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A1.0  Introduction 

The U.S. Army is conducting studies of the environmental impact of suspected contaminants 
at Fort McClellan (FTMC), Alabama, under the management of the U.S. Army Corps of 
Engineers (USACE)-Mobile District.  The USACE has contracted IT Corporation (IT) to 
perform a structural geology investigation of Landfill No. 3, Parcel 80(6), and vicinity, under 
Task Order CK09, Contract Number DACA21-96-D-0018.  Landfill No. 3 is located near the 
northwestern corner of the Main Post of FTMC (Figure A1-1). 
 
A1.1  Purpose 
The purpose of the structural geology investigation was to evaluate the potential influence 
bedrock structure may have on the groundwater flow direction and contaminant movement in 
the vicinity of the landfill.  Results from the investigation will be used to aid in placement of 
groundwater monitoring wells. 
 
A1.2  Scope of Work 
Three borings ranging in depth from 228 to 282 feet were drilled to acquire bedrock cores.  
The spatial distribution of the borings was staggered to obtain optimum information on local 
dip and bedrock structure.  The Boart Longyear Company was contracted to collect 
continuous residuum and bedrock cores.  Century Geophysical Corporation was contracted to 
log the bedrock portions of the three borings using borehole geophysical methods. 
 
A1.3  Geologic and Structural Setting 
 
A1.3.1  Regional Geologic and Structural Setting 
FTMC lies within the eastern part of the Southern Appalachian fold-and-thrust belt (Valley 
and Ridge Province).  This belt consists of a sequence of Paleozoic sedimentary rocks that 
have been asymmetrically folded and thrust-faulted towards the northwest, resulting in a 
series of stacked thrust sheets.  Bedrock in the vicinity of FTMC consists of Cambrian and 
Ordovician age units.  The thrust faults dip southeastward, with major structures and faults 
striking in a northeast-southwest direction.  Within an individual thrust sheet, smaller faults 
may splay off the larger thrust that bounds the lower surface of the thrust sheet, resulting in 
the imbricate stacking of the rock units.  Geologic contacts in the region generally strike 
parallel to the faults, and repetition of lithologic units may occur in vertical sequences 
(Osborne and Szabo, 1984).  
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The Jacksonville and Pell City Thrust Faults are the most significant structural features in the 
FTMC area, by virtue of their influence both on stratigraphic position of units and on 
regional water supply.  The Jacksonville Thrust Fault is interpreted as a major splay of the 
Pell City Fault.  Exposures of the Jacksonville Thrust Fault are rare, due to deep weathering 
and thick colluvium accumulation.  The Jacksonville Thrust Fault contact has been observed, 
however, in an excavated trench on the south side of Reservoir Ridge at FTMC.  Here the 
fault zone is represented by a 6-foot interval of brecciated shale and mudstone in thrust 
contact with colluvium of older, overriding beds.  
 
A regional, northwest-southeast cross section, which crosses Landfill No. 3, was constructed 
for the northern portion of the FTMC area (Figure A1-2).  The cross section location is 
shown on Figure A1-3.  Surface dips reported by Osborne and Szabo (1984) and general 
information from the borings drilled in the area were utilized in the construction of the 
cross section.  The thrust faults are assumed to dip at 30 to 40 degrees to the southeast.  The 
Jacksonville thrust is considered a footwall imbricate splay of the Pell City Fault because the 
Jacksonville thrust sheet carries younger rocks.  
 
A1.3.2  Local Geologic and Structural Setting 
As shown in Figure A1-2, Landfill No. 3 is located on the footwall block of the Jacksonville 
Thrust Fault on the Pell City thrust sheet, with the contact between the Rome and the 
Cambrian Conasauga Formations bisecting the site.  The site is situated approximately 1 mile 
to the northwest of the trace of the Jacksonville Thrust Fault and approximately 0.6 mile to 
the north of an eroded window, or fenster, (FTMC window) in the Pell City thrust sheet.  
Osborne and Szabo (1984) interpret that the trace of the Pell City Fault delineates the 
southeastern edge of the Pell City thrust sheet and frames the northwestern edge of the 
Ordovician geologic window on the Main Post of FTMC.  The leading edge of the Pell City 
thrust sheet (as delineated by the Pell City Fault) is located over 5,000 feet northwest of 
Landfill No. 3.  There is little information regarding the structure of the Pell City Fault in the 
vicinity of FTMC. 
 
Osborne and Szabo (1984) mapped the surface residuum at the site as being developed on the 
Rome Formation, with a narrow band of the Conasauga Formation present to the east (Figure 
A1-3).  Only residuum and/or fill is present at the surface of the landfill, so that direct 
confirmation of the Rome by examination of outcrops cannot be made.  However, two 
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outcrops are entirely consistent with the Rome interpretation, one located approximately 
2,100 feet to the north of Landfill No. 3 and one directly to the west; the lithology is 
identified as dark red to reddish brown and pale olive mudstones and siltstones with 
occasional thin-bedded sandstone. 
 
At the northernmost of the two outcrops, bedding dip reversals indicate the presence of a 
small, tight synclinal fold (close to Highway 21), with a broader anticlinal fold to the west. 
Both folds plunge to the north-northeast.  Well-developed, generally southeast-dipping 
cleavage is evident in mudstones across the exposure.  Loss of bed continuity and apparent 
displacement of units on the southeast flank of the small anticline suggest the possibility that 
a small splay fault dipping to the southeast may be present.  The cut of the southern outcrop 
is parallel to strike on the west side of Highway 21, opposite Landfill No. 3, and exposes 
dark red to reddish brown siltstones and mudstones of the Rome.  Dip of these beds appears 
to be to the west. 
 
