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EGSP-Pennsylvania #5 Well ~ Lawrence County

Ixecutive Summary

This report sumnmarizes the characterization work performed on
approximately 604 feet of 3-~1/2 inch diameter core retrieved from the
EGSP—Penhsylvania #5 well in Lawrence County. Information provided in
previous reports by Cliffs Minerals, Inc. includes a definitive litho-
logic description and tabulated fracture data resuiting from detailed
core examinations, and stratigraphip 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 December 7 and was completed December 15,
1979. Nine stratigraphic units were identified and described; these
include: Rhinestreet Shale, Cashaqua Shale, Middlesex Shale, Undiffer-
entiated portion of the Genesee Formation, Geneseo Shale, Tully Lime-

stone, Mahantango Shale, Marcellus Shale, and Onondaga Limestone.

Physical properties tests (point load, directional tensile strength,
and directional ultrasonic velocity) and pretest fracture orientations
suggest preferred orientations of fracturing for the nine stratigraphic
units. The préferred direction of fracturing for the Rhinestreet Shale.
islN30°E +15° as indicated by the ultrasonic velocity, point load and
pretest fractures. Tor the Cashdqua Shale it is N30°E +15° from the
ultrasonic velocityvand point load measurements and dﬁe North -+15° from
the pretest fractures. TFor the Middlesex Shale it is N30°E +15° from
the ultrasonic veiocity and point load measurements and NG6O°W +15° from

the pretest fractures. TFor the undifferentiated membhers of the Genesce



it 1s N60°E +15° from the ultrasonic velocity, point load and pretest
fracture measureﬁents. TFor the Marcellus Shale it is indeterminate
because of limited sample quaiity material., Tor the well composite the
preferred direction of fracturing is N30°E +15° as indicated by the

ultrasonic velocity and point load measurements.
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EGSP-Pennsylvania #5 Well ~ Lawrence County

Technical Summary

General

This summary presents a detailed characterization of the Devonian
Shale occurrence in the EGSP-Pennsylvania #5 well. Information provided
includes a stratigraphic swmmary 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 physicél properties testing at Michigan
Technological University are also summarized; the results of physical
properties testing are dealt with in detail in the accowpanying report.
The data presented was obtained from the study of approximately 604 feet

of core retrieved from a well drilled in Lawrence County of west-central

Pennsylvania,

Location

The EGSf—Pennsylvania #5 well is located in northeastern Lawrence
County on the Sokevitz property in Wilmington Township, about 3-1/4
miles southeast of New Wilmington, Pennsylvania. Specific site iocation
is as follows: 12,020 feet south of 41°7'30" north latitude, 8,800 feet

west of 80°15'0" west longitude,

A Stratigraphy

A total of 603.8 feet of centinuous core was cut from the Pennsyl-
vania #5 well. Coring began at 3,522.0 feet in the Rhinestreet Shale
and was terminated at 4,125.8 feet, approximately 1.3 Feet into the

Onondaga Limestone. Additional geophysical log interpretation by



Cliffs Minerals, Inc. has determined that the Rhinestreet Shale occurs

from 3,508 to 3,846 feet, rather than from 3,663 to 3,846 feect as pre-

viously stated. The following report stands corrected.

Revised forma-

tion thicknesses as encountered within the well are summarized below,

and are followed by a short description of each formation or member.

Formation Thicknesses

Formation

West Falls Formation:
Rhinestreet Shale Mem.

Sonyea Formation:
Cashaqua Shale Member
Middlesex Shale Member

Genesee Formation:
Undifferentiated
Geneseo Shale Member

Hamilton Group:
Tully Limestone
Mahantango Shale
Marcellus Shale

Onondaga Limestone

West Falls Formation

Rhinestreet Shale:

Depth

3,508.0"- 3,846.0"

3,846.0'~ 3,909.0'
3,909.0'- 3,925,0"

3,925.0'- 3,967.7'
3,967.7'~ 3,975.4'

3,975.4'- 3,979.1"
3,979.1'-24,113.0°
NG, 113,0'- 4,124, 5"

4,124,5"-T.D.

