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ABSTRACT

All the significant published data related to lineaments and structures in the project area were compiled,
georeferenced in the ArcView GIS environment, and digitized. The structural data were utilized to predict
fracture trends and the presence (or absence) of faults in the vicinity of the AES power plants in central
New York State, as well as in the project area. The data base of structural information can be used as both
an exclusionary function (for faults) and potentially as a tool to assist in the planning process for optimum

injection of CO2 along fractures.

All five AES power plants are close to bands of lineaments identified in satellite imagery that have been
interpreted as faults. ENE-striking, steeply dipping, reactivated lapetan-opening fault systems pass near the
western three power plants, Hickling, Greenidge and Cayuga. E-trending lineaments and associated faults
occur near the Greenidge, Cayuga Westover and Jennison power plants. All AES power plants in the
project area also are close to northerly-trending lineament bands, and the Jennison and Westover also have
strong NE lineament bundles. High structural level salt-cored anticlines that commonly involve thrust
ramps off the Silurian salt decollements occur near the Westover and Cayuga power plants. Since these
anticlines are restricted to units above the Silurian evaporate seal, and all the CO2 sequestration targets are
below the Silurian evaporate seal, these anticlines are not a significant factor in the considerations a CO2

sequestration site. However, many salt-cored anticlines do correspond with deeper structures.

The orientation of the predominant fracture sets at the power plant sites can be estimated from the general
fracture orientations of sets I, 11, and I11 across New York State. Additionally, it is probable that closely-
spaced fracture sets (sub) parallel to faults are localized along the faults in most of the sedimentary units

except possibly the Utica and deeper carbonates. All these sets can be represented by long, relatively planar
fractures.
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frequency of greater than 4 fractures/m.
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greater than 4 fractures/m.
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frequency of greater than 4 fractures/m.
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SUMMARY

The objective of research Task 6.1 was to compile all the significant published data related to lineaments
and structures in the project area, as well as to collect new fracture data in selected areas. The structural
data were to be utilized in predicting 1) fracture trends and 2) the presence (or absence) of fault systems
and the trends of these fault systems in the immediate vicinity of the AES power plants in central New
York State. The areas surrounding the power plants are potentially the first choice for sequestration of CO2
from the power plants. The data base of structural information can be used as both an exclusionary function
(for faults) and potentially as a tool to assist in the planning process for optimum injection of CO2 along
fractures. The objective of research Task 6.2 was to identify lineaments in aeromagnetic data in the project
area. Steep, linear (in map view) aeromagnetic gradients may indicate locations of faults in the basement.
All data are presented in the form of maps that are digital and georeferenced in the Arc View GIS
environment. The objective of Subtask 6.3 was to use the compiled database of structural information from
Subtasks 6.1 and 6.2 to determine the possibility and character of faults and fractures near the AES power
plants. These considerations can be used as both an exclusionary factor (for faults) near the targeted power
plants and as a tool to assist in predicting fracture character (spacing and trends) near the power plants as

part of the planning process for optimum injection of CO2.

All five AES power plants are close to bands of lineaments identified in satellite imagery by EarthSat
(1997) and Isachsen and McKendree (1977); these lineaments were interpreted as faults by Jacobi (2002).
The western three power plants, Hickling, Greenidge and Cayuga, all are in close proximity to ENE-
trending lineaments. In the regions of the Hickling and Cayuga power plants, proprietary 3D seismic
reflection data confirm earlier integrated studies (surface fractures, soil gas, 2D seismic reflection data and
aeromagnetics; Jacobi, 2007) that proposed these lineament trends are representative of ENE-striking
steeply dipping, reactivated lapetan-opening fault systems. All the ENE-striking fault systems were active
during lapetan opening time (and therefore affect basement), but they experienced variable amounts of
motion in the following orogenies (e.g., Jacobi 2010). Some of these fault systems extend to the (near)
surface, and the fracture systems associated with the faults do reach the surface. Many of the lapetan-
opening faults were reactivated with relatively large throws during the Taconic Orogeny. In the Hickling
power plant region, the ENE-striking fault systems have relatively close spacings (across the ENE strike),
on the order of 1.5-2.5 km. The length between major along-strike variations in the faults (e.g., cross fault

trends) has a range between 1.5 km and 10 km.

The Greenidge, Cayuga Westover and Jennison power plants are close to E-trending lineaments and
lineament bundles. In the region of the Cayuga power plant, proprietary 3D seismic shows that these faults
also sustained their greatest motion in Taconic times. Jennison and Westover also have strong NE

lineament bundles which are interpreted as fault systems. All AES power plants in the project area also are
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close to northerly-trending lineament bands. For example, the Greenidge power plant is located east of
NNE-lineaments that are coincident with significant aeromagnetic anomalies, suggesting NNE-striking
faults and associated fractures that extend from basement to (near) surface. These fault systems are
believed to be related to intra-Grenvillian sutures (terrane boundaries) that have been episodically
reactivated (e.g., Jacobi, 2002).

High structural level salt-cored anticlines that commonly involve thrust ramps off the Silurian salt
decollements occur near the Westover and Cayuga power plants. Since these anticlines are restricted to
units above the Silurian evaporate seal, and all the CO2 sequestration targets are below the Silurian
evaporate seal, these anticlines are not a significant factor in the considerations a CO2 sequestration site.
However, 3D seismic surveys in eastern NY'S (Jacobi, 2011; Jacobi et al. 2011) confirmed earlier
suppositions based on 2D seismic reflection data (e.g., Scanlin and Engelder, 2003; Jacobi, 2010) and on
the coincidence of the folds with aeromagnetic anomalies (Jacobi, 2002, 2003a,b, 2004, 2005, 2010) that
steeply-dipping faults systems extending from the basement do appear to control the fabric of the

anticlines, i.e., the trend and general location of the anticlines do seem to correspond with deeper structures.

The orientation of the predominant fracture sets at the power plant sites can be estimated from the general
fracture orientations of sets I, 11, and 111 across New York State. In general Set I fractures trend NW at the
Hickling and Greenidge power plants, NNW/N at the Cayuga power plant, N/NNE at the Westover plant
and NNE at the Jennison power plant. Set 11 fractures are generally orthogonal to Set I fractures. Set 111
fractures generally trend ENE. Additionally, it is probable that closely-spaced fracture sets (sub) parallel to
faults are localized along the faults in most of the sedimentary units except possibly the Utica and deeper

carbonates. All these sets can be represented by long, relatively planar fractures.

The fracture frequency of these fracture sets the surface in Upper Devonian interbedded shales and
siltstones is generally on the order of (less than) 1 fracture/m for Set |, < 4 fractures/m for Set 11, and
variable spacing for Set 1. The spacing of the fractures related to faults (FIDs) could vary from about 4 to

as many as 20 fractures/m near the surface. The spacing of the fracture sets is not known at depth.

S-2



TASK 6: FAULTS AND FRACTURES IN THE FOCUS AREAS, PART A

SUBTASK 6.1 COLLECTION OF HISTORICAL DATA,

SUBTASK 6.2 FOCUS AREA MAPS OF LINEAMENTS ALONG PROMINENT
AEROMAGNETIC ANOMALIES,

SUBTASK 6.3: ESTIMATES OF FAULT AND FRACTURE CHARACTER NEAR THE AES
POWER PLANTS BASED ON SUBTASKS 6.1 AND 6.2 (HISTORICAL AND
AEROMAGNETIC DATA)

Robert Jacobi and Jodi Fisher, University at Buffalo

Introduction
Task 6, Part A integrates Subtasks 6.1, 6.2 and 6.3 (structure, lineaments from aeromagnetic gradients, and
implications for CO2 storage), whereas Task 6, Part B integrates Subtasks 6.4, 6.5, 6.6, and 6.7 (lineaments
from remotely sensed data, lineaments from topography, and implications for CO2 storage). The objective
of Subtask 6.1 was to compile significant published data related to structures in the areas of interest, as well
as collect new fracture data (Figures 6.1-1 to 6.1-120, Figures 6.1-127 to 6.1-182) in selected areas in order
to be able to predict:

1) Fracture trends

2) Presence of fault systems and the trends of these fault systems
Additionally, published lineaments along steep aeromagnetic gradients in part of the project area were also
compiled in this section (Figures 6.1-121 to 6.1-126).

The objective of Subtask 6.2 was to identify lineaments along aeromagnetic anomalies in the entire project
area (Figures 6.2-1 to 6.2-3). The steep aeromagnetic gradients may indicate fault locations. The locations
of the aeromagnetic lineaments were compared to the EarthSat (1997) lineaments in order to ascertain
which LandSat lineaments (EarthSat, 1997) represented structural features that extend into the Precambrian
basement, since aeromagnetic anomalies larger than about 50 nT in central NYS generally arise from
magnetic contrasts (induced and remnant) in the basement (Jacobi, 2007a). The aeromagnetic lineaments

thus function as a type of “groundtruth” for the LandSat lineaments.

Subtask 6.3 is the “Results” section of Task 6, Part A. The “Results” section uses the compiled database of
structural information from Subtasks 6.1 and 6.2 to determine the possibility and character of faults and
fractures near the AES power plants. These considerations can be used as both an exclusionary factor (for
faults) near the targeted power plants and as a tool to assist in predicting fracture character (spacing and

trends) near the power plants as part of the planning process for optimum injection of CO2.

The data maps in Subtasks 6.1 and 6.2 are digital and georeferenced in a GIS environment. The GIS

program used for georeferencing and for display is ArcView. All digitization of data and construction of



figures in Subtasks 6.1 and 6.2 was accomplished by Fisher; Jacobi calculated the data in the tables and
wrote the report (except for the methodology section, on which they both collaborated). Field work was

performed by Fisher and Jacobi.

Methodology
Previous Studies (Subtask 6.1). A comprehensive suite of structural maps of the five focus areas in the

project area of New York State was synthesized through the compilation of previous studies in the region.
The data compilation included lineaments, faults and fractures. In order to organize the large amount of
previous research, a database of publications and unpublished theses was constructed in Microsoft Excel.
Some of the prior research was already in a digital, georeferenced format, such as certain data in the Seneca
Lake area (e.g., Drechsel et al., 2004; Cruz et al. 2005; Cruz, 2005). For the non-georeferenced, non-digital
data sources, Ms. Fisher digitized the germane material in Arc GIS version 9. This digitization was
accomplished by first georeferencing a scanned image of the published figure or georeferencing a PDF the
published. The relevant features of the figure were then digitized. The digitized images were converted into

layers in Arc GIS version 9 and then were used in the creation of a series of figures displayed in this report.

An issue with georeferencing images in Arc GIS is the number of control (georeference) points used during
the georeferencing (warping) process. Although in early versions of Arc INFO, only a few points (3) could
be handled optimally by the program, in recent versions of Arc GIS, warping with relatively numerous
points is possible, and optimal. Another issue is possible distortions in the original figures due to drafting
problems or unknown/faulty map projections. It is therefore better to georeference maps that cover small
areas (on the order of a single county) so that these possible errors are not promulgated and amplified

across large distances. Most layers were therefore originally digitized for each county and then joined.

Unpublished theses from the University of Buffalo provided an important data source for fracture maps.
Map layers displaying the orientation and frequency of fractures at outcrops were created from Excel tables
that were imported into Arc GIS. The tables were constructed from the data in the theses or in some cases
existing thesis tables were reworked. The tables included information such as the latitude and longitude of
each site, the fracture sets observed in outcrop, the strike and dip of the fractures, the actual spacing of the
fractures', and master and abutting relationships with other fracture sets, and the rock type (black shale sites
were separated from the other sites). The fracture frequency and standard deviation of the fracture
frequency were calculated for each site. These data and calculations were imported into Arc GIS and a
database file was created. The sites were then displayed as points on the base map with an attribute table

showing all of the frequency and orientation data. The frequency of each fracture set (based on the fracture

‘or the apparent spacing along a scanline between fractures of the same set; these apparent spacings must
be corrected to true spacings.



orientations at each site) was then queried. The selected features from the query were then exported into

their own layer and added the synthesized map.

Limited Field Studies (Subtask 6.1). Limited field studies of fractures were conducted in the region of

the AES Cayuga power plant since a decision was made by the members of the research team (including
the AES representatives) that the AES Cayuga power plant would be the probable focus of any further
research (Phase 1), based primarily on early data concerning the capability to sequester CO2 in sands. The
fracture data were collected at various sites near the power plant using the abbreviated method (e.qg., Jacobi
and Zhao, 1996; Jacobi, 2007). Data included latitude and longitude of each site from a GPS unit, the
fracture sets observed in outcrop, the strike and dip of the fractures for each set, the actual spacing of the
fractures for each set, the master and abutting relationships with other fracture sets and sedimentary rock

units, the observed length and height of the fractures, and the rock type and unit thickness.

The fracture frequency and abutting relationships of the fracture sets at each site are shown in modified
rose diagrams (e.g., Jacobi, 2007). The modified rose diagrams display the fracture frequency of the
various observed fracture sets in the upper half of modified rose diagrams and present the order of fracture
development (based on abutting relationships) in the lower half of the rose diagrams. Modified rose
diagrams were created in Adobe Illustrator. The modified rose diagrams were added to the base geography

maps at their proper field location.

In order to determine statistically the degree of coincidence among the fracture measured in outcrop and the
various lineament data sets in the AES Cayuga power plant region, a weights of evidence statistical
analysis was conducted (for more details, see Jacobi, 2007). The lineament sets included those from
Landsat images (EarthSat, 1997), ASTER images (this report) and DEM images (this report).This analysis
entails creating areal buffers around the lineaments and around the outcrops. The area of buffer overlaps
among lineaments of a certain orientation and sites with fractures of the same orientation is then calculated
and compared to the total area. These operations are conducted for each orientation set of fractures and
lineaments. The resulting number (contrast index) yields a relative measure of the coincidence of
lineaments with outcrop fractures with the same orientation; i.e., the contrast index value provides a

measure of the relative strength of the groundtruthing of the lineaments.

Lineaments of Aeromagnetic Gradients (Subtask 6.2). In the project area Jacobi picked the location of

lineaments along the steepest portion of significant aeromagnetic gradients that are linear in map view; the
source was a generalized aeromagnetic anomaly map from Jacobi (2002) (Figures 6.2-1 to 6.2-3). The
aeromagnetic lineaments should be viewed as general locations and trends. The lineaments along
anomalies greater than about 50 nT most likely represent Grenvillian lithofacies contacts that commonly

are faults. The aeromagnetic lineaments (Figure 6.2-2) were picked by Jacobi first, without reference to



EarthSat (1997) or other lineaments or fault maps, in order to preserve an unbiased view of the
aeromagnetics. Then the EarthSat (1997) lineaments were inspected with respect to the aeromagnetic
lineaments and gradients, and the EarthSat (1997) lineaments that were collinear and near the aeromagnetic
gradients were highlighted by Jacobi (in white on Figure 6.2-3). Fisher accomplished the digitization of the

lineaments in Arc GIS.

Data Sets (Subtasks 6.1 and 6.2)
Published data sets that can aid in identifying the location and trends of fault systems in the project area,

and more specifically, in the vicinity of the power plants include:
1) Lineaments from remotely sensed images, such as those from
a) EarthSat (1997, Figures 6.1-3, 6.1-5), and
b) Isachsen and McKendree (1977, Figures 6.1-4, 6.1-5),
c) Pyronetal. (2003, Figure 6.1-180)
2) Lineaments along prominent aeromagnetic gradients
a) Jacobi (2007) aeromagnetic lineaments based on high resolution aeromagnetic data in the Keuka-
Seneca-Cayuga lakes area (Figure 6.1-121 to 6.1-126)
3) Selected published major fault systems including those
a) proposed by Jacobi (2002, Figure 6.1-6), based on integrated geophysical and geological data
sets),
b) miscellaneous local faults observed in outcrops (e.g., Sheldon, 1912, Figure 6.1-55).
c) high-structural level folds that were first mapped by Wedel (1932, Figure 6.1-7a), confirmed in the
Seneca Lake region by Bradley et al. (1941, Figure 6.1-7b), and modified by Jacobi (2007) in the
Seneca and Cayuga lakes region. The folds are related to thrust ramps off decollement in the
Silurian salt section. The location and trend of the folds is partly controlled by deeper high angle
fault systems in western NY'S (e.g., Jacobi et al., 2003; 2004 a, b; 2005; 2006; 2007) and western
Pennsylvania (Scanlin and Engelder, 2003). These deep faults are believed to be lapetan-opening
faults that were reactivated several times during later orogenies (e.g., Jacobi et al., 2003; 2004 &, b;
2005; 2006; 2007).

