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ABSTRACT

In the structure task, we completed reducing the data we had collected from a N-S transect on the east of Seneca
Lake. We have calculated the fracture frequency for all the fracture sets at each site, and constructed modified rose
diagrams that summarize the fracture attributes at each site. These data indicate a N-striking fault near the
southeastern shore of Seneca Lake, and also indicate NE and ENE-trending FIDs and faults north of Valois. The
orientation and existence of the ENE-striking FIDs and faults are thought to be guided by faults in the Precambrian
basement; these basement faults apparently were sufficiently reactivated to cause faulting in the Paleozoic section.
Other faults are thrust ramps above the Silurian salt section that were controlled by a far-field Alleghanian stress
field.

Structure contour maps and isopach maps have been revised based on additional well log analyses. Except for the
Glodes Corners Field, the well spacing generally is insufficient to definitively identify faults. However, relatively
sharp elevational changes east of Keuka Lake support the contention that faults occur along the east side of Keuka
Lake. Outcrop stratigraphy along the east side of Seneca Lake indicates that faults and gentle folds can be inferred
from the some exposures along Seneca Lake, but the lensing nature of the individual sandstones can preclude long-
distance definitive correlations and structure identification. Soil gas data collected during the 2000 field season was
reduced and displayed in the previous semiannual report.

The seismic data that Quest licensed has been reprocessed. Several grabens observed in the Trenton reflector are
consistent with surface structure, soil gas, and aeromagnetic anomalies. In this report we display an interpreted
seismic line that crosses the Glodes Corners and Muck Farm fields. The final report from the subcontractor
concerning the completed aeromagnetic survey is included. Prominent magnetic anomalies suggest that faults in the
Precambrian basement are located beneath regions where grabens in the Trenton are located. The trend and location
of these faults based on aeromagnetics agrees with the location based on FIDs.

These data indicate that integration of aeromagnetic and topographic lineaments, surface structure, soil gas with
seismic and well logs allows us to extrapolate Trenton-Black River trends away from confirmatory seismic lines.
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INTRODUCTION

3-D seismic analysis is unquestionably one of the premier methods for obtaining information
concerning deep structure, including predictions of enhanced fracture porosity in reservoirs.
However, the high cost of 3-D seismic makes it economically unfeasible in many basins with
perceived marginal gas reserves. However, without some advanced technology like 3-D seismic,
the deep structure in many basins (like the Appalachian Basin of New York State) cannot be
critically evaluated because available seismic reflection profiles and deep well logs provide
insufficient control.

This research project demonstrates a cost-effective alternative to 3-D seismic. The project
demonstration is a combination of low-cost, innovative technologies that, when integrated, yield
near-3-D quality on a regional scale for identification of fractured reservoir prospects. The study
area covers about 760 sq. miles, an area that would cost about $22 million for 3-D seismic
coverage alone; our proposal is a fraction of that cost.

The basic premise is that highly productive zones in tight reservoirs are associated with discrete
zones of intense fracturing, termed “fracture intensification domains” (FIDs, Jacobi and
Fountain, 1996, Jacobi and Xu, 1998). These zones can be identified by integration of surface
geology, lineaments, well log data, seismic data and soil gas anomalies. FIDs in the northern
Appalachian Basin have been shown to be indicative of fault zones at depth (Jacobi and
Fountain, 1996, Jacobi and Xu, 1998). Thus, by identifying and tracing FIDs, we can predict the
location of zones of increased fractures in the subsurface.

Because large gas discoveries (estimated 3 bef/well) have been made recently along fault zones
in the New York State portion of the Appalachian Basin, it is important to be able to recognize
FIDs. Because of vegetation and surficial deposits, the FIDs cannot be traced continuously in
outcrop. In order to trace the FIDs, we have developed an integrated program that involves:
surface structure,

soil gas analyses,

remotely-sensed lineaments,

existing (2-D) seismics, and

aeromagnetics.

M

Structural studies on outcrops allow identification of FIDs; then lineaments from aeromagnetic
and remotely-sensed data are used to trace the FIDs between outcrops. Soil gas anomalies can
confirm that the lineaments are associated with fracturing. Existing well log and seismic data are
used to confirm the interpretations. Many of the fault systems in the northern Appalachian basin
can be traced with acromagnetics because the surface faults are reactivated deep faults that are
located in the Precambrian basement.

The study area is located in the northern Appalachian Basin in the Finger Lakes region of central
New York State, primarily between Seneca and Cayuga lakes (Figure 1). The target is the



Ordovician Trenton/Black River groups, although fractured tight sands above the Trenton also
occur in this area. The most prolific gas play in New York State today is the Glodes Corners
Road Field, an Ordovician Trenton/Black River play that is located west of Keuka Lake. This
field was developed by Columbia Natural Resources (CNR), who estimates that the yield/well is
1.3 bef. The east-northeast trend of the Glodes Corners Road Field suggests that the Glodes
Corners Road Field is located along faults that are reactivated structures related to the older
Cambrian Rome Trough, which is assumed to trend approximately east-northeast in regions
south of the play (Jacobi et al., 1999). Well logs from the Glodes Corners Road Field indicate a
narrow fault zone that increases in stratigraphic offset upsection, increasing to 6 m in the
Trenton.

On seismic reflection profiles, The Trenton plays occur along fault zones that appear as narrow
(~2000") grabens with small regional offset. These grabens are thought to be a result of a
combination of

¢ solution collapse,

¢ reverse flower structures (along strike-slip faults), and

¢ seismic pull-down from the lower velocities associated with dissolution and fault brecciation.

In order to procure and analyze the data necessary for the demonstration project, the integrated
research project was divided into seven tasks. These tasks include:

¢ Traditional and innovative analyses of fractures (Jacobi),

Stratigraphy/well log analyses (Jacobi and Loewenstein),

Lineaments (Jacobi),

Soil Gas Analyses (Fountain),

Seismic Data Acquisition and Interpretation (Loewenstein and Jacobi),

Advanced Seismic Analyses (Hart), and

Aeromagnetic Survey and Analyses (deRidder).

* & & & o o

During the third reporting period, we made significant progress, as outlined in the “Results and
Discussion” section.



EXPERIMENTAL
FRACTURE ANALYSES SUBTASK

Jacobi and graduate students (Lugert and Wehn) used an abbreviated methodology to collect
outcrop structural data during the second field season. In the abbreviated methodology, Jacobi
and assistants identified the fracture sets in the outcrop, and measured the spacing among a
minimum of three fractures for each systematic fracture set. They also measured the strike and
dip of the fractures, and collected information concerning the abutting relationships,
length/height, character of fracture trace (e.g., straight, curvy), and offset along the fracture.
They constructed a sketch map in their field notebooks that showed the location of the outcrop
and a sketch map of the fracture traces on the outcrop. They indicated the general site location in
the field by tying an annotated ribbon to an overhead tree. The sketch map of the site also
includes sufficient geographical markers to be able to identify the site location on the
topographic base. They annotated the site of the outcrop on the enlarged topographic map base.

Jacobi and graduate students (Lugert and Wehn) entered all the site data and the fractures data in
Excel data spreadsheets (Appendix 1 for sites, Appendix 2 for fracture data). For each site, the
next step is to calculate the fracture frequency for each set. As most fractures are very steeply
dipping (80°+), modified rose diagrams can be used to portray the results. In these rose
diagrams, fracture frequency is displayed in the top half of the diagram. We generally show
three orders of magnitude on the diagram as successively larger concentric circles, with the inner
circle representing 0.01 fractures/m, the middle ring representing 0.1 fracture/m, and the outer
ring representing 1 fracture/m. Thus, long petals indicate a relatively high number of fractures, as
did the old rose diagrams. The advantage of this modified diagram is that it is compatible with
scanline data that we collected the first year. We use the lower half of the rose diagram to
indicate other features of the fracture sets, commonly either abutting relationships, or length
(which is a proxy for abutting relationships). The longest petals in the lower half indicate the
master set; the next longest petals indicate the set that abuts the master set, but that is itself
master to another fracture set, which is portrayed by even shorter petals.

Advanced analysis techniques, including fractal analysis and geostatistics (see Jacobi et al.,
2001, for a review) will be carried out where these techniques will add to the understanding of
the fracture development and significance of fractures for identifying deep structure. However,
from the first two field seasons, the fracture data look to be very robust, so these techniques may
not be necessary. The extent of outcrop was far greater than we had expected, and so the need for
these special techniques that we developed especially for areas with limited outcrop, may not be
necessary.

STRATIGRAPHY/WELL LOG ANALYSES SUBTASK

Jacobi and Loewenstein will provide the project with 1) structure contours on bedrock marker
beds that outcrop in the study area, and 2) subsurface structure contour maps based on distinctive
units identified in well logs. Such maps shall aid in determining fault locations and offset. The
construction of these maps is funded by an ongoing NYSERDA project. The contouring will be

accomplished by a subroutine package in Geographix. The stratigraphic tops picked from well



logs will follow the industry practice for recognizing each unit top; van Tyne and Foster’s (1979)
study illustrates such picks.

Jacobi and assistants will provide geological cross-sections across prominent surface structure
where outcrops of marker units allow such constructions. The elevations of the marker units will
be determined from topographic maps, and/or from altimeters, and/or from surveying from a
known elevation.

LINEAMENTS SUBTASK

Jacobi and Loewenstein will combine lineaments recognized in Landsat images and in 7.5’
topographic quadrangle maps. They will integrate Earthsat’s (1997) pick of Landsat lineaments
in the demonstration area with a reanalyzed Landsat data set. They will also analyze 7.5’
topographic maps for lineaments following Jacobi and Fountain’s (1996) methodology.

Jacobi will contribute an analysis of digital elevation data available from USGS for the study
area. This analysis will include edited topography, a high-pass of the topography, and a
horizontal gradient of the high-pass of the topography. We will compare lineaments observed in
these gradient maps to those lineaments observed on the Landsat and 7.5° quadrangle maps.

The resulting series of maps of the demonstration area will include 1) Earthsat’s Landsat
lineament map, 2) our interpretation of lineaments from the Landsat data, 3) lineaments from
7.5’ topographic quadrangle maps, 4) lineaments from gradient maps of Pearson, deRidder and
Johnson, Inc. and 5) a map integrating all 4 data sets. We will compare the lineaments with the
preliminary FID map. Where coincidence occurs between lineaments and FIDs observed in
outcrop, we will extend the observed FID along the lineament. After the first iteration, we will
compare the lineament/FID map with the soil gas analyses discussed below.

SOIL GAS ANALYSES

Soil gas surveys will be conducted along primarily north-south profiles, following existing
seismic lines, and the general techniques and rationale of Jacobi and Fountain (1996) and
Fountain and Jacobi (2000). In this research plan, traverses are conducted along the edge of
roads and samples are collected at a distance of 3 to 10 meters from the road, depending on road
construction, to avoid the roadbed fill material.

Samples are obtained by driving a stainless steel probe to a depth of 60 cm using a hand-held
sledge hammer. Twenty cubic centimeters of air, slightly more than one probe volume, is
withdrawn from the probe and discarded with an air tight syringe to purge atmospheric air from
the probe. An additional 60 cc of air is then withdrawn with the syringe and injected directly into
a gas chromatograph (GC) equipped with a flame ionization detector for analysis (a Century
OVA 128 GC). Gas enters the probe through an array of holes approximately 5 cm above the tip;
the holes are covered by a loose sliding collar that minimizes plugging during insertion.



Samples are collected at 10 m intervals. This distance is somewhat arbitrary; however, the
results of over 10,000 analyses established that most anomalies are more than 10 m wide
(Fountain and Jacobi, 2000), confirming that a 10 m spacing will detect most anomalies.

Linear response of the gas chromatograph is determined by analysis of standard gasses at the
start of each day, after four hours of analyses, and at the end of each day. Samples are analyzed
in duplicate every 10 samples.

All samples with 10 ppm or greater total organic vapor content are returned to the laboratory for
analysis on a laboratory gas chromatograph to determine ethane/methane ratios. The GC is
calibrated daily for response and elution times using standard gas mixtures.