Thickness

338.0",

63.0'
16.0'

42,7'
7.7

3.7’
133.9'
11.5"

1.3

Depths
Cored

3,522.0'-3,846.

3,846.0'-3,909

3,925.0'-3,967.
3,967.7'-3,975.

3,975.4'-3,979.
3,979.1"~4,113.
5"

4,113,0'-4,124

4,124,.5'-4,125.

The Rhinestreet Shale was divided into four intervals for

“analysis, The uppermost portion of the retrieved core contains 41.7°

feet of Rhinestreet Shale (3,522.0 to 3,563.7 ft.) and consists of an

olive gray, thinly laminated to thin-bedded mudstones.

Moderate yellow-

ish brown concretionary bands, <2 cm thick, and calcareous silltstone

laminae are contained throughout the interval.

Fossils present include:

artilculate brachiopods, cephalopods, and vitrinized and carbonacecous
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fragments. Burrow structures cccur throughout, and are wmud filled and
pyrite mineralized. Disseminated grains of pyrite are prevalent.
Occasional cross—stratified laminae and scour features are present as

siltstone basal features.

The contact (3,563.7 ft.) is sharp between this interval and
the underlying intervél and is marked by a change from an olive gray
mudstone to a brownish black silty mudstone. The contact also is dis-—
tinct on the geophysical logs. The gamma ray log increases from 160 API
units in the upper interval tp'240 APT units in the lower interval; bulk

density decreases from 2.70 g/cc to 2.60 g/cc across the contact.

The second interval is present within the .core (3,563.7' to
3,565.3") as a thin bed of brownish black silty mudstone. It contains
no pyrite, biogenic or sedimentary structures, or fossils, other than a

large vitrinized fragment (4 mm diam. by 85 mm).

This interval's contact with the underlying interval is sharp
and 1s marked by a change from brownish black silty mudstone to olive
gray silty mudstone, Crossing this contact in a downcore direction,
gamma ray count decreases from 240 to 170 API units; bulk density

increases from 2.60 to 2.70 g/cc.

The third interval (3;565.3 to 3,663.4 ft.) predominantly con-
sists of alterpating laminae and bands (<1.0 ft. thick) of olive gray
and brownish black mudstone and silty mudstone. These lithologies are
thinly laminated to thin bedded. Moderate yellowish brown concretionary

bands (siderite ?), 0.1 foot thick, occur throughout the intexrval. The

-interval 1s moderately fossiliferous. These fossils include: spore

bodies (Tasmanites sp.), which are both resinous and pyrite wmineralized;



many articulate brachiopods and carbonaceogs fragments; and rarely,
cephalopods and vitrinized fragﬁentsf Pyrite mineralized and mud filled
horizontal burrow structures commonly occur within the interval; a 0.3-
foot thick zone of concent;ated horizontal and subhorizontal burrows (2
mm diam, by 10 mm) is located at 3,647.2 feet. Pyrite occurs occasionally
as nodules and frequently as disseminated grains. Cross-stratification
and scour featurés are present within and beneath the siltstone laminae
and beds (<0.5 ft, thick). Occasional siltstone concretions are also
present. Current lineation marks bearing N83°W and N86°W are present at
3,598.7 and 3,623.0 feét, respectively. A O.3—f§ot thick zone of soft
sediment deformation (?) occurs at 3,655.8 feet, seven feet above the

base of this interval.

The contact (3,663.4 ft.) between the third interval and the
underlying fourth intérval is sharp, both in the core and on the geo-
physical iogs.. Preceding downcore across the contact, the core changes
from an olive gray mudstone to a brownish black silty mudstone. The
gamma ray log increases from 160 API units to 238 API units; the bulk

density log shows a decrease across the contact from 2.70 to 2.55 g/cc.

