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EGSP-Permsylvania #2 Well, Allegheny County

Executive Summary

General

This report summarizes the results of characterization work performed
on approximately 545 feet of 3-1/2-inch diameter core retrieved from the
EGSP-Pemnsylvania #2 well in Allegheny County. Information provided in
previous reports by Cliffs Minerals, Inc. includes a definitiwve lithologic
description and tabulated fracture data resulting from detailed core
examinations, and stratigraphic interpretations as indicated in the core
and on geophysical logs. Plane of weakness orientations stemming from a

program of physical properties testing are also summarized.

Core retrieval by Cliffs Minerals, Inc. began on March 1, 1979 and
was completed March 9, 1979. Three stratigraphic units were identified
and described; these include: Harrel Formation (Harrel undifferentiated
- and the Burkett Shale Member), Hamilton Group (Tully Limestone, Mahan-
tanto Shale, Marcellus Shale), and Onondaga Limestone. Natural fractures
in the core consist primarily of subhorizontal bedding plane faults with
well-developed slickenlines. The faults strike between N30°E and
N60°W; most have dips of less than 15°. Orientation of the slickenlines
generally range from N519W to N71°W. Three minor near-vertical fracture
sets are also present in the core; these sets strike from N1OW to
NLOCE, N4OOW to N50°W, and at or near N9O°E. Physical properties tests
indicate the preferred direction of fracturing as listed: 1) N30CE +15°
for the Harrel Formation as indicated by point load induced fractures,

2) N30CE +15° for the Mahantango Shale as indicated by pretest fractures,

directional ultrasonic wvelocity measurements, and point load induced



fractures. A sufficient mmber of samples could not be obtained from
the Tully Limestone and Marcellus Shale to acquire statistically signifi-

cant results.

EGSP-Pemnsylvania #2 Well, Allegheny County

Technical Summary

General

This summary presents a detailed charactefization of the Devonian
Shale occurrence in the EGSP-Pemnsylvania #2 well. Information provided
includes a stratigraphic summary and lithology and fracture analyses
resulting from detailed core examinations and geophysical log interpre-
tations at the EGSP Core Laboratory. Plane of weakness orientations
stemming from a program of physical properties testing at Michigan
Technological University are also summarized; the results of physical
properties testing are dealt with in detail in the accompanying report.
The data presented was obtained from the study of approximately 545 feet
of core retrieved from a well drilled in Allegheny County of southeastern

Permsylvania.
Location

The well, designated EGSP-Pemnsylvania #2, is located 0.5 miles
north of the town of Monongahela, Permsylvania on the east side of the
Monongahela River. Monongahela, Pemnsylvania is located approximately

17 miles south of Pittsburgh, Permmsylvania.



Stratigraphy

A total of 545 feet of core was retrieved from the Allegheny County
well designated EGSP-Pemnsylvania #2. Coring began at 6,951 feet in the
upper part of the Harrel Formation and was terminated at 7,496 feet in
the upper part of the Onondaga Limestone. The entire interval was
cored. Core retrieval was successful throughout the length of the cored
interval, except for numerous zones of rubble which most probably origi-
nated during coring. Formation thicknesses are summarized below. A

brief summary description for each formation or member follows.

FORMATTION THICKNESSES

Formation Depths
Formation Depths Thickness Cored
Harrel Formation:
Undifferentiated C.P.-7,061" . - 6,951'-7,061"
Burkett Shale 7,061'-7,084" 23" 7,061'-7,084"
Hamilton Group:
Tully Limestone 7,084'-7,144" 60" 7,084'-7,144"
Mahantango Shale 7,144'-7,332" 188" 7,144 -7,332"
Marcellus Shale 7,332'-7,496" (?7) 164’ 7,332'-7,496"
Onondaga Limestone 7,496'(?)-T.D. —-— 7,496'-7,496.2"

Harrel Formation

The Harrel Formation is present in the EGSP-Permsylvania 2 well
between 6,928(?) feet and 7,084 feet. The cored portion (6,951 ft. to
6,084 ft.) includes the lower 807 of the formation and one identifiable

member, the Burkett Shale, which occurs between 7,061 and 7,084 feet.

The Harrel Fommation consists mainly of grayish black to medium
dark gray, thinly to thickly laminated silty mudstones and mudstones.