Published data sets that can aid in characterizing the fracture fabric in the project area and more specifically
in the vicinity of the power plants are sourced primarily from two groups of investigators: the fracture study
group headed by Engelder (e.g., Engelder and Geiser, 1980), and the University at Buffalo Rock Fracture
Group (UBRFG) guided by Jacobi (e.g., Jacobi et al., 2003). Both the Engelder group and the Jacobi group
have produced detailed data sets in the Seneca/Cayuga region, but only the Jacobi group has examined the
structure in parts of the eastern focus area (e.g., Jacobi, 2007). Miscellaneous studies include the early
fracture study in the southern reaches of Cayuga Lake (Sheldon, 1912), the Cornell faculty and students

along the eastern side of Cayuga Lake (Cornell faculty and students, 1959), and the fractures analyzed for



this project at outcrops near the Cayuga power plant (Figures 6.1-100 to 6.1-117).  All studies reveal the

trend of fracture systems, but only the UBRFG studies routinely document 11 characteristics of the

fractures, including the fracture spacing of each set and the abutting relationships.

The data sources for Set | (“cross-strike” or J2) fractures include:

a)
b)
c)
d)

€)
f)

9)

h)

i)

)
k)

Engelder & Geiser (1980) in central NY'S (Figures 6.1-9, 6.1-13, and 6.1-16)

Faculty and Students of Cornell University (1959) in the Cayuga Lake area (Figure 6.1-10)
Younes & Engelder (1999) in the project area (Figures 6.1-20, 6.1-23)

Lugert et al (2001), Cruz (2005) and Jacobi (2007) between Seneca and Cayuga lakes (Figures
6.1-35 to 6.1-40)

Sheldon (1912) along the shores of Cayuga Lake (Figure 6.1-55)

Wehn et al. (2002) and Jacobi et al. (2002, 2003) on the western shore of Cayuga Lake (Figures
6.1-67 t0 6.1-72 and a more detailed view in Figures 6.1-89 to 6.1-94)

Fracture data collected for this project near the Cayuga power plant on the east side of Cayuga
Lake (Figures 6.1-102 to 6.1-104, 6.1-112 and 6.1-115)

Terech et al (2005 and Jacobi (2007) in the northern part of the eastern region of the project area
(Figures 6.1-137 to 6.1-139)

McGuire et al. (2006) and Jacobi (2007) in the eastern project region (Figures 6.1-162 to 6.1-164)
Engelder and Oertel (1985, Figure 6.1-181)

Parker (1942, Figure 6.1-182)

The data sources for Set Il (“strike or fold parallel”) fractures include:

a)
b)
c)
d)

9)

h)
i)
)

Engelder & Geiser (1980) in central NYS (Figures 6.1-11 to 6.1-16)

Faculty and Students of Cornell University (1959) in the Cayuga Lake area (Figure 6.1-18)
Younes & Engelder (1999) in the project area (Figure 6.1-25)

Lugert et al (2001), Cruz (2005) and Jacobi (2007) between Seneca and Cayuga lakes (Figures
6.1-47 t0 6.1-49)

Wehn et al. (2002) and Jacobi et al. (2002, 2003) on the western shore of Cayuga Lake Figures
(6.1-59 to 6.1-61 and a more detailed view in Figures 6.1-82 to 6.1-84)

Fracture data collected for this project near the Cayuga power plant on the east side of Cayuga
Lake (Figures 6.1-101 to 6.1-104, and 6.1-107 to 6.1-108)

Terech et al (2005 and Jacobi (2007) in the eastern part of the project area (Figures 6.1-149 to 6.1-
151)

McGuire et al. (2006) and Jacobi (2007) in the eastern project region (Figures 6.1-174 to 6.1-176)
Engelder and Oertel (1985, Figure 6.1-181)

Parker (1942, Figure 6.1-182)

The data sources for other strain markers consistent with Set Il fractures (long axes of crinoids) include

a)

Engelder & Oertel (1989, Figures 6.1-29, 6.1-30)



The data sources for Set III (“J1”) fractures include:

a) Faculty and Students of Cornell University (1959) in the Cayuga Lake area (Figure 6.1-17)

b) Younes & Engelder (1999) in the project area (Figure 6.1-25)

c) Lugertetal (2001), Cruz (2005) and Jacobi (2007) between Seneca ad Cayuga lakes (Figures 6.1-
44 t0 6.1-46)

d) Sheldon (1912) along the shores of Cayuga Lake Figure (6.1-55)

e) Wehn et al. (2002) and Jacobi et al. (2002, 2003) on the western shore of Cayuga Lake (Figures
6.1-56 to 6.1-58 and a more detailed view in Figures 6.1-79 to 6.1-81)

f) Fracture data collected for this project near the Cayuga power plant on the east side of Cayuga
Lake (Figures 6.1-105 and 6.1-106)

g) A limited number of Set Il (J1) fractures in the northern part of the eastern project region by
Terech et al (2005) and Jacobi (2007) (Figures 6.1-128 to 6.1-130)

h) A limited number of Set 111 (J1) fractures in the eastern project region by McGuire et al. (2006)
and Jacobi (2007) (Figures 6.1-154 to 6.1-156)

k) Engelder and Oertel (1985, Figure 6.1-181)

1) Parker (1942, Figure 6.1-182)

Results (Subtask 6.3)
Overview. Inspection of figures that compare the location of the AES power plants to EarthSat (1997)

lineaments (Figures 6.1-3 and 6.1-5) and Isachsen and McKendree (1977) lineaments (Figures 6.1-4 and
6.1-5) to the proposed major fault systems from Jacobi (2002) (Figure 6.1-6) reveals that all five AES
power plants are close to bands of lineaments that were interpreted as faults by Jacobi (2002). All but the
Westover AES power plant near Binghamton are in close proximity to proposed reactivated high angle
lapetan-opening faults (e.g., Jacobi et al., 2004a; Jacobi 2010) that have an east-northeasterly trend in the
project area (Figure 6.1-6). These faults are generally steeply dipping fault systems that affect basement.
All were active during lapetan opening time, but they experienced variable amounts of motion in the
following orogenies (e.g., Jacobi 2010). Depending upon their fault motion history, some of these fault
systems extend to the (near) surface, and the fracture systems associated with the faults do reach the
surface, as evidenced by the coincident lineaments. The lapetan-opening faults that were reactivated during
the Taconic Orogeny were pathways for fluid migration that resulted in the Trenton/Black River gas
reservoirs in the southern tier of NYS (e.g., Jacobi et al., 20044, b) near the Hickling power station and
possibly near the Cayuga power plant. In the Hickling power plant region, these faults have relatively close
spacings (across the ENE strike), on the order of 1.5-2.5 km (unpublished proprietary data). The length
between major along-strike variations in the faults (e.g., cross fault trends) has a range between 1.5 km and
10 km (unpublished proprietary data). Based on the fault systems exposed at the surface (e.g., Jacobi 2002,

2007), it is probable that a closely-spaced fracture set parallel to the faults is localized along the faults in



most units except possibly the Utica and deeper carbonates. The spacing of the fractures parallel to the

faults could vary from about 4 to as many as 20 fractures/m.

All AES power plants in the project area also are close to northerly-trending lineament bands (Figures 6.1-3
to 6.1-5). For example lineaments trending approximately parallel to the east shore of Cayuga Lake and the
west shore of Seneca Lake pass near the Cayuga and Greenidge power plants, respectively. Both these
trends have been interpreted as fault systems (Jacobi, 2002, 2007, and references therein). These fault
systems are believed to be intra-Grenvillian sutures (terrane boundaries) that have been episodically

reactivated (e.g., Jacobi, 2002).

High structural level salt-cored anticlines that commonly involve thrust ramps off the Silurian salt
decollements occur near the Westover and Cayuga power plants (Figure 6.1-7a). Since these anticlines are
restricted to units above the Silurian evaporate seal, and all the CO2 sequestration targets are below the
Silurian evaporate seal, these anticlines are not a significant factor in the considerations a CO2
sequestration site. However, 3D seismic surveys in eastern NYS (Jacobi, 2011; Jacobi et al. 2011)
confirmed earlier suppositions based on 2D seismic reflection data (e.g., Scanlin and Engelder, 2003;
Jacobi, 2010) and the coincidence of the folds with aeromagnetic anomalies (Jacobi, 2002, 2003a,b, 2004,
2005, 2010) that steeply-dipping faults systems extending from the basement do appear to control the fabric
of the anticlines, i.e., the trend and general location of the anticlines do seem to correspond with deeper
structures. Jacobi et al (2007) suggested that the reactivated faulting and associated fracturing halo above
the fault weakened the structural members above the salt sufficiently to localize thrust ramps off the salt
decollement. Additionally, it is a traditional view that actual offsets on relatively steeply dipping faults can
provide a “nick-point” that will control the location of a ramp (and thus an anticline). This scenario
suggests that although the anticline itself is not a concern, it may be a “smoking gun” that indicates

structure below the salt.

The regional orientation of the predominant fracture sets (sets I, 11, and 111) can be estimated from the
fracture orientations displayed in Figures 6.1-8 to 6.1-25. These expected fracture trends are collated in
Tables 6.1-1 to 6.1-10. It should be noted that while in general Set | fractures trend from NNW to NNE, Set
Il fractures strike from ENE to WNW, and Set 111 fractures we assume trend ENE. All these sets can be
represented by long, relatively planar fractures. The spacing of these fracture sets is not known at depth,
but at the surface in Upper Devonian interbedded shales and siltstones the spacing is generally on the order
of less than 1 fracture/m for Set I, 1 fracture/m for Set I1, and variable spacing for Set I11. The strike of
fractures at local sites may vary from the regional view, although sets | and Il appear to be locally slightly
more stable than Set 11 (e.g., Jacobi, 2011d; Jacobi et al., 2009, 2010). In addition to sets I, Il and 111, local
zones of fracture intensification (FIDs, e.g., Jacobi and Fountain, 1996) related to faults can locally affect

sites. These FIDs are seldom very wide (usually <40m), but they can disrupt the expected fracture patterns.



Knowledge of the fault locations and strikes can assist in predicting the possibility of FIDs in the same

areas as the faults.

Estimates concerning the extent to which the fracture spacing varies with depth are poorly constrained by
published reports for New York State. Hickman et al. (1985) found that near-vertical fractures were
present down the entire 1540 m well through Lower Paleozoic units at Auburn, NY (north of the project
area). In this well the observed spacing of all fractures intersecting the hole varied more among units, rather
than down hole. Higher fracture frequencies were observed in much of the Queenston, Trenton, lower
Black River Group, Theresa, and the Precambrian marble near the contact with the Paleozoic. In contrast,
almost no fractures crossed the well bore in the Lorraine/Utica, a ~ 90 m section in the upper part of the
Queenston, the Medina Group, and the Clinton Group. Significantly, the fracture frequency of open
fractures remains, overall, rather constant to the Precambrian basement marbles. The lack of fractures in the
Lorraine/Utica at depths between ~880 m and 1050 m is consistent with a detailed structure study of a 360
m core in the Utica/Lorraine section in eastern NYS (Hanson et al., 2010, 2011, Jacobi, 2011e). No natural,
steeply dipping, macroscopic (visible to the eye), open fractures were observed in the entire core (although
many vein-filled fractures were evident). The lack of fractures was typical not only of the Utica black shale,
but also the overlying “Lorraine” dark gray shale that is interbedded with thin turbidites/storm beds.
Proprietary information in eastern New York also suggests that even faults may be tight in the some shaly
units of the Clinton Group. This tight nature is in contrast to fractures (both steeply dipping and horizontal)

observed down hole in the Vernon Shale of the Salina Group.

Outside of NYS, several studies show that fractures can be found to considerable depth. For example,
Laubach (2003) found open fractures at -5910 ft (1800 m) in the Weber Sandstone in the Rangley Field in
Colorado, and identified open fractures as deep as -7828 ft (~2400 m) in the Wolfcamp Sandstone in west
Texas. In the review of natural fracture distribution with depth in crystalline rocks Seeburger and Zoback
(1982) indicated that in two wells drilled to -1200 m in granodiorites in South Carolina, fractures did not
show any significant reduction in number with depth. Even horizontal fractures were observed in both
wells at about 1000 m depth.

Thus, it appears that fractures in shales are sealed/annealed at some depth, but some fractures in coarser-
grained material can remain partly open, even in presently compressional conditions, perhaps because of
natural proppants, partial vein-filling (cement) bridging the fracture, or slight mis-alignment of micro
decorations on the fractures surface that prop the fracture open when the fracture enters a compressive

regime after development in an extensional regime.

Estimates concerning the down-section stability of the fracture strikes are also poorly constrained by
published reports for New York State. Hickman et al. (1985) found that the facture strikes did not deviate



significantly in the Paleozoic section from -400 to -1550 m, except for fractures in the Queenston. This
deviation in the Queenston could be misleading, and merely a function of the small number of fracture
observations made down hole in a complicated fracture network. Conversely, the variance could also
indicate a different fracture history for this unit, either in time or space. For example, an undetected fault
could be close to the Queenston section of the well, resulting in a local stress deviation at the time of
fracture development. In homogenous crystalline rocks in a region with fairly uniform stress gradients,
Seeburger and Zoback (1982) showed that fractures did not show any significant strike variations with
depth. Additionally, proprietary data from wells in eastern NY'S did not indicate significant variance in
fracture strike downsection in areas where local high structural level features (salt cored anticline) did not
occur. 3D seismic in eastern and central NYS shows that, except for the high structural level features), most
of the faults dip steeply and the fault systems extend for kms. Possible FIDs associated with the faults at the
surface, therefore, should remain with the same strike at depth. Local areas where transfer zones are located
between tails of fault segments may have complicated fractures patterns that may not be uniform

downsection.
In conclusion, as a first estimate (“best guess™), the local fracture and fault patterns observed or predicted at
the surface near a power plant can be used as an indicator of the patterns at depth, recognizing the caveat

that it is possible that the surface patterns may not characterize the patterns at certain depths or areas.

Specific Location: Hickling Power Plant.

Lineaments and Faults. This power plant is located near Corning, NY (e.g., Figure 6.1-

1). Strongly developed, long lineaments were identified in the Landsat data by EarthSat
(1997) that pass close to the power plant (Table 6.1-1). Within 8 km of the plant site, four
lineaments trending ENE (N54°E to N80°E) range from 0 to 5.3 km away from the plant
site. These lineaments most likely represent the arcuate (in map view) lapetan-opening
fault set (e.g., Jacobi, 2010). Five related lineaments are the NE/NNE-trending
lineaments (N32°E to N47°E) that range from 2.2 to 7.6 km away from the plant site.
Two NW-trending lineaments (312° to 326°) occur within 7 km of the site, as does one
N-trending lineament. Earlier lineament identification by Isachsen and McKendree
(1977) also found seven NE/ENE trending lineaments within 8 km of the plant site (Table
6.1-1). Some of these lineaments are coincident with those of EarthSat (1997). High
structural level ENE-striking faults were identified by Isachsen and McKendree (1977)
and Murphy (1981) about 3 to 11 km away from the site. Similar ENE-striking faults in
the region (4 to 17 km from the site) were proposed by Jacobi (e.g., Jacobi, 2002, 2007a)
. Finally, Wedel (1932) mapped high structural level, salt-cored folds in the region, the

closest about 3.5 km away from the plant site.



