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EGSP-New York #1 Well, Allegany County

Executive Summary

This report summarizes the results of characterization work per-
formed on approximately 1,650 feet of 3 1/2-inch diameter oriented core
retrieved from the EGSP-New York #1 well in Allegany County. Information
provided in previous reports by Cliffs Minerals, Inc. includes a definitive
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 began on August 7 and was completed August 26, 1978.
Six formations were identified and described; these include: Perrysburg
Formatior., Java Formation, West Falls Formation, Sonyea Formation, Genesee
Formation, and Tully Limestone. Natural fractures in the core indicate a
major near-vertical fracture set striking between N30°E and S55°E with a
concentration of fractures striking N72°E; a minor, near-vertical fracture
set striking between N22°W and N50°W. Physical properties tests (point load
and directional ultrasonic velocity) and pretest fracture orientations

suggest preferred directions of fracturing at N60CE and N9OCE.



EGSP-New York #1 Well, Allegany County

Technical Summary

General

This summary presents a detailed characterization of the Devonian Shale
occurrence in the EGSP-New York #1 well. Information provided includes a
stratigraphic summary and lithology and fracture analyses resulting from
detailed core examinations and geophysical log interpretations at the EGSP
Core Laboratory. Plane of weakness orientations stemming from a program
of physical properties testing at Michigan Technological University are also
sumnarized; the resulf‘;s of physical properties testing are dealt with in
detail in the accompanying report. The data presented was obtained from
the study of approximately 1,650 feet of core retrieved from a well drilled
in Allegany County of soutlwestern New York.

Location

The EGSP-New York #1 well in Allegany County is located approximately
ten miles northwest of Hommell, New York. Specific site location is as

follows: Latitude - N42°20'56'", Longitude - W77049'08".

Stratigraphy

A total of 1,649 feet of core was retrieved from the EGSP-New York #1
well. Designated core point was at 370 feet (depth from surface) in the
Perrysburg Formation. Coring was terminated at 2,929 feet, approximately

five feet into the Tully Limestone. Four isolated zones within the cored



interval were plug drilled.

Formation depths and thicknesses encountered

in the well and a summary description of each formation is provided below.

Formation

Perrysburg Formation
Dunkirk Shale

Java Formation:
Hanover Shale

Pipe Creek Member

West Falls Formation:

Angola Shale
Rhinestreet Shale

Sonyea Formation:
Cashaqua Shale

Middlesex Shale

Genesee Formation:
West River Shale

Genundewa Limestone

Pen Yan Shale
Lodi Limestone
Geneseo Shale

Tully Limestone

Perrysburg Formation

FORMATTON THICKNESSES

Depths
C.P.- 515

515'- 984!
984'-1,018"

1,018'-1,335"
1,335'-2,345"

2,345'-2,495"
2,495'-2,629'

2,629'-2,730"

2,730'-2,737'
2,737'-2,866"
2,866'-2,876'
2,876'-2,924"

2,924'-T.D.

Formation

Thicknesses

469"
34"

317!
1,010'

150"
134

101!

7'
129"
10"
48'

Depths
Cored

370'- 515'

515"~ 546'
963'- 984"
984'-1,018'

1,018'-1,021"
1,328'-1,335'
1,335'-2,345"

2,345"-2,359'
2,486"'-2,495'
2,495"-2,629'

2,629"-2, 664"
2,723'-2,730"
2,730'-2,737"
2,737'-2,866'
2,866'-2,876"
2,876"-2,924'

2,924"-2,929'

The Dunkirk (core point to 515 ft.) is primarily fine clastic sediments,

thinly laminated to thin bedded. The dominant rock types are silty mudstone,

siltstone, and mudstone.

of thin, upward-fining graded beds.

Commonly these occur in an ordered vertical sequence



The upper part of the Dunkirk (370 to 430 ft.) consists mostly of
laminated silty mudstone and mudstone. Isolated, wery thin beds of
siltstone occur beneath some of the silty mudstones. The siltstones
often are cross-laminated or ripple-laminated. Silty sandstones and
very fine sandstones occur rarely as the basal constituents of these
beds. The silty mudstones and mudstones generally are olive gray and
dark greenish gray in color; dark shale laminae are notably absent.
Fossil content is sparse, consisting of occasional carbonaceous frag-
ments and poorly-preserved casts of small brachiopod shells. Bioturbation
is minimal. Thin, dark yellowish brown concretionary bands (siderite ?)
are common in the upper 60 feet of the Dunkirk, but do not occur in the

lower part.

The lower part of the Dunkirk interval (430 to 515 ft.) contains
less mudstone and more siltstone than the upper part. Olive gray and
dark greenish gray are the dominant colors. However, the uppermost
silty mudstone laminae often are olive black or brownish black.
Bioturbation is rare. Carbonaceous fragments and casts of articulate
brachiopod shells are more plentiful than above. No sandstone is
present. Ripple lamination, cross-stratification, and disrupted strati-

fication are common sedimentary structures in the siltstones.