SEISMIC DATA ACQUISITION, REPROCESSING, AND INTERPRETATION

Loewenstein will purchase available seismic lines and subcontract with seismic processors to
reprocess the records where necessary. He will evaluate the reprocessing effort and be especially
cognizant of statics problems. If such problems appear to exist, he will request that the processor
reprocess any section that may exhibit such problems. Loewenstein and Jacobi will interpret the
seismic lines for prominent stratigraphic reflectors and faults. Where recognizable, they will pick
the reflectors that represent the Tully, Onondaga, Trenton, Black River and
Precambrian/Cambrian contacts. They will use accepted industry practices for the reflector
recognition (e.g., Jacobi and Fountain, 1996; Jacobi et al., 2000). The interpretation of the 2-D
seismic will be displayed along the seismic line in depth (time) sections that show potential
faults. These depth displays will be integrated with the surficial FID/soil gas/lineament maps in
two ways: 1) the location of surficial FIDs/soil gas anomalies and lineaments will be shown
above the depth section for ease in spatial correlation, and 2) the locations of deep structure
(faults) as interpreted from the seismic line, will be entered in Geographix so that their locations
can be compared in map view with the locations of the surficial FIDs/soil gas anomalies and
lineaments.

ADVANCED SEISMIC ANALYSES

The seismic expression of faults is a function of several variables, including the fault offset and
the frequency content of the seismic data. On migrated seismic lines, faults are most easily
recognized by reflection offsets, changes in dip, changes in amplitude, etc. Subtle faults are
most easily detected in 3-D seismic volumes by deriving and analyzing “horizon” attributes, such
as dip, edge detection and azimuth, or “coherency” attributes (e.g., Hart et al., 1996).
Additionally, complex trace attributes (e.g., instantaneous frequency, reflection strength) can be
useful for fault detection. In the manner described above, Hart will analyze critical sections of
the seismic profiles procured in the preceding subtask.

AEROMAGNETIC SURVEY AND ANALYSES



Aeromagnetic prospecting is a powerful methodology that can define the basement fault block
patterns with detail on a basinal scale. Pearson, deRidder and Johnson, Inc. will acquire, process,
and interpret an acromagnetic survey of the study area. Using both widely available techniques
and proprietary methods, Pearson, deRidder and Johnson, Inc. and Jacobi will delineate
basement-related structural elements that serve as bounding structures on intra-basement
lithology blocks, supra-basement structural relief, and zones of strike-slip faulting that may be
associated with fracture swarm development. In addition, the proprietary profile data
interpretation tool, STARMAG, licensed by Texaco exclusively to Pearson, deRidder and
Johnson, Inc., will be amended, using local constraints, to allow for improved models of
magnetic lineaments related to fracture swarms.

Specifications shall be as follows:

Survey area: 710 square miles

Line spacing: 1/3- mile N-S x 1-mile E-W

Line mileage: 3,600 line miles

Ground clearance: 500" above ground level, or as to be decided

Acquisition subcontractor:  Airmag Surveys, Inc., Philadelphia, PA

The data will be processed using an equivalent source method, which compensates for elevation
differences at line intersections, taking into account anomalous vertical magnetic gradients. Both
profile and grid based interpretation methodologies will be employed to derive the maximum
information content of the data set. The resulting maps can be used to infer lineaments related to
faults in the basement, and can, in some cases, be used to determine approximate amount of
offset on basement. Jacobi and Loewenstein will integrate the aeromagnetic lineaments with the
FID/lineament/soil gas maps and seismic attribute studies. Spatial coincidence among
aeromagnetic lineaments and the FID/lineament/soil gas/seismic line fractures (seismic attribute)
maps will be taken as defining probable fault systems that affected the entire sedimentary
section, including the Ordovician targets.

RESULTS AND DISCUSSION
FRACTURE ANALYSES SUBTASK

We had three objectives for this reporting period: 1) collect fracture data along a NNW transect
that borders the southwestern side of Cayuga Lake (Fig. 1), 2) fill in gaps in the N-S transect that
we constructed in the summer of 2000 along the east side of Seneca Lake, and 3) complete the
analyses of the summer 2000 data. We met all three goals. For the first two objectives Jacobi and
graduate students (Lugert and Wehn) measured characteristics of over 3000 fractures at 276 sites
this past field season. The site maps for the year 2001 field season are shown in Figure 2.
Fracture characteristics for the various fractures at each site are displayed in Appendices 1 and 2.
The average fracture frequency for each set at each site is calculated for many of the sites.

The base maps for the site maps along Cayuga Lake constructed in ARC/INFO. Streams were
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from the CUGIR website, and were found to match the streams on USGS 7.5 topographic maps
generally quite well (with less than a [topo-sheet] line-width error anywhere in the quadrangle
when displayed at full scale). In contrast, the roads from the county transportation maps at the
same website were very poorly digitized. We have modified the more severe problems. After
digitizing the sites in ARC/INFO, we transferred the maps to Adobe Illustrator in order to paste
on rose diagrams that we will construct in the next reporting period.

We also realized the third goal, to complete analyses of the N-S transect along the east side of
Seneca Lake. For the Seneca Lake transect, the year 2001 sites were integrated with the year
2000 sites (Appendix 3). The fracture characteristics at the year 2001 sites are displayed in
Appendix 4. Analyses of the fracture data were displayed at the National Geological Society of
America meeting in November, 2001 (Lugert et al., 2001) and at the Fall IOGA meeting in
Buffalo, NY. The complete map displaying modified rose diagrams (Figures 3) of fractures
along the Seneca Lake transect is shown in Figure 4. As discussed in earlier progress reports,
Jacobi and graduate students (Lugert and Wehn) found that the eastern shore of Seneca Lake can
be divided into two regions that display different fracture attributes. Although both regions share
most fractures sets, the two regions have different prominent fractures in terms of length,
frequency and abutting characteristics. The area south of Hector (Figure 4) exhibits primarily
NNW and N to NNE-striking master fractures and FIDs. For example, inspection of the rose
diagrams in the Burdett Enlarged Area “B” (Figure 4) reveals that at each site in Area “B”, the
northerly striking fractures have a higher frequency than the ENE and WNW striking fractures.
At both sites RDJ 74 and RDJ 74A+B, the fracture frequency of the northerly-striking fracture
sets is about an order of magnitude greater than that of the ENE-striking set. Similarly, in Burdett
Enlarged Area “D” (Figure 4), the northerly-striking fractures have nearly an order of magnitude
greater frequency that the easterly striking fractures at site 1B. At site 4 (Figure 4), the
northerly-striking fractures are the masters, although the fracture frequencies of the N-striking
and easterly striking sets are comparable. In contrast, in the region of Hector/Valois and to the
north, master fractures and FIDs commonly strike ENE or WNW. For example, in Dundee
Enlarged Area “B”, the easterly striking fractures at sites 8 and 9 have an order of magnitude
greater frequency than do the northerly striking fractures, even though the master set is northerly
striking. This contrast suggests that along the eastern shore of Seneca Lake, the ENE-trending
structures, such as the Iapetan reactivated faults, occur in the region near Hector/Valois (and
sporadically northward). In the region south of Hector, N- to NNW-striking CSD-related faulting
is probable along the shore of Seneca Lake.

Figure 5 summarizes the relationship between soil gas anomalies and N-striking fractures in the
south and ENE-striking fractures/FIDs north of Hector. In this figure, we display the frequency
of ENE-striking fractures averaged over a kilometer window (of sites) on a NNW-striking
transect. Most sites are included on the transect; the position of those sites that were off the
transect were was projected onto the NNW-striking transect (i.e., the transect is orientated
orthogonal tot he ENE-striking fractures). The two structural domains are readily apparent. South
of Hector, the frequency of ENE-striking fractures averaged over a kilometer is generally less
than 1 fracture/meter, and many sites essentially have a fracture frequency of zero. In contrast,
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regions north of Hector have much higher maximum frequencies, as much as 34 fractures/m, and
commonly 4-6 fractures per meter. As shown in Figure 5, the northern structural domain with the
higher frequency of ENE-striking fractures also corresponds to a distinct increase in number of
soil gas “spikes” per km. In the southern structural domain, the number of soil gas anomalies
averages <5/km, whereas in the northern structural domain, the soil gas spikes averages over 5
spikes /km , and as many as 15 spikes /km. Furthermore, regions in the northern structural
domain that do not have high frequencies of ENE-striking fractures also have a low in soil gas
spikes (between Valois and Hector, Figure 5).

The northern zone of high soil gas spikes and the frequency of ENE-striking fractures also
correspond in a general way to an ENE-striking aeromagnetic low (see profiles across the
aeromagnetic low in Figure 6). Thus, the fractures and soil gas anomalies at the surface most
likely reflect deep structure that affects the Precambrian basement. Our seismic reflection
profiles confirm that faults do occur in the Precambrian basement in this area.

Examples of ENE-striking FIDs are shown in figures 8, 9, and 10 (site locations for the fracture
photographs are shown in Figure 7). Examples of NNW-striking FIDs are shown in figures 11,
and 12 (site locations for the fracture photograph are shown in Figure 7). The NNW-striking FID
in Figure 12 is located in the northern structural domain (where the heavy preponderance of
ENE-striking FIDs occurs). Thus, Figure 12 demonstrates that in the area north of Hector NNW-
striking cross-strike master fractures and FIDs are observed, in addition to the ENE-striking
master fractures. The NNW- and N-striking sets are not ubiquitous; rather they are found only in
discrete zones. At several of the sites, the northerly-striking fractures exhibited strike slip
motion, displacing the ENE-striking fractures a few cm (Figure 13). It is thus probable that in
this area, northerly-striking faults, as well as easterly-striking faults occur at depth. Figure 14
shows the typical fracture patterns where no FIDs occur.

STRATIGRAPHY/WELL LOG ANALYSES SUBTASK

The subcontractor, Quest Energy, submitted a database for deep well logs in the Finger Lakes
region in he previous progress report. In that report Quest Energy also constructed several
proprietary structure contour and isopach maps. Discussion of these maps is contained in the
previous progress report.

LINEAMENTS SUBTASK

Jacobi and graduate students (Lugert and Wehn) have refined the calculation of the aspect of
topographic slopes from DEMs (Figure 15). These figures show the prominent approximately N-
striking lineaments in the southern part of the study area east of Seneca Lake, where we have a
relative preponderance of N-striking fractures and FIDs. Similarly, in the central part of the study
area on the east side of Seneca lake, a zone of ENE and NE-striking topographic elements
corresponds to the zone where we found a concentration of ENE and NE-striking fractures and
FIDs.
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SOIL GAS ANALYSES

Fountain and his assistants acquired 5836 soil gas samples, comprising more than 32 km of
traverse (Figure 16). The traverses completed the planned north-south range from Ovid to
Watkins Glen. In addition a number of additional lines were run including completion of a box
around a recently drilled gas well and offsetting of the main line near Ovid and near Lodi where
extensive contamination from dense housing had made the main road non-viable. The results
(Figure 17) show a spectacular coincidence of soil gas anomalies and ENE trending lineaments
(Figure 5). This confirms our contention that the soil gas anomalies correspond with structural
features. Note that the detailed locations provided by soil gas anomalies provide far more
precise information than lineament analysis, but the two together are the most powerful. Of
particular significance to this project is the progress in methodology made during the last year.
Based on the summer of 2000 work, our procedure was modified to use an electric impact
hammer rather than hand-sledges and we constructed special extraction tools to automate probe
extraction. In addition we modified the assignments of all personnel to provide more efficient
surveys. As a result we were able to exceed the maximum number of samples ever achieved in a
single day previously, on a routine basis this summer. One of the primary benefits is the
reduction in breakage of the probes and the vast reduction in physical effort for the crew. As a
result we can not only work faster, but can work many more hours before the crew becomes too
tired to work effectively. We will modify our acquisition plan next summer to allow more hours
in the field per day which should increase the number of samples even further. The plan is to
use the extra ability to run multiple boxes and NS lines across FIDs already located to determine
if soil gas can be used to trace the FIDs. We expect that they are offset by crosscutting
structures, and we further expect that soil gas will allow extrapolation of the structures, including
location of offsets, greatly improving the chance of success when successful wells are offset
along structure.