The fourth interval of the Rhinestreet Shale (3,663.4 to
3,846.0 ft.) is composed of alternating laminae and bands (<1.0 ft.
thick) of brownish black and olive gray silty mudstone and mudstone.
Occasionai thick beds (up to 5.0 ft.) of brownish black silty mudstone
are present within this interval. Siltstone, much of which 1s calcare-
ous, 1s present throughout, occasionally cross—stratified as laminae and
thin beds and concretions. Moderate yellowish brown concretionary bands
(siderite ?) <1.0 foot thick are found in an interval extending from

3,701.0 to 3,722.6 fecet. Vitrinized and carbonaceous fragments commonly



occur throughout, as do pyrite mineralized burrow structures. Other
common. forms of pyrite include disseﬁinated grains and nodules. A few
load casts are present as basal features on siltstone beds at 3,693.6
and 3,721.7 feet. Several zones of soft sediment deformation are con-
tained between the intervals from 3,699.6 to 3,703.1 feet, and from
3,800.0 to 3,804.0 feet. This portion of the Rhinestreet also contains

several calcite mineralized simple joints.

The contact zone between the Rhinestreet and the underlying
Cashaqua Shale of the Sonyea Formation 1s gradational over several feet.
This zone is represented by an intermixing of brownish black and olive
gray silty mudstone and mudstone bands (<0.8 ft. thick). On the logs,
there is a decrease in gamma ray count.going downhole across the contact
from 230 API units in the Rhinestreet to 175 API units in the Cashaqua;

bulk density increases across the contact from 2.60 to 2.65 g/cc.

Sonyea Formatiom

Cashaqua Shale Member:

The Cashaqua (3,846.0 to 3,909.0 ft.) is composed of thinly
laminated to thin bedded olive.gray mudstone and silty mudstone, with
alternating laminae and bands (<0.8 ft. thick) of brownish black silty
mudstone scattered throughout. Occasional thin siltstone laminae are
present and a O.4-foot thick septarian concretion occurs at 3,849.8
feet, Pyrite is present in several forms: as the mineralization on
numerous hbrizontal and subvertical burrow-structures; commonly as
nodules; and rarely, as disseminated grains. Océasional carbonaceous
plant fragments are present in the upper and lower extents of the inter-

val. Other fossils which are located at the base of the Cashaqua



include: articulate brachiopods, pelecypods, cephalopods and vitrinized

fragments.

The contact (3,909.0 ft.) between the Cashaqua and the under-
lying Middlesex Shale is gradational over several feet in the core. The
cofe changeé froﬁ_an olive gray mudstone to a grayish black silty mud-
stonevacross the contact. This contact zone is more distinct on the
geophysical logs than it is in the core itself. .The gamma ray log
registers a sharp increase of radiation, from 160 API units in the
Cashaqua to 230 API units in the darker Middlesex; bulk density readings

of 2.60 g/cc in the Cashaqua drop to 2.50 g/cc in the Middlesex.

Middlesex Shale Member:

The Middlesex Shale (3,909.0 to 3,925.0 ft.), also of the
Sonyea Formation, is priﬁarily composed of a brownish black silty mud-
stoné containing olive gray and occasional grayish black laminae and
bands (<1.0 ft. thick). Siltstone occurs throughout as occasional light
olive gray thin laminae and lenges (4 wm diam. by 25 mm). Pyrite laminae
are scarce. A few carbonaceous spore bodies (Tasmanites sp.) are pre-
sent at 3,925,0 feet. Horizontal and subvertical pyrite mineralized

burrow structures (up to 2 mm diam. by 17 mm) are common throughout the

interval,

The contact (3,925.0 ft;),between the Middlesex Shale and the
Genesee Formation is gradaﬁional over several feet in the core., The
change dowﬁcore across the contact is from a brownish black silty mud-
stone to an olive gray mudstohe. The contact between these formations
is more distinct on the geophysical logs. Gamma radiation decreased
from 200 API units in the Middlesex to 160 API units in the Genesae;

bulk density increased from 2.50 to 2.60 g/cec.




Genesee Formatilon

An undifferentiated interval of the‘Genesee Tormation extends {from
3,925.0 to 3,967.7 feet. The upper 20 feet consists primarily of an
olive gray silty mudstone. and mudstone, containiné alternate laminae and
bands (<0.8 ft. thick) of light olive gray and brownish black silty mud-
stone and mudstone., . The remainder of this interval (3,945.0.to 3,967.7
ft.) is composed mainly of oli&e black, brownish black and olive gray
mudstone and silty mudstone, This portion of the'formation is thinly
laminated to thin bedded, Laminae c¢f siltstone occur throughout. A
variety of fossils is contained within the zone from 3,931.0 to 3,957.2
feet: inarticulate and articulate brachiopods, pelecypods, cephalopods,
and a vitrinized plant fragment, Pyrite mineralized burrow structures

are occasional; disseminated grains of pyrite, however, are rare.