Occasional, slightly calcareous siltstone laminae are present in the



upper 1/2. The interval contains numerous calcareous and shaly zones.
Fossils consist of inarticulate and articulate brachiopods, cephalopods,
and plant fragments. Pyrite and mud-filled burrow structures are common
in the upper 1/3, but are rare in the lower portion of the interval.
Pyrite occurs as lenses, nodules, and disseminated grains throughout,

but is most common in the lower 1/2.

The contact between the Harrel Formation and the underlying Tully
Limestone (Hamilton Group) is marked on the geophysical well logs by a
decrease in gamma radiation from ~300 APL units (Burkett Shale Member)
to ~100 APT wnits (Tully ijest;_one). This contact is gradational in the
core, but can be distinguisheci by a change to lighter colors and by an

increase in carbonate content.

Hamilton Group

The Hamilton Group is composed of three formations: the Tully
Limestone, Mahantango Shale, and Marcellus Shale. It is present in the

core between 7,084 and 7,496 (?7) feet, which comprises the entire group.

Tully Limestone

The Tully Limestone is present in the core from 7,084 to 7,144
feet. It consists of thin to thick bedded, dark gray to medium gray,
lime mudstone and calcareous mudstone. The lime mudstones are present
throughout, but ére most common between 7,095 and 7,127 feet. Zones of
mottling, pyritized burrow structures, and pyrite nodules and lenses
occur throughout. Fossils contained in the interval include a few
pyritized shell fragments in the upper 1/4 and a single articulate
brachiopod at the base of the interval. Disc fracture frequency is much

lower in this formation than in the adjacent formations.



The Tully Limestone is easily recognized by its relatively low
gamma count (~75 - 100 API units) on the geophysical logs, and by its

lighter rock color and high carbonate content in the core.

Mahantango Shale

The Mahantango Shale is present in the core between 7,144 and 7,332
feet. It can be divided into two parts on the basis of rock color and
fossil content. The upper part (7,144 ft. to 7,235 ft.) is composed of
thinly laminated, grayish black mudstone. Fossils contained in this
interval include abundant, finely divided carbonaceous fragments, occa-
sional large plant fragments, and mud lumps (fecal pellets ?). Pyrite
is infrequently present and oc;urs as lenses, nodules, and disseminated
grains. The interval contains zones which are fissile and weakly

calcareous.

The lower part (7,235 ft. to 7,332 ft.) also is composed of thinly
laminated mudstone, but is slightly lighter in color (dark gray) than
the overlying interval. This interval contains a varying assortment of
fossils and biogenic structures which include articulate and inarticulate

(Orbiculoidea sp.) brachiopods; cephalopods, pelecypods, unidentified

fossil fragments, finely divided carbonaceous fragments, zones of bio-
turbation, and mud- and pyrite-filled burrow structures. Numerous

calcareous concretions are also present.

The contact between the Mahantango Shale and the underlying Marcellus
Shale is gradational in the core. This contact can be distinguished by
a gradual color change from dark gray to grayish black. On the geo-
physical logs the contact is marked by a slight increase in gamma radiation

from ~150 to 200 API wunits.



Marcellus Shale

The Marcellus Shale, the lowest formation of the Hamilton Group, is
present in the core from 7,332 to 7,496 (?) feet. The Marcellus Shale
generally is composed of thinly laminated, black to grayish black mudstone
and shaly mudstone. Thinly laminted to thin bedded olive gray lime mud-
stones also are present at 7,38l feet, 7,416 feet, 7,442 feet, and between
7,483 feet and the base of the core. Fossils contained within the formation

include articulate and inarticulate (Orbiculoidea sp.) brachiopods,

pelecypods, and fecal pellets in addition to coral and shell fragments.
These fossils are most commly present between 7,371 and 7,417 feet, and
below 7,460 feet. Zones containing fossils and biogenic structures

are commonly less shaly, more calcareous, and occasionally contain cal-
careous concretions. . Pyrite occurs as lenses, nodules, and disseminated
grains, as coatings on shell fragments and fecal pellets, and as mineralized

burrow structures.

The contact between the Marcellus Shale and the underlying Onondaga
. Limestone is difficult to determine. In the core, no distinct contact
is present. Near the base of the Marcellus, numerous thin interbedded

limestones, mudstones, and calcareous mudstones are present.