SEISMIC DATA ACQUISITION, REPROCESSING, AND INTERPRETATION

The subcontractor, Quest, and Jacobi presented preliminary interpretations of three seismic lines
in the previous progress report.

ADVANCED SEISMIC ANALYSES

Work in the first half of year two has focused on using seismic attribute displays to refine
structural and stratigraphic interpretations. The seismic lines are being interpreted using
Geographix’ SeisVision software.

Seven seismic markers have been picked and validated on four seismic lines:
Top Onondaga (Devonian)

Top Salina (Silurian)

Top Lockport (Silurian)

Top Trenton (Ordovician)

Top Black River (Ordovician)

* & O o o
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. Knox Unconformity
* Top Basement

The Trenton seismic horizon has a regional strong amplitude character while other markers
manifested wide seismic amplitude variations in time and space. The validation of stratigraphy
has been implemented via seismic signature correlation for above basement sequences and
correlation polygon confirmation.

The interpretation has focused on the interval Top Trenton-Basement and defined a series of
major horsts and grabens, 13 blocks on the line EGI004, 15 blocks on the line SCNYRSI1C, 6
blocks on the line SCNYRS6, and 3 on the line SCNYRS7. The majority of these faults show
vertical to highly dipping faults to north and south directions. Most of these faults can be
extended to the basement with few extending upward to shallow near surface depths. Almost all
the tectonic failure surfaces are intimately related to basement tectonics; however, seismic data
quality and resolution limitation do not permit to interpret basement faults in depth.

The interpretation shows that Trenton-Black River carbonate sequence has undergone heavy
faulting and fault associated fracturing. Interesting rollover folds defining possible low amplitude
structural closures have been observed at 8 locations on the line EGI004; one of them is
associated with the Glodes Corners Road Pool. The east-west oriented positive closures have
been interpreted at top Trenton level and can be detected on the lower series as well. Eastward, a
major fault-bounded rollover structure has been interpreted at the northern part of the line
SCNYRSIC. Intensive faulting with rollovers as well as a Northward sedimentary series
thinning has been interpreted on the line too.

The interpretation of the lines SCNYRS6 and the line SCNYRS?7 has indicated a much lower
tectonic deformation level. The basement dip in considerably lower and the sedimentary series
show less deformation. However, an interesting fault associated closed structure has been
identified at the central part of the line SCNYRSC6. The tectonic frame-work in the east of the
region defines a lower frequency step like faulting.

Further processing related to complex seismic trace attribute analyses is providing better
understanding and providing criteria for fracture and other possible seismic anomaly associations
within the area. The following complex trace attributes have been derived for the four seismic
sections:

v" Instantaneous Amplitude
v’ Instantaneous Frequency
v' Instantaneous Phase

Visible instantaneous amplitude variations have been observed on top Trenton marker near fault
zones. Amplitude dimming has characterized the collapsed and fault bounded blocks. This can
be attributed to a possible change in petrophysical characteristics of Trenton carbonates due to
faulting, fracturing and probably further diagenetic modifications. This criterion should be

14



confirmed later by seismic inversion. Other intermediate marker between top Trenton and top
Black River has also shown strong amplitude variations and in some areas complete dimming.

Instantaneous frequency is lower within fault-collapsed zones as well as in rollover sectors. This
can be attributed to stronger seismic wavelet attenuation within these areas. Instantaneous phase
shows visible changes and inversion in fault bounded graben areas. Seismic phase changes can
be considered as evidence of fracture-dominated zones.

Selected images showing seismic attribute displays and the relationships between attributes and
structure are shown in Figures 18 to 20.

We are currently loading the seismic data into Hampson-Russell’s Strata software application for
eventual seismic inversion work. The objective is to see whether it is possible to distinguish
between limestones (tight) and dolomites (fractured, porous) in the inversion result. We are
awaiting the arrival of digital logs for wells on line EGI004, the only seismic line that has wells
more-or-less directly on the line. This inversion work will be completed in the second half of
year two.

AEROMAGNETIC SURVEY AND ANALYSES

Pearson, deRidder and Johnson, Inc. completed their task, and the final results were reported in a
previous progress report.

CONCLUSIONS

During the third reporting period, we collected data necessary to keep the project on schedule. In
structure, we completed a N-S transect west of Cayuga Lake that indicates NE and ENE-trending
FIDs and faults approximately on strike with the ENE-striking FIDs along the east shore of
Seneca lake (north of Valois). The NE-striking FIDs and faults are thought to be controlled by
basement faults. Soil gas data displayed a number of ethane-charged soil gas “spikes” on a N-S
transect from Ovid south to near Valois. The soil gas team found a larger number of spikes in the
northern half of the survey, suggesting more open fractures (and faults) in the northern half of the
survey. Seismic data have been purchased and reprocessed. Several grabens observed in the
Trenton reflector are consistent with surface structure, soil gas, and aecromagnetic anomalies. The
aeromagnetic survey is completed and the data are processed. Prominent magnetic anomalies
suggest that faults in the Precambrian basement are located beneath regions where grabens in the
Trenton are located.

15



FIGURE CAPTIONS
FIGURE 1. Location map of Year 2001 study area.
FIGURE 2. Site location map for the Year 2001 field campaign.
FIGURE 3. Explanation of modified rose diagrams used in this report. The upper portion of the
diagram represents the fracture Frequency, while the bottom portion illustrates the

master and abutting relationship.

FIGURE 4. Site Location Map for the Year 2000 Field Season with Rose Diagram
Enlargements. The details for transect A-A' are in Figure 5.

FIGURE 5. Correlation between Fracture Frequency of ENE-striking Fractures and Soil Gas
Anomalies.

FIGURE 6. Relationship among aeromagnetic anomalies, ENE-fracture frequency and soil gas
data sets. N-S transects indicate that the ENE aeromagnetic low coincides with high
ENE fracture frequencies. Fracture frequency and soil gas data follow transect A-A'
from Figure 5.

FIGURE 7. Index Map of Southern Seneca Lake for Figures 8, 9, 10, 11, 12, 13 and 14. Red
stars correspond to the location of pictures in indicated figures.

FIGURE 8. Photograph of an ENE-striking FID at Site # 26, Shaw Rd

FIGURE 9. Photograph of an ENE-striking FID at Site # 34, Rhodes Rd.

FIGURE 10. Photograph of an ENE-striking FID at Site # 52, Sixteen Falls Creek.

FIGURE 11. Photograph of a NNW-striking FID at Site #452 near Sawmill Creek.

FIGURE 12. Photograph of a NNW-striking FID at Site #68 Sixteen Falls Creek.

FIGURE 13. Photograph of a Northerly-striking Fracture with Demonstrable Slip at Site #56a,
Sixteen Falls Creek. The right lateral slip was observed across many offset NNW-
striking fractures (of which this is an example).

FIGURE 14. Photograph of a Typical Fracture Pattern Without FIDs, Site #5, Middle Rd. Both

the NNW and ENE sets (displayed in blue) illustrate fracture frequency where
there in no FID.

FIGURE 15. Aspect of Topographic Slopes from DEMs. Pixel resolution is 10m.

FIGURE 16. Soil Gas Traverses for Years 2000 and 2001
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FIGURE 17. Soil Gas Anomalies Along Traverses Shown in Figure 16. Bars indicate locations
where the measured soil gas was above the background rate.

FIGURE 18. Seismic Amplitude Display Showing Interpreted Faults and Horizons.
FIGURE 19. Reflection Strength (“Instantaneous Amplitude) Display Showing Changes in
Reflection Strength Within Some of the Fault Blocks. High reflection strength

shown in red, low reflection strength in blue.

FIGURE 20. Instantaneous Phase Display Showing Subtle Changes in Phase Character Between
Fault Blocks and Surrounding Rocks.
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Master and Abutting
Relationships

Second Abut

|— Master

First Abut

green petals indicate mutually intersecting fracture sets

different fracture sets both with yellow petals of the same
length indicate mutually intersecting fractures

% blue petals indicate fault offset along the trend of the petal
@\/ gold petals indicate fracture sets that abut a master set, but have

unknown abutting relationships amongst the gold fracture sets

FIGURE 3. Legend for Modified Rose
Diagrams. The upper portion represents
the fracture frequency, while the bottom
portion illustrates the master and abutting
relationship.
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—| Seneca
) Lake

FIGURE 7. Map of southern Seneca Lake. The
numbered red stars correspond to the location of
pictures in Figures: 8, 9, 10, 11, 12, 13 and 14.



FIGURE 8. Site # 26 Shaw Rd.
Picture of an ENE-Striking FID



FIGURE 9. Site # 34 Rhodes Rd.
Picture of an ENE-Striking FID.



FIGURE 10. Site # 52 Sixteen Falls Creek.
Picture of an ENE-Striking FID.



FIGURE 11. Site #452 near Sawmill
Creek. Picture showing a NNW-Striking
FID



FIGURE 12. Site #68 Sixteen Falls Creek
Picture showing a NNW-Striking FID.



FIGURE 13. Site #56a Sixteen Falls Creek. A
NS-striking fracture displaying right lateral motion.
This Fracture offsets many NNW-striking fractures
(of which this 1s an example).



FIGURE 14. Site #5 Middle Rd. Both
the NNW and ENEsets (displayed in bluwe)

illustrate fracture frequency where there
1s no FID.
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Appendix 1

Cayuga Field Season (2001) Data Part 1
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Appendix 2

Cayuga Field Season (2001) Data Part 2



dnoig

“reyo
-oel4

| abed

10

pabbel

sjuawwon “1ey9 "pag

|d

2

(syes
Jayio |e) |

(syes
Jayjo |le)

(syos
Jayo |je)|

0t6d Buimesp
Lwog uado

oleys  (g) W4

VIN (w)
ybua

inqeg /L

+Sl

+Gl

+0l

+0l

(w)
ybioH

+€ 2 ¥8
06
06
+€0-¢0° 06
Sos Sos
+€0° 06
+Sl +C
06
+C 268
ag dig

160
850
160

690
6v¢ 690
Lve
S0S Z'G
SOS G
68

o)

SL0

144
€0
ARV
Y
200
G200
00
S0L°0
G900
120
00
900
120
G500
sos S0S /G0

Lo
SL0
€10
1100
€00
(4400}
c00

1200
143 c00

1000
€100
cLLo
880°0

(Lg)sos g1
A4

er'o
PANY)
9’0
SL0
9T’k
(2444 S
(25744 144
144 444
144

Jo9sIaju|

(w) #

9
S
4 aid
0 8pIs IO
€
z 49 "ybney
L 71110012
€
z
L 2198
z
L
198
8T
1z
9z
4
24
[X4
44
(4
0z
6L
8l
1l
9l
Sl
i aid pug
oy} s1 8-yl
€l
4%
[
oL
6
8
L pidIsL
ey} si zi-L
9
S
4
€
z ao
} M9 "ybney
V39S €L110-0b-L
z
L
EREN
6
8
A
9
S
4
€
z aid4 SN ao
L 349 "ybney
V3IeS  ZLi-Lo-LL
ays-ajeq



dnoig

“reyo
-oel4

10

10

sjuswwod

Z abed

pabbel (Geg) a]lesed ‘AINd

“1eyg "pas

SISIM} M[DIJUD

inqeg /L

s ig

ys yiq

usiq

usiq

ysyiq

ysig

VIN

(e

[C)]]

+§

(oL

€¢)l(diad
‘AN
‘MIN

oL/m
uoneas
ou(p
3)I(diad
‘AND
‘GEENV

(02)W81
(dsad aind
‘SN
(MI)r8N

(dsad auno

S
02)v(sse
(gee)gy

(w)
ybua

+L

+0l

+L

(w)
ybioH

+G°

+€°

+50°

+C

+G°

ag dig

06
06
06

06

06

+€° 06

uyg

968

928

1S

LL
89
69

8ve

1ve

ove

69

998

gee
9ee

S8
Sle
98
8
cle
18
g8

(w)