A1.4  Results of Previous Investigations 
 
A1.4.1  Borings 
During the course of site investigation and remedial investigation studies conducted at 
Landfill No. 3, twenty monitoring wells have been installed.  Existing monitoring wells are 
shown on Figure A1-4.  These wells were installed between 1986 and 1992 and were logged 
during drilling by collection of cuttings, split spoons, and continuous coring.  Boring depths 
for the installation of the wells ranged from 16 to 87 feet below ground surface (bgs). The 
boring logs for existing wells are included in Attachment A1.  Based on the geologic data 
from these investigations, it was determined that a structural/stratigraphic discontinuity may 
exist between borings drilled near the landfill to the east of the dashed line on Figure A1-4 
and those drilled to the west of this line.  The geologic data collected from borings logged 
east of the dashed line is generally characterized in split spoon samples by vertical and 
horizontal fractures and lithologic descriptions indicating shales or claystones and hard 
drilling.  The sequence encountered to the west of the dashed line, however, suggests 
unconsolidated red and sandy silts exist from ground surface to approximately 60 feet bgs  
(OLF-G12, OLF-G16, OLF-G18), followed by approximately 25 feet of red silty sand (OLF-
G12). 
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A1.4.2  Groundwater Contamination 
In February 1998, IT collected groundwater samples from existing wells at Landfill No. 3.  
The results indicate that groundwater contamination exists at two wells, OLF-G07 and OLF-
G12, west and hydraulically downgradient of Landfill No. 3 (IT, 1998).  These results 
support the results of previous groundwater sampling performed by Science Applications 
International Corporation (SAIC, 2000).  Wells OLF-G07 and OLF-G12 are located along 
the apparent discontinuity mentioned in Section A1.4.1.  Earlier characterizations of 
groundwater, surface water and sediment analysis are included in the FTMC remedial 
investigation (SAIC, 2000). 
 
A1.5  Hydrogeology 
 
A1.5.1  Regional Groundwater Flow 
Groundwater moves to the west-northwest across the main cantonment area of FTMC (SAIC, 
2000).  Groundwater is found in residuum derived from weathered bedrock, within fractured 
bedrock, along fault zones, and from conduit flow within karst development (Scott et al., 
1987).  Karst features have not been identified in the vicinity of Landfill No. 3.  Because of 
these complexities, the use of surface topography as an indicator of groundwater flow 
direction is approximate. 
 
The source of most of the recharge to the groundwater system is by infiltration of 
precipitation in the form of rain.  SAIC (2000), noted that thrust fault zones, typical of the 
county, form large storage reservoirs for groundwater.  
 
A1.5.2  Local Groundwater Flow 
Landfill No. 3 is located within the floodplain of Cave Creek and its tributaries.  
Groundwater flow across the landfill is in a westerly direction from Landfill No. 4 (east of 
Landfill No. 3) across Highway 21, with a hydraulic gradient of approximately 0.04 foot per 
foot.  However, as shown on Figure A1-5, the gradient across the landfill appears much 
flatter than the gradient on the western perimeter of the landfill.  A northwesterly 
groundwater flow component is interpreted in the northern section of the site.  Based on slug 
tests from five wells installed in residuum at the site, the average hydraulic conductivity is 
4.61x10-5 centimeters per second (SAIC, 2000).  Figure A1-5 presents a groundwater 
elevation map constructed from data collected in March 2000.  
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A2.0  Project Description 

 
A2.1  Introduction 
The structural geology investigation included collection of residuum and bedrock cores at 
three boring locations on the perimeter of Landfill No. 3 (Figure A1-3).  The Boart Longyear 
Company was contracted to perform coring and soil sampling using a Gus Pech® drilling rig 
equipped with rotosonic drilling and wireline coring drill heads.  The spatial distribution of 
the borings was staggered to obtain optimum information on local dip and bedrock structure.  
Century Geophysical Corporation was contracted to log Boring 1, Boring 2, and Boring 3 
using borehole geophysical methods.  
 
A2.2  Residuum/Bedrock Sampling Procedures 
Residuum was collected continuously from ground surface to the top of competent bedrock 
using a rotosonic core barrel.  The core barrel was advanced ahead of a temporary outer 
casing.  The temporary casing was advanced to maintain borehole integrity in soft 
formations.  Residuum samples were retrieved in 5-or 10-foot sections and placed in clear 
plastic sleeves provided by the subcontractor.  No samples were collected for laboratory 
analysis.  The residuum samples collected were logged in accordance with American Society 
for Testing and Materials Method D 2488 using the Unified Soil Classification System and 
screened in the field using a photoionization detector.  Lithologic samples were described to 
provide a detailed lithologic log. 
 
The driller determined when competent bedrock was encountered by observing changes in 
drilling pressure and penetration rates.  When competent bedrock was determined, the 
temporary outer casing was advanced to the top of competent bedrock and the borehole was 
cleaned out with the rotosonic core barrel.  The bedrock was subsequently cored by inserting 
a 5-foot long, 4-inch diameter, longitudinally split, dual tube, diamond tipped, wireline, core 
barrel through the temporary casing.  Bedrock cores and associated core pieces large enough 
to be recovered were stored in wooden core boxes and labeled.   
 