Where seismic reflection data lies beneath the ENE/NE lineaments, reactivated lapetan-
opening faults are imaged in (e.g., Jacobi, 2007a; 2010). Individual faults in these fault
system have different reactivation histories. Some ceased activity after the Taconic
orogeny, whereas others ceased activity during the Salinic. Still others appear to have
been reactivated even more recently, in the Acadian and Alleghanian orogenies, and
some near the Mohawk Valley remain active. That these lineaments are observed at the
surface suggests that fracture sets associated with the faults extend to the top of bedrock.
As discussed above, the high structural level salt cored folds are above the targeted
stratigraphic levels, but these folds and associated faults are commonly indicators of
deeper structures. Thus, all indicators are that this site has a number of reactivated

lapetan-opening faults in close proximity

The ENE-striking faults have relatively close spacings (across the ENE strike), on the
order of 1.5-2.5 km (unpublished proprietary data). The length between major along-
strike variations in the faults (e.g., cross fault trends) has a range between 1.5 km and 10
km (unpublished proprietary data). Based on ENE-striking fault systems exposed at the
surface (e.g., Jacobi 2002, 2007a), it is probable that a closely-spaced fracture set parallel
to the faults is localized along the faults in most units except possibly the Utica and
deeper carbonates. The spacing of the fractures parallel to the faults could vary from

about 4 to as many as 20 fractures/m.

Fractures. As detailed in table 6.1-2, the cross-strike (Set I, J2) fractures in the region of
the AES Hickling power plant trend about 326°, and the along-strike (set 1) fractures
strike between 64° and 82°. Set I11 (J1) fractures are difficult to distinguish from Set I
fractures in this region, since Set 111 (J1) fractures have been proposed to strike
consistently ENE across the state, especially in black shales (e.g., Engelder and Geiser,
1980; Lash et al., 2004; Engelder et al., 2009). However, against that regional
background of ENE-striking J1 fractures, it is not uncommon to find Set Il fractures with
variable trends, and non-existent in some areas, even in black shales (e.g., Jacobi and
Smith, 2000; Jacobi et al., 2010; 2011b; Jacobi, 2011c). It is thus not possible to predict
with certainty what the orientation of J1 will be at the site, but a best guess is ENE.
Fracture intensification domains (FIDs, Jacobi and Fountain, 1996) associated with the
fault zones may add local additional fracture systems, especially the ENE-striking fault
systems. Fracture spacing has not been published in this region for surface bedrock, but
elsewhere the fracture spacings are generally about 1 or 2 fractures/m or less, except for

FIDs where the fracture frequency can increase to more than 20 fractures/m, and
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generally are above 4 fractures/m, and in black shales, where the ENE J1 set can have

high fracture frequencies as well.

Specific Location: Greenidge Power Plant.

Lineaments and Faults. This power plant is located near the western shore of Seneca

Lake, about midway along the length of the lake (e.g., Figure 6.1-1). Strongly developed,
long lineaments were identified in the Landsat data by EarthSat (1997) that pass close to
the power plant (Table 6.1-3). Predominant trends include ENE, NNE and EW/WNW.
Within 8 km of the plant site, nine lineaments trending ENE (N64°E to N74°E) are
disposed in two bundles; these ENE-trending lineaments are from 2.7 to 7.1 km away
from the plant site. These lineaments most likely represent the arcuate (in map view)
lapetan-opening fault set (e.g., Jacobi, 2010). A large number of EW trending lineaments
(274° to 287°) also occur within 7 km of the site. These lineaments may represent another
fault trend that was active during lapetan opening times, and was certainly active during
the Taconic (e.g., Jacobi, 2007a, 2010). Their trend is consistent with high-structural
level salt-cored folds that are mapped to the south, and may therefore also represent
small, unmapped faults/folds associated with times of salt deformation. Five NNE
trending lineaments (33° and 38°) are located within 7 km of the site. These lineaments
are associated with prominent aeromagnetic gradients that indicate these lineaments
represent fault systems that are basement-rooted, and part of the Keuka Lake fault system
(e.g., Jacobi, 2007a). One NW-trending lineament (322°) is passes through the power
plant site, and two NNW-trending lineaments (348° and 352°) are located within 7 km of
the site. Two northerly-trending lineaments also are located farther from the site than the
lineaments discussed above (8-13 km). Earlier lineament identification by Isachsen and
McKendree (1977) also found one ENE-trending lineament within 7 km of the plant site,
one EW-trending lineament within 2.5 km, and two northerly trending lineaments 4 and
10 km away from the site. Some of these lineaments are coincident with those of EarthSat
(1997).

Jacobi’s (2002) proposed fault systems generally replicate the trends found in the
EarthSat (1997) and Isachsen and McKendree (1977) data: ENE, NNE, and EW/WNW
(Table 6.1.3). These proposed fault systems pass the site within about 8 km. The
proposed EW-striking fault closest to the site (at 2 km) is the same fault system as that
proposed by Bradley et al. (1941) and Murphy (1981). Bradley et al. (1941) and Murphy
(1961) proposed another E-striking fault farther from the site (5.3 and 5.8 km
respectively) that is probably the same fault system, and which is in the same general

location as the E-trending EarthSat (1997) lineaments #14 and 15 and Isachsen and
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McKendree (1977) lineament #2. The proposed faults based on steep aeromagnetic
gradients (Jacobi, 2007) trend NNE and ENE, and the ENE-trending lineament is
approximately coincident with an ENE-tending EarthSat (1997) lineament (#19) that is
part of a bundle of ENE-trending lineaments. Finally, Wedel (1932) mapped high
structural level, salt-cored folds in the region to the south of the power plant site, the

closest about 8 km away.

No seismic reflection data has been examined in the close vicinity of the Greenidge
power plant. However, where seismic reflection data does exist beneath the ENE/NE
lineaments, reactivated lapetan-opening faults are imaged in (e.g., Jacobi, 2007; 2010).
As discussed above individual faults in these fault system have different reactivation
histories. Some ceased activity after the Taconic orogeny, whereas others ceased activity
during the Salinic. Still others appear to have been reactivated even more recently, in the
Acadian and Alleghanian orogenies, and some near the Mohawk Valley remain active.
That these lineaments are observed at the surface suggests that fracture sets associated
with the faults extend to the top of bedrock. The high structural level salt cored folds are
above the targeted stratigraphic levels, but these folds and associated faults are
commonly indicators of deeper structures. Thus, all indicators are that this site has a
number of reactivated lapetan-opening faults in close proximity. The tightly spaced
nature of the EarthSat (1997) ENE-trending lineaments in the lineament bundles suggests
that these fault systems are closely spaced, similar to that found to the south near the

Hickling power plant (see discussion above)

Fractures. As detailed in Table 6.1-4, no fractures were measured close to the AES
Greenidge power plant site; rather the outcrops are from 6 to 16 km away from the power
plant. The cross-strike (Set I, J2) fractures in the region of the Greenidge power plant
trend between 318° to 336° (with a second N-striking set) and the along-strike (set I1)
fractures strike between 80° and 274°. Fractures with more ENE strikes (54°, 72°, and
74%; Engelder and Geiser, 1980 and Younes and Engelder, 1999) that are nominally Set 1
fractures in Engelder and Geiser (1980) could also be set 111 (J1) fractures. Set 111 (J1)
fractures are difficult to distinguish from Set Il fractures in this region, since Set 111 (J1)
fractures have been proposed to strike consistently ENE across the state, especially in
black shales (e.g., Engelder and Geiser, 1980; Lash et al., 2004; Engelder et al., 2009).
However, against that regional background of ENE-striking J1 fractures, it is not
uncommon to find Set |11 fractures with variable trends, and non-existent in some areas,
even in black shales (e.g., Jacobi and Smith, 2000; Jacobi et al., 2010; 2011b; Jacobi,
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2011c). It is thus not possible to predict with certainty what the orientation of Set Il and

Set 111 J1 will be at the site, but a best guess is nearly EW and ENE, respectively.

Fracture intensification domains (FIDs, Jacobi and Fountain, 1996) associated with the
fault zones may add local additional fracture systems, especially the ENE-striking fault
systems. Fracture spacing have been calculated for outcrops about 6 to 7 km SSE of the
power plant in this region for surface bedrock (Lugert et al, 2001, Cruz, 2005, Jacobi,
2007, see Table 6.1-4 and Figures 6.1-35 to 6.1-40 and Figures 6.1-45 to 6.1-49). It is
evident from these figures that Sets I, Il and 111 display fracture frequencies of < 4
fractures/m at most outcrops, with more outcrops at < 2 fractures/m. The exceptions are
FIDs where the fracture frequency can increase to more than 20 fractures/m, and
generally is above 4 fractures/m, and in black shales where the ENE J1 set can have high

fracture frequencies as well.

Specific Location: Cayuga Power Plant.

Lineaments and Faults. This power plant is located near the eastern shore of Cayuga

Lake, about 20 km north of Ithaca (e.g., Figure 6.1-1). Strongly developed, long
lineaments were identified in the Landsat data by EarthSat (1997) that pass close to the
power plant (Table 6.1-5). The predominant trend is ENE-tending lineament bundles;
other trends include a NS-trending lineament bundle, NW-and E- tending lineaments.
Within 12 km of the plant site, eight lineaments trending ENE (60° to 72°) are disposed in
two bundles; these ENE-trending lineaments are from 1.4 to 11.6 km away from the plant
site. These lineaments most likely represent the arcuate (in map view) lapetan-opening
fault set (e.g., Jacobi, 2010).

An EW trending lineament (276°) also occurs within 1 km of the site. These lineaments
may represent another fault trend that was active during lapetan opening times, and was
certainly active during the Taconic (e.g., Jacobi, 2007, 2010). Their trend is also
consistent with high-structural level salt-cored folds that are mapped to the south, and
may therefore also represent small, unmapped faults/folds associated with times of salt
deformation. One NW-trending lineament bundle (with lineaments trending 320° and
326°) passes about 10 km east of the power plant site, and a northerly-trending lineament
bundle is located farther from the site than the lineaments discussed above (8-13 km).
The northerly-trending lineaments probably represent faults like the Clarendon-Linden
Fault System, which is an intra-Grenvillian suture fault system that was reactivated
during all subsequent orogenies for which we have a rock record (e.g., Jacobi and

Fountain, 1996, 2002). Earlier lineament identification by Isachsen and McKendree
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(1977) also found one ENE-trending lineament within 7 km of the plant site and one
northerly trending lineament about 10 km away from the site (Table 6.1-5). Both of these
lineaments are coincident with those of EarthSat (1997).

NE-trending steep aeromagnetic gradients (with tends between 50° and 54°, Jacobi, 2007,
Table 6.1.-5) intersect the Cayuga lakeshore area in the vicinity of the ENE-trending
EarthSat (1997) lineaments. A NW-trending aeromagnetic lineament occurs along the
lake shore at the power plant site (Jacobi, 2007, Table 6.1.-5).

Jacobi’s (2002) proposed fault systems generally replicate the trends found in the
EarthSat (1997) and Isachsen and McKendree (1977) data: ENE, EW, and NS/NNW
(Table 6.1.5). The proposed ENE and EW-striking fault systems pass the site within
about 2 km, and the NS fault is located about 8 km to the west. Murphy’s (1981) well-
log-based northerly-striking fault at Ithaca (southeast of the power plant), is on strike
with the N-trending EarthSat (1997) lineament bundle and Jacobi’s (2002) proposed
faults located to the north (and about 8 km east of the power plant). Finally, Wedel
(1932) mapped high structural level, salt-cored folds in the region to the south of the

power plant site, the closest about 7 km away.

Proprietary seismic reflection data in the close vicinity of the power plant indicated that
both the ENE and the EW lineaments do reflect the general fabric of predominant faults,
and that these faults were active in the Taconic. These faults probably are reactivated
lapetan-opening faults. As discussed above individual faults in these fault systems have
different reactivation histories. The northerly-striking fault at Ithaca proposed by Murphy
(1981) is based on well log analyses and thus confirms the along-strike proposed faults
east of the power plant based on lineaments. The high structural level salt cored folds are
above the targeted stratigraphic levels, but these folds and associated faults are
commonly indicators of deeper structures. Thus, all indicators are that this site has a
number of fault systems in close proximity to the power plant. The tightly spaced nature
of the EarthSat (1997) ENE-trending lineaments in the lineament bundles suggests that
the faults in the fault systems are closely spaced, similar to that found to the south near

the Hickling power plant (see discussion above).

Fractures. As detailed in Table 6.1-6, no fractures were measured by Engelder and
Geiser (1980) close to the AES Cayuga power plant site; rather their outcrops are from 5
to 11 km away from the power plant. Engelder and Geiser’s (1980) cross-strike (Set I, J2)
fractures in the region of the Cayuga power plant strike between 336° and 340° (with a

second N-striking set) and the along-strike (set I1) fractures strike between 70° and 274°,
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with a concentration at about 84°. Detailed fracture analyses along Seneca and Cayuga
lakes (Lugert et al, 2001, Cruz, 2005, Jacobi, 2007) determined that Set Il generally
trends about EW to 80° in this region, and that the Set 111 (J1) fractures definitely have a
more ENE strike at about 60°-70°. Thus, fractures with more ENE strikes (70°) that are
nominally Set 11 fractures in Engelder and Geiser (1980) could also be set 11 (J1)
fractures. Set 111 (J1) fractures are difficult to distinguish from Set Il fractures in this
region, since the ENE (60°-70°?) strike of Set I11 (J1) fractures is close to the 80°-90°
strike of Set Il fractures. Additionally, it is not uncommon to find Set 111 fractures with
variable trends, and non-existent in some areas, even in black shales (e.g., Jacobi and
Smith, 2000; Jacobi et al., 2010; 2011b; Jacobi, 2011c). It is thus not possible to predict
with certainty what fracture orientations will occur at the site with respect to Set Il and

Set 111, but a best guess is nearly EW and ENE, respectively.

Detailed fracture data collected for this project in close proximity to the power plant
(Figures 6.1-102 to 6.1-104) show that the Set | fractures strike NNW/NW with generally
low fracture frequencies, except for a few FIDs. ENE-striking fractures with low fracture
frequencies are typical (Figures 6.1-102 and especially 6.1-103), but near the power plant
E-striking fractures are observed in some outcrops (Figure 6.1-102). The E-striking
fractures may be Set Il and related to the folds in the area, whereas the ENE-striking
fractures may be Set 111, but as discussed above, these designations in this area where the
Set Il and 1 are nearly parallel are difficult to assign. North-striking fractures are also
observed (Figures 6.1-103 and 6.1-104), and are located in an area with N-trending

lineaments in figure 6.1-104.

Fracture intensification domains (FIDs, Jacobi and Fountain, 1996) associated with the
fault zones may add local additional fracture systems, especially the ENE-striking fault
systems and NNW-trending lineaments. Fracture spacing have been calculated for
outcrops about 6 to 7 km SSE of the power plant in this region for surface bedrock
(Lugert et al, 2001, Cruz, 2005, Jacobi, 2007, see Table 6.1-6 and Figures 6.1-35 to 6.1-
40 and Figures 6.1-45 to 6.1-49). It is evident from these figures that Sets I, Il and 111
display fracture frequencies of < 4 fractures/m at most outcrops, with more outcrops at <
2 fractures/m. The exceptions are FIDs where the fracture frequency can increase to
more than 20 fractures/m, and generally is above 4 fractures/m, and in black shales where
the ENE J1 set can have high fracture frequencies as well. In the data collected for this
project (Figures 6.1-102 to 6.1-104), FIDs are observed in NNW/NW-, NNE/N-striking

fracture sets.

15



Specific Location: Westover Power Plant.