Java Formation

Hanover Shale Member:
The thickness of the Hanover in this well is 469 feet (515 to 984 ft.).

Only the upper 32 feet and the lower 20 feet of the interval were cored.



Consequently, a detailed core description was obtained for only a small

part of this shale member.

The upper and lower parts of the section are conspicuocusly sandy.
Within the individual beds, the basal sandstones or siltstones rest upon
sharp scour surfaces which frequently exhibit sole marks. Disrupted
stratification and mud clasts are common features in the coarser clastic
zones. Silty mudstones and siltstones in the middle of the beds generally
contain cross-lamination or ripple-lamination. The silty mudstones at the

top of the beds frequently are weakly bioturbated.

A few dark-shale laminae are present in the Hanover; these occur
about 15 feet above the base of the unit. The dominant colors in the cored

sections are olive gray and light olive gray.

Pipe Creek Member:

The Pipe Creek Member occurs between the depths of 984 and 1,018 feet
in the core. Coarse clastic units are less abundant than in the Hanover,
and dark laminae of silty mudstone and mudstone are more common. The
dominant colors are olive black, brownish black, and dark greenish gray.
Fossil content, consisting of carbonaceous fragments and casts of small
pelecypod shells, is somewhat greater than in the Hanover. A single, thin
concretionary band (siderite ?), similar to those in the Dunkirk, occurs

near the top of the Pipe Creek Member.

West Falls Formation

Angola Shale Member:
The Angola Shale occurs between the depths of 1,018 and 1,335 feet;

almost the entire interval was plug drilled. Approximately four feet at



the top and seven feet at the bottom of the Angola were cored. The top of
the interval resembles the overlying Pipe Creek and the contact is litho-
logically indistinct. The contact with the underlying Rhinestreet Shale is

transitional.

Rhinestreet Shale Member :
The Rhinestreet Member is present between the depths of 1,335 and

2,345 feet. The entire Rhinestreet interval was cored.

The Rhinestreet Shale is composed of large numbers of upward-fining
beds which are similar in appearance to wnits higher in the section.
Individual beds vary from about two inches to two feet in thickness.

Silty mudstone and siltstone are the dominant lithology; mudstone and
very fine sandstone are also present in many of the thicker beds. The
darkest rock colors (grayish black or darker) occur within mudstones and
silty mudstones at the top of the graded beds. The lower and middle parts

of the beds are lighter-colored siltstones and silty mudstones.

Concreticnary structures are abundant in the Rhinestreet Shale below
a depth of 1,650 feet. Two types are present: moderate yellowish brown
calcareous (siderite ?) concretionary bands with diffuse boundaries and

light olive gray calcareous bands and lenses.

Carbonaceous plant fragments are scattered throughout the Rhinestreet
Shale, but concentrations of these fragments are rare. ’Pyritized spores
are also common. Pelecypod shell fragments occur occasionally through
the upper part of the interval and are plentiful in the lowest 100 feet.
Bioturbation is confined to the fine clastic sediments at the top of the
graded beds and usually is weakly developed. In some cases, burrow

structures are pyritized.



Sonyea Formation

Cashaqua Shale Member:
The New York #1 well was plug drilled through most of the Cashaqua
Shale interval (2,345 to 2,495 ft.). The uppermost 11 feet and bottom 7

feet were cored. The thickness of the Cashaqua in this well is 150 feet.

The top 11 feet consists of dark greenish gray and olive gray silty
mudstone, containing numerous thin olive black zones. Small diameter
burrow structures are common, although the overall intensity of bioturba-
tion is slight. Pelecypod and brachiopod shell fragments and casts are

rarely present.

The basal seven feet of the Cashaqua is made up of silty mudstone and
mudstone. Predominant rock colors are olive black, brownish black, and
dark gray. Bioturbation and fossils are present in the lower Cashaqua, as
above. A relatively thick gradational contact exists between the Cashaqua

and the underlying Middlesex Member.

Middlesex Shale Member:

Dark silty mudstone and mudstone are the dominant lithologies through-
out the Middlesex. The major colors are olive black and brownish black,
with isolated zones of dark greenish gray and olive gray in the lower 1/2.
Very thin siltstones deposited on weak scour surfaces occur at isolated
locations within the Middlesex. Fossil content is sparse. Isolated car-
bonaceous fragments (generally large coaly pieces) are present at several
locations. Carbonized and pyritized spore occur in the interval, but are

not common. The cephalopod casts are present near the middle of the unit.



Pyrite is common and occurs as isolated irregular laminae, small

nodules, and disseminated grains in the middle and lower parts of the umit.