Bedrock cores were described by the site geologist to provide detailed lithologic logs 
(Attachment A2) in accordance with methods outlined in USACE South Atlantic Division 
Manual DM 1110-1-1 (July 1983).  
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A2.3  Borehole Geophysical Logging 
Each borehole was logged using downhole geophysical techniques to augment the bedrock 
core data, provide additional information on correlation of lithologic units, and establish 
bedding and fracture orientation.  Borehole geophysical methods included caliper logging, 
natural gamma ray logging, resistivity logging, and acoustic televiewer (ATV) logging.  
Borehole geophysical data are included in Attachment A3.   
 
A2.3.1  Caliper Logging 
A Century Geophysical 9065 logging tool with a three-arm configuration was used for 
caliper logging.  Caliper log data was acquired to determine changes in borehole diameter 
that may indicate the presence of fractures and borehole washouts.  This information was 
compared with features observed in the bedrock cores to evaluate the potential of 
groundwater movement through discrete zones.  Caliper logging was performed by inserting 
the tool through the temporary steel surface casing to the bottom of the borehole.  Upon 
reaching bottom, the tool was activated and retrieved at a rate of approximately 20 feet per 
minute.  Caliper logging was performed in the uncased portion of each borehole. 
 
A2.3.2  Natural Gamma Ray Logging 
A Century Geophysical 9041 multi-purpose logging tool was used for natural gamma ray 
logging.  The purpose of the natural gamma ray logging was to provide information on the 
lithology as well as stratigraphic correlation between borings.  The natural gamma ray tool 
was calibrated to the American Petroleum Institute Standard.  
 
Natural gamma ray logging was initiated by inserting the tool through the temporary steel 
surface casing to the bottom of the borehole.  Upon reaching bottom, the tool was activated 
and slowly retrieved at a rate of approximately 20 feet per minute.  Natural gamma ray 
logging was performed in cased and uncased boreholes, from the bottom to the top of each 
borehole.  
 
A2.3.3  Resistivity Logging  
A Century Geophysical 9041 multi-purpose logging tool was used for resistivity logging, 
which was performed to provide indirect correlation of the lithology and stratigraphy in the 
uncased portions of the boreholes.  Resistivity logging consisted of single point, short normal 
(16-inch), and long normal (64-inch) resistivity log.  Resistivity logging measured the 
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response of rock formations when subjected to applied electric current.  The response was 
affected by lithologic factors such as porosity, bedrock density, and the electrical resistivity 
of fluids within the pore spaces of the bedrock.  
 
Resistivity logging was initiated by inserting the tool through the temporary steel surface 
casing to the bottom of the borehole.  Upon reaching bottom, the tool was activated and 
slowly retrieved at a maximum rate of approximately 20 feet per minute.  The resistivity 
logging was performed concurrently with the natural gamma ray logging. 
 
A2.3.4  Acoustic Televiewer Logging 
A Century Geophysical 9800 ATV logging tool was used to acquire oriented “pictures” of 
features in the boreholes by measuring the reflectivity variances in the received signals.  The 
ATV used a high-resolution acoustic signal as a source and recorded data in uncased portions 
of the boreholes.  The acoustic picture was displayed in both amplitude and travel time.  This 
information was used to provide information about the location, character, and orientation of 
features in the boreholes without the need to have clear fluid filling the boreholes.   
 
ATV logging was performed in the uncased portion of the borehole by inserting the tool 
through the temporary steel casing to the bottom of the borehole.  Upon reaching bottom, the 
tool was activated and slowly retrieved at a rate of approximately 6 feet per minute. 
 
Dip and azimuth (compass direction) data of bedding planes and fractures, and other features 
associated with secondary porosity within each borehole were summarized in the form of 
‘tadpole’ plots, rose diagrams, and polar dip plots (Attachment A3).   
 
Supplemental analyses of the bed and fracture dip information were conducted using 
stereographic projections to separate the bed and fracture dip data sets.  Once separated, the 
data sets were plotted independently for the boreholes.  A comparison was then made as to 
the strike relationships between the beds and the fractures.  A final evaluation of the strike 
relationships was developed by plotting total bed and total fracture dip data.  This process 
was considered a necessary step in order to supplement conclusions that were drawn relative 
to possible groundwater flow directions related to localized contaminant concentrations in 
the Landfill No. 3 area.  
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A2.4  Borehole Abandonment 
Boreholes were abandoned at the completion of the borehole geophysical investigations 
following Alabama Department of Environmental Management guidelines.  Temporary 
surface casing was retrieved and abandonment procedures were followed as outlined in 
Section 4.7.2 of the installation-wide sampling and analysis plan (SAP) (IT, 2000). 
 
A2.5  Equipment Decontamination  
Decontamination of sampling and geophysical logging equipment was performed to ensure 
that potential contaminants were not introduced from one location to another. 
Decontamination of sampling and geophysical equipment was performed in accordance with 
the requirements presented in Sections 4.10.1.1 and 4.10.1.2 of the SAP (IT, 2000), 
respectively.  
 
A2.6  Surveying of Borehole Locations 
Horizontal coordinates were referenced to the Alabama State Plane Coordinate System, 1983 
North American Datum.  Elevations were referenced to the North American Vertical Datum 
of 1988.  Procedures used for global positioning system surveying are described in Section 
4.3 of the SAP (IT, 2000).  Borehole locations were surveyed using global positioning 
system survey techniques. 
 
A2.7  Investigation-Derived Waste Management 
Investigation-derived waste (IDW) was managed and disposed as outlined in Appendix D of 
the SAP (IT, 2000).  The IDW generated from the investigation was segregated as follows:  
 

• Drill cuttings 
• Personal protective equipment 
• Decontamination fluids. 