Lineaments and Faults. This power plant is located about 5 km west of Binghamton

(e.g., Figure 6.1-1). Strongly developed, long lineaments were identified in the Landsat
data by EarthSat (1997) in close proximity to the power plant (Table 6.1-7). The most
prominent trend is a bundle of six NE-trending (36° to 50°) lineaments that passes within
0.2 km of the power plant site (Figure 6.1-3b). Another bundle of up to six NE-trending
lineaments lies about 2 km NW of the power plant. A very long NW-trending lineament
passes directly through the site. The NW-trending lineaments do not form bundles, but do
have a fairly regular spacing in the region of about 0.5 to 2 km apart. More widely
separated N/NNW-trending lineaments also occur, including one discontinuous northerly
trending lineament that passes within 0.5 km of the site. Other trends include two bundles
of EW/WNW-trending lineaments about 2 km north and south of the power plant. Earlier
lineament identification by Isachsen and McKendree (1977) also found one E/ENE-
trending discontinuous lineament within 0.3 km of the plant site (Table 6.1-7), as well as
NNW, NW, and NE-trending lineaments. A few of the Isachsen and McKendree (1977)
lineaments are coincident with those of EarthSat (1997, Figure 6.1-5b, and Table 6.1-7).
Jacobi’s (2002) proposed fault systems generally replicate the trends found in the
EarthSat (1997) and Isachsen and McKendree (1977) data: NE, NW, and farther away,
EW (Table 6.1.7).

The NE and NW trends are consistent with the lineament study performed for this report
(final report sections 6.2, 6.3, 6.6). The density and length of these lineaments suggests
that they represent fault systems. Although no proprietary seismic reflection data was
available for inspection in the vicinity of the power plant, 2D and 3D seismic reflection
data of significant areal extent in the adjacent county to the NNE (Chenango County,
where the Jennison plant is located) do indicate that NE/NNE and NW/WNW faults are
common in this region (e.g., Jacobi, 2010, 20114, b, d). These fault systems generally
show lapetan opening throw followed by reactivated in every orogeny, including
Taconic, Salinic and younger (e.g., Jacobi, 2010, 2011a, b, d). Only several of the
WNW/NW faults show no throw in lapetan-opening times (although they were certainly
active after that). The Isachsen and McKendree (1977) E/ENE-trending discontinuous
lineament that passes within 0.3 km of the plant site is coincident with the fold axes of a
salt-cored fold, as mapped by Wedel (1932, Figure 6.1-7a). The high structural level salt
cored folds are above the targeted stratigraphic levels, but these folds and associated
faults are commonly indicators of deeper structures. Thus, all indicators are that this site

has a number of fault systems in close proximity to the power plant. The tightly spaced
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nature of the EarthSat (1997) NE-trending lineaments in the lineament bundles suggests

that the faults in the fault systems are closely spaced.

Fractures. As detailed in Table 6.1-8, no fractures were measured by Engelder and
Geiser (1980) close to the AES Westover power plant site; rather their outcrops are from
6 to 8 km away from the power plant. Engelder and Geiser’s (1980) and Younes and
Engelder’s (1999) cross-strike (Set I, J2) fractures in the region of the Westover power
plant strike between 350° to 354° with a second N-striking set at 2° to 7°. The along-
strike (set I1) fractures strike between 274° and 288°. Set 111 (J1) fractures strike at 71°,
based on parent joints reported in Younes and Engelder’s (1999) about 16 km from the
power plant (Table 6.1-8). Thus, in this region, Set Il fractures can be differentiated from
set 111 fractures, based on their different orientations (~ 280° vs. ~70°). It remains
probable, however, that Set 111 fractures may exhibit variable trends, and be non-existent
in some areas, even in black shales (e.g., Jacobi and Smith, 2000; Jacobi et al., 2010;
2011b; Jacobi, 2011c).

No outcrop fracture studies with spacing data have been carried out in the vicinity of the
power plant. Based on other areas, however, Sets I, Il and 111 (in units other than black
shale units) probably display fracture frequencies of < 4 fractures/m at most outcrops,
with more outcrops at < 2 fractures/m. The exceptions are FIDs where the fracture
frequency can increase to more than 20 fractures/m, and generally is above 4 fractures/m,
and in black shales where the ENE J1 set can have high fracture frequencies as well.
Fracture intensification domains (FIDs, Jacobi and Fountain, 1996) associated with the
fault zones may add local additional fracture systems, especially the EW and NE-striking

fault systems.

Specific Location: Jennison Power Plant.

Lineaments and Faults. This power plant is located immediately south of Bainbridge, Chenango

County (e.g., Figure 6.1-1). Strongly developed, long lineaments were identified in the Landsat
data by EarthSat (1997) in close proximity to the power plant (Table 6.1-9). The most prominent
trend is a bundle of four approximately E-trending (86° to 283°) lineaments east of the power plant
that are on strike with a similar bundle west of the plant (Figure 6.1-3b). The power plant lies
between the two bundles. Another prominent set of lineaments trends NE. Individual NE-trending
lineate pass within 0.4 km of the site, but a 1.2 km wide bundle of 6 NE trending lineaments lies
about 1.5 km from the power plant. Long NNW- and NNE-trending lineaments also pass near the
site. An isolated WNW-trending lineament also lies within 0.3 km of the site. Earlier lineament

identification by Isachsen and McKendree (1977) also found the same WNW-trending lineament
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as well as a few NE, NNE, NNW, and EW-trending lineaments. The EW and NE-trending
lineaments are approximately coincident with EarthSat (1997) lineaments (Figure 6.1-5 and Table
6.1-9). Jacobi’s (2002) proposed fault systems generally replicate the trends found in the
EarthSat (1997) and Isachsen and McKendree (1977) data: EW, NE, NNW, and farther away,
NNW (Table 6.1.7, Figure 6.1-6).

The density and length of the NE- and EW-trending lineaments suggests that they represent fault
systems. The NE-trending lineaments are consistent with the lineament study performed for this
report (final report section 6.2, 6.3, 6.6). Although no proprietary seismic reflection data was
available for inspection in the immediate vicinity of the power plant, 2D and 3D seismic reflection
data of significant areal extent exists in Chenango County, where the Jennison plant is located.
These seismic data indicate that NE/NNE-striking faults are common in this region (e.g., Jacobi,
2010, 20114, b, d). These fault systems generally show lapetan-opening throw followed by
reactivation in every orogeny, including Taconic, Salinic and younger (e.g., Jacobi, 2010, 20113,
b, d). The approximately E-trending lineament bundle at the power plant represents faults with an
unknown structural history. The high structural level salt-cored folds probably occur south of the
power plant. All indicators are that this site has a number of fault systems in close proximity to the
power plant. The tightly spaced nature of the EarthSat (1997) NE- and E- trending lineaments in

the lineament bundles suggests that the faults in the fault systems are closely spaced.

Fractures. As detailed in Table 6.1-10, no fractures were measured by Engelder and Geiser
(1980) close to the AES Jennison power plant site; rather their outcrops are from 23 to 29 km
west-southwest of the power plant. Engelder and Geiser’s (1980) and Younes and Engelder’s
(1999) cross-strike (Set I, J2) fractures in the region of the Jennison power plant strike between
350° to 2° with a second N-striking set at 14° to 21°. Detailed field work about 35 to 45 km WNW
and NNW of the power plant (Figure 6.1-127 and Table 6.1-10) revealed that Set | fractures have
a mode between 20°-30°, and the range is about 5° to 35° (McGuire et al., 2006; Terech et al., 2005
Jacobi, 2007b) Engelder and Geiser’s (1980) along-strike (set 11) fractures strike between 274°
and 288°. The detailed field work WNW and NNW of the power plant (Figure 6.1-127 and Table
6.1-10) revealed that Set Il fractures have a mode between 285°-295°, and the range is about 280°
to 315° (McGuire et al., 2006; Terech et al., 2005 Jacobi, 2007b). Set IlI (J1) fractures strike at
71°, based on parent joints reported in Younes and Engelder (1999) about 16 km from the power
plant (Table 6.1-8). In this region, Set Il fractures can be differentiated from Set 111 fractures,
based on their different orientations (~ 280° vs. ~70°). It remains probable, however, that Set 111
fractures may exhibit variable trends, and be non-existent in some areas, even in black shales (e.g.,
Jacobi and Smith, 2000; Jacobi et al., 2010; 2011b; Jacobi, 2011c).
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No outcrop fracture studies with spacing data have been carried out in the vicinity of the power
plant. Based on extensive studies about 35-45 km to the west and northwest, however, Sets I, 11
and H1 (in units other than black shale units) probably display fracture frequencies of < 4
fractures/m at most outcrops, with more outcrops at < 2 fractures/m. The exceptions are FIDs
where the fracture frequency can increase to more than 20 fractures/m, and generally is above 4
fractures/m, and in black shales where the ENE J1 set can have high fracture frequencies as well.
Fracture intensification domains (FIDs, Jacobi and Fountain, 1996) associated with the fault zones
may add local additional fracture systems, as exhibited in the regions 35-45 km west and
northwest of the plant (see, for example, Figures 6.1-152, 6.1-153, 6.1-177, and 6.1-178).

Aeromagnetic Anomalies. Figure 6.2-2 displays in the project area lineaments along regional steep

aeromagnetic gradients that are linear in map view. In the eastern part of the area, NE/ENE and NW/NNW
aeromagnetic lineaments are prominent. Rarer trends are EW and NS. In the central and western area,
NNE/NE and NW/NNW aeromagnetic lineaments are prominent, but northerly and easterly tending
lineaments are also observed. These trends are accentuated after the EarthSat (1997) lineaments are added
that are consistent with the aeromagnetic lineaments (Figure 6.2-3). The coincidence of the EarthSat (1997)
lineaments with the aeromagnetic lineaments indicates that basement fault systems marked by the

aeromagnetic lineaments extend up to the surface or near-surface as at least fractures, if not faults.

Hickling, Greenidge and Cayuga power plants are all located on aeromagnetic lineaments. This
coincidence suggests that these power plants are located above fault systems in the Precambrian basement.
At both the Hickling and the Greenidge power plants, EarthSat (1997) lineaments are (nearly) coincident
with the aeromagnetic lineaments (Figure 6.2-3); such a relationship suggests that the faults in the
basement marked by the aeromagnetic lineaments extend up to the surface or near-surface as at least
fractures, if not faults. The trend of these faults at Hickling is NE and at Greenidge is NNE. The NNW-
trending aeromagnetic anomaly at the Cayuga power plant is not found in the EarthSat (1997) lineaments,
but the lake shore does trend collinearly with the anomaly, and NNW-striking FIDs fractures were
observed near the Cayuga power plant (Figures 6.1-102 and 6.1-103). The aeromagnetic anomalies in the
Cayuga and Greenidge power plants were also observed in more detailed high resolution aeromagnetic
data (Jacobi 20073, Figures 6-1-121 to 6.1-126). The Westover power plant is not located directly on an
aeromagnetic lineament; rather, it is located on an aeromagnetic high (Figure 6.2-2). This ENE-trending
high does have ENE-trending aeromagnetic lineaments along its flanks, and a few EarthSat (1997)
lineaments have similar trends and locations. A significant ENE-trending EarthSat (1997) lineament along
the crest of the aeromagnetic high is nearly on strike with the power plant (Figure 6.2-3). The Jennison
power plant is located in an area with the least prominent aeromagnetic gradients of the five power plants.
The E-trending EarthSat (1997) lineaments at the power plant (discussed above) may be related to a

possible regional EW gradient that extends across the county that passes through the power plant site.
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Conclusions (Subtask 6.3)
All five AES power plants are close to bands of lineaments identified in satellite imagery that were

interpreted as faults. The western three power plants, Hickling, Greenidge and Cayuga, all are in close
proximity to ENE-trending lineaments. In the regions of the Hickling and Cayuga power plants, proprietary
3D seismic reflection data confirm earlier integrated studies that proposed these lineament trends are
representative of ENE-striking steeply dipping, reactivated lapetan-opening fault systems. Many of the
lapetan-opening faults were reactivated with relatively large throws during the Taconic Orogeny. In the
Hickling power plant region, the ENE-striking fault systems have relatively close spacings (across the ENE
strike), on the order of 1.5-2.5 km. The length between major along-strike variations in the faults (e.g.,

cross fault trends) has a range between 1.5 km and 10 km.

The Greenidge, Cayuga Westover and Jennison power plants are close to E-trending lineaments and
lineament bundles. In the region of the Cayuga power plant, proprietary 3D seismic shows that these faults
also sustained their greatest motion in Taconic times. Jennison and Westover also have strong NE
lineament bundles which are interpreted as fault systems. All AES power plants in the project area also are
close to northerly-trending lineament bands. For example, the Greenidge power plant is located east of
NNE-lineaments that are coincident with significant aeromagnetic anomalies, suggesting NNE-striking
faults and associated fractures that extend from basement to (near) surface. These fault systems are
believed to be related to intra-Grenvillian sutures (terrane boundaries) that have been episodically
reactivated (e.g., Jacobi, 2002).

High structural level salt-cored anticlines that commonly involve thrust ramps off the Silurian salt
decollements occur near the Westover and Cayuga power plants. Since these anticlines are restricted to
units above the Silurian evaporate seal, and all the CO2 sequestration targets are below the Silurian
evaporate seal, these anticlines are not a significant factor in the considerations a CO2 sequestration site.

However, some of the salt-cored anticlines have been shown to correspond with deeper structures.

The orientation of the predominant fracture sets at the power plant sites can be estimated from the general
fracture orientations of sets I, 11, and 111 across New York State. In general Set | fractures trend NW at the
Hickling and Greenidge power plants, NNW/N at the Cayuga power plant, N/NNE at the Westover plant
and NNE at the Jennison power plant. Set 11 fractures are generally orthogonal to Set | fractures. Set 111
fractures generally trend ENE. Additionally, it is probable that closely-spaced fracture sets (sub) parallel to
faults are localized along the faults in most of the sedimentary units except possibly the Utica and deeper

carbonates. All these sets can be represented by long, relatively planar fractures.
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The fracture frequency of these fracture sets the surface in Upper Devonian interbedded shales and
siltstones is generally on the order of (less than) 1 fracture/m for Set I, < 4 fractures/m for Set 11, and
variable spacing for Set I11. The spacing of the fractures related to faults (FIDs) could vary from about 4 to

as many as 20 fractures/m near the surface. The spacing of the fracture sets is not known at depth.
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Figure 6.1-1: Onondaga Outcrop (Engelder & Geiser, 1979)
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Figure 6.1-2: West Falls Group Outcrop (Engelder & Oertel, 1989)
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Figure 6.1-3a: Lineaments identified on a LandSat image (EarthSat, 1997)
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Figure 6.1-3b: Lineaments identified on a LandSat image (EarthSat, 1997), project area view.
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Figure 6.1-4a: Lineaments identified by Isachsen and McKendree (1977)
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Figure 6.1-4b: Lineaments identified by Isachsen and McKendree (1977), project area view.
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Figure 6.1-5a: Combined lineaments from EarthSat (1997) and Isachsen and McKendree (1977)
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Figure 6.1-5b: Combined lineaments from EarthSat (1997) and Isachsen and Mckendree (1977), project area view.
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Figure 6.1-6b: Selected major fault systems (Jacobi, 2002), project area view.
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Figure 6.1-6¢: Selected major fault zones (Jacobi, 2002), project area view.
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Figure 6.1-7b: Faults from Bradley et al. (1941)
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Figure 6.1-7c: Faults from Murphy (1981)
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Figure 6.1-8: Set I fractures measured in outcrop (Engelder & Geiser, 1980)
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Figure 6.1-9: Set I fractures in project area (Engelder & Geiser, 1980)
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Figure 6.1-10: Trajectories of Set I fractures (Faculty and Students of Cornell University, 1959)

6.1-43



A
.,
// s
RSL O
& S
AN

Remote Sensing Laboratory University at Buffalo
Dept. of Geology, SUNY at Buffulo The State University of New York

78°00"W
1

: fazeoon
42°00"N+
Legend
* ARE
I 0 25 50 100 150
DI:I T T ee—— TLIGECHE ‘}—

T T
T8 00"W Tee00"W

Figure 6.1-11: Set II fractures measured in outcrop (Engelder & Geiser, 1980)
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Figure 6.1-12: Set II fractures measured in outcrop inside of the project area (Engelder & Geiser, 1980)
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Figure 6.1-13: Set I & II fractures measured in outcrop in the project area (Engelder & Geiser, 1980)
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Figure 6.1-14: Set II fracture trajectories based on Set II fractures measured in outcrop (Engelder & Geiser, 1979)
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Figure 6.1-15: Set II trajectories based on Set II fracture measurements in the project area (Engelder & Geiser,

1980)
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Figure 6.1-16: Set II trajectories compiled with Set I and II joints (Engelder & Geiser, 1980)
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Figure 6.1-17: Trajectories of fractures called Set II (Faculty and Students of Cornell University, 1959), but are

most likely Set III in the nomenclature of Engelder and Geiser (1980).