Genesee Formation

West River Shale Member:

Approximately 101 feet of the West River Shale is present in the
New York #1 well. Of this, the upper 36.5 feet and the lower 7 feet were
cored. The cored portion consists of thinly to thickly laminated olive
© gray, dark greenish gray, and olive black silty mudstone, most of which
is weakly to strongly calcareous. Casts of cephalopod, pelecypod, and
articulate brachiopod shells are common in the upper 1/3. Pyrite occurs

in burrow structures, as nodules and irregular laminae, and in disseminated

form.

Genundewa Limestone Member:

The Gemundewa Limestone is present between the depths of 2,730 and
2,737 feet. The dominant lithologies are impure lime mudstone, wackestone,
and packstone. These beds are commonly separated by thin zones of olive
black calcareous silty mudstone. Soft-sediment deformation features are
common throughout. The wackestones and packstones are restricted to
the upper half. The dark calcareous mudstones contain numerous casts

of small articulate brachiopod and pelecypod shells.

Pen Yan Shale Member:
The Pen Yan is present between the depths of 2,737 and 2,866 feet.
It consists of silty mudstones, silty shales, and shaly mudstones.

Olive black is the dominant rock color with greenish black, grayish black,

and brownish black zones also common.



The upper 75 feet of the Pen Yan Member is calcareous and contains
isolated graded beds with thin basal siltstomes. Articulate brachiopod,
pelecypod and cephalopod casts are present throughout. Some of the sedi-

ments are weakly burrowed. Lime concretions are common above 2,830 feet.

Siltstones, concretions, invertebrate fossils, and biogenic structures
are absent below 2,815 feet. Fissility is greater in the lower part where

the shaly zones tend to be calcareous. Small pyrite nodules are coﬁmon.

. Lodi Limestone Member -

Interbedded lime mudstones and calcareous silty mudstone occur
between the depths of 2,866 and 2,876 feet. The lime mudstone beds are
olive gray and light olive gray in color, while the silty mudstones are
black and grayish black. Several of the lime beds contain soft sediment
deformation features. The silty mudstones are strongly calcareous and

contain numerous casts of small articulate brachipod shells.

Geneseo Shale Member:

Between 2,876 and 2,924 feet the core consists entirely of black
and grayish black silty shale and shaly mudstone. These lithologies
exhibit the intensely fissile structure described as ''poker chips."
Most of the Geneseo Shale is weakly to moderately calcareous. Carbonaceous
fragments and films occasionally are present. Small nodules and thin

laminae of pyrite are common.



Tully Limestone

Coring was terminated 5 feet into the top of the Tully Limestone at
a'depth of 2,929 feet. The portion of the Tully present at the base of
the EGSP-New York #1 core is composed of mottled, thick bedded and massive
bedded lime mudstones, medium dark gray and medium gray in color. Partings
of the dark silty mudstone occur in the vicinity of the contact with the
Geneseo Shale. The limestone is slightly fossiliferous and weakly

bioturbated.

. Fracture Analysis

Forty-eight natural fractures were observed in the core. About 907%
of this total is composed of simple and compound joints. The distribution
of natural fractures throughout the cored interval is shown on the following

page.

All planar natural fractures were analyzed to identify common
structural trends in the core. Two strike trends are evident.
TREND 1: ranging from N30°E to $55°E, near-vertical
with a major concentration of fracture

strikes trending N727E.

TREND 2: ranging from N22°W to N50°W, near-vertical.

TREND 1 includes most (847%) of the planar natural fractures. Members
of this fracture set are commonly normineralized; when present, minerali-
zation is either calcite or dolomite. Trend 1 contains 877 of all planar

natural fractures with a vertical length in excess of 1.0 foot.



TREND 2, represented by five fractures, contains calcite and rarely
dolomite-mineralized joints of variable length. Fractures in this system

are restricted in the core to a zone above 2,170 feet.

DISTRIBUTION OF NATURAL FRACTURES

Cored Nunmber Frequency
Formation Depths Interval Fractures Per Foot

Perrysburg Formation:

Dunkirk Shale 370'- 515' 145" 3 0.02
Java Formation:

Hanover Shale 515'- 984" 58' 0 0.00
Pipe Creek Member 984'-1,018" 35' 2 0.06
West Falls Formation:

Angola Shale 1,018'-1,335"' 141 2 0.14
Rhinestreet Shale 1,335"'-2,345" 1,010 25 0.02
Sonyea Formation:

Cashaqua Shale 2,345"-2,495" 22°' 0 0.00
Middlesex Shale 2,495'-2,629"' 134! 5 0.04
Genesee Formation:

West River Shale 2,629'-2,730" 43" 4 0.09
Gemmndewa Limestone 2,730'-2,737"' 7' 1 0.14
Pen Yan Shale 2,737'-2,866' 129" 4 0.03
Lodi Limestone . 2,866'-2,876" 10’ 0 0.00
Geneseo Shale 2,876'-2,924" 48" 2 0.04
Tully Limestone 2,924'-2,929' +5' 0 0.00

Physical Properties Testing

The results of pretest fractures, point load induced fractures, and
ultrasonic velocity measurements performed on the EGSP-New York #1 core
indicate that there is a preferred direction of fracturing in the core with
the orientation of N60°E j_lSO for each stratigraphic interval and a

secondary preferred orientation of N9QCE j;lSo.