Jo9sIaju|

¥6'L
110
860
950

120
9¢€'0
120
S0°0
800
14Y

€10
344
1424
€0
91’0
8¥'0
§0°0
00
SL0
€50
€00
€00
€0

8¥'0

se
€5¢
0s¢e
96¢

GgGe

[4%°]

6L
S0
6v'L
X4
S’
[49%

250

S
4
€
4
L
qies
1z
0z
6L
8L
Ll
9L
-1}
vl
€L
4
L
oL
6
8
L
9
S
4
€
z ao
L 319 ybney
€39S 9LLL0LI-L
z
L
ases
S
4
€
z
L
PRI
z
L
ajes
L
9
S
4
€
z
L 19'ybney
€39S GLL-L0-0l-L
L
ays-ajeq



¢ abedq

1d
1d

10

|d
|d

1d
1d

] pabbel

1d
1d
1d
|d
1d

|d
|d

pabbel
pabbel
pabbel

pabbel

sos

sos

|d

1d

sos

10 pabbel

“1eyo
-oel4

sjuawwon “1ey9 "pag

SISIMg SMiD (mo)(ge +L +Z 06
I(€a'ZAN
SOS | +¥0" 06
(0L'MIV 'L + 298
+€) +€
(02'gee)l +9 +68°L
(seev L +€
(seev L +81° au 8
(seelv +l +€ 968
SISIM} SM|D (ogg)w + +€ 968
v
W
968
998
SISIM} SM[O WGQ =>SS +, +Z 298
ys
pue ss pa
ppagajul
(12w
(oz
‘e2)e(za)l
(%Al
8LV
(81)w(
SL'OL'LLI
SOs
z +€0°
(diad s0s
‘AIND )Y
(dsad-Aind sos
9)v(8)N
I sos
J0Ge€" L)W
SOs
oL +€0°
€ +10°
(1w +L +70°
HL (v e +20°
NE”'SS
Inge g /L VIN (w) (w) ag dig
ybus  ybioy

1S

ete]

vee
gee

¢ LEE

062
68¢
8¢

6v¢
0se

ove
gee

0L

gee
€€
ove
gee
gee

0se

gee
gee
gee
gee
olLe

gee
gee

& 0€e
L6le
¢ Gee

& €EE

¢ €EE

& vee
¢ Gee
¢ vEE
¢ GEE
¢ Gee

(w)

Jo9sIaju|

€50
e 4l0]

e 4l0]
L0

20

68°L

yA4)
€e0
620
erAly]

ge'6
698
92’8
96°L
68°L

99°L
gL
V'L

S9
€09
L'g
14
8Y
144
S6°¢€
e
g€
9C'e

c0e

6¢C

L'
vl
680
850
6L°0

S9°0
PAaS

ERENY
€
4
l
qi18s
€
4
l
ejes
4
I
CRESY
4
l
Bles
CRESY
eles
S
14
€
4
I
14
ve
€C
[44
14
0c
6l
8l
VA
9l
Sl
vl
€l
[43
12
ol
6
8
L
9
S
14
€
4
l
L
9
alis-ajeq

gLl sos
LZ-L0-LL-L

0Z1-10-L1-L
8Ll sos
6L1-10-LL-L

yied
40 N MO puz
8LL-0-LI-L

1s
%9 ybney
LLLLO-LL-L



dnoig

1 abed

10
]
)
]
1d
|d
pabbel
10
pabbel
|d
1d
pabbel
pabbel
|d
10
1d
pabbel
|d
10
1eyn sjuawwon “1ey9 "pag
-oel4

+°€0

usiq w
|eplowbis M3V
(18)SOS Hoys Aion
(18)SOS Hoys Aien
(18)SOS Hoys Aion
(MY
(SN +G'L>
‘SGEEIN
WG| >=Ss
yswgss
pappag
ul
(s0L)v
(s.02)1 +Z
‘disad ‘Ao, {ssy
N)V(s.02)1
us Apues (00€'SN)I +8
VIN 886
+G'€
wog [eiee| Y, H02)v4 +G
|eJole| Y, {GEEINA +Sl
Inge g /L VIN (w) (w)
ybus  ybioy

ag dig

+l 12 ¢0
(2)sos oge

(2)sos zeg

06 Sve

09, oge

S0S |62

aug/ 162

682

08¢

9/¢

112

+l Sle

0o¢

6l

L
+G 0

+GL ¢ 00€

99
19
cL
72
¢L
+G' 9s 68 €L

olLe

+l 0ce
(74

gee

gee

06 gee

¢ 0€e

06 8¢e

+G 298 pASS
Gee
[4%3
62¢
8c¢
+€ 1€€

+€ 06 19

S.GEE
SS9 ¥

SLo

§9°0

¥5°0

10
€10
144"
€e0
erAly)
[a40]

el
G8°0
180
6L°0
AN
€10

(w)

Jo9sIaju|

g19s
vies
L
foRE]
4
€
4
L
g19s
L
9
S
4
€
z
L
(Mm3)
V1S
4
€
4
L
01388
L
ERES
9
S
4
€
z
L
V1S
6
8
L
9
S
4
€
z
L
S
4
€
4
L
qies
L
ejeg
ays-ajeq

ao
‘PY Yied jo
‘N 34O puz
9Z1-10-CL-L

ao
"pY Hed Jo
"N MO puz

SZL-10-CL-L

NEET L)
J1afey)
vZL-L0-L1-L

o319
19hey)
€ZLL0-LL-L

yed
40 UMD pug
2ZLLo-LL-L



dnoig

“1eyo
-oel4

G abed

10 id HS  (s.05¢€)
YN

(SN859)
VN

8C| dysje
Buroeds auy si gl
apisino Buroeds,

19 J9)sew
si1es q
9y} sesed

(0g€)

d (s.59)
|d (s,59)
id (s.59)
id (sS9)V
d 69 6d uo (SS9
pauleidxs si Aio)g,

sjuswwon “Jey9 ‘pag inge g /L VIN (w)
ybua

+€ +

+9G6.0

(w) aa dia
ybioH

s 98
06

06

96/

1S

19
0L
0L
69

S9

§gse

S9

9
S9

0se
0S¢
§gge
6v¢
0se

& 9L
0L
69

{0

¢ €G€
§6¢e

¢0
67¢

(w)

Jo9sIaju|

88°L
€C
90
161

€00
820
€Lo
SL0
200
[44]
erAly]
810
€0

20
120
SL0
8€0

se'lb
1ze
SLL
Lee

e 4l0]
120
S50
81’0
190
§20
92’0
120

1zl
120

950
6€°0
6e’L
S

ao
dwes

jnoashog uo

NS0

W49 19bie
Vi8S 0€L-10-Ch-L

weassdn
ald sN aecl
-10-Cl-L

aid s9

ao

8¢l wouy

weals

umoq

«E¥'0 aid s9 vezl
-10-Cl-L

- N oS

g18s

10qJeH yeo
ao

‘P Yed jo

"N O puz

V19S 8ZL-L0-ZL-L

T AN®ST 0O~

g18s

ao
"PY ued jo
"NHO puz

- N® S0

VIIeS LZl-L0-Cl-L

# ajls-2jeq



dnoig

9 abedq

1d

10
|d
|d
|d
|d
[
]
|d
10
0 id
1o-1d
|d
ey Ssjuswwon 1ey ‘pag
-oelq

¥4 SL0 06
(sGL9 +Z
-2V(s:5L)
12O IV)V
06
+L +60
(s +€ +GG° sG8
NI(Lan
usiq
(sge
€02
(s.0L1
(sze +L +G° 06
)I(s.0vE)Y
weQ” 06
=>8S
yswpss
pappaq
ul
(SN)VY +Z +50 augl
(s,99) +0l A
18 YN
9s g/
+GL +Z
Inge g /L VIN (w) (w) ag dig

ybua  jybieH

(74

a|qeLen 60¢

SL
€L
V.
€L

ve
ove

gee
oee

pra
8¢¢

99

00¢
§8¢
68¢
062
00¢

15¢€
gse
0S¢

59
S9
(w)

Jo9sIaju|

L

60°L
43

60C
S6C

€g’L

190

[

e 4l0]
810
Y
920
9T
€0
€0’}

SL0

90
8l
[44
SY

€0
erAly]
810
S0

SLo
120
920
SL0
€0
8L°0

950
G690

g18s

ao
Py Med
JO'N MO puz

- N® W0

VIIeS €€L-10-€L-L

J¥es

<~

s)sim} ul
€ umoysg
*JO1 SM|D ,

L ao
g19s dwe) jnosg
fog uo

L wns
JuapIWIAU|
V18S ZELLO0-CL-L

ao

dwep
jnoashog
uo

310 J9jjewg
l LELLO-CL-L

™ S0 O~ o0

o~

- N® W0

JORES)

=

CTNOITOLONDOODO

4188
L
9
ajls-2jeq



dnoig

, obeyq

pabbef-d

W10

10

10

“1eyd
-oeiy

sjuswwod “leyd ‘pas

«Id

Ad
|d
«d

SUSIA P3|y S}0ED

(ea) +96°} $0°0
19sos €¢ 6€0
Lgsos €' +l°
(D 1e8)im 2N
“J1ed And
“diad A sos sos
N0 (Ly)v
sjooy/m, 1ollesed A +G'C +€0°
no(Ly)Y
(s.an +0l +8
(sW)Ievin (se) sos
SISIM} SM[D
wgQ uado
+0L +2=>
wg (s.a)gvin
=>8S
SISIM} SM|o1JUdD
S)SIM} SM|2JJUD
ysgss VN +0L +
pappaq
u
SISIM} SM[, (so1 +L +7
N(SSLI
nqeg /1L VIN (w) (w)  agda
ybus  ybioy

mzee 2se
¢ 12e
06 6V
98L l
¢ €6€
meg 6G€
(A4
Mu gg 29
Mmu /8 S9
Ms 68 Gee
¢ S€€
06 0ee
06 ove
06 Gee
06~ 2.
¢ 69
¢ 69
06 €L
vee
€ee
vee
9€e
vee
Gee
ove
06 Gee
¢ 0S¢
¢ 06¢
06 2se
06 GGe
IS (w)
Joasisu|

200
€00
S0

100
00
c00
00
€00
100

§61°0
1571
65T

YA

x4
S9
[44
x4

74
8L¢C
69°¢

€0

S
€10
€10
880
98’}
€0

60°€
10T
15C

wg

1 %00q jo avel
18 6d uo -L0-LL-L
sBuimelp
9pIM wge*
SN ald
BpeL-L0-LL-L
l
oS
S
4
€
4
L
g19s
z ao
L JoqueH yeo
V8BS ¥ELLO-LL-L
S
4
€
4
l
g8
4
€
4 ao
L o b
angsuewnay
V 18S egel-10-€l-L
8
L
9
S
4
€ ao
z »o 6
angsuewniy
L BZEL-10-EL-L
4
€
4
L
JOREN]
ajig-ajeq



dnoig

g abedq

10°ray

1d s|gnop ou,

1d

1d s|gnop
© W0} 8¢,

1d

|d @|qnope w.oj Z31L,

|d
1d

1d
10

[\Site] d

wgQ'=>ss
‘yswgss
pappaq
i

|d
|d
1d

o]
19 VIN Asy) Aes pjnom yg Apues
| 0s ‘sasuejsul
Bwos ul Jsjsew
yjoq ale os|e
A3y} Inq ‘Jossisiul
sjes gy au)
ay) saseo jsow ul,

WY 10

“1eyo
-oel4

SsjusWIWOo) leyd ‘pas nqe g /L VIN

JEIEN
|eanjonns
XVIN

(1)sos +Ll +C Mmu QL 6¢

(1)sos +G'C +G. oy

(1)sos  (1)sos  (1)sos MU $8 24

(1)sos  (1)sos  (1)sos 06 [oi4

[\7]] +Ll +l as 0L St
" sos sos 06 e
" SOs SOS M 88 £ve
N sos sos Mmgg ove
(an +€l +l 298 zre

o¢

FAZ

9

(W) +L +G GY
(an +L +g aN z8 Sve

(A%

(A%

(v ee 1A 1A ¢ Sve
(k) (1)sos  (1)sos Meg e
(7] +51°0 06 €€

Asgyel  (1)sos  (1)sos 9/
W{sGpE)V  (1)sos  (1)sos 6L
(sgrelv € +€0° ¥8
AsSreN +91 L s 08 S8