6.1-50



s
Y
// -
RSL O
A .
A e ——

Remote Sensing Laboralory University at Buffalo

Dept. of Geology, SUNY at Buffufo The State University of New York
Treoow 6700w
1 1
AF00N
43°0°0"NH ' =
- *
rridie
sS0on
¥ A . Co
J . Horseheads : 1 - L
T .Cor ing * T . Oswedp. .k Binghamton X ‘-."
’A‘ddi'son JIE -..Elmirf_: I . = AES Westover i . L
< AE? Hickling : - PR —42°0'0"M
N . . - "‘7._,- M.
42°0°0°N $
Legend
L ] R ra
S
— 051 20 30
[ e wamr e Kilo meters
| e
1 1
Treoow TR0 0"W

Figure 6.1-18: Trajectories of fractures called Set III (Faculty and Students of Cornell
University, 1959), but are most likely Set II in the nomenclature of Engelder and Geiser

(1980).
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Figure 6.1-20: Parent joints, Set I (Younes & Engelder, 1999)
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Figure 6.1-21: Clockwise fringe cracks on the parent joint of Set | in the western section of the project area (Younes

& Engelder, 1999)
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Figure 6.1-22: Counterclockwise fringe cracks on the parent joint of Set | in the eastern section of the project area
(Younes & Engelder, 1999)
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Figure 6.1-23: Parent joint Set I of fringe crack kinks (Younes & Engelder, 1999)
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Figure 6.1-24: Fringe crack kinks on the parent joint of Set | with green dots showing the location of the data

(Younes & Engelder, 1999)
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Figure 6.1-25: Parent joint of Set 11 (and probable Set Il in the east) (Younes & Engelder, 1999)
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Figure 6.1-26: Fringe cracks on parent joints of Set Il (and probable Set 111 in the east) (Younes & Engelder, 1999)
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Figure 6.1-27: Unoriented crinoid locations (Engelder & Oertel, 1989)
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Figure 6.1-28: Deformed crinoid locations (Engelder & Oertel, 1989)
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Figure 6.1-29: Strike of the long axes of crinoids (Engelder & Oertel, 1989)
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Figure 6.1-30: Strike of the normal to compression inferred crinoid long axes (Engelder & Oertel, 1989)
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Figure 6.1-31: Field sites on Seneca and Cayuga lakes (Lugert et al, 2001, Cruz, 2005, Jacobi, 2007)
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Figure 6.1-32: Field sites with NW striking fractures with a fracture frequency of 0-2 fractures/m (Lugert et al, 2001,
Cruz, 2005, Jacobi, 2007)

6.1-65



A
.,
// -
/ .,
N

Remote Sensing Laboratory University at Buffalo
Dept. of Geology, SUNY at Buffulo The State University of New York
767400 0"W
1
i
: 'Cawga Lake
Senecallake
AES Cayuga
F42°30°0"N
42°3000"N
Fhacd
f
t ;
LS
Watkins Glen /f}
“ I
767400 0"W
Legend

oo 0 25 5 10 15

* ot Kilameters

* MY_24

* MY_24

1 county Souncares
| —

Figure 6.1-33: Field sites with NW striking fractures with a fracture frequency of 2-4 fractures/m (Lugert et al,
2001, Cruz, 2005, Jacobi, 2007)
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Figure 6.1-34: Field sites with NW striking fractures with a fracture frequency of greater than 4 fractures/m (Lugert
et al, 2001, Cruz, 2005, Jacobi, 2007)
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Figure 6.1-35: Field sites with NS striking fractures with a fracture frequency of 0-2 fractures/m (Lugert et al, 2001,
Cruz, 2005, Jacobi, 2007)
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Figure 6.1-36: Field sites with NS striking fractures with a fracture frequency of 2-4 fractures/m (Lugert et al, 2001,
Cruz, 2005, Jacobi, 2007)
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Figure 6.1-37: Field sites with NS striking fractures with a fracture frequency of greater than 4 fractures/m (Lugert

et al, 2001, Cruz, 2005, Jacobi, 2007)
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Figure 6.1-38: Field sites with NNW striking fractures with a fracture frequency of 0-2 fractures/m (Lugert et al,

2001, Cruz, 2005, Jacobi, 2007)
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Figure 6.1-39: Field sites with NNW striking fractures with a fracture frequency of 2-4 fractures/m (Lugert et al,
2001, Cruz, 2005, Jacobi, 2007)
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Figure 6.1-40: Field sites with NNW striking fractures with a fracture frequency of greater than 4 fractures/m

(Lugert et al, 2001, Cruz, 2005, Jacobi, 2007)
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Figure 6.1-41: Field sites with NNE striking fractures with a fracture frequency of 0-2 fractures/m (Lugert et al,
2001, Cruz, 2005, Jacobi, 2007)
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Figure 6.1-42: Field sites with NNE striking fractures with a fracture frequency of 2-4 fractures/m (Lugert et al,

2001, Cruz, 2005, Jacobi, 2007)
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Figure 6.1-43: Field sites with NNE striking fractures with a fracture frequency of greater than 4 fractures/m
(Lugert et al, 2001, Cruz, 2005, Jacobi, 2007)
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Figure 6.1-44: Field sites with ENE striking fractures with a fracture frequency of 0-2 fractures/m (Lugert et al,
2001, Cruz, 2005, Jacobi, 2007)
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Figure 6.1-45: Field sites with ENE striking fractures with a fracture frequency of 2-4 fractures/m (Lugert et al,
2001, Cruz, 2005, Jacobi, 2007)

6.1-78



A
.,
// -
/ .,
N

Remote Sensing Laboratory University at Buffalo
Dept. of Geology, SUNY at Buffulo The State University of New York
767400 0"W
1
i
: 'Cawga Lake
Senecallake
ol
-
L
AES Cayuga
F42°30°0"N
42°3000"N *
Fhacd
f
t i
L]
Watkins Glen /f}
“ I
767400 0"W

Legend

* T 0 25 5 10 15

#r HES Kilometers

* ENE_greaters

* ENE_quezierd

T
[ couty Soundarks
| —

Figure 6.1-46: Field sites with ENE striking fractures with a fracture frequency of greater than 4 fractures/m (Lugert
et al, 2001, Cruz, 2005, Jacobi, 2007)
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Figure 6.1-47: Field sites with EW striking fractures with a fracture frequency of 0-2 fractures/m (Lugert et al,
2001, Cruz, 2005, Jacobi, 2007)
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Figure 6.1-48: Field sites with EW striking fractures with a fracture frequency of 2-4 fractures/m (Lugert et al,

2001, Cruz, 2005, Jacobi, 2007)
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Figure 6.1-49: Field sites with EW striking fractures with a fracture frequency of greater than 4 fractures/m (Lugert
et al, 2001, Cruz, 2005, Jacobi, 2007)
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Figure 6.1-50: Field sites with WNW striking fractures with a fracture frequency of 0-2 fractures/m (Lugert et al,

2001, Cruz, 2005, Jacobi, 2007)
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Figure 6.1-51: Field sites with WNW striking fractures with a fracture frequency of 2-4 fractures/m (Lugert et al,
2001, Cruz, 2005, Jacobi, 2007)
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Figure 6.1-52: Field sites with WNW striking fractures with a fracture frequency of greater than 4 fractures/m
(Lugert et al, 2001, Cruz, 2005, Jacobi, 2007)
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Figure 6.1-53: Field sites with NE striking fractures with a fracture frequency of 0-2 fractures/m (Lugert et al, 2001,

Cruz, 2005, Jacobi, 2007)
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Figure 6.1-54: Field sites with NE striking fractures with a fracture frequency of greater than 4 fractures/m (Lugert

et al, 2001, Cruz, 2005, Jacobi, 2007)
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Figure 6.1-55: Fracture orientation and intensity (Sheldon, 1912)
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Figure 6.1-56: Lineaments and field sites displaying ENE striking fractures with a fracture frequency of less than 2
fractures/m. Fracture data from Wehn et al. (2002), Jacobi et al. (2002, 2003).
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Figure 6.1-57: Lineaments and field sites displaying ENE striking fractures with a fracture frequency of 2 to 4
fractures/m. Fracture data from Wehn et al. (2002), Jacobi et al. (2002, 2003).
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Figure 6.1-58: Lineaments and field sites displaying ENE striking fractures with a fracture frequency of greater than
4 fractures/m. Fracture data from Wehn et al. (2002), Jacobi et al. (2002, 2003).
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Figure 6.1-59: Lineaments and field sites displaying EW-striking fractures with a fracture frequency of less than 2

fractures/m. Fracture data from Wehn et al. (2002), Jacobi et al. (2002, 2003).
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Figure 6.1-60: Lineaments and field sites displaying EW-striking fractures with a fracture frequency of 2 to 4
fractures/m. Fracture data from Wehn et al. (2002), Jacobi et al. (2002, 2003).
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Figure 6.1-61: Lineaments and field sites displaying EW-striking fractures with a fracture frequency of greater than

4 fractures/m. Fracture data from Wehn et al. (2002), Jacobi et al. (2002, 2003).

6.1-94



A
™,
A
o s
A

Remote Sensing Laboratory University at Buffalo
Dept. of Geology, SUNY at Buffale The State Uﬂl"*’ﬁfﬁt}’ OfNEW York
TE39°0"W TE30°0"W
1 1
7 .
.~
A
/‘/ T g
p =427 360"
42°360'N AES
Cayuga Lak
r
|
-
42727 0"N
42°270"NH
h: ) SR |
76°48'0"W T6°39°0"W T6°30°0"W
Legend
. Towns
+ AES
o NE_less2
lineam ents from EarthSat (1997) ‘\(‘,’—)u 4“\
Bodies of wat 0 15 3 G 9 Pami iy,
aeEs et er, e s ilometers [JL_‘L4 i
:l County Boundaries 3
Roads -
-

Figure 6.1-62. Lineaments and field sites displaying NE-striking fractures with a fracture frequency of less than 2
fractures/m. Fracture data from Wehn et al. (2002), Jacobi et al. (2002, 2003).

6.1-95



A
™,
A
.’/ N
A

Remole Sensing Laboralory
Dept. of Geology, SUNY at Buffale

s i3

University at Buffalo
The State University of New York

B39 0"W B30 0"W
1 1
o
.
/ L
p F42°36'0"N
42°360'N - AES
Cayuga Lak
!
=
=
F42°2T0"N
42°2T70"M
hI 1 = I
76248 0"W 76°39°0"W 767300
Legend
* Towns
“ AES
@ ME_greaters
lineaments from Earthsat (1997)
l:l Bodies of water
|:| County Boundaries
Roads
e

Figure 6.1-63. Lineaments and field sites displaying NE-striking fractures with a fracture frequency of greater than 4

fractures/m. Fracture data from Wehn et al. (2002), Jacobi et al. (2002, 2003).
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Figure 6.1-64. Lineaments and field sites displaying NNE-striking fractures with a fracture frequency of less than 2

fractures/m. Fracture data from Wehn et al. (2002), Jacobi et al. (2002, 2003).
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Figure 6.1-65. Lineaments and field sites displaying NNE-striking fractures with a fracture frequency of 2 to 4

fractures/m. Fracture data from Wehn et al. (2002), Jacobi et al. (2002, 2003).
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Figure 6.1-66. Lineaments and field sites displaying NNE-striking fractures with a fracture frequency of greater than
4 fractures/m. Fracture data from Wehn et al. (2002), Jacobi et al. (2002, 2003).
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Figure 6.1-67. Lineaments and field sites displaying NNW-striking fractures with a fracture frequency of less than 2

fractures/m. Fracture data from Wehn et al. (2002), Jacobi et al. (2002, 2003).
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Figure 6.1-68: Lineaments and field sites displaying NNW-striking fractures with a fracture frequency of 2 to 4

fractures/m. Fracture data from Wehn et al. (2002), Jacobi et al. (2002, 2003).
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Figure 6.1-69: Lineaments and field sites displaying NNW-striking fractures with a fracture frequency of greater

than 4 fractures/m. Fracture data from Wehn et al. (2002), Jacobi et al. (2002, 2003).
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Figure 6.1-70: Lineaments and field sites displaying NS-striking fractures with a fracture frequency of less than 2
fractures/m. Fracture data from Wehn et al. (2002), Jacobi et al. (2002, 2003).
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Figure 6.1-71: Lineaments and field sites displaying NS-striking fractures with a fracture frequency of 2 to 4

fractures/m. Fracture data from Wehn et al. (2002), Jacobi et al. (2002, 2003).
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Figure 6.1-72: Lineaments and field sites displaying NS-striking fractures with a fracture frequency of greater than 4
fractures/m. Fracture data from Wehn et al. (2002), Jacobi et al. (2002, 2003).
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Figure 6.1-73: Lineaments and field sites displaying NW-striking fractures with a fracture frequency of less than 2
fractures/m. Fracture data from Wehn et al. (2002), Jacobi et al. (2002, 2003).
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Figure 6.1-74: Lineaments and field sites displaying NW-striking fractures with a fracture frequency of 2 to 4
fractures/m. Fracture data from Wehn et al. (2002), Jacobi et al. (2002, 2003).
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Figure 6.1-75: Lineaments and field sites displaying NW-striking fractures with a fracture frequency of greater than
4 fractures/m. Fracture data from Wehn et al. (2002), Jacobi et al. (2002, 2003).
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Figure 6.1-76: Lineaments and field sites displaying WNW-striking fractures with a fracture frequency of less than 2
fractures/m. Fracture data from Wehn et al. (2002), Jacobi et al. (2002, 2003).
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Figure 6.1-77: Lineaments and field sites displaying WNW-striking fractures with a fracture frequency of 2 to 4
fractures/m. Fracture data from Wehn et al. (2002), Jacobi et al. (2002, 2003).
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Figure 6.1-78: Lineaments and field sites displaying WNW-striking fractures with a fracture frequency of greater
than 4 fractures/m. Fracture data from Wehn et al. (2002), Jacobi et al. (2002, 2003).
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Figure 6.1-79: Lineaments and field sites displaying ENE-striking fractures with a fracture frequency of less than 2

fractures/m. Fracture data from Wehn et al. (2002), Jacobi et al. (2002, 2003).
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Figure 6.1-80: Lineaments and field sites displaying ENE-striking fractures with a fracture frequency of 2 to 4

fractures/m. Fracture data from Wehn et al. (2002), Jacobi et al. (2002, 2003).
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Figure 6.1-81: Lineaments and field sites displaying ENE-striking fractures with a fracture frequency of greater than