Available Reports

For a more detailed account of field operations, lithology and fracture

analyses and physical test results, the reader is referred to the following

reports:

(1) EGSP-New York #1, Allegany County, Report of
Field Operations.

(2) EGSP-New York #l, Allegany County, Phase IT Report,
Preliminary Laboratory Results, February 1980.



PREFERRED PLANES OF WEAKNESS IN DEVONIAN GAS SHALES
DETERMINED BY MECHANICAL CHARACTERIZATION

Report for

EGSP-New York #1 Well, Allegany County

Department of Mining Engineering
Michigan Techmological University

Houghton, Michigan 49931

November 1980

Prepared for

Cliffs Minerals, Inc.

Under Contract No. EW-78-C-21-8199



TABLE OF CONTENTS

List of Figures

List of Tables

Sumary of Mechanical Characterization Results

I.

II.

III.

Iv.

g O W >

Introduction

A. Directional Ultrasonic Velocity Measurements
B. Point Load Testing .
C. Directional Tensile Strength Testing

Experimental Procedures

A. Pretest Fracture Measurements

B. Directional Ultrasonic Velocity Measurements
C. Point Load Testing

D. Directional Tensile Strength Testing

Results

Perrysburg Formation
Java Formation

West Falls Formation
Sonyea Formation
Genesee Formation
Well Composite

OOy

Conclusions

Bibliography

APPENDICES

Results of Pretest Fracture Measurements

Results of Directional Ultrasonic Velocity Measurements

Results of Point Load Tests

Results of Directional Tensile Strength Tests

ii

Page No.

iii

.
<

\O\O 00~ ~ ()9, N UV] (N =

12
13

15
16
17
18

20

22
29
49
60



LIST OF FIGURES

Frequency Distribution
Frequency Distribution Rose

Frequency Distribution Rose

Perrysburg Formation
Java Formation

West Falls Formation
Sonyea Formation
Genesee Formation

Well Composite

Figure
No.
1 Ultrasonic Pulse Apparatus
2 Point Load Apparatus
3 Directional Tensile Strength Apparatus
4 Perrysburg Formation: Frequency Distribution Rose
Diagram of Results
5 Java Formation: Frequency Distribution Rose
Diagram of Results
6 West Falls Formation:
Rose Diagram of Results
7 Sonyea Formation:
Diagram of Results
8 Genesee Formation:
Diagram of Results
9 Well Composite: Frequency Distribution Rose
Diagram of Results
Appendix
B-1 Histogram of Average Velocity:
B-2 Histogram of Average Velocity:
B-3 Histogram of Average Velocity:
B-4 Histogram of Average Velocity:
B-5 Histogram of Average Velocity:
B-6  Histogram of Average Velocity:
D-1 Histogram of DIS: Perrysburg Formation
D-2 Histogram of DIS: Java Formation
D-3  Histogram of DIS: West Falls Formation
D-4  Histogram of DIS: Sonyea Formation
D-5 Histogram of DIS: Genesee Formation
D-6 of DTS: Well Composite

Histogram

iii

Page
No.

12

13

14

15

16

17

43

45
46
47
48
65
66
67
68
69
70



LIST OF TABLES

Table Page
No. No.
1 Formations Tested 2
2 Frequency Distribution of Preferred Direction
of Fracturing 11
Appendix

A: Results of Pretest Fracture Measurements

A-1 Scribed Orientation Grooves in Velocity Samples 23

A-2 Orientation and Length of Ultrasonic Velocity
Specimens 24

A-3 Orientation and Length of Pretest Fractures

in Point Load Specimens 25
A-4 Orientation and Length of Pretest Fractures

in Directional Tensile Strength Specimens 26
A-5 Frequency Distribution of Pretest Fractures ‘ 28

'B: Results of Directional Ultrasonic Velocity Measurements

B-1 Directional Ultrasonic Wawve Velocities 30

B-2 Orientation of Ultrasonic Velocity Minimms ' 35

C: Results of Point Load Tests

C-1 Frequency Distribution of Fractures Induced by
Point Load 50

C-2 Point Load Index ' 55

D: Results of Directional Tensile Strength Tests

D-1 Directional Tensile Strengths 61

iv



Sumnary of Mechanical Characterization Results

The purpose of mechanical characterization of samples from the EGSP-
New York #1 core is to determine the orientation of preferred planes of

weakness in the Devonian gas shales at the Allegany County well site.

Prior to testing, the length and orientation of pretest fractures
identified in each sample were recorded. The greater number of pretest
fractures identified indicated N60°E as the preferred direction of fractur-
ing and N9OCE as a secondary preferred direction (397 and 247 respectively

out of 326 total pretest fractures).