 
Solid IDW was stored inside the fenced area surrounding Buildings 335 and 336 in a lined 
rolloff bin prior to final disposal.  Solid IDW was characterized using toxicity characteristic 
leaching procedure analyses.  Based on the results, drill cuttings and personal protective 
equipment generated during the investigation were disposed as nonregulated waste at the 
Industrial Waste Landfill on the Main Post of FTMC.  
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Liquid IDW was contained in the existing 20,000-gallon sump associated with the Building 
T-338 vehicle wash rack.  Liquid IDW was characterized by VOC, SVOC and metals 
analyses.  Based on the analyses, liquid IDW was discharged as nonregulated waste to the 
FTMC wastewater treatment plant on the Main Post.
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A3.0  Data Evaluation  

A3.1  Introduction 
The data evaluation process consisted of a detailed analysis of the cores from the three 
borings and comparison of the borehole geophysical data to the cores.  Particular attention 
was paid to features that may indicate the presence of fault zones, such as intervals of intense 
fracturing, breccia, and tightly folded bedding.  
 
Composite logs presenting borehole geophysical and lithologic information were developed 
for the three borings (Figure A3-1).  Detailed lithologic logs are provided in Attachment A2.  
The borehole geophysical plots generated by Century Geophysical Corporation are included 
in Attachment A3. 
 
A3.2  Boring 1  
 
A3.2.1  Lithology and Structure 
Boring 1, drilled to a depth of 228 feet bgs, was located east of Landfill No. 3 in an area 
mapped as the Cambrian Conasauga Formation.  A 6-inch rotosonic core barrel was used to 
drill from ground surface to 95 feet bgs.  A 6-inch temporary casing was installed in the 
borehole from ground surface to 95 feet bgs.  A 5-foot long, 4-inch diameter, longitudinally 
split, dual tube, diamond tipped, PQ3 wireline, core barrel was used to continuously core 
from 95 to 228 feet bgs.  Approximately 121 feet of bedrock core was recovered from Boring 
1. 
 
Figure A3-1 presents a composite log of Boring 1, Boring 2, and Boring 3.  The detailed 
lithologic log for Boring 1 is provided in Attachment A2.  The log for Boring 1 indicates that 
residuum was encountered from ground surface to approximately 75 feet bgs.  Residuum in 
Boring 1 is characterized by thick alternating layers of silt, clay, and sandy clay.  First 
groundwater was observed during drilling activities in sandy silt at approximately 59.5 feet 
bgs.  There was no core recovery from 60 to 65 feet bgs.  Relic bedding was observed 
throughout the silt and clay units.  Tightly folded bedding was observed between 10 and 20 
feet bgs and also at approximately 54 feet bgs.   
 
Competent bedrock in Boring 1 was encountered at approximately 75 feet bgs and consisted 
of a thick sequence of carbonate units, including light gray to pale red argillaceous limestone; 
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brown to reddish-brown, laminated calcareous mudstone; gray to dark gray dolomite; and 
dark gray dolomitic limestone with shaley partings (Figure A3-2).  Fossils were rare, with a 
few shell fragments observed in the limestone.  
 
Fractures were observed in the core from Boring 1 extending from the top of bedrock to the 
bottom of the borehole, with iron staining observed on several fracture faces.  Calcite and 
quartz infilling was also observed in some fractures.  Fractures were generally near vertical 
to 10 degrees from horizontal.  Bedrock was generally weathered to severely weathered, and 
small vugs were observed in the argillaceous limestone units.   
 
Tightly folded bedding was observed in the calcareous mudstone, and nine brecciated zones 
were observed between 87 and 191 feet bgs (Figure A3-3).  The brecciated zones generally 
ranged in thickness from less than 1 foot to approximately 2 feet thick; however, a 5-foot 
brecciated zone was observed in the core from approximately 152 to 157 feet bgs.   
 
There was no core recovery from approximately 99 to 106 feet bgs, and from approximately 
160 to 173 feet bgs.  These intervals may represent highly fractured and weathered zones that 
may have been filled with mud or clay. 
 
At approximately 213 feet bgs, bedrock graded from dolomitic limestone to black, massive, 
calcareous mudstone with shaly partings (Figure A3-4).  The mudstone extended to the 
bottom of the boring.   
 
A3.2.2  Geophysical Data Discussion 
Figure A3-1 includes the caliper log response for Boring 1.  The caliper log from Boring 1 
indicates that the hole retained a consistent diameter during coring activity except in intervals 
from approximately 105 to 110 feet bgs, 157 to 159 feet bgs, and 162 to 170 feet bgs.  The 
intervals from 157 to 159 feet bgs and 162 to 170 feet bgs correspond to the approximate 
intervals of no core recovery in Boring 1.  The interval from 105 to 110 feet bgs corresponds 
to an interval of argillaceous limestone in the core from Boring 1; however, the interval of 99 
to 107 feet bgs was lost during bedrock coring.  The discrepancy may be the result of a lost 
section of rock core below 99 feet bgs being recovered in the core run from 107 to 112 feet 
bgs. 
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Figure A3-1 includes the natural gamma ray log response for Boring 1 compared to the 
associated generalized lithologic log.  The response indicates that residuum (ground surface 
to approximately 75 feet bgs) at Boring 1 generally has higher natural gamma radiation than 
the bedrock units.  
 
Upon comparison of the natural gamma radiation response to the detailed lithologic logs 
shown in Attachment A2, the relatively high natural gamma radiation response from 
approximately 213 to 228 feet bgs corresponds to the black, fissile mudstone interval in the 
core from Boring 1. 
 
