to TH22-2025), spaced 450 to 875 feet apart, were drilled from 
depths ranging from 30 to 42 feet bgs. See �gure 7 for test hole locations and appendix B for test hole logs.

Test holes drilled at this site encountered a generalized subsurface stratigraphy of a:

• 0.3- to 0.4-foot-thick layer of thawed organic mat, overlying a;
• 0.5- to 1.0-foot-thick layer of thawed, moist, organic silt, overlying a;
• 18.0- to 30.0-foot-thick layer of frozen, Vx/Vs silt, silty sand, sandy silt, and sandy silty clay with ice 

content from 10 to 50 percent and massive ice layers from 2- to 9-foot-thick, overlying a;
• 14.0- to 20.0-foot-thick layer of frozen, Nbn/Nf poorly graded sand with silt, poorly graded sand, and 

silty sand (absent in TH22-2023 and TH22-2024), overlying a;
• 4.0- to 15.0-foot-thick layer of frozen, Nf/Nbn poorly graded sand with gravel and well-graded sand 

with gravel (absent in TH22-2021 and TH22-2024), overlying;
• Frozen, Nbn/Nf sandy silt, silt sand, and silt.

A comparison of the test hole data from MS 8, with stratigraphy interpreted from the CCR data, 
suggests a more complex subsurface stratigraphy is present than can be interpreted from resistivity pseu-
dosections. In this case, the resistivity signature of the ice content and cryostructure of the surveyed soils 
is dominant over the resistivity signature of interbedded silt, silty sand, sandy silt, poorly-graded sand with 
silt poorly-graded sand with gravel and well-graded sand with gravel horizons observed in test holes.

Subsurface Conditions Interpreted from CCR
CCR pseudosections with nearby test hole data were interpreted using a combination of resistivity 

values from inversion models and test hole subsurface conditions. �ese interpretations were than used as 
guidelines for interpreting CCR pseudosections with no nearby test hole data. Annotated pseudosections 
not discussed are presented in appendix A. �ese pseudosections are interpreted to have a similar subsur-
face stratigraphy as the pseudosections discussed in the previous section.

Segments presented in �gures A6–A20 are interpreted to represent a generalized subsurface stratig-
raphy of:

• 5- to 14-foot-thick layer of highly to very highly resistive material, interpreted to be frozen surface 
water in polygonal thermokarst troughs and organic silty ice wedge-rich permafrost underlain by a;

• 5- to 25-foot-thick layer of moderately highly resistive material, interpreted to be frozen sand with 
gravel and gravel with sand with occasional ice or interlayered silty sand, sandy silt, poorly graded 
sand with silt and gravel with variable ice content underlain by;

• Frozen silt and silty sand.
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Segments with resistivity values that may indicate the presence of sand with gravel and/or gravel 
with sand are listed by survey line segment and line footage (�g. 8):

• Segment F, survey line footage 1,600 to 2,000.
• Segment K, survey line footage 1,400 to 1,800.
• Segment L, survey line footage 500 to 800.
• Segment M, survey line footage 300 to 500.
• Segment N, survey line footage 50 to 250.

Larger, less distinct resistivity signatures are seen for the entire length of segment A and for segment 
B survey line footage 0 to 425.

CONCLUSIONS AND RECOMMENDATIONS
�e combination of subsurface data from the USACE test holes with CCR data in areas of pro-

spective sur�cial geology terrain map units suggests that areas on pseudosections with resistivity values 
ranging from 790 to 2,970 ohm-m (drab olive-green to yellow- to tan-colored contour on pseudosections) 
could be interpreted as having an increased probability of containing suitable construction material. Resis-
tivity values in this range are thought to represent either coarse-grained granular material, such as gravel, 
or frozen material with higher ice content than the surrounding ground. A high resistivity signature could 
be produced by either gravel, ice-rich soil, or bedrock because resistivity signatures are a non-unique data-
set. An understanding of the geologic depositional environment, along with subsurface ground truth from 
test holes, is required for interpretation of resistivity signatures.

Drill testing of material site targets with these resistivity signatures likely shows that the resistivity 
signature of ice content masks the resistivity of the soil pro�le, which suggests that using CCR as a tool for 
identifying coarse granular soils in areas with high ground ice content is ine�ective. �e Material Site In-
vestigation and Alignment Reconnaissance Geotechnical Report (Tannenbaum, 2022) provides complete 
results from geotechnical drilling of potential materials sites and preliminary design recommendations.

Sur�cial geology terrain maps remain the most tangible starting point for identifying areas of 
potential construction material, however, drill testing of sites with favorable sur�cial geology terrain units 
is still required to fully de�ne subsurface conditions. �e likelihood of CCR being successfully used as a 
stand-alone targeting tool in areas with high ground ice content is low. Mapping the ground ice content of 
foundation soils with CCR alone, or in tandem with ice-wedge polygon maps, along proposed alignments, 
however, would be a cost-e�cient method to classify foundation soils and ground truth remotely sensed 
terrain units.
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Figure 8. CCR survey line segments F through O with potential gravel locations identi�ed by CCR survey.
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Figure A1. CCR survey line segment A with resistivity inversion model pseudosection.

APPENDIX A: RESISTIVITY INVERSION MODEL PSEUDOSECTION
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Figure A2. CCR survey line segment B with resistivity inversion model pseudosection.
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Figure A3. CCR survey line segment C with resistivity inversion model pseudosection.
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Figure A4. CCR survey line segment F with resistivity inversion model pseudosection.
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Figure A5. CCR survey line segment M with resistivity inversion model pseudosection.
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Figure A6. CCR survey line segment D with resistivity inversion model pseudosection.
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Figure A7. CCR survey line segment E with resistivity inversion model pseudosection.
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Figure A8. CCR survey line segment G with resistivity inversion model pseudosection.
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Figure A9. CCR survey line segment H with resistivity inversion model pseudosection.
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Figure A10. CCR survey line segment I with resistivity inversion model pseudosection.
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Figure A11. CCR survey line segment J with resistivity inversion model pseudosection.
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Figure A12. CCR survey line segment K with resistivity inversion model pseudosection.
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Figure A13. CCR survey line segment L with resistivity inversion model pseudosection.
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Figure A14. CCR survey line segment N with resistivity inversion model pseudosection.
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Figure A15. CCR survey line segment P with resistivity inversion model pseudosection.
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Figure A16. CCR survey line segment Q with resistivity inversion model pseudosection.
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Figure A17. CCR survey line segment R with resistivity inversion model pseudosection.
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Figure A18. CCR survey line segment S with resistivity inversion model pseudosection.
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Figure A19. CCR survey line segment T with resistivity inversion model pseudosection.
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Figure A20. CCR survey line segment U with resistivity inversion model pseudosection.
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APPENDIX B: USACE 2004 BIA TEST HOLE LOGS 
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APPENDIX C: 2022 DOT&PF TEST HOLE LOGS
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APPENDIX D: SYMBOLS AND DEFINITIONS
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