On the geophysical logs there is a decrease in gamma count below
7,496 feet. This is the sole reason for placing the contact at 7,496
feet. However, the gamma ray log only extends down to 7,500 feet, so
there remains the possibility of additional mudstones interbedded with’

limestones below 7,500 feet.



Onondaga Limestone

The Onondaga Limestone is composed of thin bedded, medium dark gray
wackestone and packstone. Sand size skeletal fragments, mud-filled burrow
structures, and a few pyrite nodules and lenses occur throughout. As
noted above, there is some doubt as to whether the cored interval extends
into the main body of the Onondaga or only into a transitional zone

between the Onondaga and the overlying Marcellus.

- Fracture Analysis

Approximately 226 natural fractures (165 faults, 19 microfaults, 35
simple joints, and 7 compound joints) are present in the core. The dis-

tribution of natural fractures throughout the cored interval is shown below.

The greatest concentration of natural fractures occurs within the

Marcellus Shale where natural fracture frequency exceeds 1.0 fractures

per foot.
DISTRIBUTION OF NATURAL FRACTURES
Depths Core Number of Frequency
Formation Cored Length Fractures Per Foot
Harrel Formation:
Undifferentiated 6,951'-7,061" 110" 41 0.37
Burkett Shale 7,061'-7,084" 23" 1 0.04
Hamilton Group:
Tully Limestone 7,084'-7,144" 60" 2 0.03
Mahantango Shale 7,144'-7,332" 188" 8 0.04
Marcellus Shale 7,332'-7,496' 164' 174 1.06
Onondaga Limestone 7,496'-7,496.2" 0.2' 0 0.00



Fractures contained in the Marcellus Shale are generally low angle
near-horizontal faults. Slickensides are common on the fault plane

surfaces.

Natural fracture frequency also is relatively high in the Harrel
Formation. TFractures contained in this formation are usually faults ox
microfaults. Frequency within the interval is 0.32 fractures per foot.

Slickensides are common and well developed.

All planar fractures were analyzed to identify common structural
trends in the core. One major fault trend and three minor joint trends

are evident.

TREND 1: Faults striking between N30°E and N60OW,
dipping ~15°NE.

TREND 2: Joints striking between N10°W and N10°E,
near-vertical.

TREND 3: Joints striking AN9OCE, near-vertical.
TREND 4: Joints striking N40PW and N50°W,
near-vertical.
Trend 1 represents the gréatest number of individual fractures.

The majority of fractures in this set are near-horizontal bedding plane
faults with well-developed slickensides present on most of the fault
surfaces. The direction of movement, as indicated by slickenlines,
ranges between N15°W and N71°W with a concentration within this trend
plunging 8° in the direction S26°E. These slickenlines are approximately
perpendicular to the fold axes of the local anticlines (Bemnison, 1976;
Gray, et al, 1960). Also, a minor concentration of near-horizontal
slickenlines trend between N46CE and N51CE and both dip-slip and oblique-

slip movement is evident in both slickenline trends.



Trends 2 and 3, which are poorly defined, appear to be near-vertical
conjugate joint sets. The fractures in these sets vary in length from

0.1 to 2.4 feet and are mineralized with either calcite or pyrite.

Trend 4, which is also poorly defined, is composed of near-vertical

joints, some of which are calcite mineralized.

It should be noted that numerous (~207%) fractures present in the
core do not fit into the defined trends. This is probably due to a
relative lack of structural control resulting from very low dips asso-
ciated with the regional structures. Due to the excessive ''poker
chipping," rubble zones, and low angle dips involved, the interpretations

given above should be considered somewhat speculative.

Physical Properties Testing

The results of pretest fracture studies, point load induced fracture
studies, and directional ultrasonic velocity measurements performed on
the EGSP-Pennsylvania ##2 samples indicate a preferred direction of frac-
turing of N30CE +15° in the Harrel Formation (6,928 to 7,084 ft. tested)
and in the' Mahantango Member (7,215 to 7,320 ft. tested) of the Hamilton
Group.