4 fractures/m. Fracture data from Wehn et al. (2002), Jacobi et al. (2002, 2003).
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Figure 6.1-82: Lineaments and field sites displaying EW-striking fractures with a fracture frequency of less than 2

fractures/m. Fracture data from Wehn et al. (2002), Jacobi et al. (2002, 2003).
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Figure 6.1-83: Lineaments and field sites displaying EW-striking fractures with a fracture frequency of 2 to 4

fractures/m. Fracture data from Wehn et al. (2002), Jacobi et al. (2002, 2003).
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Figure 6.1-84: Lineaments and field sites displaying EW-striking fractures with a fracture frequency of greater than

4 fractures/m. Fracture data from Wehn et al. (2002), Jacobi et al. (2002, 2003).
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Figure 6.1-85: Lineaments and field sites displaying NE-striking fractures with a fracture frequency of less than 2

fractures/m. Fracture data from Wehn et al. (2002), Jacobi et al. (2002, 2003).
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Figure 6.1-86. Lineaments and field sites displaying NE-striking fractures with a fracture frequency of greater than 4

fractures/m. Fracture data from Wehn et al. (2002), Jacobi et al. (2002, 2003).
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Figure 6.1-87: Lineaments and field sites displaying NNE-striking fractures with a fracture frequency of less than 2
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Figure 6.1-88: Lineaments and field sites displaying NNE-striking fractures with a fracture frequency of greater than

4 fractures/m. Fracture data from Wehn et al. (2002), Jacobi et al. (2002, 2003).
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Figure 6.1-89: Lineaments and field sites displaying NNW-striking fractures with a fracture frequency of less than 2

fractures/m. Fracture data from Wehn et al. (2002), Jacobi et al. (2002, 2003).
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Figure 6.1-90: Lineaments and field sites displaying NNW-striking fractures with a fracture frequency of 2 to 4

fractures/m. Fracture data from Wehn et al. (2002), Jacobi et al. (2002, 2003).
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Figure 6.1-91: Lineaments and field sites displaying NNW-striking fractures with a fracture frequency of greater

than 4 fractures/m. Fracture data from Wehn et al. (2002), Jacobi et al. (2002, 2003).
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Figure 6.1-92: Lineaments and field sites displaying NS-striking fractures with a fracture frequency of less than 2

fractures/m. Fracture data from Wehn et al. (2002), Jacobi et al. (2002, 2003).
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Figure 6.1-93: Lineaments and field sites displaying NS-striking fractures with a fracture frequency of 2 to 4

fractures/m. Fracture data from Wehn et al. (2002), Jacobi et al. (2002, 2003).
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fractures/m. Fracture data from Wehn et al. (2002), Jacobi et al. (2002, 2003).
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Figure 6.1-95: Lineaments and field sites displaying NW-striking fractures with a fracture frequency of less than 2

fractures/m. Fracture data from Wehn et al. (2002), Jacobi et al. (2002, 2003).
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Figure 6.1-96: Lineaments and field sites displaying NW-striking fractures with a fracture frequency of 2 to 4

fractures/m. Fracture data from Wehn et al. (2002), Jacobi et al. (2002, 2003).
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Figure 6.1-97: Lineaments and field sites displaying NW-striking fractures with a fracture frequency of greater than

4 fractures/m. Fracture data from Wehn et al. (2002), Jacobi et al. (2002, 2003).
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Figure 6.1-98: Lineaments and field sites displaying WNW-striking fractures with a fracture frequency of less than

2 fractures/m. Fracture data from Wehn et al. (2002), Jacobi et al. (2002, 2003).
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Figure 6.1-100: Cayuga Field Sites (see Figures 108-113 for enlarged view)
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Figure 6.1-102: Northern Cayuga field sites with modified rose diagrams (see Jacobi, 2007a for explanation of

modified rose diagrams)
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Figure 6.1-103: Southern Cayuga field sites with modified rose diagrams (see Jacobi, 2007a, for explanation of

modified rose diagrams)
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Figure 6.1-104: Southernmost Cayuga field site with modified rose diagram (see Jacobi, 2007a, for explanation of

rose diagrams)
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Figure 6.1-105: Cayuga field sites exhibiting ENE trending fractures with a frequency of less than 2 fractures/m.

6.1-138



42°36'0"M

42°33°0"MN

/'\\
// -
e
& -,
AN

Remote Sensing Laboralory University at Buffalo
Dept. of Gealogy, SUNY al Buffilo The State University of New York
76°36°0"W 76°33°0"W
1 1

42°36°0"N

-42°33°0"N

Legend 76°360W 76°330W

#  AES

2 ENE_greaterd

X Fisher&Jacobi_Sites SR e
lineaments from EarthSat (1997)
Hydro

l:l County Boundaries

Roads

0 05 1 2 3

e s Filometers

Figure 6.1-106: Cayuga field sites exhibiting ENE trending fractures with a frequency greater than 4 fractures/m.
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Figure 6.1-107: Cayuga field sites exhibiting EW-striking fractures with a frequency of 2 to 4 fractures/m.
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Figure 6.1-108: Cayuga field sites exhibiting EW-striking fractures with a frequency of greater than 4 fractures/m.
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Figure 6.1-109: Cayuga field sites exhibiting NE-striking fractures with a frequency of less than 2 fractures/m.

6.1-142



42°36'0"M

42°33°0"MN

/'\\
// s
e
A "
A ™

Remote Sensing Laboralory University at Buffalo
Dept. of Gealogy, SUNY al Buffilo The State University of New York
76°36°0"W 76°33°0"W
1 1

42°36°0"N

-42°33°0"N

Cayuga Lake

L k T N
Legend TG*36°0"W TE*330"W
#  AES
O MNMWE_Less2 _
X Fisher&Jacobi_Sites EI ;
lineaments from EarthSat (1997)
05 1 2 3
Hydro e s Kilometers
|:| County Boundaries
Roads

Figure 6.1-110: Chenango field sites exhibiting NNE-striking fractures with a frequency of less than 2 fractures/m.
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Figure 6.1-111: Chenango field sites exhibiting NNE-striking fractures with a frequency of greater than 4
fractures/m.
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Figure 6.1-112: Chenango field sites exhibiting NNW-striking fractures with a frequency of less than 2 fractures/m.

6.1-145



/'\\
// -
RSL O
e
A "
A ™

Remote Sensing Laboralory University at Buffalo
Dept. of Gealogy, SUNY al Buffilo The State University of New York
76°36°0"W 76°33°0"W
1 1

42°36°0"N
42°36'0"M

-42°33°0"N

42°33'0"N Cayuga Lake

f
L =R .
I 1
Legend 76°36'0"W 76°33'0"W
#  AES
C  NNW_2-4
X Fisher&Jacobi_Sites TR

lineaments from EarthSat (1997)
05 1 2 3

Hydro e s Kilometers

|:| County Boundaries

Roads

Figure 6.1-113: Chenango field sites exhibiting NNW-striking fractures with a frequency of 2 to 4 fractures/m.
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Figure 6.1-114: Chenango field sites exhibiting NNW-striking fractures with a frequency of greater than 4

fractures/m.
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Figure 6.1-115: Chenango field sites exhibiting NS-striking fractures with a frequency of less than 2 fractures/m.
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Figure 6.1-116: Chenango field sites exhibiting NW-striking fractures with a frequency of less than 2 fractures/m.
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Figure 6.1-117: Cayuga field sites exhibiting NW-striking fractures with a frequency of greater than 4 fractures/m.
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Figure 6.1-118: Buffers surrounding ENE trending lineaments in the ROI on Cayuga Lake. Yellow buffer is 2.5 km
for EarthSat (1997) ENE lineaments, 50 m for ASTER and DEM ENE lineaments and 50 ft (16 m) for the field
sites.
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Figure 6.1-119: Buffers surrounding EW trending lineaments in the ROI on Cayuga Lake. Yellow buffer is 2.5 km
for EarthSat (1997) ENE lineaments, 50 m for ASTER and DEM ENE lineaments and 50 ft (16 m) for the field
sites.
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Figure 6.1-120: Graphical representation of the statistical Weights of Evidence results that test lineaments from
ASTER, DEM and EarthSat (1997) against fracture frequencies for field sites on Cayuga Lake (WNW-trending
lineaments were only observed in the lineaments from EarthSat, 1997). The length of the bar for each orientation

indicates the relative contrast index (longer bar implies better coincidence between lineaments and fractures)
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Figure 6.1-121: Reduced to pole (RTP) total magnetic intensity (Figure 3.7-2 in DOE Final Report, Jacobi, 2007a)
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Figure 6.1-122: Horizontal gradient of RTP aeromagnetics (Figure 3.7-3 in DOE Final Report, Jacobi, 2007a)
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Figure 6.1-123: Vertical gradient of RTP aeromagnetic (Figure 3.7-4 in DOE Final Report, Jacobi, 2007a)
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Figure 6.1-124: Second derivative of RTP aeromagnetic (Figure 3.7-5 in DOE Final Report, Jacobi, 2007a)
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Figure 6.1-125: Linear feature analysis of RTP aeromagnetic (Figure 3.7-6a in DOE Final Report, Jacobi, 2007a)
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Figure 6.1-126: Interpretation of gradients in the aeromagnetic field (Figure 3.7-7 in DOE Final Report, Jacobi,
2007a)
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Figure 6.1-127: Eastern part of the project area (“Chenango AOI”): Jennison Power Plant with lineaments
(EarthSat,1997) and field sites from McGuire et al (2006), Terech et al (2005) and Jacobi (2007b). Box A shows
locations of Figures 128-152. Box B shows locations of Figures 155-177
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Figure 6.1-128: North-central Chenango field sites exhibiting ENE-striking fractures with a frequency of less than 2
fractures/m. (Terech et al, 2005 and Jacobi, 2007b)
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Figure 6.1-129: North-central Chenango field sites exhibiting ENE-striking fractures with a frequency of 2 to 4
fractures/m. (Terech et al, 2005 and Jacobi, 2007b)
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Figure 6.1-130. North-central Chenango field sites exhibiting ENE-striking fractures with a frequency of greater
than 4 fracture/m. (Terech et al, 2005 and Jacobi, 2007b) Lineaments from EarthSat (1997).
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Figure 6.1-131. North-central Chenango field sites exhibiting EW-striking fractures with a frequency of less than 2
fractures/m. (Terech et al, 2005 and Jacobi, 2007b) Lineaments from EarthSat (1997).
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Figure 6.1-132. North-central Chenango field sites exhibiting EW-striking fractures with a frequency of 2 to 4
fractures/m. (Terech et al, 2005 and Jacobi, 2007b) Lineaments from EarthSat (1997).
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Figure 6.1-133. North-central Chenango field sites exhibiting EW-striking fractures with a frequency of greater
than 4 fractures/m. (Terech et al, 2005 and Jacobi, 2007b) Lineaments from EarthSat (1997).
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Figure 6.1-134. North-central Chenango field sites exhibiting NE-striking fractures with a frequency’of less than 2

fractures/m. (Terech et al, 2005 and Jacobi, 2007b) Lineaments from EarthSat (1997).
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Figure 6.1-135. North-central Chenango field sites exhibiting NE-striking fractures with a frequency of 2 to 4

fractures/m. (Terech et al, 2005 and Jacobi, 2007b) Lineaments from EarthSat (1997).
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Figure 6.1-136.: North-central Chenango field sites exhibiting NE-striking fractures with a frequency of greater
than 4 fractures/m. (Terech et al, 2005 and Jacobi, 2007b) Lineaments from EarthSat (1997).
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Figure 6.1-137. North-central Chenango field sites exhibiting NNE-striking fractures with a frequency of less than 2
fractures/m. (Terech et al, 2005 and Jacobi, 2007b) Lineaments from EarthSat (1997).
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Figure 6.1-138. North-central Chenango field sites exhibiting NNE-striking fractures with a frequency of 2 to 4
fractures/m. (Terech et al, 2005 and Jacobi, 2007b) Lineaments from EarthSat (1997).
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Figure 6.1-139. North-central Chenango field sites exhibiting NNE-striking fractures with a frequency of greater
than 4 fractures/m. (Terech et al, 2005 and Jacobi, 2007b) Lineaments from EarthSat (1997).
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Figure 6.1-140. North-central Chenango field sites exhibiting NNW-striking fractures with a frequency of less than
2 fractures/m. (Terech et al, 2005 and Jacobi, 2007b) Lineaments from EarthSat (1997).
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Figure 6.1-141. North-central Chenango field sites exhibiting NNW-striking fractures with a frequency of 2 to 4
fractures/m. (Terech et al, 2005 and Jacobi, 2007b) Lineaments from EarthSat (1997).

6.1-174



RSL. G

Remole Sensing Laboralory University at Buffalo

Dept. of Geology, SUNY af Buffuly The State University of New York
TS"4EI'U"W TS"3EI'U"W
42°45 0N > . _'v‘ﬂ"'r '.-’ﬁ*
] L VD iy B S =
S -@rﬂl\_&\?’([(v Mgtz
N Z o N

/4 , ”

17 & - ¢,§ g (
¥R AN
L 73 5 AR

TE

F42°36°0"N

42°36'0"N <-4

Legend TS"46'U"W
+* AE
O Mick_NNW_greaterd 0 15 3 (
X Nick_D ata L s | y | ¥
lineaments fom EarthSat (1987} N— \-:} _! ‘|:‘ !. : _:; 1
—— FRopads [ e g r—¢ |
Hyd o=

Figure 6.1-142. North-central Chenango field sites exhibiting NNW-striking fractures with a frequency of greater
than 4 fractures/m. (Terech et al, 2005 and Jacobi, 2007b) Lineaments from EarthSat (1997).
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Figure 6.1-143. North-central Chenango field sites exhibiting NS-striking fractures with a frequency of less than 2

fractures/m. (Terech et al, 2005 and Jacobi, 2007b) Lineaments from EarthSat (1997).
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Figure 6.1-144. North-central Chenango field sites exhibiting NS-striking fractures with a frequency of 2 to 4
fractures/m. (Terech et al, 2005 and Jacobi, 2007b) Lineaments from EarthSat (1997).
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Figure 6.1-145. North-central Chenango field sites exhibiting NS-striking fractures with a frequency of greater than

4 fractures/m. (Terech et al, 2005 and Jacobi, 2007b) Lineaments from EarthSat (1997).
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Figure 6.1-146. North-central Chenango field sites exhibiting NW-striking fractures with a frequency of less than 2
fractures/m. (Terech et al, 2005 and Jacobi, 2007b) Lineaments from EarthSat (1997).

6.1-179



RSL. G

Remole Sensing Laboralory University at Buffalo
Dept. of Geology, SUNY af Buffuly The State University of New York
757 400"W T57300"W
1 1

42°45°0"N 4

7 X, ‘f"*n‘!ﬂ”‘j :
O
Q- s

b, 7 . ﬁ‘ ¥y '
t‘ - f . - 4 " “‘ o ILI

N R A

-42°36'0"N
42°36'0"N 4L
1

Legend 75°40°0"W
* AES \ ’.'.
O Mick_NW_2-4 0 14 3 € e .::;.
X i g LB M
11 BTN =1
: A
B S
£

Figure 6.1-147. North-central Chenango field sites exhibiting NW-striking fractures with a frequency of 2 to 4
fractures /m. (Terech et al, 2005 and Jacobi, 2007b) Lineaments from EarthSat (1997).
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Figure 6.1-148. North-central Chenango field sites exhibiting NW-striking fractures with a frequency of greater
than 4 fractures /m. (Terech et al, 2005 and Jacobi, 2007b) Lineaments from EarthSat (1997).
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Figure 6.1-149. North-central Chenango field sites exhibiting WNW-striking fractures with a frequency of less

than 2 fractures/m. (Terech et al, 2005 and Jacobi, 2007b) Lineaments from EarthSat (1997).
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Figure 6.1-150. North-central Chenango field sites exhibiting WNW-striking fractures with a frequency of 2 to 4
fractures/m. (Terech et al, 2005 and Jacobi, 2007b) Lineaments from EarthSat (1997).