Thé contact (3,967.7 ft.) between the undifferentiated portion of
the formation and the dark, basal member of the Genesee, the Geneseo
Shale, is sharp in the core. Olive black silty mudstone of the undiffer-
entiated portion of the Genesee changes to grayish black silty mudstone
of the Geneséo at this contact. On the geophysical logs, the gamma ray
log reflected a shérp iﬁcrease from 160 APT units in the Genesee to 360
APT units-in.the Geneseo; a similarly pfonounced change occurs on the
bulk density log, 2.60 g/cc in the upper part of the Genesee Formatioﬂ

“decreases to 2.32 g/cc in the Geneseo Shale Member.

Geneseo Shale.Member:
The Geneseo Shale (3,967.7 to 3,975.4 ft.), which correlates
with the Burkett Shale Member of the Harrel Tormatilon, consists of a

uniformly colored grayish black (N2) silty to very silty mudstone. The



thinly laminated to thin bedded interval contains no fossils or sedil-
mentary structures, Pyrite occurs in several forms: as mineralization

® on burrow structures; as nodules; and as laminae of disseminated grains.

The Geneseo's contact (3,975.4 ft.) with the underlying Tully

Limestone is very distinct in the core. The lithology changes abruptly

@
from the grayish black silty mudstone of the Geneseo to the light olive
gray lime mudstone of the Tully. The geophysical logs record an abrupt
° change downcore across the contact: gamma radiation decreases sharply
from 360 APT units to 60 API units; bulk density increases sharply from
2.45 to 2.70 g/cc.
L Hamilton Group
Tully Limestone:
. The Tully (3,975.4 to 3,979.1 ft.) is composed of thick bedded,
| light olive gray, lime mudstone and wackestone. Both calcite and pyrite
occur as mineralization on the numerous burrow structures which are
e found throughout. Fossils and sedimentary structures are not present
within-the interval. |
The contact (3,979.1 ft.) between the Tully Limestone and the
® underlying Mahantango Shale, also of the Hamilton Group, is gradational
in the core over several inches. This contact is gradational due to
moderate bloturbation; 5 éone of numerocus light olive gray lime filled
o burrow structures is present in the brownish black mudstone at the top
of the Mahantango. Geophysical logs reflect an increase in gamma
radiation across the contact from 60 APT units in the Tully to 120 API
g -units in the Mahantango; bulk density decrcases abruptly from 2.70 to
2.55 g/ce.
@




Mahantango Shale:

The Mahantango Shéle extends from 3,979.1 feet to approximately
4,113.0 feét, and consists primarily of Lhinly'laminated to thin bedded
silty mudstone. The upper 35 feet of the interval is predominantly
brownish black,-while‘olive black predominates the remainder. Siltstone
is present as two light olive gray concretions. The formation contains
only occasional fossils, including: cephalopods, carbonaceous spore
bodies (Tasmanites sp.) and a single vitrinized plant fragment. Pyrite
is common throughout the interval; it occurs as the mineralization on
numerous horizontal and wvertical burrow structures, and frequently as
nodules, lenses and disseminated grains. A 0.2-foot thick pyritic con-
cretion containing calcite veins is present at 4,051.6 feet. The

majority of the Mahantango is calcareous.

The contactv(mh,llB.O ft.) between the Mahantango and the
basal meﬁber-of‘the Hamilton Group, the Marcellus; was determined from
geophysical logs because the section from 4,103.6 to 4,116.1 feet, which
contains this contact, was rubblized during coring and could not be
retrieved. Both gamma ray and bulk density logs indicate a sharp con-
tact between the two shales. éamma radiation increases from 160 API
units in the Mahantango to 375 APT units in the Marcellus; bulk density

readings register a drop -downcore from 2.55 to 2.32 g/cc.