Minimum ultrasonic velocity values are normal to the preferred direction
of fracturing because fracture interfaces impede propagation of the sonic
wave. Ultrasonic velocity measurements indicate a preferred direction of
fracturing of N60CE (62% of 149 samples) with a secondary preferred direction
of NO9OCE (327 of 149 samples).

Fractures induced by applying a point load to the central axis of a
disc occur parallel to the preferred direction of fracturing. Point load
induced fractures occur most frequently in the N60CE orientation (54% of 922

samples) with a secondary preferred direction of N90°E (32% of 922 samples).

Compressive loads are applied across the diameter of the specimen to
induce diametrical fractures for determining tensile strengths normal to the
loading axis. The plane of weakness will be in an azimuth normal to the plane
of minimum tensile strength. Directional tensile strength measurements of
the New York #l core do not indicate a preferred direction of fracturing;

each orientation is preferred with equal frequency.



INTRODUCTION

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

A series of samples, representing 1,649 feet of core taken from the
New York #l well, were tested. The tested intervals occur below surface be-

tween 443 and 2,929 feet and are summarized in Table 1.

Table 1. Formations Tested.

Formation Depths Cored Depths Tested
Perrysburg Formation
Dunkirk Shale 370'- 515 370'- 515!
Java Formation:
Hanover Shale 515'- 546" 515'- 546"
963'- 984' 963'- 984'
- Pipe Creek Member 984'-1,018' 984'-1,018"
West Falls Formation:
Angola Shale 1,018'-1,021" 1,018'-1,021"
1,328'-1,335" 1,328'-1,335"
Rhinestreet Shale 1,335'-2,345" 1,335"'-2,345"'
Sonyea Formation:
Cashaqua Shale 2,345'-2,359"' 2,345"'-2,359"
2,486'-2,495" 2,486"'-2,495°
Middlesex Shale 2,495'-2,629' 2,495'-2,629"'
Genessee Formation:
West River Shale 2,629'-2,664' 2,629'-2,664"
2,723'-2,730" 2,723'-2,730'
Genundewa Limestone 2,730'-2,737"' 2,730'-2,737'
Pen Yan Shale 2,737'-2,866" 2,737'-2,866'
Lodi Limestone 2,866'-2,876" 2,866'-2,876"
Geneseo Shale 2,876'-2,924" 2,876'-2,924"
Tully Limestone 2,924'-2,929' 2,924'-2,929'



The physical property tests emplbyed are: 1) directional ultrasonic
velocity measurements; 2) point load tests; 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 summarized as follows:

A. Directional Ultrasonic Velocity Measurements

The orientation of linear features such as microfractures in a rock specimen
may be found by measuring the longitudinal wave velocity through the specimen.
Fraétures 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 (Birch, 1960). Méésurements are performed diametrically at
30 degree intervals from true north. Minimum values of sonic wvelocity are
expected to occur in azimuths normal to the preferred direction of mircofrac-

tures (Komar, Kovach, 1969).

Figuré 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 sensitivity of the stop trigger of the timer is ad-
justed to a level just exceeding 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, Liebermamn, 1966):
v = ptL

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 95% of the time, and is calculated by the

formula:

X + teN"1/2

where: X = mean
t = t factor for 5 degrees of freedom and 95% confidence
s = standard deviation
N = nurber 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, Liebermann, 1966; McWilliams, 1966) (Figure 2).

Figure 2. Schematic Diagram of Point Load Test (Anderson, Liebermann, 1966)
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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 minimm tensile 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(rdt)"t

where: St = 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, Liebermann, 1966).

EXPERIMENTAL 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

summarized:

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 rumming 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.

10.

11.
12.

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 vinyl 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 turned on and
increased to an indicated 62%.

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 perfoxmed 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 ocutlined above.

The dimensions of the samples are recorded; diameter 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):

Ig=Px a(DZ)‘l

where: Ig = point load strength index

P

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 summarized:

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 (09,
300, 60°, 900, 120°, 150°), and its edges corresponding to this

:mark are sanded if necessary to insure even loading.



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: Sy = 2P(ndt)-l as defined in the introduction.

The induced fractures are sketched.

10



11

RESULTS

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 Appendices A, B, C, and D, respectively.