Available Reports

For a more detailed account of field operations and lithology and
fracture analyses, the following report is available:

1) EGSP-Pemnsylvania #2 Well - Allegheny County, Phase II
Report, Preliminary Laboratory Results, June 1980; Cliffs
Minerals, Inc.: Prepared under Contract No. DE-AC21-78MC
08100, U.S. Department of Energy, Morgantown Energy Tech-
nology Center, Morgantown, West Virginia 26505.
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Summary of Mechanical Characterization Results

The purpose of mechanical characterization of samples from the EGSP-
Pemmsylvania #2 core is to determine the orientation of preferred planes of
weakness in the Devonian gas shales at the Allegheny County well site.

Prior to testing, the length and orientation of pretest fractures
identified in each sample were recorded. Numerous bedding fractures occur °
on the surface of these samples, but very few additional pretest fractures
are present.

In ultrasonic velocity testing, minimum velocity wvalues are assumed to
be perpendicular. to the preferred direction of fracturing because large
numbers of microcracks encountered along this direction will impede propaga-
tion of the sonic wave. Ultrasonic velocity measurements indicate a preferred
direction of fracturing in the interval of N30CE +15° in five out of twelve
total samples.

In point load testing, fractures induced by applying a point load to the
central axis of a disc are assumed to propagate parallel to the preferred
direction of fracturing. Point load induced fractures occur most frequently
in the N30CE +15° orientation (47 percent of 36 samples).

In directional tensile strength testing, compressive loads are applied
across the diameter of the specimen in order to induce diametrical fractures
and thus determine tensile strength normal to the loading axis. Samples from
a given interval are tested with the loading axis in six different orienta-
tions by this method. The preferred direction of fracture will be parallel to
the loading axis in the specimen for which the lowest tensile strength value
was obtained. An insufficient number of samples were received from this well

to perform more than one set of directional tensile strength measurements.



INTRODUCTION

The purpose of mechanical characterization of samples from the EGSP-
Pemmsylvania #2 well is to determine the orientation of preferred planes of
weakness in the Devonian gas shales at the Allegheny County well site.

A series of samples, representing 545 feet of core taken from the
Permsylvania #2 well, were tested. The tested core intervals extend from

6,965 feet to 7,320 feet below surface and are summarized in Table 1.

Table 1: Formations Tested

Formation Depth Cored Depth Tested

Harrel Formation 6,951"'-7,084" 6,965'-7,016"'

Hamilton Group

Tully Limestone Member 7,084'-7,144" 7,136"

Mahantango Shale Member 7,144'-7,332" 7,215'-7,320"

Marcellus Shale Member 7,332'-7,496" -~ None
Onondaga Limestone 7,496'-7,496.2" None

The physical property tests employed are: 1) directional ultrasonic
velocity mesurements; 2) point load induced fracture; and 3) directional
tensile strength tests. In addition, all fractures (hereafter referred to
as ''pretest fractures'') are systematically recorded before the physical

property tests are performed.



The theories on which these tests are based are ’sm'rmarized as follows:

A. Directional Ultrasonic Velocity Measm:emenﬁs

The orientation of linear features such as microfractures in a rock
specimen may be found by measuring the longitudinal wave velocity through
the specimen. Fractures which are oriented perpendicular to the direction
of wave propagation impede the wave; fractures which are oriented parallel
to the direction of wave propagation do not (Birth, 1960). Measurements
are performed diametrically at 30 degree intervals from true north.

Minimm values of sonic velocity are expected to occur in azimuths normal

to the preferred direction of microfractures (Komar, Kovach, 1969).

Figure 1: Schematic Diagram of Ultrasonic Pulse Apparatus (Thill, Peng, 1974)
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An ultrasonic pulse measurement system operates as shown in Figure 1.
A pulse generator supplies a rectangular electrical pulse which is converted
to a mechanical pulse by a piezoelectric transducer and transmitted into one
end of the specimen. The mechanical pulse is received at the other end of the
specimen by another piezoelectric transducer and is converted back to an
electrical signal. An oscilloscope and timer are synchronized with the out-
put of each pulse to the specimen by the trigger pulse from the pulse generator.
Low frequency noise is filtered from the arrival signal and the signal is
tapped to the vertical amplifier of the oscilloscope. The first arrival is
highly amplified and the sensi_t;ivity of the stop trigger of the timer is ad-
Justed to a level just exceed:&xg the noise level of the received signal.
Therefore, the time elapsed between initiation of the pulse at the pulse
generator and the first arrival of the elastic wave at the receiver is recorded
automatically (Thill, Bur, 1969; Thill, Peng, 1974).." The counter averages 100
pulses before displaying the digitized result to 0.001 microseconds (Komar, et al,
1976) .