Marcéllus Shale:
The Marcellus Shale (N4,llé.0 to 4,124.5 ft.) is composed of
a uniformly colored grayish black- -thinly laminated to thin bedded silty
mudstone. Pyrite occurs in a variety of forms: as mineralization on

horilzontal and vertical burrow structures; as thick laminae of dissemi-

nated prains; as occasional pyrilte nodules; and rarely, as lenses. The



lower 3.0 feet of the formation and the zone from 4,118.0 to 4,119.0

feet: are calcarecous, .

The contact (4,124.5 ft.) between the Marcellus and the under-
lying Onondaga Limestone is sharp in the core. Grayish black silty mud-
stone of the Marcellus rests on medium light gray wackestone of the
Onondaga. The uppermost portion of the Onondaga contains a l-cm thick
concentrated layer of medium grained sand-sized particles. Gamma radia~
tion in the Marcellus Shale, 375 API units, is muéh higher as compared
to the Onondaga, 42 API units. The bulk deﬁsity log registers an increase

across this contact from 2.32 to 2.68 g/cc.

Onondaga Limestone

The cored portion of the Onondaga (4,124.5 to 4,125.8 ft.) in the‘
Pennsylvania #5 well is composed primarily of a thin bedded medium dark
gray lime mudstone; medium light gray and light.olive gray wackestone
comprise the upper 0.3 feet of the formation., Moderate bioturbation,

stylolites, and disseminated pyrite grains are present throughout.

Fracture Analysis

Torty-five natural fractures were observed in the core. Of these,

fifteen fractures are classified as joints, and the other thirty are

either faults or microfaults. The distribution of natural fractures

throughout: the cored intervals is indicated on the following page.



Distribution of Natural Fractures

Formation

West TFalls Formation:
Rhinestreet Shale
Member

Sonyea Formation:
Cashaqua Shale Member
Middlesex Shale Mem.

Genesee Formation:
Undifferentiated
Geneseo Shale Member

Hamilton Group:
Tully Limestone
Mahantango Shale:
Marcellus Shale

Onondaga Limestone

Depths
Cored

3,522.0'- 3,846.0'

3,846.0"= 3,909.0'
3,909.0'- 3,925.0°

3,925.0"'~ 3,967.7"

'3,967.7"'- 3,975.4"

3,975.4'- 3,979.1'
3,979.1"-n4,113.0"

NG, 113.0"= 4,124.5"

4,124.5'= T.D.

Core Number of Frequency
Lenpth Fractures Per Toot
324,0' 26 0.08

63.0" 2 0.03

16.0' 0 0.00

42.7" 0 0.00

7.7" 0 0.00
3.77 0 0.00
133.9' 17 0.13
11.5" 0 0.00
1.3° 0 0.00

The faults and microfaults present in the core strike from approxi-

mately N14°W to N78°W, with a concentration at N42°W. Dips range from

0° to 70°NE, with a major concentration from 0° to 20°NE.

natural microfaults have variable dips.

Slickenlines present in the Pennsylvania #5 core exhibits three

directions of movement:

SL,ICKENLINE TREND 1:

SLICKENLINE TREND 2:

SLICKENLINE TREND 3:

plinging 0° to 50°, and bearing
between N8°W and N8L°W, with a

Two of the

concentration plunging 0° to 20°,
and bearing N50°W to N64°W.

plunging 0° to 60°, and hearing
between N30°E and N48°LE, with a

concentration plunging 0° to 20°,
and bearing N38°% to N44°E,

plunging 0° to 50°, and bearing
between S30°W and S48°W, with a

concentration plunging 0° to 30°,
and bearing S$38°W to S44°W.



Of the fourteeﬁ simple joints and one compound joint present in ;he
core, seven occur in the Rhinestreet, one occurs in the Cashaqua, and
the remaining six simple joints and one compound joint are found in the
Mahantango. There are two joinﬁ trends in the Pennsylvania #5 core:
strikes ranging from N4°W to N18°E; with a major concentration occurring
from N4°E-to N14°F; énd strikes ranging from N30°E to N56°E, with a
major concentration from N35°E to N41°E. Dips on all joints occur

between 80° and 90°NE.