(w) (w) aa dia 1S (w)
yibua  jybioH 109sI9)u|

sisniyl
g'e S
600 14
Ly €
600 4
sa|gnop |
J09/q
Buoeds
ojul Yoo,
g1es abeaea|d
1ouad
129 14 sisniyL
960 €
9L'g 4 ao
L “4D "ybney
Vi8S LEL-10-8l-L
1’0 L
€00 ol
€00 6
900 8
100 A
(44} 9
€Lo S
100 14
Slo €
910 4
810 l wg =yipim
aidsy
aid sy g1es
L #19'ybney
ViIes 9€L-10-LL-L
6¢C 9
610 S
€T 14
26 €
Ge0 4
l
g18s
4 14
144 €
690 4 ao
L 349 uybney
VIIeS GEL-L0-LL-L
# alis-ajeq



dnoig

6 abed

10 ray

|d
|d
|d
jo-id
10 1d
wbrens
0} JejnBau

ey Ssjuswwon 1ey ‘pag

-oel4

(@w
wel'= §S
SISIM} SMIOIUD (VNI
("died
‘AN
‘av(a)
ys Apues
wiz eu
=>8S
(orelv
62'55€
¥2'55E
sauljuaols
Inge g /L VIN (w)
ybua

+/"

+§°

(w)
ybIaH

+G¢

+€0°

€00
§L0°0
200
€00
c00

5200
ngdig

06

06
06

06

06

+L

06

ugl
uee
uge
uze
uge

uoz

9ee

8¢ee

1€¢€
gee
¢ LEE
9ee

gee
¢ Gee
¢ lee

cle

06

06
+60° 68¢C

¢ €E€
¢ Gee
¢ vEe
¢ GEE
¢ Gee
¢ Gee
SOS $€¢

9ee

g8
€6
1L
98
06
6
6

68
[4:14
06
9§
SL

9L
(w)

Jo9sIaju|

Yoam Aian
Z Aluo

Lo
€0
00
§6¥°0
€20
6€°0
Ge0
Sge0
8¢0
950
€0
€50
10

[4Y]
100

90
€50
950

250
66°0
S
980
190
280
260

G100
G100
G100
600°0
800°0
1200
€200
§€0°0

680
9L
80°L
[49%

g18s
143
€l
4
L
oL
6
8
L
9
S
4
€
4
l
Vi8S
€
4
L
g19s
14
€
4
L
Vi8S
8
L
9
S
4
€
4
L
8
L
9
S
14
€
4
L
uo
njjossip<
- obenes|)
[louad
9
S
14
€
4
l
ajig-ajeq

ao
%9 ybney
ovi-10-81-L

ao
#19'ybney

6€1-10-81-LL

ao
¥9919'ybney

8€1-10-81-L



dnoig

01 obed

id  Jeays [epioYs

ray 1o
|d
1d
paposs 1d
1d
1d
paposs 1d aleys
paIan0d
eyny
10
peq
8jiwojop
Jamo ul
1d
1eyd sjuswwod “ey9 ‘pag inqe g /1L VIN
-oel4

)ooq 89s +6
(10)sos
(10)sos
(10)sos
(LO)sos

(ev)V
(PV'ev)V 89°€

(\7l]

(W)

(W1

[\l

(W1

[\9]] +€1
(aw(@r  (1)sos

(O (1)sos
2.a)N(Q)!

(@ (1)sos
(@ +9
(Vv

(w) (w)
ybua  jybieH

06 s
os /8 s
EX7) 4
o148 z
+Z 058 9s¢
06 [
06 €€
z0 +1° 06 yeE
£ 89
& 59
¢ 69
¢ 19
S 68 0L
¢ 59
+€ ¢ 0L
sgg 69
69
99
+l ¢ 59
(1)sos 99/ L
(1)sos 06 z
(1)sos ®/8 £vE
+GL° X
0oL
& 0L
S0 I ¢ 59
aa dia (w)
Joasisu|

S$¥0°0
100
G200
100
800
G100
2e00
€200
S0°0
8200
1200

1200

G200
c00
00
G100

G8'0

§0°0
600
800
100

[4Y
S0
120
€0
120
G900

¥5°0
120
[4n%
€L0
€0

89'¢
L'e

8L

§60°0
800
00
G€0°0

#

9l
Sl
vl
€l
cl
L
ol
6
8
A
9 v
198 je ybu
[ sbBuioeds
ale /|-
14
€
4
l
g1es
€
4 ao
l jutod api
Vi8S eLyL-10-61-L
S
14
€
4
l
JORLN)
L
9
S
14
€
4
l
g18s
9 pua-s
S
14
€
4
L pua-u
g18s
14
€
4 ao
I julod api
YI8S Ly-10-61-L
obeaes|
[ EX]
4
l
alis-ajeq



dnoig

“1eyo
-oel4

11 obed

Id
T10'NY
|d
|d
papoua |d
papous |d
10'NY
Id
1d
sjuawwon “1ey9 "pag

(g'aw

(@ns

(W1

20U0

SN ol
SBAIND
198 awes
Jospul
ojul YooH

diad
"AIND Y
auUo Y ‘s
awos|

(Vv

Inge g /L VIN (w)
ybua

+G°L

| SOS

+G'€

+,

+0l

+Gl

+,

69>

(w)
ybioH

+G¢
| SOS
+§¢

+G°L

+9

+l

+C

8L>

ag dig

90L
€8

au zg

au zg

auzg

S 68
s 98

06
s /8

8s 68
06
06

06

Mmgg
m68
mgg

M08

06

1S

& 6SE

0se

Sle
€ce
(X433
gee

ete]
99
S9
99

99
99
g9

89

65€
fefelos
vse
& 9ve

& 1Se

0L

oee

(w)

Jo9sIaju|

(1ern)gz'0 €
(1enLoe ao
} iod s
V189S tL-10-61-L
[ 14
v'e € sdip moj
€20 z
l
g1es
Se'0 9
St'L S
T 14
810 €
zLo z ao
} M
iod api
V189S EYL-10-61-L
9€'0 14
9z'0 €
950 z
}
RN
zLo €l
5200 zL
S0°0 L
S00 o]
900 6
10 8
zro L
S0'0 9
v1L0 S
100 14
€10 € l1ows seb
SL°0 4 ao
} uiod Jamn
V189S ZyL-10-61-L
}
01es
SL°0 S
Lo 14
G€0°0 €
§50°0 4
900 }
gies
9l \Z S39joU 33s
8210 0z LV woyy we*
110 6l ‘oeds
ale 1z-glL
€10 8l
5200 L1
# ays-ajeq



dnoig

“1eyo
-oel4

10'NY

T10'NY

sjuswwod

2| obe,

d

1o-1d

“1eyg "pas

|d
1d
1d

|d

1d
|d
1d

"diad "o, Lav +G'7 GE0
(av
[ERIIT +8 Y
(,09)1
(WI(SN)V 5T +€
SISIM} SM[O /M, | SOS 9 €0
(Wrgy 1sos | sos
(Wie +€
(ssLz +§ +G°
‘s,0L)1
us g
(V)81 +L +§1°
| sos | sos
| sos | sos
(g1es)v'| +§ +GL
us vlig
palanod (V)V 850 +20°
euny
| SOS
| SOS
(Vv 8%'0
Inge g /L VIN (w) (w) ag dig

ybus  ybioy

au 08

ce> 10

06
sG8
MS L/
MS L/
MS L/

06
S8
ugg

06
06
06

S 68

06

966G
06
06

9s g9

1 SOS
1 SOS
+l°

1S

62¢

1S
[4s}
o

ol
00l
€0l
L0L

SL
9L
9.

ove
Lve
ove

wg'e
= yipim

S9
¢ 0L
ete]

6€E
vee
cee

L€l
¢ 9l
ol

(x4
¢ 0ge
¢ €2e

(w)

Jo9sIaju|

¥0°0
00
100
€00
€00
€00
900
¥0'0
€00
00
800
200

§6°0
€00
670

X4
43

v loye

€20
43¢
(444
[4Y

200
00
00
1€°0
Lo

L1e
880
43

¥'0

€50
2s0
1€0

10
Lo

§0°0
€00
00
2o
Lo

awed

a4

43188
€l
clL
L
ol
6
8
L
9
S
14
€
4
L
ERLN
asss
14
€
4
L
JORES)
€
4
L
g18s
ol
6
8
L
9
S
14
€
4
L
vies
14
€
4
L
g18s
S
14
€
4
L
vies
€
4
3
8188
9
S
14
€
4
3
g18s
ajls-2jeq

Py muu

ao
uicog

9v1-10-61-L

ao
uioog
SYL-10-61-L



dnoig

¢\ abed

1o-1d

70 ‘WY
jo-Id
MAunl o
1d
70 ‘WY
ey Ssjuswwon 1ey ‘pag

-oel4

Ainy

eyny
/Mmys g

eyn}
/M us g

inqeg /L VIN

(g62)1

(a'v)

[CoM AR 4
(D) 1662

(an

(w)
ybua

{0

1214
(A4
06 8y

06 €

&SL
uvg VL

+8-9 +€ & 18

06 8l
€8 8l

wl> i€l

+G1° (X4
+L1° ¢ 6Ye
+5'8 +2 €6¢

¢ 6EE
vee
(w)

Jo9sIaju|

(w)
ybioH

ag dig

Vi8S
§80°0
900
100
1’0
L0
v wouy
wgl'<
Buoedg
S100
¥0°0
S€0°0
200
S100
100
Vo
wgl " uym
sBuroedg
€
4
l
g18s
Vi8S
x4 €
161 4
3
Jles
200
S10°0
S100
§00°0
200
§100
1V Je Jybu
sBuroedg
1’0
600
G800
5600
LV woyy
Aeme wg
‘sBuroeds
€
4
l
g18s
20 €
8¥°0 4
L
Vi8S
9’0 S
890 4
S0 €
6€0 4
# ajig-ajeq

Ain1®
uioog
6v1-10-61-L

ao
uioog
8v1-10-61-L

ao
'4°M yjoog
Ly1-10-61-L



dnoig

“1eyo
-oel4

| abed

(3 Bynoayy ugg
s9|661m
uayy
uolaJouo
OV(V)I8Y
uol}3I2U0D Syealq
TO'MA
u68
d (V) I8V + +Z 06
06
jo-1d (a) rievn +01 +G9' 06
10
(W1 +Gl +59 s /8
9/8
06
06
id (an +8 +§ 208
10 us Apues
usss
aq ueo d
1ysuonejas
ou jnq
a1y +S'y +20°
s.0e€ osfe
ale a1ay)
10
oxey 0} jo|jesed (SN)I
N 0L
Sjuswwon ‘1ey) "pasg nge g /1 YIN (w) (w) ng dig

ybua  jybieH

LeL
& 0L
LL

(74

LL
cL

lee
[A14

(74
$ 0L

& 19
S9

gee
9ee

ove

6€e

¢ 16e
{682

{982

¢ §62
é0
GgGe
¢S
(w)
Jo9sIaju|

¥8°0

91’0
§0€'0
ra4
felerAll]
§20

g€

e 4l0]
er'o
8€'0

sLe
810

€10
[ 4]
444
800
800
[4Y]

6€°0
880
A4

(444

890
190

€0
cso
8¥°0

o~

g18s

ao
julod 49)99 )

- N® SO

VIIeS €G1-10-¥e-L

g18s

L 4D MojIIM
VIeS ¢SL-L0-ve-L

N ™

4188
L
oL

[ NN X

spa
N1J MOJIIM
8 Heny

4 jo
uo3oasIBUl

()]

l H1J MOJIIM
Vi8S LSk-Lo-ve-L

4 moy
aonudsg jo '3

L 34D MojIIM

VieS 0S§1-10-v2-L

g1es auoz
aua jo pus
14
€
4 ao
alis-ajeq



dnoig

“reyo
-oel4

10 ‘WY

10 ‘WY
sjuswwo)