6.1-183



RSL. G

Remn-l_.u-: Sensing Lal;;mlory University at Buffalo
Dept. of Geology, SUNY ail Buffalo The State UHI"VB'FSIEF’I‘ OfNEW York
757 400"W T57300"W
42°45°0"N 7 = j i
| PNigerz~
7 F A g 3 | ’
T/ Rl 11 X 3 7&/-}*“
% o > i | \p,—“‘&h“t f‘
1 S/ AR S

Y

42°36'0"N <-4

N
7y :

Jia

il I
Legend 75°40°0"W
> AES
O Mick_WMNW _greaterd 0 14 3 6 9
) Kilometers
p 4 Nick_Data | “ M
lineaments from EarthSat (1997) 217 D T
Roads T3 <7
Hy dro

F42°36°0"N

Figure 6.1-151. North-central Chenango field sites exhibiting WNW-striking fractures with a frequency of greater

than 4 fractures/m. (Terech et al, 2005 and Jacobi, 2007b) Lineaments from EarthSat (1997).
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Figure 6.1-152. North-centra
(Jacobi, 2007b).

1 Chenango field sites showing rose diagrams of fracture intensification domains
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Figure 6.1.-153. North-central Chenango field sites showing associated rose diagrams of fracture intensification
domains on top of a shaded DEM with ellipses highlighting prominent fracture orientations that are consonant with

the topographic lineaments (Jacobi, 2007b).
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Figure 6.1-154. Southwestern Chenango field sites exhibiting ENE-striking fractures with a frequency of less than 2
fractures/m. (McGuire, 2006 and Jacobi, 2007b) Lineaments from EarthSat (1997).
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Figure 6.1-155. Southwestern Chenango field sites exhibiting ENE-striking fractures with a frequency of 2 to 4
fractures/m. (McGuire, 2006 and Jacobi, 2007b) Lineaments from EarthSat (1997).
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Figure 6.1-156. Southwestern Chenango field sites exhibiting ENE-striking fractures with a frequency of greater
than 4 fractures/m. (McGuire, 2006 and Jacobi, 2007b) Lineaments from EarthSat (1997).
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Figure 6.1-157. Southwestern Chenango field sites exhibiting EW-striking fractures with a frequency of less than 2
fractures/m. (McGuire, 2006 and Jacobi, 2007b) Lineaments from EarthSat (1997).
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Figure 6.1-158. Southwestern Chenango field sites exhibiting EW-striking fractures with a frequency of 2 to 4
fractures/m. (McGuire, 2006 and Jacobi, 2007b) Lineaments from EarthSat (1997).
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Figure 6.1-159.: Southwestern Chenango field sites exhibiting EW-striking fractures with a frequency of greater
than 4 fractures/m. (McGuire, 2006 and Jacobi, 2007b) Lineaments from EarthSat (1997).
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Figure 6.1-160. Southwestern Chenango field sites exhibiting NE-striking fractures with a frequency of less than 2
fractures/m. (McGuire, 2006 and Jacobi, 2007b) Lineaments from EarthSat (1997).
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Figure 6.1-161. Southwestern Chenango field sites exhibiting NE-striking fractures with a frequency of 2 to 4
fractures/m. (McGuire, 2006 and Jacobi, 2007b) Lineaments from EarthSat (1997).
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Figure 6.1-162. Southwestern Chenango field sites exhibiting NNE-striking fractures with a frequency of less than 2
fractures/m. (McGuire, 2006 and Jacobi, 2007b) Lineaments from EarthSat (1997).
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Figure 6.1-163. Southwestern Chenango field sites exhibiting NNE-striking fractures with a frequency of 2 to 4
fractures/m. (McGuire, 2006 and Jacobi, 2007b) Lineaments from EarthSat (1997).
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Figure 6.1-164. Southwestern Chenango field sites exhibiting NNE-striking fractures with a frequency of greater

than 4 fractures/m. (McGuire, 2006 and Jacobi, 2007b) Lineaments from EarthSat (1997).
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Figure 6.1-165. Southwestern Chenango field sites exhibiting NNW-striking fractures with a frequency of less than
2 fractures/m. (McGuire, 2006 and Jacobi, 2007b) Lineaments from EarthSat (1997).
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Figure 6.1-166.: Southwestern Chenango field sites exhibiting NNW-striking fractures with a frequency of 2 to 4
fractures/m. (McGuire, 2006 and Jacobi, 2007b) Lineaments from EarthSat (1997).
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Figure 6.1-167. Southwestern Chenango field sites exhibiting NNW-striking fractures with a frequency of greater
than 4 fractures/m. (McGuire, 2006 and Jacobi, 2007b) Lineaments from EarthSat (1997).
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Figure 6.1-168. Southwestern Chenango field sites exhibiting NS-striking fractures with a frequency of less than 2
fractures/m. (McGuire, 2006 and Jacobi, 2007b) Lineaments from EarthSat (1997).
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Figure 6.1-169. Southwestern Chenango field sites exhibiting NS-striking fractures with a frequency of 2 to 4
fractures/m. (McGuire, 2006 and Jacobi, 2007b) Lineaments from EarthSat (1997).
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Figure 6.1-170. Southwestern Chenango field sites exhibiting NS-striking fractures with a frequency of greater than
4 fractures/m. (McGuire, 2006 and Jacobi, 2007b) Lineaments from EarthSat (1997).
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Figure 6.1-171.: Southwestern Chenango field sites exhibiting NW-striking fractures with a frequency of less than 2
fractures/m. (McGuire, 2006 and Jacobi, 2007b) Lineaments from EarthSat (1997).
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Figure 6.1-172. Southwestern Chenango field sites exhibiting NW-striking fractures with a frequency of 2 to 4
fractures/m. (McGuire, 2006 and Jacobi, 2007b) Lineaments from EarthSat (1997).
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Figure 6.1-173. Southwestern Chenango field sites exhibiting NW-striking fractures with a frequency of greater
than 4 fractures/m. (McGuire, 2006 and Jacobi, 2007b) Lineaments from EarthSat (1997).
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Figure 6.1-174. Southwestern Chenango field sites exhibiting WNW-striking fractures with a frequency of less than
2 fractures/m. (McGuire, 2006 and Jacobi, 2007b) Lineaments from EarthSat (1997).
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Figure 6.1-175. Southwestern Chenango field sites exhibiting WNW-striking fractures with a frequency of 2 to 4
fractures/m. (McGuire, 2006 and Jacobi, 2007b) Lineaments from EarthSat (1997).
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Figure 6.1-176. Southwestern Chenango field sites exhibiting WNW-striking fractures with a frequency of greater
than 4 fractures/m. (McGuire, 2006 and Jacobi, 2007b) Lineaments from EarthSat (1997).
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Figure 6.1-177. Southwestern Chenango field sites showing associated rose diagrams of fracture intensification
domains on top of a shaded DEM (Jacobi, 2007D).
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Figure 6.1-178: Southwestern Chenango field sites showing associated rose diagrams of fracture intensification
domains on top of a shaded DEM with ellipses highlighting prominent topographic lineaments that are consonant
with FID orientations (Jacobi, 2007Db).
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Figure 6.1-179. Index map for Figure 6.1-180. Box with red lines indicates location of lineaments from Pyron et al.
(2003) in Figure 6.1-180.
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Figure 6.1-180. Lineaments from Pyron et al. (2003) large scale.
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Figure 6.1-181: Joint rose diagrams from Engelder and Oertel (1985)
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Figure 6.1-182: Rose diagrams of joints from Parker (1942).
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Figure 6.2-1: Smoothed residual aeromagnetics. Contour interval is 50nT. Red indicates relative high and blue

relative low. Project area is outlined by the dashed black line. From Jacobi (2002).
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Figure 6.2-2. Smoothed residual aeromagnetics with lineaments (thick black lines) drawn along the trends of
significant linear aeromagnetic gradients. Contour interval is 50nT. Red indicated relative high and blue relative

low. Project area is outlined by the dashed black line. Aeromagnetics from Jacobi (2002).
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Figure 6.2-3: Smoothed residual aeromagnetics with lineaments. Thick black lines indicate trend of significant
linear aeromagnetic gradients and white lines indicate EarthSat (1997) lineaments that are coincident with the
aeromagnetic lineaments. Contour interval is 50nT. Red indicated relative high and blue relative low. Project area

is outlined by the dashed black line. Aeromagnetics from Jacobi (2002).
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TABLE 6.1-1
Hickling Power Plant
Lineaments and Faults

ORIENTATION IN DISTANCE FRM FIGURE
D NUMBER DEGREES FACILITY IN KM SOURCE THIS RPT NOTES
1 54,5 0.0 | EarthSat '97 343, 5a 1=9
2 80.5 1.7 | EarthSat '97 3a, 5a 2 =11 cont
3 61.5 2.0 | EarthSat '97 3a, 5a
4 326.5 2.2 | EarthSat '97 33, 5a
5 315 3.8 | EarthSat '97 3a, 5a
6 35.5 4.4 | EarthSat '97 3a, 5a 6=10
7 70.5 4.4 | EarthSat '97 3a, 5a
7a 0.5 4.9 | EarthSat '97 3a, 5a
6a 40.5 5.2 | EarthSat '97 3a, 5a 6a=12
8 66.5 5.3 | EarthSat '97 3a, 5a
8c 311.5 6.7 | EarthSat '97 3a, 5a 8a=15
8a 45,5 6.9 | EarthSat '97 3a, 5a
8b 46.5 7.6 | EarthSat '97 3a, 5a
9 54.5 08| 1&M'77 43, 5a 9=1
10 40.5 42| 1&M'77 43, 5a 10=6
11 77.5 42 | 1&M'77 43, 5a 11cont=2
12 43,5 53| 1&M'77 43, 5a 12 =6a
13 85.5 56| |&M'77 43, 5a
14 46.5 6.2 |&M'77 43, 5a
15 45.5 69| 1&M'77 43, 5a 15 =8a
2 50.5 3.9 | Jacobi flts 6a
1 69.5 5.5 | Jacobi flts 6a
3 70.5 10.3 | Jacobi flts 6a
5 338.5 14.8 | Jacobi flts 6a
4 344.5 15.4 | Jacobi flts 6a
7 68.5 15.6 | Jacobi flts 6a
6 341.5 16.6 | Jacobi flts 6a
1 74.5 16.3 | Jac flt zones 6b
1 86.5 3.4 | Murphy 81 6d
2 68.5 9.0 | Murphy 81 6d
3 66.5 11.1 | Murphy 81 6d
1 76.5 8.9 | Wedel 32 7

EarthSat '97 = EarthSat (1997), | & M 77 = Isachsen and McKendree (1977), Jacobi flts = Jacobi (2002)
Jac flt zones = Jacobi (2002) fault zones, Murphy 81 = Murphy (1981), Wedel 32 = Wedel (1932)
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TABLE 6.1-2
Hickling Power Plant
Fracture Trends

SET 1(J2) FIGURE SOURCE NOTES
329.5 8,9,13 Engelder & Geiser, 1980
SET Il FIGURE SOURCE NOTES
81.5 11,12,13 Engelder & Geiser, 1980
78.5 11,12,13 Engelder & Geiser, 1980
68.5 11,12,13 Engelder & Geiser, 1980
64.5 11,12,13 Engelder & Geiser, 1980
75.5 15 Engelder & Geiser, 1980 trajectory
71.5 25 Younes & Engelder, 1999 about 6.5 km from site
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TABLE 6.1-3
Greenidge Power Plant
Lineaments and Faults

ORIENTATION DISTANCE FIGURE
ID NUMBER FRM FACILITY SOURCE NOTES
IN DEGREES THIS RPT
IN KM
1 41.5 0.1|EarthSat '97 3a, 5a
2 322.5 0.0|EarthSat '97 3a, 5a
3 67.5 3.1|EarthSat '97 3a, 5a
4 273.5 1.9|EarthSat '97 3a, 5a
5 273.5 1.0(|EarthSat '97 3a, 5a
6 287 3.2|EarthSat '97 3a, 5a
7 286.5 1.1|EarthSat '97 3a, 5a
8 273.5 2.5|EarthSat '97 3a, 5a 8=IM1
9 351.5 0.0|EarthSat '97 33, 5a
10 71.5 4.0|EarthSat '97 3a, 5a
11 73.5 3.5|EarthSat '97 3a, 5a
12 74.5 2.7|EarthSat '97 3a, 5a
13 67.5 6.2|EarthSat '97 3a, 5a
14 273.5 6.2|EarthSat '97 33, 5a
15 274.5 6.6|EarthSat '97 3a, 5a
16 67.5 7.1|EarthSat '97 3a, 5a
17 348.5 6.8|EarthSat '97 3a, 5a
18 64.5 3.9|EarthSat '97 3a, 5a
19 66.5 5.0|EarthSat '97 3a, 5a
20 41.5 6.8|EarthSat '97 3a, 5a 20acont. of 21
21 36.5 5.9|EarthSat '97 3a, 5a 21 acont of 20
22 69.5 5.2|EarthSat '97 3a, 5a
23 36.5 7.1|EarthSat '97 33, 5a
24 36.5 6.5|EarthSat '97 3a, 5a
25 12.5 7.9|EarthSat '97 3a, 5a
26 14.5 13.1|EarthSat '97 3a, 5a cont of 26=1M 3
1 273.5 2.5/ 1&M'77 4a, 5a 1=ES8
2 70.5 6.2| 1 & M'77 4a, 5a
3 12.5 9.6/ 1 & M '77 43, 5a 3 =cont of ES 26
4 4.5 3.7 1 &M'77 4a, 5a
1 277.5 2.0|Jacobi flts 6a
2 72.5 2.7|Jacobi flts 6a
3 351.5 3.0|Jacobi flts 6a on strike w site
4 76.5 3.6|Jacobi flts 6a
5 23.5 6.8|Jacobi flts 6a
6 10.5 8.3|Jacobi flts 6a
1 73.5 0.6|Jac flt zones 6b
2 39.5 5.8|Jac flt zones 6b
1 16.5 1.8|Jacobi 2007 126
2 64.5 3.2|Jacobi 2007 126 if extended frm W
1 275.5 1.6|Bradley et al 41 |6¢c
2 273.5 5.3|Bradley et al 41 |6¢
1 91.5 1.9({Murphy 81 6d
2 349.5 3.8|Murphy 81 6d on strike w site
3 23.5 4.5|Murphy 81 6d
4 273.5 5.8 Murphy 82 6d
1 89.5 7.8|Wedel 32 7

EarthSat '97 = EarthSat (1997), | & M '77 = Isachsen and McKendree (1977), Jacobi flts = Jacobi (2002)
Jac flt zones = Jacobi (2002) fault zones, Murphy 81 = Murphy (1981), Wedel 32 = Wedel (1932)
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TABLE 6.1-4
Greenidge Power Plant
Fracture Trends

SET 1(J2) FIGURE SOURCE NOTES
317.5 8,913 Engelder & Geiser, 1980 about 6.5 km from site
336.5 10 Fac.ulty .and Students of Cornell about 6.4 km from site

University, 1959
35 10 Fac.ulty .and Students of Cornell about 10 km from site
University, 1960
NNW 38,39,40 | Lugertetal, 2001, Cruz, 2005, about 7.6 km from site
Jacobi, 2007
NS 35,36,37 | Lugertetal, 2001, Cruz, 2005, about 6.2 km from site
Jacobi, 2007
SET Il FIGURE SOURCE NOTES
80.5 11,12,13 Engelder & Geiser, 1980 about 7.3 km from site
82.5 11,12,13 Engelder & Geiser, 1980 about 12 km from site
273.5 11,12,13 Engelder & Geiser, 1980 about 11 km from site
53.5 11,12,13 Engelder & Geiser, 1980 about 16 km from site
71.5 15 Engelder & Geiser, 1980 trajectory
73.5 25 Younes & Engelder, 1999 about 15.6 km from site
EW 47, 48, 49 Lugert et al, 2901' Cruz, 2005, about 7.5 km from site
Jacobi, 2007
SET 1 FIGURE SOURCE NOTES
ENE 44,45, 46 Lugert et al, 2001, Cruz, 2005,