Resistivity logging was performed in Boring 1 between 100 and 218 feet bgs (Figure A3-1). 
An interval of significant resistivity curve response in Boring 1 was observed between 
approximately 186 and 214 feet bgs.  The core from Boring 1 contained dolomitic limestone 
and limestone beds at this interval.  This suggests that the resistivity curve responses resulted 
from the suspected low porosity of the carbonate units in this interval.   
 
ATV data were recorded between 100 and 212 feet bgs in Boring 1 (Attachment A3).  
Abrupt changes in dip, as indicated by rose diagrams, occurred between approximately 120 
and 125 feet bgs (southeast dip changes to north dip) and between approximately 200 and 
205 feet bgs (northwest dip changes to northeast dip).  The 120- to 125-foot bgs interval 
corresponds to breccia zone in the core from Boring 1, and the 200- to 205-foot interval 
corresponds to tightly folded bedding noted in the core from Boring 1.  Fractures were not 
observed in the core description from Boring 1 in the interval between 200 and 205 feet, and 
features on the ATV amplitude and acoustic displays were probably bed dips.  A zone of 
abrupt dip change also occurred from approximately 165 to 182 feet bgs, where no core was 
recovered.  
 
Based on ATV data from Boring 1, the average fracture dip ranged from 20 to 40 degrees to 
the east, and bed dip was 35 degrees.  
 
A3.3  Boring 2 
 
A3.3.1  Lithology and Structure 
Boring 2, drilled to a total depth of approximately 250 feet bgs, was located west of Landfill 
No. 3 in an area mapped as the Cambrian Rome formation.  A 6-inch rotosonic core barrel 
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was advanced from the ground surface to 40 feet bgs.  Six-inch temporary casing was 
installed from ground surface to 40 feet bgs, and coring continued from 40 to 91 feet bgs 
using a 4-inch rotosonic core barrel.  A 5-foot long, 4-inch diameter, longitudinally split, dual 
tube, diamond tipped, PQ3 wireline core barrel was used to collect core from 91 to 250 feet 
bgs.  Approximately 126 feet of bedrock core was recovered from Boring 2. 
 
The lithologic log for Boring 2 (Figure A3-1 and Attachment A2) indicates that residuum 
was encountered from ground surface to approximately 92 feet bgs.  Residuum consisted of 
layers of silty clay, clay, and silt.  Chert fragments were observed in residuum from ground 
surface to approximately 70 feet bgs, and minor shale fragments were observed below 30 
feet.  Relic, near-horizontal bedding was observed below 30 feet bgs, and tightly folded 
bedding was observed from approximately 50 to 70 feet bgs.  First groundwater was 
observed during drilling activities at approximately 73 feet bgs.   
 
Competent bedrock in Boring 2 was encountered at approximately 92 feet bgs and was 
characterized by predominantly reddish-brown to dark reddish-brown, sandy mudstone with 
sandy laminae.  Minor units of reddish brown shaley claystone, siltstone, and clay were also 
observed from approximately 99 to 108 feet bgs.  Calcite-filled fractures were present below 
134 feet bgs (Figure A3-5).  The mudstone graded gray at approximately 182 feet bgs.  At 
approximately 185 feet bgs, the gray mudstone graded to a carbonate unit consisting of 
interbedded, dark to medium gray, dolomitic limestone, limestone, and sandy dolomite 
(Figure A3-6).  This carbonate unit extended to approximately 197 feet bgs.  Beneath the 
carbonate unit, calcareous, yellow-brown, sandy siltstone extended to approximately 212 feet 
bgs.  The siltstone overlies reddish brown mudstone with yellowish-brown sandy laminae, 
from 212 feet bgs to the bottom of the borehole. 
 
Fractures were observed throughout the core, and bedrock was generally weathered to 
severely weathered.  Fractures dipped from approximately 10 degrees from horizontal, to 
nearly vertical and were occasionally iron stained and filled with calcite, quartz, or clay.   
 
Bedding was observed ranging from horizontal to dipping approximately 50 degrees.  Tightly 
folded bedding was observed in bedrock at approximately 110 feet bgs, 180 feet bgs, and 251 
feet bgs.  Three thin brecciated zones were observed at approximately 157 to 172 feet bgs.   
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A3.3.2  Boring 2 Borehole Geophysical Interpretation 
The caliper log from Boring 2 indicates that the diameter was fairly uniform between 80 and 
92 feet bgs (Figure A3-1).  However, numerous small washouts, as indicated by borehole 
enlargement, occurred from approximately 92 to 141 feet bgs.  Based on the core from 
Boring 2, the zones were probably poorly consolidated, thin clay zones within the mudstone, 
or fracture zones with clay infilling.  A significant washout occurred between approximately 
141 and 143 feet bgs, which corresponds to an interval of 139 to 142 feet bgs where there 
was no recovery of core from Boring 2.  Borehole enlargements were also observed between 
approximately 144 and 155 feet bgs and correspond to mudstone intervals where fractures 
and horizontal, clay-filled bed partings were observed in the core.  Between approximately 
182 and 250 feet bgs, the only significant borehole enlargements occurred at depths ranging 
from approximately 199 to 204 feet, 216 feet, and from 237 to 245 feet bgs.  The first 
interval correlates to a siltstone layer in the core from Boring 2 which contained vertical, 
clay-filled fractures.  The enlargement at 216 feet corresponds to a broken mudstone interval.  
The 237- to 245-foot bgs interval corresponds to an interval where there was no core 
recovery, from 237 to 241 feet bgs, in the core from Boring 2. 
 