G| ebed

|d

“1eyg "pas

(V)Irgvin
+62°0
Ay s;no +6 +€
(@revin +€ +5T
you issi4
pues
noaieoed
‘AL
Mojaq
us g
(gvel
(o)
us vlig
s1AinL
(VI8N VSOS VvV SOS
(@rgv +§ +L
Inge g /L VIN (w) (w) ag dig
ybua  jybieH

dig

06
06

268

au 8
aug/l
au 8
MS 6/

06
ue68
06
06

06
u/g
06

aug,
MS 98
Ms G8

oS

oge
12¢
& ove
Spe
18°0
62°0
sle S50
00g gLl
[ S50
S0e
99 950
19 1zo
89 90
69
9,0
0L 62°0
Spe
08z
69 670
69 660
89 €50
€0
510
z0
1’0
zie 2L
80 89°0
e 280
(w) #
J09sIau|

4
€
4
L
oS
9
S
4
€
4
L
g1es
4
€
4 s,uyey ayL
L P ELTE)
s,Jajod
V1S 9G1-L0-v2-L
doiso
jno aood
ao
0 91es d
HD mojitm
g1es Jesu Auenp
V1S S§SI-L0-v2-L
€
4
l
g1es
anoqe
uo Jayybny
s| "oeds
€
4 ao
3 julod 19399
V18S ¥SL-L0-vT-L
a)is-ajeq



9| abed

€20
210
100
€0
v€0
120
90°0
06 69 800 €
s /8 2L 2T0 z ao
10 (tav +S¥ +Z=> ues 2L S10 L yo910
s, 9)30d
V1eS 861-10-6Z-L
6.8 ao
07501 pL
G67'Gel’
=v
wouly 1eq
Buroeds
10720" s,uyey ayL
G507'6Z€0
“107GL0°
‘610720
=v
0} 8s0|9
Buroeds
268 zee ERES ¥o019
s,19)0d
10 d 195440 1 Is1 swed +6 A M /g L V 19S BLG1-10-6Z-L
€00
S20°0
200
jo-1d (S0e)v €€°0 ¢ ugg S8 §20°0 L
sbuned ales
|edneA
aleys
& 0ve z
ulx ¢ g€e L
0188
S
(V)1 “(za) 96, so0e 14
SOS SOS
¢ €0€ €
Jejn & S0€ zee z -wiou
olpuadiad ayy si sy}
BuiAInd
(Vv
(01 268 oze vl }
ERES
yANA weaysdn
80
v€0
L
id 2V SOS sos sos ¢ 0L S8°0 € ao
id (@1 (aw sos sos s G8 99 rLL z s,uyey ayL
1d (@w +8 +0L’ u/g 19 L 39810
S,19)0d
10 Ainy V19S LS1-10-6Z-L
aAoqge
us g
dnoig  “ieyd sjuswwoy “Jey9 "pag Inge g /L VIN (w) (w) aa dia 1S (w) # ays-ajeq

oelq yibua  jybioH 109sI9)u|



L\ abed

06 99 se'L
ugg 19 €0l
1d 06 S9 €€0
(spulx)n 1d 8)isodwiod +'G +£ & 69

ao

68

UMD %931)
MOJIIM

10 HS VIeS 651-10-G2-L

- No

(zan +€ +€ ¢ Sle S €

Sos Sos Sos ¢ 062

g +/ +€ ¢ S0€ l
6216d uo
ainbyy aas
Jayjoyoea
ojul Yooy

~

g18s
06 Lee 4 z ao

id (@1 (av +L +Z ms /8 zee ) 68

O oD ¥o81D

molm

10 S1AInL VoS 661-10-52-L

1100
100
Lo
q
wouj Aeme
wog|
100
1000
5200
5000
§00°0
§00°0
§00°0
(01 mgg Ll §10°0
(av > 0z S100
q Jeau ds
syoel) 21eS
obuuy
340
[4%0]
800
¥0°0
100 €0'L
|euajew ¢ 96¢€ 1’0 4 =aid
uogJesolpAy ajym

- ™

JIsws Jny|ns o s)o| Mmog 15¢€ 120 l

a1es
110
810
10
ysueuq
N ul 3oeq
52200
200
S0°0
S0°0
800
Buioeds
weals
umop
dnoig  “ieyd sjuswwoy “Jey9 "pag Inge g /L VIN (w) (w) aa dia 1S (w) # ays-ajeq
oelq yibua  jybioH 109sI9)u|




dnoig

g obed

10 ‘ray

|d

10

1d

10 ‘WY

10 ‘WY

10

“reyo
-oel4

sjuawwon “1ey9 "pag

abuLy +8 +G M g8
Buipinb
Jo)sep
(o
ys paisAd
eyny
06
06
(V) +G'G +G 06
(W1
13S0 |4 620" /M {a)v4 +0l + M 68
(an
usig
(v +5G +5T M99
06
06
(Wi §'g SE0 68
06
u/g
(an +8 +G. uyg
auoIsHIS
06
06
(e) +9 +€ 06
(€)] +G'€
us vlig
06
06
ugg
06
(sl +'S +€ ¢
X GEE)N
us
06
Inge g /L VIN (w) (w) ag dig
ybua  jybieH

+€

[o]3

89
69
0L

™

Se

™

0L
0L
69

L
0L
€L
0L

ete]
99
19
S9

¢ 69

ete]

(w)

Jo9sIaju|

6L
9l

344
[4Y
650
610
10
10
Y
91’0
6L°0

aid sN

(444
€00
1424
20
6L°0
120
34

160
€90
cle

€Lo
600
G900
G0
950
800
€0
€20
€Lo
6€°0

[4Y
690
800

S0

ge'lL
€0’}
€€°0

S0

L 19u9)
ainjeN

VIeS $91-10-92-L

€
4
L
g18s
€
4 PO
| JLuLe)
ainjeN
Vies €91-10-92-L
JORES)
€
4
3
g18s
€
4 PO
1 i)
ainjeN
VIeS 291-10-G2-L
€
4
L
g18s
14
€
4 ao
L Jauan
ainjeN
VIeS 191-10-G2-L
S
14
€
4 ao
L 4D MojIIM
VieS 091-10-G2-L
S
ajls-2jeq



dnoig

“1eyo
-oel4

61 abed

10 ‘ray
(V)V souym,
aMINd p/q,
sjuawwon “1ey9 ‘pag inqe g /1

.6
L
00
-G0"'=<SS
‘ysgss
pappaq
Jay|
€ gel bd
Buimelp
99S
+§
Vv
ouo ¢
Apsow(v)l
(Vv (@ ee-vi
‘(o) 6-¢
VIN (w) (w)
ybua  jybieH

°68
+C

06
S0 06

06
268
Vv SOS

ugg
ugsg
+€ ugg

ugsg
uos
é ugg

06
06

ag dig

Sve

€€
gee

[t}

cL
1ZA
0L

€9
7
S9

(w)

Jo9sIaju|

10
144"
§§1°0
91’0
(444

L0
[4on%
190

9€°0
€€0
€0’}
§s°0
vl

+C

120
jeieN]
8€0
[44)
AN
Y20
abuy
apisino

4%
900
SLL'0
S$¥0'0
S€0°0
4
100
S00
1’0
900
abuuy uym

00
G200
§¢e00
€00
G200
€200
900
S0°0
G000
1100
c00
G000
G000
100
.00

4188

~

aid
llews ¢-|

ao
18juan
ainjeN

VIeS 991-10-92-L

- No

ailes
<-8uo0z
apisjno

€
4
L
DS

€
4
L
JORES)

- NS

g18s
ajls-2jeq

ao



dnoig

“reyo
-oel4

sjuswwod

0z 9bed

d
(1o auo) [d

10
pabbel [o

TO'HY
|d
|d

10 ‘HY

“ey9 ‘pag

(] +0l +G
+7 +G€°
jolesed +G'L +€
“Ano ()Y
auo ()l
usiq
Alleaan
Auen sdip,
(s.0LV +l +8
HS Y19
(W1
(V)N +9 +6Z°
WGZO'=19SHO T (291 ( +02 +Z
S0s) al'la)v4
usiq
(o)l +0l
(CR] +0b +l
(swvelvze
(Wi
(V)V 05 +0l
Inge g /L VIN (w) (w) ag dig
ybuaq  jybrey

+l 06

06

06
M o8
06

96,
M8

meg
meg

06
ue68
uig

06
u/g
ugsg

°88
98
98

g9

€6¢

1G€

+G8 GG€

cse
143

Se
¥S€

929
ete]
19

0L
99
69

6v¢
Lve
Se

(w)

Jo9sIaju|

160
670
[4=n%
610
8€'0
1oL

el
890

344

PANY)

Ll
¥9'C
L'y

L
€0
150
260
670
160
€0

9.0
69C

200
§¢0'0
¥0°0

200

V 0} 8S0|2

L0
280
#

4188

€
4 ao
L 3931
pooomus|
V1eS 691-10-0€-L
sOId
pue sajou
sey ray
€
4 ao
L jud
poop ajdepy
V19SS L91-10-92-L
€
4
L
g18s
€
4 ao
} yud
poop ajdepy
V1S 891-10-92-L
9960}
SL0°10'S
0°0L'92
50"6L0"
LL'v07'10
“0'690°
‘62€07'50°
=SG¥€ 40
sBuroeds
wealns
umop 1snf
€
4
3
ailes
€
4
l
oS
ajig-ajeq



dnoig

“1eyd
-oel4

10

10

sjuswwod

Lz abed

id (av
|d
|d
1o-d (
D)W (W
10 (a)n
G0'=<SS
‘ys’gss
pappaq
Jau|
id (a)rey
(an
id (@
L
wG/0'~Ss
1d SU0QJes0lpAy (av
aq Aew jnis

Assow abuelo sey

id (Vn

W
we'~ss

e 0}
sio)sew
ey}

ale jasq
9y} sased
Zisespe
ung |
asy

awy ey
jojsow

d (ove)N
(VIn

SMIOIUI/M ,

(w)
ybua

1ey) ‘pag inqe g /L VIN

+€ +1 06 S0e
+G'T +GL' ¢ 85¢€
+L +§ 06 fefely 9
+ +52 06 §5€
¢ 68
+9 +G £ 06
£ 08
¢ €8
2oL
szl
288 e L
06 Lve 80
06 6e€ €l
+ +10° 06 00€
SOs
S0s 90')
+€ +G1° 06 ove ze
s0s 80
SOS /')
+€ +S1° ¢BlqeueA 6.2 €60
61
sos Z')
Koy 06 V. 820
+Z +2 06 SL
& vee
06 6e€
+0l +Z 088 Lye
06 ¥9 9L
(w) aq dig dig DB (w)
JybIoH Jo9suaju|

sjul-x

#

O1es
4
L
g18s ao
4 ded 1S
L siled
Nliwuspng
V1I8S €L1-10-LE-L
4
L
RS
€
4 ao
L Naa1)
poomua|
VIS ZLL-10-0€-L
oS
€
4
L
g18s
€
4 ao
' ps
poomajdepy
VIS LLL-10-0€-L
€
4
L
g18s
€
4 ao
L pl
poomajdep
V18S 0L1-10-0€-L
4
a)is-ajeq



dnoig

“reyo
-oel4

sjuswwod

2z 9bed

1d (a) s

(@n
12
d (Vv
pabbef W (@VWN
WG| =>Ss
) ys pue
pues pa
ppagIanul
jo-id v
W
o
d wzo''g VN
078070}’
=SS
12
Ld  s1sIM) smjonuo jm,
[ w9
07°207'60"
e
sbuied/m
auo)sy|is
“1ey9 ‘pag nqe g /L VIN (w)
ybua

+§ +°
+G +8
+0¢ +Gl
(e)sos (e)sos
+9 +/
+Ll +L
+0l
(w) aa dig
ybioH

suzg
au /g8

CR YA
mgg

208

Mu Gg

968

06

s 98
06
ugg

06
06

968

S0S 06

« 06
+G'L 06

1S

gee
42

08-G9~

sos
9G¢
0se

8G¢

sos
see

&L

69
89
0L

6¢”
=Upim ply
€€
8€e
9ee
9ee

9ee

Sos
gvee
gee

(w)