Jacobi, 2007

about 6.5 km from site
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TABLE 6.1-5

Cayuga Power Plant
Lineaments and Faults

DISTANCE
ORIENTATION FRM FIGURE THIS
D NUMBER in degrees FACILITY IN SOURCE RPT NOTES
KM
1 69.5 4.3 | EarthSat '97 3a, 53, 56-101
2 72.5 3.6 | EarthSat '97 3a, 53, 56-101
3 67.5 2.1 | EarthSat '97 3a, 53, 56-101
4 66.5 1.4 | EarthSat '97 3a, 53, 56-101
5 72.5 3.1 | EarthSat '97 3a, 53, 56-101
6 276.5 1.0 | EarthSat '97 3a, 53, 56-101
7 359.5 9.0 | EarthSat '97 3a, 5a,56-101 | ES7 = ~1&M 2
8 361.5 9.7 | EarthSat '97 3a, 53, 56-101
9 360.5 10.6 | EarthSat '97 3a, 53, 56-101
10 325.5 10.2 | EarthSat '97 3a, 53, 56-101
11 320.5 9.5 | EarthSat '97 3a, 53, 56-101
12 45.5 10.3 | EarthSat '97 3a, 53,56-101 | ES12="~1&M 1
13 59.5 10.0 | EarthSat '97 3a, 53, 56-101
14 61.5 10.9 | EarthSat '97 3a, 53, 56-101
15 57.5 11.6 | EarthSat '97 3a, 53, 56-101
1 62.5 63| |&M'77 43, 5a &M 1=~ ES12
2 357.5 7.7 | 1&M'77 4a, 5a &M 2= ~ES7
1 92.5 0.9 | Jacobi flts 6a
2 715 1.0 | Jacobi flts 6a
3 353.5 8.2 | Jacobi flts 6a
1 67.5 1.1 | Jac flt zones 6b
1 326.5 0.9 | Jacobi 2007 126
2 54.5 2.7 | Jacobi 2007 126
3 54.5 2.2 | Jacobi 2007 126
4 54.5 5.2 | Jacobi 2007 126
5 49.5 11.7 | Jacobi 2007 126
1 NONE Bradley et al 41 | 6¢
1 359.5 13.3 | Murphy 81 6d
1 87.5 5.8 | Wedel 32 7

EarthSat '97 = EarthSat (1997), | & M '77 = Isachsen and McKendree (1977), Jacobi flts = Jacobi (2002)

Jac flt zones = Jacobi (2002) fault zones, Murphy 81 = Murphy (1981), Wedel 32 = Wedel (1932)
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TABLE 6.1-6

Cayuga Power Plant

Fracture Trends

SET 1 (J2) FIGURE SOURCE NOTES
356.5 8,913 Engelder & Geiser, 1980 about 5 km from site
339.5 8,9, 14 Engelder & Geiser, 1980 about 10 km from site
335.5 8,915 Engelder & Geiser, 1980 about 11 km from site
336.5 10 Fac.ulty ?nd Students of Cornell about 1.3 km from site
University, 1959
13.5 10 Fac.ulty .and Students of Cornell about 0 km from site
University, 1960
NNW 38,39,40 | lugertetal 2001, Cruz, 2005, | 0+ 3 km from site
Jacobi, 2007
NS 35, 36,37 | -usertetal, 2001, Cruz, 2005, | 1t 3 km from site
Jacobi, 2007
SET I FIGURE SOURCE NOTES
85.5 11,12,13 | Engelder & Geiser, 1980 about 8 km from site
69.5 11,12,13 | Engelder & Geiser, 1980 about 4 km from site
273.5 11,12, 13 | Engelder & Geiser, 1980 about 15 km from site
84.5 15 Engelder & Geiser, 1980 trajectory (becomes EW to E)
79.5 25 Younes & Engelder, 1999 about 13 km from site
Lugert et al, 2001, Cruz, 2005, .
EW/ENE 47,48, 49 Jacobi, 2007 about 3 km from site
SET 1 FIGURE SOURCE NOTES
ENE 44,45,46 | Lugertetal, 2001, Cruz, 2005, about 3 km from site
Jacobi, 2007
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TABLE 6.1-7
Westover Power Plant
Lineaments and Faults

DISTANCE
ID NUMBER O‘_:“EdNTATION FRM FACILITY SOURCE FIGU;:TTHIS NOTES
in degrees IN KM
1 309.5 0.0[EarthSat '97 3a, 5a
2 315.5 0.5|EarthSat '97 3a, 5a
3 43.5 0.6|EarthSat '97 3a, 5a
4 42.5 0.9|EarthSat '97 3a, 5a
5 32.5 0.7|EarthSat '97 3a, 5a
6! 39.5 1.0|EarthSat '97 3a, 5a
7 40.5 0.9|EarthSat '97 3a, 5a
8 47.5 1.2|EarthSat '97 3a, 5a
9 44.5 1.3|EarthSat '97 3a, 5a
10 40.5 1.4|EarthSat '97 3a, 5a
11 36.5 1.6|EarthSat '97 3a, 5a
12 286.5 1.8|EarthSat '97 3a, 5a
13 319.5 1.0|EarthSat '97 3a, 5a
14 304.5 2.4|EarthSat '97 3a, 5a
15 279.5 2.4|EarthSat '97 3a, 5a
16 SE cont of 35,
16 333.5 1.9|EarthSat '97 3a, 5a ES16=1MS5
17 61.5 1.4|EarthSat '97 3a, 5a
18! 3.5 1.9|EarthSat '97 3a, 5a 18 S cont of 19
19 359.5 1.1|EarthSat '97 3a, 5a 19 N cont of 18
20! 350.5 1.8|EarthSat '97 3a, 5a
21 35.5 1.1|EarthSat '97 3a, 5a ES21=IM5
22 89.5 1.2|EarthSat '97 3a, 5a
23 350.5 1.5|EarthSat '97 3a, 5a
24 89.5 2.5|EarthSat '97 3a, 5a
25 290.5 2.3|EarthSat '97 3a, 5a
26 273.5 3.2|EarthSat '97 3a, 5a
27 273.5 2.8|Earthsat '97 3a, 5a
28 271.5 2.7|EarthSat '97 3a, 5a
29 12.5 2.2|EarthSat '97 3a, 5a
30! 36.5 2.7|EarthSat '97 3a, 5a
31 41.5 2.6|EarthSat '97 3a, 5a
32 45.5 2.9|EarthSat '97 3a, 5a
33 279.5 2.0|EarthSat '97 3a, 5a
34/ 315.5 1.5|EarthSat '97 3a, 5a
35 311.5 2.2|EarthSat '97 3a, 5a 35 NW cont of 16
36! 352.5 2.4|EarthSat '97 3a, 5a ES36=1M7
37 351.5 2.4|EarthSat '97 3a, 5a
38 350.5 1.4|EarthSat '97 3a, 5a
39 317.5 2.9|EarthSat '97 3a, 5a
1 84.5 0.3|1 & M'77 4a, 5a 1W cont of 2
2 87.5 09|11 & M'77 4a, 5a 2Econtof1
3 345.5 0.2| 1 &M '77 4a, 5a
4 352.5 1.0{ 1 & M '77 4a, 5a
5 48.5 1.8| 1 & M '77 4a, 5a IM5=ES 21
6! 333.5 1.9(1& M'77 4a, 5a IM 6 =ES 16
7 350.5 2.2|1&M'77 4a, 5a IM7=ES 36
8 302.5 2.4|1 & M'77 4a, 5a
1 309.5 0.0|Jacobi flts 6a
2 312.5 10.1|Jacobi flts 6a
3 40.5 4.5|Jacobi flts 6a
4] 32.5 6.2|Jacobi flts 6a
5 44.5 9.6|Jacobi flts 6a
1 41.5 0.0|Jac flt zones 6b
2 36.5 6.6|Jac flt zones 6b
3 87.5 16.0|Jac flt zones 6b
1 84.5 1.3|Wedel 32 7

EarthSat '97 = EarthSat (1997), | & M '77 = Isachsen and McKendree (1977), Jacobi flts = Jacobi (2002)
Jac flt zones = Jacobi (2002) fault zones, Murphy 81 = Murphy (1981), Wedel 32 = Wedel (1932)
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TABLE 6.1-8
Westover Power Plant
Fracture Trends

(irs\ii-l;-:‘:g?eze)s) FIGURE SOURCE NOTES
6 8,9 13 Engelder & Geiser, 1980 about 6 km from site
350 8,9 14 Engelder & Geiser, 1980 about 6 km from site
7 8,9, 14 Engelder & Geiser, 1980 about 8 km from site
353 8,9 14 Engelder & Geiser, 1980 about 8 km from site
5 8,9, 14 Engelder & Geiser, 1980 about 8 km from site
2 23 Younes & Engelder, 1999 about 8 km from site
354 23 Younes & Engelder, 1999 about 7 km from site
SETII FIGURE SOURCE NOTES
274 11, 12, 13 | Engelder & Geiser, 1980 about 10 km from site
283 11,12, 13 | Engelder & Geiser, 1980 about 15 km from site
284 11,12, 13 | Engelder & Geiser, 1980 about 15 km from site
280 11,12, 13 | Engelder & Geiser, 1980 about 18 km from site
288 11,12, 13 | Engelder & Geiser, 1980 about 21 km from site
298 15 Engelder & Geiser, 1980 trajectory, about 24 km from site
295 15 Engelder & Geiser, 1981 trajectory, about 21 km from site
284 15 Engelder & Geiser, 1981 trajectory, about 18 km from site
281 16 Engelder & Geiser, 1982 trajectory, about 19 km from site
NA 25 Younes & Engelder, 1999 these nominal Set Il are probably set IlI
289 29 Engelder & Oertel, 1989 about 33 km from site
274 29 Engelder & Oertel, 1989 about 34 km from site
299 29 Engelder & Oertel, 1989 about 36 km from site
279 29 Engelder & Oertel, 1989 about 39 km from site
SET 1 FIGURE SOURCE NOTES
71 55 Younes & Engelder, 1999 these nominal Set Il ar.e probably set
I1l,about 16 km from site
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TABLE 6.1-9
Jennison Power Plant
Lineaments and Faults

DISTANCE
ID NUMBER | ORIENTATION FROM SOURCE FIGURETHIS NOTES
FACILITY IN RPT
KM
1 290.5 0.3|EarthSat '97 3a, 5a ES 1cont of IM5
2 49.5 0.4|EarthSat '97 33, 5a
3 76.5 0.3|EarthSat '97 3a, 5a
4 17.5 0.2|EarthSat '97 3a, 5a
5 326.5 0.1|EarthSat '97 33, 5a
6 350.5 1.2|EarthSat '97 3a, 5a
7 59.5 0.9|EarthSat '97 3a, 5a
8 63.5 1.0|EarthSat '97 33, 5a
9 55.5 0.7|EarthSat '97 3a, 5a N cont(?) of 16
10 57.5 1.1|EarthSat '97 3a, 5a
11 270.5 1.5|EarthSat '97 3a, 5a on strike w site
12 86.5 2.0|EarthSat '97 3a, 5a on strike w site
13 283.5 1.6|EarthSat '97 3a, 5a
14 280.5 1.8|EarthSat '97 33, 5a
15 56.5 1.5|EarthSat '97 33, 5a ES15=IM2
16 47.5 1.9|EarthSat '97 3a, 5a S cont (?) of 9
17 77.5 1.0|EarthSat '97 33, 5a
18 67.5 1.5|EarthSat '97 33, 5a
19 16.5 1.3|EarthSat '97 3a, 5a
20 25.5 1.4|EarthSat '97 3a, 5a
21 25.5 1.4|EarthSat '97 33, 5a
22 54.5 2.2|EarthSat '97 3a, 5a SW cont (?) of 23
23 51.5 2.0|EarthSat '97 33, 5a NE cont (?) of 22
24 56.5 2.5|EarthSat '97 33, 5a
25 56.5 2.6|EarthSat '97 3a, 5a
26 55.5 2.8|EarthSat '97 33, 5a
27 339.5 2.7|EarthSat '97 33, 5a
28 337.5 3.1|EarthSat '97 3a, 5a
1 41.5 0.3[1&M'77 4a, 5a
2 59.5 1.8/ 1 & M'77 4a, 5a IM2=ES 15
3 75.5 1.4 1& M'77 4a, 5a
4 352.5 1.8| 1 & M'77 4a, 5a
5 291.5 1.4({1&M'77 4a, 5a IM5 cont of ES 1
6 275.5 1.9|1&M'77 4a, 5a
7 273.5 2.6[1&M'77 4a, 5a
1 61.5 5.4(Jacobi flts 6a
2 51.5 5.4|Jacobi flts 6a
3 88.5 0.9|Jacobi flts 6a
4 16.5 0.7|Jacobi flts 6a
5 53.5 11.5|Jacobi flts 6a
6 11.5 11.9|Jacobi flts 6a
7 339.5 12.5(Jacobi flts 6a
1 61.5 0.0|Jac flt zones 6b
3 88.5 2.3|Jac flt zones 6b

EarthSat '97 = EarthSat (1997), | & M '77 = Isachsen and McKendree (1977), Jacobi flts = Jacobi (2002)
Jac flt zones = Jacobi (2002) fault zones, Murphy 81 = Murphy (1981), Wedel 32 = Wedel (1932)
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TABLE 6.1-10
Jennison Power Plant
Fracture Trends

SET | (J2) in degrees FIGURE SOURCE NOTES
21 8,9,13 | Engelder & Geiser, 1980 | about 29 km from site
350 8,9,14 | Engelder & Geiser, 1980 about 29 km from site
14 8,9,14 | Engelder & Geiser, 1980 | about 23 km from site
355 8,9,14 | Engelder & Geiser, 1980 about 23 km from site
14 8,9,14 | Engelder & Geiser, 1980 | about 23 km from site
2 8,9,15 | Engelder & Geiser, 1981 about 23 km from site
354 23 Younes & Engelder, 1999 | about 37 km from site
19 23 Younes & Engelder, 1999 | about 36 km from site
mode = 20-25 127, 162- McGuire et al., 2006; about 37 km to the center of the
population=15-35 164 Jacobi, 2007b mass of sites in B, Figure 127
mode = 25-30 127, 137- Terech et al., 2005; about 47 km to the center of the
population= 5-35 139 Jacobi, 2007b mass of sites in A, Figure 127
SET I FIGURE SOURCE NOTES
288 11, 12, 13 | Engelder & Geiser, 1980 about 24 km from site
297 11, 12, 13 | Engelder & Geiser, 1980 about 27 km from site
274 11, 12, 13 | Engelder & Geiser, 1980 about 27 km from site
294 11, 12, 13 | Engelder & Geiser, 1980 about 31 km from site
303 15 Engelder & Geiser, 1980 | trajectory
15 Engelder & Geiser, 1980 | trajectory
15 Engelder & Geiser, 1981 | trajectory
NA 55 these nominal Set Il are probably
Younes & Engelder, 1999 | set llI
283 29 Engelder & Oertel, 1989 | about 4 km from site
274 29 Engelder & Oertel, 1989 | about 5 km from site
274 29 Engelder & Oertel, 1989 | about 4 km from site
278 29 Engelder & Oertel, 1989 | about 4 km from site
mode = 285-290 127, 174- McGuire et al., 2006; about 37 km to the center of the
population = 280-305 176 Jacobi, 2007b mass of sites in B, Figure 127
mode = 295 127, 149- Terech et al., 2005; about 47 km to the center of the
population = 27 5-315 151 Jacobi, 2007b mass of sites in A, Figure 127
SET Il FIGURE SOURCE NOTES
71 25 Younes & Engelder, 1999 these nominal Set Il are probably

set lll,about 27 km from site
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