Travel times are corrected for instrumentation and system delays using
various lengths of aluminum standards. A plot of length versus transit time
is made; the intersection of the least squares line indicates the instrument
delay time (Thill, Bur, 1969).

The velocity, V, of the longitudinal wave is calculated using the dis-
tance, D, traversed by the wave (the diameter of the specimen) and the travel

time, t, by the formula (Anderson, Liebermann, 1966):
v = pt1

The ultrasonic pulse method is the laboratory counterpart of field seismic

methods that operate at much lower frequencies.



The statistical analysis of these measurements identifies the 957 confi-
dence interval. This is a statistical parameter which indicates the interval

in which the measurement will occur 957 of the time, and is calculated by the

formula:
X + tsN1/2
where: X = mean
t = t factor for 5 degrees of freedom and 95% confidence
s = standard deviation
N = muber of measurements

B. Point Load Testing
The orientation of a weakness plane in rock specimens may be found by
inducing tensile fractures in discs when a load is applied through the disc's

central axis (Anderson, Liebermarm, 1966; McWilliams, 1966) (Figure 2).

Figure 2. Schematic Diagram of Point Load Test (Anderson, Liebermann, 1966)
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fractura surface
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Fracture direction at random unless a
““preferrad diraction' of failure exists.



The point load testing apparatus consists of a load frame with two
identical platens. These loading contact points are spherically truncated
cones between which the specimen is axially centered.

Fractures induced by point load will indicate a random orientation only
if the rock specimens are of homogeneous isotropic material; if the specimen
is anisotropic, the induced fracture would be expected to occur in directions

parallel to the preferred directions of microfracture (Peng, Ortiz, 1972).

C. Directional Tensile Strength Testing
The orientation of minhnmﬁftensile strength may be found by applying

a compressive load across the diameter of a cylindrical specimen (Mellor,

Hawkes, 1971) (Figure 3).

Figure 3. Directional Tensile Strength Test Apparatus
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In this diametric or line load test, tensile strength normal to the axes of
loading is determined from the magnitude of the applied load at failure by
the formula (Peng, Ortiz, 1972):

Sp = 2P(rde)

where: Sp = tensile strength, psi
P = applied load at failure, 1b.
d = diameter of disc, in.

t = thickness of disc, in.
Line load specimens are tested diametrically at 30 degree intervals from true
north. Tensile strength minimums are expected to occur in azimuths normal

to the preferred direction of fracture (Anderson, Liebermarm, 1966) .

EXPERTMENTAL PROCEDURES

Tests follow the ''Field and Laboratory Procedures for Oriented Core
Analysis. of Devonian Shales' published by Morgantown Energy Technology Center,
U. S. Department of Energy, and incorporates American Society of Testing Methods

and International Society of Rock Mechanics suggested methods as guidelines.

A. Pretest Fracture Measurements

Pretest fractures are recorded on all speciments prior to testing as

sumarized:

1. The surface of the specimen is dampened with a moist sponge.

2. When water evaporates from the surface, the cracks are accentuated
because the water is momentarily retained by the fractures; the
cracks are traced by pencil while they are still visible.

3. The orientation of the crack is determined by ruming a line
parallel to the crack through the center of the oriented specimen.
The orientation of the crack is recorded in degrees from true north.



The length of the crack is recorded in inches.

A sketch is made of each specimen illustrating the pretest
fractures.

A composite sheet is kept with the orientation and length of each
identified fracture for all tested specimens.

B. Directional Ultrasonic Velocity Measurements

Directional ultrasonic velocity measurements are performed as summarized:

1.

4.
o 5
o
X
o

4.
o
o

7.
| 8.
@

9.

10.
X

11.

12.
o

Pretest fractures are recorded as outlined above including a
description of bedding or other significant features..

The mid-portion of the sample is taped with black wvinyl tape.
Three strips of tape are used which touch but do not overlap each
other. The ends of the tape are positioned at an orientation
groove so the transducer heads are not positioned over the splice.

The sample is placed on the (foam rubber) cushioned, indexed,
rotating stage with the north orientation mark against the trans-
mitting head.

A generous amount of high vacuum silicone grease is applied to each
of the 12 contact positions at 30 degree intervals from true north.