The occurrence and type of natural fractures contained within each
formation or member were also analyzed. Criteria examined include:
location of fracture concentrations, or conversely, the lack of fractures

within the stratigraphic unit, and any predominance of fracture strike

trends.

West Falls VFormation

Rhinestreet Shale Member:

A portion of the Rhinestreet Shale contains a series of five
microfaults adjacent to, or contained within, areas of sofﬁ—sediment
deformation (concretions 7). The fractures terminate against each
other, énd occur between 3,655.9 and 3,656.1 feet; none are more than
0.1 foot in length. :The major - strike trend (N40°W to N50°W) of the

natural fractures present within this portion of the Rhinestreet is

‘roughly.perpendicular to the major trend (N40°E) of the contained

slickenlines.

The remainder of the Rhinestrcet (3,663.4 - 3,846,0 ft.)

. contains twenty-one natural fractures. Of these fractures, thirteen are

classified as microfaults, seven as simple jolnts, and one as a fault,



Three series of fractures, each cbntaining_three to four
curviplanar microfaults, are foﬁnd adjacent to concretions at 3,700.6,
3,776.0 and 3,807.0 feet. Many of these microfaults are mineralized
with caleite, and are up to 0.3 feet in length. A 0.4-foot long calcite
mineralized fault is present at 3,711.7 feet. All of the simple joints
are also calcite mineralized, and display fracture propagation from west

to east, where plumes are visible,

The most prominent natural fracture trend, N1O°E, represents
fractures adjacent to a concretion, and is contained within the lower
part of the Rhinestreet (3,807.0 - 3,807.6 ft.). Minor fracture trends

occur from N40°W to N50°W, and from N80°W to N9O°W.

The major trend (bearing) of the associated slickenlines is
N4O°E. Minor slickenline trends in the Rhinestreet occur from N20°E to

N30°E, and from N10°W to N20°W.

Sonyea Formation

Cashaqua Shale Member:

The Cashaqua (3,846.0 to 3,909.0 ft.) contains only two natural
fractures: a 0.4~foot long simple joinfllocated at 3,880.1 feet, and a
O.l—foot_long microfault present at 3,889.4 feet. The strike of these
naturél fractures.is between N4d°w and N50°W. The bearing of slicken—

lines on the microfault is N50°E to N60O°E.

Middlesex Shale Member:
No natural fractures are present in the 16.0 feet (3,909.0 to

3,925.0 ft.) of core cut from the Middlesex Shale.



Genesee TFormatilon

No natural fractures are present in the 50.4 feet (3,925.0 to

3,975.4 f£t.) of core cut from this formation.

Hamilton Group

Tully Limestone:
No natural fractures are.present in the 3.7 feet (3,975.4 to

3,979.1 ft.) of core cut from the Tully.

Mahantango Shale:
The 133.9 feet of core cut frem the Mahantango Shale (3,979.1
to 4,113.0 ft.) contains seventeen natural fractures: eight faults, two

microfaults, six simple joints and one compound joint.

The simple joints present between 4,014.2 and 4,021.9 feet are
pyrite mineralized, whereas, simple and compound joints occurring throughout
the remainder of the interval are mineralized With calcite. Taults and
microfaults are present throughout; those occurring between 4,024.0 and

4,046.5 feet are calcite mineralized,

The most prominent natural fracture trend, N80°W to N90O°W,
represents the joints contained within the lower part of the Mahantango
(4,075.6 to 4,101,8 ftr.). Minor strike trends occur at N50°W, and from

0° to N1O°E.

The major trend (bearing) of the associated slickénlines
occurs from N50°W to N70°W;‘somewhat parallel to a minor fracture strike
trend (N50°W to N60°W). Minor slickenline trends are present from N1O°E
‘to N10°W and from N20°W to N40°W, the former being both parallel and

perpendicular to the minor and major fracture strike trends.



Marcellus Shale:
No natural fractures are present in the 11.5 feet (v4,113.0 to

4,124.5 ft.) of core cut from the Marcellus,

Onondaga Limestone

No natural fractures are present in the 1.3 feet (4,124.5 to 4,125.8

ft.) of core cut from the Onondaga.