Figure A3-1 includes the natural gamma ray log response for Boring 2 compared to the 
associated generalized lithologic log.  The response indicates that residuum (ground surface 
to approximately 92 feet bgs) at Boring 2 generally has lower natural gamma radiation than 
the bedrock units.  As shown on Figure A3-1, intervals of relatively high natural gamma 
radiation within bedrock were observed at the following depths: 93 to 111 feet bgs, 122 to 
128 feet bgs, 129 to 131 feet bgs, 157 to 161 feet bgs, 165 to 168 feet bgs, 169 to 185 feet 
bgs, 196 to 199 feet bgs, 215 to 229 feet bgs, and 244 to 248 feet bgs.   
 
Upon comparison of the natural gamma radiation response to the detailed lithologic logs 
shown in Attachment A2, the responses observed in Boring 2 appear to be due to the 
presence of thin clay-filled fractures or shaley partings, or laminae.  
 
Figure A3-1 shows that the interval of the most significant resistivity response in Boring 2 
occurred between approximately 183 and 199 feet bgs.  This corresponds to dolomitic 
limestone and limestone units observed in the core.  These high readings suggest an 
increased density in the carbonates and a reduction in primary porosity.  
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ATV data were recorded in Boring 2 from approximately 89 to 247 feet bgs (Attachment 
A3).  Abrupt dip changes, as indicated by rose diagrams, occurred from approximately 104 to 
110 feet bgs (north dip changes to southwest dip); and from 125 to 134 feet bgs (west dip 
changes to east dip).  Fracture data from the ATV were confirmed by the observation of 
fractures in the two intervals in the core from Boring 2. 
 
Based on ATV data from Boring 2, analysis of fracture dip data indicates that the fractures 
dip to the east and strike north-south, nearly parallel to the strike of the beds.  The average 
fracture dip was approximately 23 degrees.  
 
A3.4  Boring 3 
 
A3.4.1  Lithology and Structure 
Boring 3 was drilled west of Landfill No. 3 to a total depth of 282 feet bgs in an area mapped 
as the Cambrian Rome Formation.  A 6-inch rotosonic core barrel was advanced from ground 
surface to 85 feet bgs.  A 6.5-inch temporary casing was installed in the borehole from 
ground surface to 85 feet bgs, and coring continued from 85 to 155 feet bgs using a 4-inch 
rotosonic core barrel.  A 5-foot long, 4-inch diameter, longitudinally split, dual tube, 
diamond tipped, PQ3 wireline core barrel was used to collect bedrock core from 155 to 282 
feet bgs.  Approximately 116 feet of bedrock core from Boring 3 was recovered. 
 
The lithologic log for Boring 3 (Figure A3-1 and Attachment A2) indicates that an 
alternating sequence of predominantly clay, minor silt layers and weathered claystone was 
present from ground surface to approximately 155 feet bgs.  First groundwater was 
encountered during drilling at approximately 62 feet bgs.  
 
At 155 feet bgs, competent bedrock was encountered consisting of dark reddish-brown 
mudstone with yellowish-brown sandy laminae.  Occasional thin clay and silt beds were also 
observed.  The mudstone extended to approximately 253 feet bgs, where it graded to a 
carbonate sequence consisting of light gray, microcrystalline, hard limestone and dark gray, 
massive dolomite (Figure A3-7).  The carbonate sequence graded to reddish-brown, sandy 
mudstone at 273 feet bgs, and the mudstone extended to the bottom of the borehole at 282 
feet bgs. 
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Fractures were observed throughout the carbonate sequence and underlying mudstone, with 
calcite infilling (Figure A3-8).  Tightly folded bedding was observed in claystone and 
mudstone in several intervals (Figure A3-9).  Four brecciated zones were observed in 
mudstone from approximately 224 to 237 feet bgs.  The brecciated zones were generally 2 
feet or less thick.  
 
A3.4.2  Boring 3 Geophysical Data Discussion 
Caliper logging was conducted from approximately 90 to 282 feet bgs (Figure A3-1).  From 
approximately 102 to 125 feet bgs, variations in the borehole diameter were likely due to 
small washouts associated with highly weathered clay intervals.  From approximately 125 to 
155 feet bgs, the caliper curve indicated a consistent borehole diameter.  However, from 
approximately 160 to 166 feet (washouts in a clay zones), 179 to 182 feet (washout in a clay 
zone), and 197 to 199 feet bgs (washout of clay layer), the caliper log indicates borehole 
irregularities.  From approximately 203 to 282 feet bgs, a consistent borehole diameter was 
observed in Boring 3. 
 
Figure A3-1 includes the natural gamma ray log response for Boring 3 compared to the 
associated generalized lithologic log.  The gamma ray response from ground surface to 
approximately 100 feet bgs is comparatively lower than the response from approximately 100 
feet bgs to the bottom of the borehole.  This response is due to the presence of temporary 
casing from ground surface to 100 feet bgs during the logging event.  As shown on Figure 
A3-1, intervals of relatively high natural gamma radiation below 100 feet bgs were observed 
at the following depths:  100 to 116 feet bgs, 120 to 160 feet bgs, 182 to 196 feet bgs, 201 to 
220 feet bgs, and 243 to 257 feet bgs.   
 
Upon comparison of the natural gamma radiation response to the detailed lithologic logs 
shown in Attachment A2, the responses observed in Boring 3 appear to be due to the 
presence of thin, clay-filled fractures or from laminae within the calcareous mudstone units.  
The low natural gamma radiation response at approximately 162 and 197 feet bgs 
corresponds to the caliper log response indicating an increased borehole diameter at these 
depths.   
 