The opposite traveling head is moved to nearly touch the core
surface to avoid jarring the specimen.

The solenoid switch is actuated, gripping the specimen with an
indicated air hydraulic pressure of 35 psi.

With the pulse rate set at 30 sec”l, the powerstat is twrmned on and
increased to an indicated 627.

A wait of three minutes is necessary for the decay and stabilization
of indicated travel time.

While waiting, the diameter of the core at this position is recorded
(to .001 inch) using the on line dial indicator.

After three minutes, ten consecutive travel time values registered
on the digital counter are recorded (to .00l microseconds). Each
travel time recorded is the average of 100 pulses.

The pressure is released on the sample.

The specimen is rotated on the stage to the next marked 30 degree
interval and numbers 5 through 12 are repeated until the travel
times in each of the six orientations, 0, 30, 60, 90, 120, 150
degrees, have been recorded.



C. Point Load Testing

The point load test is performed as summarized:

1.

At intervals of 10 feet, 2-inch diameter by approximately 5/8-inch
thick samples are selected.

Pretest fractures are recorded as outlined above.

The dimensions of the samples are recorded (dizmeter and thickness
in inches).

The circumference of the samples are taped with masking tape to
preserve the fractures after the point load test is performed.

The sample is centered and placed vertically between two conical
platens in the load frame (see Figure 2).

A compressive load is applied directly in the center on both the
top and bottom sides of the sample.

The magnitude of the applied load at failure is recorded and the
point load strength index can be obtained by the formula (Roberts,
1977) .

Is=P x a(D?) -1

where: Ig = point load strength index

P

i

applied load at failure, lbs.

D = distance between load applicators at failure, in.

a = piston area (5)

The induced fractures are sketched and their orientation recorded
on a composite sheet.

D. Directional Tensile Strength Testing

Directional tensile strength measurements are determined as sumnarized:

1.

At intervals of 10 feet, six to ten closely grouped samples (2-inch
diameter by approximately 5/8-inch thick) are selected.

Pretest fractures are recorded as outlined above.
Each sample is oriented and marked in one of six directions (00,

300, 600, 900, 120°, 150°), and its edges corresponding to this
mark are sanded if necessary to insure even loading.
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The dimensions of the samples are recorded; diameter and thickness
in inches; if necessary, the samples are taped with masking tape.

The sample is placed diametrically between two platens in the
load frame (see Figure 3).

A compressive load is applied across the previously oriented
diameter of the sample.

The magnitude of the applied load at failure is recorded.

Tensile strength normal to the axis of loading is determined using
the formula: St = 2P(wdt) -1 as defined in the introduction.

The induced fractures are sketched.



®

RESULTS

11

The results of the physical property measurements of pretest fractures,

directional ultrasonic velocity, point load induced fractures, and directional

tensile strength tests are compiled in Appehdices A, B, C, and D, respectively.

Table 2 is a sumary of the mechanical property testing results for eaqh

formation.
Table 2
EGSP-Pernsylvania #2 Core, Allegheny County
Frequency Distribution of Preferred
Direction of Fracturing
Orientation in Degrees from North
. Total
Formation Test 0° 309 60° 90° 120° 150° Samples¥
Harrel Formation Velocity 2 1 1 0 1 0 5
6,965'-7,016" Point Ioad 1 7 1 0 4 0 13
DIS 0 0 0 0 1 0 6
Hamilton Group Pretest Fractures 1 0 0 1 0 0 2
Tully Limestone Velocity 0 0 1 0 0 0 1
Member
7,136'
Mahantango Pretest Fractures 0 2 0 0 0 1 3
Shale Member Velocity 2 4 0 0 0 0 6
7,215'-7,320' Point Load 7 10 4 0 1 1 23
Well Composite Pretest Fractures 1 2 0 1 0 1 5
Velocity 4 5 2 0 1 0 12
Point Load 8 17 5 0 5 1 36
DTS 0 0 0 0 1 0 6

* Total samples tested or total number of pretest fractures identified.
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Harrel Formation - 6,965 to 7,016 feet:

No pretest fractures other than bedding fractures at a 150° +10° strike
are present. Point load induced fractures occur most frequently in the
N30CE +15° orientation (7 out of 13 induced fractures). Of the five ultra-
sonic velocity samples received, no preferred orientation is statistically
significant. An insufficient number of samples were received from this
interval to determine a statistically significant preferred direction of
fracturing from the set of directional tensile strength samples. Figuré 4
is the frequency distribution of preferred direction of fracturing in the

Harrel Formation. Tabulated results are presented in Appendices B, C, and D.