Table 2 is a summary of the mechanical property testing results for each

formation.
Table 2
EGSP-New York 41
Frequency Distribution of Preferred
Direction of Fracturing
Orientation in Degrees from North
Total

Formation Test 0° 30° 60° 90° 120° 150° Samples
Perrysburg Pretest Fracture 1 3 5 4 1 1 15
370'-515" Velocity 0 2 2 4 0 0 8

Point Load 2 5 33 13 1 0 54

DIS 0 1 2 0 1 1 30
Java Pretest Fracture 0 0 1 1 0 0 2
515'-1,018"' Velocity 0 0 7 0 1 0 8

Point Load 3 8 24 8 0 0 43

DTS 0 2 1 2 2 0 42
West Falls Pretest Fracture 10 17 98 55 23 7 210
1,018'-2,345" Velocity 2 0 58 36 2 0 98

Point Load 10 31 338 221 28 5 633

DTS 15 6 16 18 16 15 516
Sonyea Pretest Fracture 4 5 14 14 5 2 b4
2,345'-2,629" Velocity 0 1 11 4 0 0 16

Point Load 3 12 44 27 5 1 92

DTS 1 4 1 3 2 4 90
Genesee Pretest Fracture 3 12 9 3 4 23 54
2,629'-2,924' Velocity 0 1 15 3 0 0 19

Point Load 4 7 59 23 4 3 100

DTS 2 5 2 0 5 2 96
Composite .Pretest Fracture 18 38 127 77 33 33 326

Velocity 2 4 93 47 3 0 149

Point Load 22 63 498 292 38 9 922

DTS 18 18 22 23 26 22 774
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Perrysburg Formation: 370 to 515 feet

Pretest fractures occur most frequently in the N60°E orientation (5 out
of 15 pretest fractures). Of the eight ultrasonic velocity samples received,
the preferred orientation is distributed between N30°E to N9O®E with N90°E pre-
ferred by 4 out of the 8 samples. Point load induced fractures occur most
frequently in the N6QE orientation (33 out of 54 induced fractures). Two
directional tensile strength sets out of five tested show a preferred orienta-
tion of N6OPE. Figure 4 displays the frequency distribution of the preferred

directions of fracturing in the Perrysburg Formation. Tabulated results are

presented in Appendices A, B, C, and D.

Figure 4
PERRYSDERG FORMATICH . PERRYSBERG FORMATION
MY 41 FRETEST FRAC ' : NY #1 UZLOCITY
N

15 FRACTURE 8 SAMPLES
SCALE: 5% INCREMENTS  SCALE: 5% INCREMENTS
PERRYSSERG FORMATION PERRYSBURG FORMATION
NY 41 POIHT LOAD NY #1 DTS

H

M
]

Qﬁf“E & T e
| @\7
o4 SAMFLES ’ SET OF SAMrFLES
SCALE: S INCREMENTS SCALE: B¢ IMCREMZHMTS
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Java Formation: 515 to 1,018 feet

Two pretest fractureS'wefe identified; these trend N60CE and N9OCE. .
The preferred direction found by ultrasonic velocity measurements is well .
defined in the N60CE orientation (7 out of 8 velocity samples). Point load
induced fractures occur most frequently in the N60®E orientation (24 out of 43
induced fractures). Directional tensile strength measurements preferred
orientations ranging from N30°E to N120°E. Figure 5 displays the frequency

distribution of preferred directions of fracturing in the Java Formation.

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

Figure 5

JRUA FORMATION
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2 SAMFLES
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SCALE: 10% INMCREMENTS
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NY #thDTS

'
34?‘211!!!E

¢ SET CF SaMPLES
SCelE: 9% IMCREMENTS

i

‘r
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West Falls Formation: 1,018 to 2,345 feet

Angola Shale Member: 1,018 to 1,335 feet

No samples received

Rhinestreet Shale Member: 1,335 to 2,345 feet

The preferred direction of fracturing in the Rhinestreet Shale Member is

N60°E as indicated by: pretest fractures (98 out of 210 pretest fractures);

point load induced fractures (338 out of 633 induced fractures); ultrasonic

velocity measurements (58 out of 98 velocity samples). The directional ten-

sile strength measurements show no statistically significant preferred orienta-

tion. TFigure 6 displays the frequency distribution of preferred directions of

fracturing in the Rhinestreet Shale Member of the West Falls Formation.

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

WEST FALLS FCEMATION
NY {1 PRETEST FRAC

- < !IlllIE

218 FRACTURES
SCALE: 3% INCREMENTS
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]

(\’rﬁllllllll

K:::;;} 633 SANMNPLES

SCRLE: 3% INCREMENTS

Figure 6

WEST FALLS FORMATIOHN
NY #1 Hus.l_ocm

] |1|IIIIIE

38 SAMPLES
SCALE: 5% INCREMENTS

WEST FALLS FORMATION
HY %1 O°S
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Sonyea Formation: 2,345 to 2,629 feet

The preferred direction of fracturing in the Sonyea Formation is N60CE
as indicated by: pretest fractures (14 out of 44 pretest fractures); ultra-
sonic velocity measurements (11 out of 16 velocity samples); and point load
induced fractures (44 out of 92 induced fractures). The directional tensile
strength measurements show no statistically significant preferred orientation.
Figure 7 displays the frequency distribution of preferred directions of frac-
turing in the Sonyea Formation. Tabulated results are presented in Appendices

A, B, C, and D.