Jo9sIaju|

S¥0°0 4 ao
§100 3 id e
JO°NPIL
aid uym V1S 6LL-10-LE-L
yoeal g19s
Jueos
191 4 ao
0 € oul ‘ysew
850 4 Jejoy
woJj ssoioe
L 96 o Buojy
V1S 8LLL0-LE-L
S~
g1es
620 € ao
590 4 ded 1S
S€0 L slied
suaspng
V1I8S LLILO-LE-L
6€°0 4
l
g1es
9l L
6l 9 douojno
|ea1aA
€e S
Py 8pisino
710 € ao
810 4 ded 1S
710 L slied
suspng
aid uym V189S 9L1-10-LE-L
44 4
8€0 € ao
44 4 YMed 18
L slied
sjuaspng
V189S GLILO0-LE-L
(Wvs
Kemjehayy
G6-GL
q s
1ey) spulx
awos os[e
ale alay)
4% 4
4 € ao
ferard 4 Jed 1S
L slied
suaspng
V1S ¥LI-L0-LE-L
# a)is-ajeq



dnoig

¢z obed

uojeyoe us
4

|d

|d

1eyn sjuawwon “1ey9 "pag
-oel4

us yiq

us g
sjul-x (av

V 0} pajejal (an

ys

\4

o] diad
‘AIND
Maj e
(V)igy

(@rs

Inge g /L VIN (w)
ybua

+§°

+€

+0l

+G'G

+§

+0l

Vsos

(w)
ybioH

+80°

+§1°

+L1

+€°

+G.°

+L

+G°

+C

Vsos

nadig

06
06
06

06
06
06

06
M98
mig

+60°

MSs gG

s 88
s 88
s 98

u/g
ue68

06

06
au 48
au 48

&GS
& 98
A2

69
L
0L

L
L
LL

A%
9ee
9ee

¢0
& 0ve
& Gve

{Gle
oLe

€L
cL
0L

¢ 9ce
¢ gee
[A143

€9
19

9g

vee
€ee
yee

e
(w)

Jo9sIaju|

810
91’0
Y
810
1’0

810
€0’}
6.0

190
for A

ge'L
o
(YA
890
10l

£¥'0
Lo
990

90
€90

[4Y
0
1’0
ARV
820
1’0

€20

9¢'0

€L°0

690

€20

160

Py apisino
o

Py apisino
S0°0

200
G200

G100
#

N ™

4188

~

ao
L 3931

sbbug
VIS  Z8L-10-1-8

N ™

g18s

~N ™

ao
3 Y931

sbbug
Vi8S 181-10-1-8

ails
l
Jo R
€
4
l
g1es
€
4 ao
l 6Llsos
ViIdS  081-10-1-8
€
4
l
g1es
€
4
l
Vies
145
Z16d Kioys
€
alis-ajeq



dnoig

z abed

|d

jo-1d

jo-1d

12

“1eyo
-oel4

sjuawwon “1ey9 "pag

SM[O JJud pajejol +9
SMO GrEDSISIMY (V3w +9
(Wi +9 +GL°
fp-usey  (o'a)l

you @

jeuoqued,
paq Ja%e| +G°L +€

wJojs you

(WI8Y LT +80°
papous ale Z'L (@rs +Gl +G/
auojsy|is
(V)Igv G€°0 +50°
(@)W +G'G +G
us g
(WV (W1 SL0
(a)v (@ +0l +§
ys
paianod
eyn)
Inge g /L VIN (w) (w) ag dig
ybus  ybioy

06

+£° 68

06
06

+2 06

o218

S 68
06

ue68

°/8

06

ue68

90L
90§

S /8
06
s 98

06

+0l" 06

S6L
06
s 98

vee
¢ €EE

ove
6€E
ve

65€

g8
18

18

eve
¢ 6Yve
Sve

99
& 99
& 69

§gge

cL
1ZA
V.

wge

= yipim
gee
IBA GYE
6€e

72
69
L

(w)

Jo9sIaju|

1’0
600

S9°0
€50
S0
gL

gee
90
670
Pl apisino
erAly]
SLo
SL0

S0°0

aid u/m

Ll
€5°C

sjul-x
850
9’0
120
150

Py GL

880
PA4)

sjul-x
190
160
€50
190
[440)

#

~

~

€
4
I

SV}

€
4
L

~N ™

ases

JORES)

9188

vies

4188

vies

g18s

vies

g18s

vies

ajls-2jeq

1o
1z6d Kioyg

ao

39019
swel|Im

981-10-1-8

ao

yoeag
uioq uep
G81-10-1-8

ao

yseag
uloq uep
v81-10-1-8

ao

yoseag
uloq uep
€81-10-1-8



dnoig

Gz abed

10

10 ‘WY

10 ‘WY

[\IShate]

1d

70 ‘ray

10 ‘WY
1eyn sjuawwon

-oel4

“1eyg "pas

,0GED I1SIM) SMD

SLO
SISIM} M[9 JJUD

S)SIM} MO JJUD

1SIM} SMID JJUD

inqeg /L

u
wzz'=ss

ys
® SS pa
ppaqgJsu|

ys

us
VIN

(an +€

+G'1
(@v

eu +G

+

weo +8
u(a) v4

+S.

| Apsow +0l
(V)8

| Apsow +G
(a)sy

(w) (w)
ybua  jybieH

+G§1 L0

+9

+G1°

+C

+€

+€

+9°

+9

ag dig

9 ¥8
9.8

+S¥

uyg

°88
06
06

ugg
u/g
06

s /8
S 68
uog

968
06
968

sG8
06
s /8

998
06
M8

vee
9ee

6€E
€€
+€ 8€€

143
e
143

ve
Lve
e

SL
S
v

1L
9.
08

ove
Lee

gee
6€e
ove

€L
IZA
V.

8€¢
8€e
€€

(w)

Jo9sIaju|

89l 4 ao
850 L 3931
ayjelplpys
V18S ¥61-L0-vL-8
19')
85T
8Ll €
89l 4 ao
180 L AdIS
suaspng
V1I8S  161-10-6-8
L
g19s
120
S.°0
¥0 €
S1°0 4 ao
Sl40] L py Auenp
uo }aa19)
VIdS  061-10-6-8
¥0
S9°0 dew uo
aq jou Aew
€50 €
[4>40] 4 ao
890 L 4D swelim
ViIeS  68L-10-L8
70 9
710 S
€€0 4
Buoeds
Py
290 €
Sv'e 4
60 L
g8
1'e S
90°L 4
€€0
S0 €
9€'0 4 ao
¥20 L 4D sweljim
VieS  88L-10-L8
se €
16 j,ueo z
l
g8
€0
90 €
160 4 ao
810 L 31D sweljim
Vi8S L81-10-L-8
# ajig-ajeq



9z obed

10

10

|d

1eyn sjuawwon
-oel4

“1eyg "pas

syooy jdeoxs (
0) ‘(0%a)l

us

*0|eo pal

aA00SSOW

Kesyo
ou/m(
WI(VINS

1osy0
M wzo
(a)v4
yss
noasesje)

aulwslep
0} piey
aJe sd
1ysuonejal
douojno
|ednJon e
St siyy o/q

yeom =s
uoNBIOU0D
no
Jusaop

Inge g /L VIN (w)
ybua

+8 +G¢°

+G1 100

+Gl +Ll

+C +C

+C +S°

(w) aa dia
ybioH

06

06

06
06

Mg

06

06

ue68

06

19 Geo0

09 €C

06~ ¥S

80°}L
16'¢
120
Pl apisino

1€°0
00
cee 810
€ee 600
vee 920

pid uiym

Py uym
99

69 §20
99 SL0

Py 3pISINO
ds

65€ au
0} W9<

800
510
€10
lem L0
uraid
=11
210
800
SOS L0
Pl ul/m
1€¢ sz0
gee 170
(w) #
Joasisu|

L %9019
axeIpleys
V1S 961-L0-v1-8

4
I
g18s
19 L¢6d
g uayy
ISLV jes
:fioys
€
4 ao
L PEET)
ayeIploys
Vi8S S6L-L0-¥1-8
8
A
9
S
14
€
4
l
J1¥es
l
SRS
L
ol
6
8
L
9
S
14
€
alis-ajeq



dnoig

“1eyo
-oel4

10

10

10

sjuswwod

1z 9bed

1d

Jo-1d

1d

“1eyg "pas

inqeg /L

ys ojeo

‘ys o|ed

VIN

(WIsy
IRE

died 2°

Buiaino
(@vsl
(an

(av
(V)VBI
(V)

(@8
(@vnegl

(@
Apsow

(Wrev

(@rs

ove
(@vel

va)l
‘(om

(w)
ybua

2+2

L

+§

+Ll

+9

+€

+€

+9C

+Gl

(w)
ybioH

+10°

+.0°

+€0°

+0°

+C

+€

+G1°

+§¢

+GL°

+l°

ag dig

dig

909

208

usgsg

S /8

ugg

06
mog

s 9

06
06
M8

06
06
o268

06
uzg
oS

Sve

14
0¢
Sv
124
S9

9

€9

vee
vee
¢ 9€ee
(4%

gee

g9

or

18¢

G8¢
0€

vee
gee
€ee

wyg
=UIpim py

Jo9sIaju|

91’0

424
800
2o
200
00
1’0

(444

50
erAly]
20
€0

91’0
610

Ge0
Y

SLo
€e0
600
ANV
€0
8¥°0
9€'0
1€0
9v'0
[4Y]

140

SL°0
8¥'0

S

eLt

Py apisino
€20
§60°0
92’0

pid uym

ars
Jles
4
€
4
l
g8
4 ao
L #19 dins
Buipue
V1SS 661-10-v1-8
g18s
9
S
4
€
4 ao
L 3931
ayeip|days
VieS 861-10-v1-8
g18s
sbnq peq
ao
PELTE)
ajelpjays
V1I8S L6L-LO0-VL-8
l
airs
€
4
L
JOREN]
€
4
L
g18s
€
4 ao
ajig-ajeq



dnoig

gz abed

|d

10

10

1o-1d

10

“1eyo
-oel4

sjuawwon “1ey9 "pag

‘us 2led
()
VN +l +L
S)S18) SM|9/M, (al +0l +7
“us 2led
VN +L-L +G'L
us 2led
( wi> +50°
vIv(@vel
SISIM} SM[O1J0 (o +L +5C
JIBN(Y)Y
(o'aw +02 +0)’
(W1
U woo (@i
= auo)s)jis
2 jou S0s
Inge g /L VIN (w) (w) ag dig
ybus  ybioy

06
9s /8

06
06
06

06
06

06

9.8

06
ete]
06

06
06
S /8
06

as 8

S
€9

1335
vee
Lee

9ee
9ee

0oee
9ee
1€¢€

gee
ove
vee

0L
V.
69
1ZA

SS

S9

ove

9ge
(w)

Jo9sIaju|

91’0

€20
100
100
424
810
62°0
100
Py uym
670
8¢€0
290

Py 3pISINO

820
€10
€50
§20
SL0
900
20
800

er'o
€0
€0
€0
€e0

€e0
Ge0
€0

€50
980
€0
8lL'¢
80

90C

X44

eral
€10
9v'0
493

VieS €0¥-10-G1-8

4
€
4
L
g18s
L
9
S
4
€
4
L
Vies
4 ao
L 319 dins
Buipue
VIeS 20¥-10-G1-8
€
4
L 349 di
Buipue
V1SS L0¥-10-G1-8
€
4
L
0 1S
14
€
4
L
g18s
L A
Buipue
VieS 00¥-10-G1-8
g18s
ao
#49 dins
Buipue
V 19S B661L-1L0-V1-8
S
4
€
4
ajig-ajeq



dnoig

10

10

10

10

“1eyo
-oel4

sjuswwod

6¢ abed

Alo-(d

Jo-d

1o-1d

1o-1d

“1eyg "pas

SISIM} SMD,,

(V)8

IN(@)Iey
juswaned
puesis|
u
wog'=>ss

(aizav

(2ol
(1o'zv
LYIN

1950
U Wz /m
(tav
‘diad
‘AIND
(tav
ys A6

sleus

|ajjesed
BuiAINd
(v

O‘an

Inge g /L VIN (w)
ybua

+l

+7

+8

+G-

+l

+7

+7

+l

+§°C

+7

(w)
ybioH

+C

+l

+0°

+€0°

+G.°

+60°

+0L

+C

+

ag dig

S9
3N G8 0€
M 68 9ee
06 See
06 [423

s /8 L.