Resistivity logging was performed in Boring 3 from approximately 90 to 280 feet bgs (Figure 
A3-1).  The three resistivity curves indicate relatively uniform resistivity readings throughout 
Boring 3, with the exception of an interval between approximately 255 and 272 feet bgs.  
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This interval corresponds to the alternating beds of limestone and dolomite observed in the 
bedrock core from Boring 3.  
 
ATV data were recorded between 124 and 280 feet bgs in Boring 3 (Attachment A3).  As 
indicated by the rose diagrams, abrupt dip changes occurred from approximately 142 to 148 
feet bgs (southeast dip changes to northeast dip), 196 to 200 feet bgs (southeast dip changes 
to northeast dip), and 230 and 236 feet bgs (northeast dip changes to northwest dip).  The 
ATV time and amplitude display for the 142- to 148-foot interval were interpreted as 
fractures.  However, fracture development in this interval was not observed in the core from 
Boring 3.  The ATV fracture response probably occurred because very thin, broken claystone 
beds interbedded with clay in this interval produced a response in the ATV log resembling 
fracture development.  For the interval from 230 to 236 feet bgs, the ATV time and 
amplitude reading indicated fractures.  A breccia zone observed between approximately 236 
and 237 feet bgs corresponds to the abrupt dip change recorded by the ATV between 
approximately 230 and 236 feet bgs.  The core from Boring 3 contained fractures in this 
interval and confirmed the ATV interpretation. 
 
ATV data from Boring 3 indicated that there was a strong northeast-southwest component of 
bed dip; bedding strike is predominately to the northwest southeast.  The majority of the 
fractures strike to the northeast, nearly parallel to the strike of the beds.  The average fracture 
dip was 34 degrees to the northwest or southeast; whereas, the average bed dip is 
approximately 28 degrees.  
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A4.0  Site-Specific Structural Interpretation 

Lithologic and structural data obtained from Boring 1, Boring 2, and Boring 3, and lithologic 
data from three shallow monitoring wells (OLF-G12, OLF-G07, and OLF-G02) were used to 
construct a geologic cross-section, Figure A4-1.  The location of the cross-section is shown 
on the insert in Figure A4-1.  The cross section was constructed to illustrate a west-to-east 
view of the subsurface geology and structure, perpendicular to the strike of the bedding and 
fracturing observed in the borings.  Bedding dips obtained from the borehole geophysical 
data were used to project dips of the bedrock in constructing the cross section.  Data from 
Boring 2 and monitoring well OLF-G12 were projected southward approximately on strike 
and incorporated into the cross section.  The location map also shows the approximate 
surface trace of an inferred thrust. 
 
The cross-section shows the correlation between Boring 3 and Boring 2, with a thrust fault 
separating the two borings and a fault or breccia zone present in the lower part of Boring 3.  
The lithology in both borings is interpreted as belonging to the Rome Formation.  Although 
direct evidence of major fault displacement was not observed in the cores, the presence of a 
northeast-southwest trending thrust fault separating the two borings and dipping to the east-
southeast is consistent with available data.  The fault bears evidence of small displacements 
that are likely associated with the overall deformation of the Pell City thrust sheet.  In 
addition to the known tectonic setting of the area, the inference is based on the apparent 
vertical separation of marker beds observed in Boring 2 and Boring 3, numerous breccia 
zones and other indications of intense deformation observed in the borings, and lithologic 
data from boring logs of existing monitoring wells.  
 
The cross-section shows that bedrock located to the east of the inferred fault (illustrated in 
boring data from OLF-G07 and Boring 2) has been thrust to the west over bedrock 
represented in boring OLF-G12 and Boring 3 by a small thrust fault.  The inferred movement 
accounts for the presence of the carbonate unit observed in Boring 2 at approximately 562 
feet, appearing approximately 70 feet higher in elevation than the carbonate unit observed in 
Boring 3.  Furthermore, the inferred fault accounts for the sand, silt, and claystone units 
observed in the boring of OLF-G07 (interpreted to correspond to the sand, clay, and 
claystone sequence observed in Boring 3 and OLF-G12), to be situated at a higher elevation 
than those units in OLF-G12 and Boring 3.  The sand observed in the screened portion of 
OLF-G12 and a sand and silt interval in OLF-G07 likely represent the upper quartzite sand 
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described by Osborne and Szabo (1984) and Raymond et al. (1988) as characteristic of the 
upper part of the Rome Formation.  
 
Four distinct breccia zones observed in Boring 3 from approximately 224 to 237 feet bgs are 
interpreted to represent a zone of thrust faulting with laterally small displacements.  Thin 
breccia zones observed in Boring 2 are believed to represent faulting with a laterally small 
displacement; however, based on the elevation of the breccia zones and associated dip data 
from the geophysical interpretations in Boring 2, no correlation with breccia zones in Boring 
3 is interpreted.  Although a thrust fault is interpreted as separating Boring 3 and Boring 2, 
the presence of a fold between the two borings cannot be precluded as an alternate 
interpretation.  
 