Figure 7
SCOHYEA FORMATION SOMYEA FORMATICN
NY #1 PRETEST FRrAC NY #1 UELQCITY
i L
2
— 'l,l'll,E I|l||lllllE
=
44 FRACTURES 16 SAMPLES
SCALE: 5% INCREMENTS SCRLE: 3% INCREMENTS
SONYEA FORMATICH = ‘
NY ﬁlrrOIHT LCAD ﬁ?Héig gggMQTION

&/‘C@'“““”E

S2 SAMPLES
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Genesee Formation: 2,29 to 2,924 feet

Pretest fractures occur most frequently in the NI150°E orientation (23 out
of 54 pretest fractures). The ultrasonic velocity measurements and the point
load induced fractures both indicate N60°E as the preferred direction of
fracturing (15 out of 19 velocity samples and 59 out of 100 induced fractures).
The directional tensile strength measurements show no statistically significant
preferred orientation. Figure 8 displays the frequency distribution of pre-
ferred directions of fracturing in the Genesee Formation. Tabulated results

are presented in Appendices A, B, C, and D.

Figure 8
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Well Composite:

The preferred direction of fracturing in each stratigraphic interval and
in the well composite is N6OOE~}_-150. The N60°E orientation is the most pre-
ferred direction in the well composite for each test. N609E was indicated
by 397 of the pretest fractures, 627 of the ultrasonic velocity measurements,
and 547 of the point load induced fractures. The directional tensile strength
measurements show no statistically significant preferred orientation. Figure 9
displays the frequency distribution of preferred directions of fracturing in
the well composite. Tabulated results are presented in Appendices A, B, C,

and D.

Figure 9
WELL COMPOSITE  WELL COMPOSITE
NY #1 PRETEST FRAC NY #1 UELOCITY
N H
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o

JIIICE
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CONCLUSIONS

The data presented in this report indicate that core samples from the
EGSP-New York #1 well exhibit a directional variation in physical properties.
Prediction of the preferred direction of induced fracturing at the Allegany
County well site was based on inherent weaknesses in the core samples found
by: 1) point load induced fractures; 2) directional tensile strength
measurements; 3) normality to measured ultrasonic velocity minimum; and 4)
the trend of frequently occurring pretest fractures. Test results from direc-
tioﬁal tensile strength measurements show no statistically significant pre-
ferred orientation in the Allegany County core samples. The overall agree-
ment between the remaining tests for each stratigraphic interval suggests
that these physical property measurements do indicate a common preferred
direction of fracturing in Allegany County core samples.

The following conclusions can be drawn from this investigation:

1) The preferred direction of fracturing for the Dunkirk Shale Member
of the Perrysburg Formation (top of core 370 to 515 feet) is N6OOE-1-_15O as
indicated by pretest fractures, point load induced fractures, and directional
tensile strength measurements.

2) The preferred direction of fracturing for the Java Formation (515 to
1,018 feet) is N6OOE-_6:15° as indicated by pretest fractures, point load induced
fractures, and ultrasonic velocity measurements.

3) The preferred direction of fracturing for the West Falls Formation
(1,018 to 2,345 feet) is N60E+15° as indicated by pretest fractures, point

load induced fractures and ultrasonic velocity measurements.
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4) The preferred direction of fracturing for the Sonyea Formation (2,345
to 2,629 feet) is N6OCEHL5C as indicated by pretest fractures, point load
induced fractures and ultrasonic velocity measurements.

5) The preferred direction of fracturing in the Genesee Formation
(2,629 to 2,924 feet) is N6QE+15° as indicated by point load induced frac-
tures and ultrasonic wvelocity measurements. Pretest fractures trend most
frequently N150°E + 15°.

6) The preferred direction of fracturing in the Tully Limestone Member
of the Hamilton Group (2,924 to 2,929) camot be interpreted because of the
statitically small nurber of samples received.

7) Each stratigraphic interval appears to have a secondary preferred

orientation of N9OCE + 15°.
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TABLE A-1
New York 1

Scribed Orientation Grooves in Velocity Samples

Depth Orientation of Scribed Grooves
(Degrees from North)
455.2 80,300
466.9 200
503.3 230
513.4 290
1,333.8 20
1,399.4 260
1,541.7 80
1,682.2 110
1,695.2 270
1,806.8 160
1,921.6 250
2,178.2 270
2,194.8 160
2,792.2 100, 250
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TABLE A-2
New York #1

Orientation and Length of Pretest Fractures in
Ultrasonic Velocity Samples®

Depth 0o 30° 60° 90° 120° 150°

PERRYSBURG FORMATION:

Dunkirk Shale 455 1,1
485 2 1,2
495
505
515

1,1

b

JAVA FORMATION:
Pipe Creek 995 1
WEST FALLS FORMATION:

Rhinestreet Shale 1,375 2,5,2.5,3
1,400 2
1,465 3,2.5
1,475
1,545
1,665 2
1,685
1,695
1,715 1,1.5,.8,.8
1,785 1.5
1,805 1
1,816 i 3
1,875 - 3.5
1,925
2,035
2,085 3.2
2,175 .8
2,195 ‘ 3

el
N

e

WP

SONYEA FORMATTON:

Middlesex 2,615 1.2

GENESEE FORMATION:

Pen Yan Shale 2,795 1 1
WELL COMPOSITE:

Total
Inches

(]
w

30.3 28.5 5.5 3

Total
Frequency - 2 3 18 17 3 2

* Length values in inches



TABLE A-3
New York 7L

Orientation and Length of Pretest Fractures in

Point load Samples*®

0° 30° 60°

90°

120°

150°

JAVA FORMATION:
Pipe Creek 1,005
WEST FALLS FORMATION:

Rhinestreet Shale 1,355
1,485
1,545
1,565
1,575
1,615
1,635
1,655
1,665
1,685
1,715
1,725
1,755
1,775
1,785
1,795
1,815
1,845
1,865
1,895
1,905
1,955
1,995
2,095
2,115
2,125
2,155
2,175
2,185
2,255
2,265
2,305

SONYEA FORMATION:

Middlesex Shale 2,505
2,525
2,585

GENESEE FORMATION:

West River Shale 2,645
2,655
2,725
Genundewa Limestone 2,735
Pen Yan Shale 2,755
2,775
2,795
Lodi Limestone 2,875
Geneseo Shale 2,895
2,925

WELL COMPOSITE:
Total
Inches

Total
Frequency

* Length value in inches

1.8

1.7

Hie e
wooH N
=

1.5
1.4

1.4,1.7,1.3

1.5,.8 1,.4,1.2,.3,.3,.3

1.2,1

1.2

1.9

5.7 10.1 39.5

o

19.5

25

1.7

.1,.3

1.6,.7

4.7



WEST FALLS FORMATION:

Rhinestreet Shale

SONYEA FORMATION:

Cashaqua Shale
Middlesex Shale

Depth

TAELE A-4
New York #1

Orientation and Length of Pretest Fractures in
Directional Tensile Strength Samples¥*

o° 30° 60° 90°

120°

26

150°

1,355
1,395
1.405
1,445
1,455
1,475
1,525
1,565
1,575
1,585
1,595
1,605
1,615
1,625

1,635
1,655
1,675
1,685
1,695
1,705
1,715
1,725
1,745
1,755
1,775
1,835
1,915
1,925

2,025
2,085
2,095
2,105
2,115
2,135
2,155

2,175 .

2,205
2,215
2,245
2,335
2,345

2,355
2,495
2,505
2,525
2,545
2,565
2,575
2,585
2,605
2,615

* Length value in inches

oo

—

o
o

~J
s

L

o

T A Y

O

1.6,1.7

fa
N Co w N WO W =
A

I,
N w B~ w
w

1.4 1.4

n
,_.

4, .6 2 T 6,42
1.3 1 1

2,1.8

1.2



GENESEE FORMATTON:

West River Shale
Pen Yan Shale

Geneseo Shale

WELL COMPOSITE:

TABIE A-b

27

(continued)

Depth 0° 30° 60° 90° 120° 150°

2,645 1.8 1.8

2,745 .8

2,775 .6

2,805 .5 A

2,825 1.0

2,865 8,1.1 .3,.5,.4 1.3,.6

2,925 1.5,1.5,1.7,

.7,1,.4,.7,1.6,
1.3,.7,1.5,.4,.5,

.6,1.8

Total .

Inches 8.1 14.4 59.7 27.8 15.3 21.9

Total

Frequency 11 23 71 35 21 25

* Length value in inches
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TABLE A-5
New York 1

Frequency Distribution of Pretest Fractures

0o 300 60° 90° 120° 150°

PERRYSBURG FORMATTON: :

Sonic Velocity 1 3 5 4 1 1
Pt. Load

DTS

Total 1 3 5 4 1 1
% 7 20 33 27 7 7
JAVA FORMATTON:

Sonic Velocity 1

Pt. Load 1

DTS

Total 1 1

% v 50 50
WEST FALLS FORMATION:

Sonic Velocity 1 0 11 11 2 1
Pt. Load 3 5 29 21 6 0
DTS 6 13 58 23 15 6
Total 10 17 98 55 23 7
% 5 8 47 26 11 3
SONYEA FORMATION:

Sonic Velocity 1

-Pt. Load 3 2 1 1
DTS 4 5 10 12 4 1
Total 4 5 14 14 5 2
% 9 11 32 32 11 5
GENESEE FORMATTON:

Sonic Velocity 1 1

Pt. Load 2 7 5 2 2 5
DIS 1 5 3 0 2 18
Total 3 12 9 3 4 23
% 6 22 17 6 7 42

WELIL, COMPOSITE:
Total Frequency 18 38 127 77 33 33
A 5 12 39 24 10 10
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Results of Directional Ultrasonic Velocity Measurements
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Results of Point Load Tests
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