Coring-Induced Fractures

Over ninety-five percent of the individually analyzed fractures in
the EGSP-Pennsylvania #5 core were interpreted to be coring- or handling-
induced. Disc fractures were the most.common type observed. Because
these fractures are less diagnostic than other types, they-were not

recorded individually or analyzed further.

Physical Properties Testing

The physical pronerty tests employed in the testing of the EGSP-
Pennsylvania #5, Lawrence County core samples are: directional ultra-
sonic velocity measurements; point load induced fractures; and direc-
tional tensile strength tests.  In addition, all fractures are syste-

matically recorded before the physical property. tests are performed.

The preferred direction of fracturing for the Rhinestreet Shale
Member of the.West Falls Formation (3,552.0 to 3,846.0 ft. tested) is
N30°E +15° aé indicated by ultrasonic velocify ﬁeasurements, point load
induced fractures and the directional trend of prefest fractures. A
secondary preferred direction df fracturing of N60°E +15° is also indi-

cated.



The preferred direction of fracturing for the Cashaqua Shale Member
of the Sonyea Tormation (3,853.6 to 3,909.0 ft. tested) is N30°LE +15° as
indicated by ultrasonic velocity measurements and point load induced
fractures. Three of the four pretest fractures in the Cashaqua Shale
occur in the due: North +15° direction. A secondary preferred direction

of fracturing of NG6O°E +15° is also indicated.

The preferred direction of fracturing in the Middlesex Shale Member
of the Sonyea Formation (3,910.0 to 3,925.0 ft. tested) is N30°E +15° as
indicated by ultrasonic velocity measurements and point load induced
fracturés. Pretest fractures in the Middlesex Shale occur most fre-
quently in the N60°W +15° direétion. - A possible secondary preferred
direction of fracturing of N60°E +15° is in&icated by point load induced

fractures.

The preferred direction of fracturing in the Undifferentiated Mem—
bers of the Genesee Formation (3,937.0 to 3,967.0 ft. tested) is N60O°L
i}5° as indicated by ultrasonic velocity ﬁeasurements, point load
induced fractures and the directional trend of pretest fractures. A
possible secondary preferred direction of fracturing of N30°E +15° is

also indicated.

The preferred direction of fractgring fof the Mahantango Shale in
the Hamilton Group (3,988.0 to 4,103.0 ft. tested) is N30°E 15° as
indicated by ultrasonic velocity measurements, point load induced frac-
tures and ﬁhe directional trend of pretost.fractures. A secondary

preferred direction of fracturing of N60°E +15° is also indicated.

The preferred directlon of fracturing for the Marcellus Shale in

the Hamilton (4,113.0 to 4,124.0 ft. tested) cannot be determined




because of the statistically small number of samples.received from this
interval. The one velocity samﬁie indicates that N90°L +15° is the
preferred direction of fracturing whilewfour of the five point load
induced fractures indicate that due North +15° and N30°E +15° are the
preférred directions of fracturing. The one pretest fracture identified

in the Marcellus Shale core occurs in the N30°E +15° direction.

The overall preferred directibn of fracturing for the Pennsylvania
#5 well core (3,522.0 to 4,124.0 ft. tested) is N30°E +15° as indicated
by ultrasonic velocity_measuremen#s and point load induced fractures.
A secondary preferred direction of fraéturing of N60°E +15° is also
indicated. Pretest fractures in the Well core occur most frequently in

the N60°E +15° and N30°E +15° directions.

Available Reports

For é more detailed account 6f field operations, lithology, and
fracture analyses and physical property tést results, the reader is
referred to the following Cliffs Minerals, Inc. reports:

(1) EGSP-Penmsylvania #5, Lawrence County, Phase I
Report, Field Operations, December 1979.
(2) EGSP-Pennsylvania #5, Lawrence County, Phése 1T

Report, Preliminary Laboratory Results,
January 1981.
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Summary of Mechanical Characterization Results

The purpose of mechanical characterizatlon of samples from the EGSP-
Pennsylvania #5 core is to determine the orientation of preferred planes of

weakness in the Devonlian gas shales at the Lawrence County well site.