Correlation of lithologic units and structure between Boring 2 and Boring 1 is not evident.  
Bedrock represented in Boring 2 is interpreted as the Rome Formation and, based on core 
data, dips to the east-southeast.  The interbedded limestone/dolomite and mudstone bedrock 
sequence encountered to the east in Boring 1 is interpreted as the Conasauga Formation to 
approximately 213 feet bgs.  Black massive mudstone with shaly partings, encountered 
below 213 feet bgs in Boring 1, is not characteristic of the Conasauga Formation but is 
visually similar in appearance to Athens Shale.  Because of the visual similarity to the Athens 
Shale and the presence of the Pell City Fault trace approximately 2,000 feet south of Landfill 
No. 3, which serves to delineate the contact between the Conasauga Formation and the 
Athens Shale, this dark gray to black mudstone with shaly partings may represent Athens 
Shale that has undergone physical alteration due its proximity to the fault.  This interpretation 
requires the Pell City Fault to be at approximately 213 feet bgs.  However, there is no distinct 
zone (such as brecciation or slickensides) at 213 feet bgs that would indicate a fault is 
present.   
 
Although slickensides, gouge, and breccia are found along many faults, they are not 
necessarily present.  Faults may lack such features due to the presence of extreme confining 
pressures during the faulting process (Billings, 1972).  A conformable contact between the 
Rome Formation and the Conassauga Formation is mapped towards the middle of Landfill 
No. 3 and is shown on Figure A3-1.  Part of the definition of this contact is monitoring well 
OLF-G02, which, based on a limestone or chert interval, is interpreted as being installed in 
the Conasauga Formation.  
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In general, the bedrock encountered in Boring 1 was more intensely deformed than that 
observed in Borings 2 and 3.  The intensity of deformation was determined by the 
observation of the number breccia zones and tight folding observed in the cores.  These zones 
are interpreted to have developed as a result of footwall deformation associated with the 
Jacksonville Thrust Fault and hanging wall deformation associated with Pell City thrust.  The 
breccia zones are most likely small thrust faults with minor lateral displacements.   
 
The faults interpreted in Boring 1 and shown in Figure A4-1 are inferred to die out within the 
Conasauga Formation and are not connected with those observed in Boring 2 and Boring 3.  
Connecting the faults of Boring 1 with those in Boring 2 and Boring 3 would indicate larger 
displacements than the faults appear to reflect.  Furthermore, such a scenario would indicate 
that the faults would be cutting down-section in the direction of transport, something not 
normally seen in thrust-faulted terrains.   
 
An explanation of the presence of a higher degree of deformation at Boring 1 may be based 
on lithological differences between the Conasauga Formation and the Rome Formation.  The 
Conasauga Formation consists primarily of competent carbonates and mudstones that are 
likely to deform through breakage, as observed by brecciation along distinct fault zones.  On 
the other hand, the Rome Formation consists primarily of shale, mudstone and siltstones.  
Shale, in particular, may deform under low temperature and low pressure and appear to 
“flow,” showing tight folding as a result of the deformation.  There was no visual evidence 
observed in the core data indicating mineral alteration due to low grade metamorphism.   
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A5.0  Summary and Conclusions  
 
Boring 1, Boring 2, and Boring 3 were drilled in the vicinity of Landfill No. 3 to evaluate the 
structural configuration of the bedrock and its stratigraphy.  These borings provided 
lithologic information from continuous coring and were evaluated by borehole geophysical 
tools.  It was determined that the bedrock in Boring 1 represents the Conasauga Formation 
and possibly Athens Shale, whereas the bedrock in Boring 2 and Boring 3 represents the 
Rome Formation.  The bedrock in Boring 1 primarily consisted of gray dolomite and 
limestone beds with interbedded zones of mudstone and black, calcareous mudstone with 
shaly partings below 213 bgs.  The bedrock in Boring 2 and Boring 3 consisted of dark red to 
reddish-brown mudstone, claystone, and siltstone with a few zones of interbedded limestone. 
The contact between the two formations is conformable and appears to strike north-northeast 
through the middle of the landfill.  Evidence of faulting in the cores from the borings was 
primarily based on the occurrence of breccia zones.  These breccia zones and other evidence 
of deformation in the cores are consistent with the degree of deformation that might be 
expected in this area bound by two major thrust faults (Jacksonville and Pell City).  The beds 
have an overall northeast-southwest strike, with southeasterly dips.   
 
Regional groundwater flow at FTMC is in a northwesterly direction across the main 
cantonment area of the Base.  Landfill No. 3 is located within the floodplain of Cave Creek 
and its tributaries.  The groundwater flow as mapped in the residuum across Landfill No. 3 is 
from east to west-northwest, nearly perpendicular to the strike of bedding and fracturing 
observed in the bedrock.  The horizontal groundwater flow gradient is relatively flat across 
the landfill but becomes greater on the western perimeter of the landfill.  
 
Based on the results of the investigations and subsequent analysis of lithologic and structural 
data, it appears that the geologic structure in the vicinity of Landfill No. 3 may have some 
influence on the groundwater flow direction.  The groundwater flow direction at Landfill No. 
3 is to the west-northwest, perpendicular to the strike of the inferred splay faults.  If 
groundwater flow were influenced by faulting, flow would be expected to have a component 
parallel or subparallel to the strike (north-northeast) and/or dip (southeast) of the fault.  A 
slight northwest groundwater flow component is inferred, based on groundwater elevations 
and the presence of groundwater contamination observed in OLF-G07 and OLF-G12.  
Boring OLF-G12 is essentially located along the strike of the fault mapped between Boring 3 
and Boring 2.  Furthermore, because the horizontal groundwater flow gradient is much 
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greater on the western perimeter of the landfill, it appears that groundwater elevations on the 
western perimeter may be influenced by the bedrock structure.  Although the faulting may 
have small-scale localized influence of groundwater flow directions, the extent of this 
potential influence to groundwater flow directions to the west of Landfill No. 3 (west of the 
investigation area) is unknown.  
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ATTACHMENT A1 
 

BORING LOGS OF EXISTING WELLS 




















































































































