Figure 4

HARREL = FORMATION HARREL  FORVATION
PENN 42 UELOCITY PENN #2 POINT LOAD
k] . ' .

SEREENERY ~ ;}'nl'unnnuE'

S SAMPLES :
13 SAMPLES

SCALE - 5% INCREMENTS SCALE: 5% INCREMENTS
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Hamilton Group: Tully Limestone Member - 7,084 to 7,144 feet:

Two pretest fractures were present on the one sample received from this
interval. The pretest fractures originated directly from orientation grooves
at N1O°E and N9O®E. The velocity sample indicates N60°E as the preferred
direction of fracturing. Tabulated results are presented in Appendices A

and B.

Hamilton Group: Mahantango Shale Member - 7,215 to 7,320 feet:

Pretest ffactures occur most frequently in the N30CE orieﬁtation (2 out
of 3 pretest fractures). Velocity measurements indicateA N30°E as the pre-
ferred direction of fractures (4 out of 6 velocity samples). Point load
induced fractures occur most frequently in the N30OE orientation (10 out of
23 induced fractures). Figure 5 is the frequency distribution of preferred
direction of fracturing in the Mahantango Shale. Tabulated results are

presented in Appendices A, B, and C.

Figure 5
MAHANTANGO MEMBER  MAHANTANGO MEMBER
PEMH &2 LELGCITY ~ PN #2 POINT LORD

llllllllllllliE llllllnlllE

& SAMPLES 23 SAMPLES
SCHRLE: 5% IMCREMENTS - SCALE: 3% INCREMENTS
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Well Composite:

The frequency distributions of preferred direction of fracturing for
the entire cored well are displayed in Figure 6. Pretest fractures occur
most frequently in the N30CE orientation (40 percent of the pretest fractures).
Ultrasonic velocity measurements indicate a preferred direction of frac- |
turing of N30CE (42 percent of the velocity samples). Point load induced
fractures occur most frequently in the N30CE orientation (47 percent of the

induced fractures). Tabulated results are presented in Appendices A, B, C,

and D.
Figure 6
WELL COMPOSITE WELL C I
PEF #2 UELOCITY - Por g2 ORI LOAD
| | M
[ ]
llllll.'le Ivlllllll'lE
12 SAMPLES 35 SAMPLES
'SCALE: 5% INCREMENTS SCALE: S% INCREMENTS
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CONCLUSIONS

The data presented in this report indicate that core samples from EGSP-
Permsylvania #2 well exhibit a directional variation in physical properties.
Prediction of the preferred direction of induced fracturing at the Allegheny
Comnty well site was based on inherent weaknesses in the core samples found
by: 1) point load induced fractures; 2) directional tensile strength measure-
ments; 3) normality to measured ultrasonic velocity minimum; and 4) the direc-
tional trend of pretest fractures. The overall agreement between these tests
in each stratigraphic interval suggests that these physical property measure-

ments do indicate a preferred direction of fracturing in core samples.

The following conclusions may be drawn from this investigation:

1) The preferred direction of fracturing for the Harrel Formation
(6,965 to 7,016 feet tested) is N30E +15° as indicated by point load
induced fraétures .

2) The preferred direction of fracturing for the Tully Limestone Member
of the Hamilton Group (7,084 to 7,144 feet cored) carmmot be interpreted be-
cause of the statistically small number of samples received. The one velocity
sample indicated N60°E ilSO as the direction of fracturing.

3) The preferred direction of fracturing for the Mahantango Shale
Menber of the Hamilton Group (7,215 to 7,320 feet tested) is N30°E +15° as
indicated by pretest fractures, directional ultrasonic velocity measurements,

and point load induced fractures.
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TABLE A-1

Pretest Fractures in Specimens¥

Total
Depth 0° 30° 60° 90° 120° 150° Fractures

Hamilton Group

Tully Limestone

Shale Member  7,136.6 .6 5 2
Mahantango
Shale Member  7,315.5 6,.7 2.0 3

* All pretest fractures identified were found on velocity samples only.
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