s /8 172

S 68 SL
06 62¢
06 oce

06 oL
06 65€

(1en) 88 09

06 S9

06 95

9s ¥8 S

os 18 9§
06 cee
06 0ge
06 vee

9s 08 9l

06 Ll

9s g9 61
szL 0.2

18

uog S8
06 8€e
998 cee
998 ee

(w)
Jo9sIaju|

2S0

9¢°0
120
8L}
1.0
670
2s0
ce0

820
20
YA

€20

[444]

€50

€90

890

S0°0
600
200
Lo
62 =
wpm aid
L1'e
[4ix4

6L
geL

91’0

Ge0

1454
60°G

Vies L0¥-10-91-8

J13es
€
4
l
g1es
€
4 ao
b ¥e219
s1appIy
YI8S 901-10-91-8
J13es
4
l
g1es
4 ao
l 680@%2310
sJal4
V18S S01-10-G1-8
€
4
l
g1es
€
4 ao
L 3089 sialg
Vi8S 101-10-G1-8
€
4
l
JoRLN)
€
4
l
g1es
€
4 ao
1 Noa19 sial4
alis-ajeq



dnoig

0¢ obed

10

jo-1d

¢]

10

1d
|d

10

“1eyo
-oel4

sjuawwon “1ey9 "pag

In (o)w(a)!
anoqe

ysiq

eu

VN

st ANy
mojag ‘us

DI(S62)N
ys

(V)v3)I
(a) (@
Apsow

(s,G9'Ma)|

VN

(w)
ybua

inqeg /L VIN

+ +ST 06 6S€
s 88 €L
06 1L
+C +Gl ues 69
JeA GGE
JeA 0gg
pYy apisino & Lve
sos
968 £ee
+l +€ 06 Lee
(zo)sos  (go)sos
|u g9 g6C
+5 +G) 06 S62
06 19
+ +l s /8 0L
06 Sve
06 8ve
+G'L +GL 06 e
Le
¢ 6e
¢ 6e
wsL-1" 100 [Aer4
1> 100 06 £5¢€
88 vee
06 9ze
+GL +€ 06 ee
§8¢
(w)  agda (w)
JUTEIT] Jo9sIaju|

160
444
144"
150

200
§0°0
€00
S0°0
00
600

Py uym
€0
€0
6L°0
670

Py apisino

81’0
190

8€0

50
344
8¢0
50
160

100
S0

€00
S0°0
00
800

€80
90
8.0
Pl 8pisino

200
810
€20
800
1’0
Py uym

150
190
PANY)

#

g18s
€
4 ao
1 y9a19 abpo
Mmojim
V1I8S Zir-L0-1z-8
€
4
L
g18s
€
4 ao
b 349 3bpoq
MOJIIM
VIIeS Liy-L0-12-8
€
4
l
oS
4
L
RS
€
4 ao
L 349 siappin
V1S 601-10-91-8
g18s
Vies
€
4 ao
L o319
SJappIn
V1S 801-10-91-8
g19s ao
3Noa1
Slappin
ajig-ajeq



dnoig

HY 10

10

10

10

10

1eyn sjuawwon
-oel4

L¢ obed

Ld  sisimy smjosuo/m, (g)w +§ +G/L
us
1d (W1 +€ €00
1d (7] +€ +G/
d (an +GL +G/
Aimy
Mojaq
usiiq
1d (W)I8Y L +20°
id (@@ +8 +10°
usiiq

eu +6 +6T°
s1AinL
(W)Y (W1
(@wn ‘(an +G') +0Z°
Ansopn
sl AL
aAoQe ys
Julx 'sod (Vv 21 +50°
Inge g /L VIN (w) (w) ag dig

ybua  jybieH

06
06

06
06
06

06
o v8
98

uog
06
06

ugsg

06

98
06

298

06
u/g
ugg

06
S 68
06

143
e

gee
cee
vee

gee
8€e
gee

99
0L
69

Zsos
9.
€L

ve
e
L vve

6€E
8¢e
sos

9ee

S9
19
99

ve
Lve
Lve

162
(w)

Jo9sIaju|

€00
820

00
100
§00°0
100
100
€00
8000
100
100
Py uym
190
€70
[444]
1€0
80
€50
6.0
Py apisino

4]
90

160
424

20
S50
920

SLo
100
00
§0°0
c00
10

100
S0°0

610
SLL
SL0
SLo

T’
€0’

810
20
6€°0
[4Y

(444

4 ao
L 34D H4d HIID

vIes  Liv-10-22-8

~N ™

g18s

~N ™

g18s

aid
€ S€e

~

ao
} uny Ajaar
V3IeS 9L¥-10-1Z-8

~N ™

g18s

€ aid SN
z ao
) uny AjaAr]

V31eS SL¥-10-1Z-8

4 ao
1 uny Ajlaa]
ViIeS viy-L0-12-8

g18s

~

ao
} 49 abpo]
mollm

VieS €ly-10-12-8

Jles
ajls-2jeq



dnoig

“1eyo
-oel4

HY 10

HY “10

HY “10

HY 10

sjuswwod

2 obed

“1eyg "pas

a)isodwod

aley
13UN %8819 SIy}
ul yus|anaid
U1 15 sy}

inqeg /L

(Vv
(@n
(W)Y
(@@
VN
u
8z =SS
wgL El
=>8s 0UO0(QL)N
yswgss pa
ppagajul
(Vv
eu
wj0'=Ss
VIN (w)
ybua

+l

+€

+€-l

+€

+§°

+§°C

(w)
ybioH

+l°

+§1°

+-G

+G1°

+€

+l

Vsos

ag dig

98.
908

968

06
06

988
968
268

06
uog

06
06

208
98.
968

06
968
06

208
99/

06

1€¢€
62¢
¢ 0ge
A%

89
0L

L vve
1€¢€
ve
Lve

0L
€L

cL
0L

6v¢
1ve
143

e
eve
ove

e
¢ 06€

=
yipim py
7

Vsos

ore
(w)

Jo9sIaju|

(444
110
erAly]
€00
€00
€00
c00
S0°0
110
900
€50
9€°0

990
810
50
1.0
890

8g'}L
950

G50
€20

190
150
160
€0

€0’

6L
90°L

€8l

o

9.0

Pl apisino
€00

900

91’0

Py uym

X4

2o
€e0
200
00

- NS

o~

~

N ™

€

ao

7]

ueuuspur]

Y I8S ZZv-10-22-8

g18s

ao

Y]

ouewuapul

V18S 1Zr-10-22-8

g18s

ao
34D Hid HIID

Vi8S 0Zy-10-22-8

ao
34D H4d HIID

VIeS 6l¥-10-22-8

ao
34D Hid HIID

VIes 8l¥-10-22-8

9188

AALN

ajls-2jeq



¢¢ abed

S50
€70
S50
1d-2 288 ye€ zLo €
()W 088 Sve z0 z ao
d SISIM} SMIo/M, | Apsow +8 +GL 288 e 220 L H19 swellim
(@l
HY 10 us V3eS 8Z#-10-2Z-8
LSOSs O 4
(ovely +€ +80° 969 6 L
01388
06 vL 20 4
(W) S0S 06 123 }
g18s
6v°0
06 Spe 6.0 4
& 0ve 880 €
948 ove 90 z ao
(@1()n +€ +0)’ 968 8ve S0 L 4D swenm
HY 10 V1S 1Z¥-10-2Z-8
€70
928 Lge 8€0 € ao
au 68 Spe 150 4 W19 Swelllim
HY 10 id W) VN +€ +62 06 £vE €0 L 9Zv-10-22-8
ysxgss
ppagiajul
800
€10
860
8e'L
S0
810 ao
90°0 M
Juewuapul
HY 10 Gee 180 yZr-10-22-8
06 88 €10 €
ugg 06 110 z
Wd - sisimg smpnuo/m, (W1 +L +0l 06 06 L
g19s
€9l
968 ore [
06 ore 150 €
06 Sve S50 4 ao
Ld - sisimy smiosuo/m, (@ +€ +01 96, see 890 } M
Jueuwuapul]
HY 10 V1eS ver-10-2Z-8
10
€20
610
910
9.0
10 Py ge€
100 ao
Gee 90°0 M
Juewuspuly
HY 10 umoib V1S €2v-10-22-8
JaAO
Jo sjo|
Y8810 peg
dnoig  “ueyp sjuswwo “Jey ‘pag inqe g /L VIN (w) (w) aq dig dig DB (w) # ayg-ajeq

oelq yibua  jybioH 109sI9)u|



dnoig

“1eyo
-oel4

10

10

10

10

10

10

sjuswwod

¢ abed

“1eyg "pas

|d

1d

inqeg /L

W

wz'='ss

Y wgo=*

SS

ys

ys

U) wy'=ss

VIN

ys

jos auo +G'¢ +l
Ajuo eu
20uo(V)V +/ +l
(W1
Ehll] +G +G2’
o(@n(a
(Vrey +SY +GL°
(1 Apsouw) + +G
(@rs
eu +.¥0
(Vv 680 +0L
(@w +L +62
(02 +Gt +€
JIBN(V)Y
(o +€ +§
BIV)IBIN
(w) (w) aa dia
ybua  jybieH

06 413

06 £5€

06 1GE

mog 5S¢
06 0L
06 69

06 9G€

06 £5€

M /8 §S€
06 0L
s 88 €L
06 [

06 ore

06 felot)

sos

06 6€€

1214

& 0ve

908 Lve

CLRYA 60€

8u g9 6L
06 9
uogg 9
06 1A

¢ 0ze

¢ §ee

06 0ge

¢ Se€
s 88 SL
ugg 72
06 SL

(w)
Jo9sIaju|

e
120
¢L0

1€°0

€20
€80
SL0
140
G690
280

SLL
€L°0

810
9g'}L
Sl

180
el
60°L
0’
43

670

Wl
o
¥8°0

c00
900
800
600
1€°0

‘xoidde
AN
820
60
€50
280

vies

- No® S

vies

g18s

~

vies

~

g18s

- No

vies

~

vies

g18s

~N ™

vies

- NS

JORENS)

- N oS

g18s
ajls-2jeq

vev-10-€2-8

ao

0 upeH
jo's
yoyQ XN
£EV-10-€2-8

Pl} MUU-SU
ao
HID uieH

2EV-10-€2-8

ao
HID WieH

LEV-10-€2-8

ao

39019
siajue]
0€V-10-22-8

ao

39019
sisjue)
621-10-¢2-8



G¢ abed

(V)rev 9L Lge )
(av
01388
€0
90
ou L. 9ze 1€0 z
diad eu L. ¥ze 80 |
Mo (V)Y
ERES
06 VL She €
06 VL v'0 z ao
W 06 Lz v6'€ L pEC)
doo) usH
V19S GEV-10-€Z-8
HY 10 d (V'V)Irsn + +10° ¢0 L
g19s
SL0
100
wgo*
apisino
v0°0
100
¥0°0
06 e €00 €
06 Sbe €00 z
Xd SHO0Y /M, z0 +€0° 06 e 200 L
gj0 VIS
W GO uym
Ad)
910
06 ¥ve 820 €
288 Lye 60 4 ao
1d (a)8y +€ +0L’ 06 zve 8Y'0 l e
dnoig  “ieyd sjuswwoy “Jey9 "pag Inge g /L VIN (w) (w) aa dia dig s (w) # ays-ajeq

oelq yibua  jybioH 109sI9)u|



Appendix 3

Seneca Lake Site Log
(Field Season 2001and 2002)
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