Prior to tésting, the length and orientation of pretest fractures
identified in each sample were recorded. Pretest fractures occur most
frequently in the N30°E -+ 15° and N60O°E + 15° directions (a sum of 40 out

of 60 total pretest fractures).

In ultrasbnic velocity testing, minimum velocity values are assumed to
be perpendicular to the preferred direction of fracturing because large
numbers of microcracks eéncountered along this direction will impede
_ propagation of the sonic wave., Ultrasonic velocity measurements indicate
that the preferredbdirection of fracturing is the N30°E + 15° direction (42

out of 58 total velocity samples).

In point load testing, fractgres induced by applying a point load to
the central axis of a disc are assumed to propagate parallel to the
preferred direction of fracturiﬁg. Point load induced fractures occur most
'frequently'in the N30°E + 15° direction in 105 of the 265 totél induced

fractures,

In directional tensile strength testing, compressive loads are applied
across the diamet:er of the specimen in order to induce diametrical

fractures and thus determine tensile strength normal to the loading axis,



Six samples from a given interval are tested with the loading axis in six
different orientations by tﬁis 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. Directional tensile strength
measurements do not indicate a statistically significant preferred plane of

weakness in the Pennsylvania #5 core samples.



INTRODUCTION

The purpose of mechanical characterization of samples from the EGSP-
Pennsylvania #5 well 1s to determine the direction of preferred planes of

weakness In the Devonian gas shales at the Lawrence County well site.

A series of samples, representing 600 feet of core taken from the
Pennsylvania #5 well, were tested. The tested core intervals extend from

3,522 feet to 4,125 feet below surface and are summarized in Table 1.

TABLE 1

EGSP-Pennsylvania #5
Lawrence County
Formations Tested

Formation Depth Cored - Depth Tested

WEST FALLS TORMATION

Rhinestreet Shale Member

SONYEA FORMATTION
Cashaqua Shale Member
Middlesex Shale HMember

GENESEE TORMATION
Undifferentiated
Geneseo Shale Member

HAMITTON GROUP
Tully Limestone
Mahantango Shale
‘Marcellus Shale

ONONDAGA LIMESTONE

3,522'-3,846"

3,846'~3,909°
3,909'-3,925"'

3,926'-3,967'
3,967'-3,975"

3,975'-3,979'
3,979'-4,113"
4,113"-4,124"

4,124"~4,125"

3,522'~3,846"

3,853'-3,909"
3,910'-3,925"

3,937'-3,967"

3,988"-4,103"
4,113'~4,121"

The physical property tests emploved are: 1) directional ultrasonic
velocity measurements; 2) point load induced fracturing; and 3) directional

tensile strength tests. In addition, all fractures (hereafter referred to



as 'pretest fractures') are systematically recorded before the physilcal

property tests are performed.

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. 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 (Birch, 1960). Measurements
are performed diametrically at 30 degree intervals from true north.
Minimum values of sonic velocity are expected to occur in azimuths normal
to the preferred direction of microfractures (Komar, Kovach, 1969). An

ultrasonic pulse measurement system operates as shown in Figure 1.

FIGURE 1

Schematic Diagram of Ultrasonic Pulse Apparatus
(Thill, Peng, 1974)
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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 1is
converted back to an electrical signal. An oscilloscope and timer are
synchronized with the output 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 adjusted to a level just exceeding the
noise level of the recaived 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 1s recorded automatically (Thill, Bur, 1969;
Thill, Peng, 1974). The counter averages 100 pﬁlsés 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
disfance, D, traversed by the wave (the diameter of the specimen) and the

travel time, t, by the formula (Thill, McWilliams, Bur, 1968):

v = ptT

The ultrasonlc pulse method is the laboratory counterpart of fleld seismic

methods that operate at much lower frequenciles.



The statistical analysls of these measurements identifies the 957
confidence 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:

—)Zi_tsN—l/2

where: - X mean

t factor for 5 degrees of freedom and 95% confidence

t =
s = standard deviation
N = number of measurements

B. Point Load Testing

The orientation of a weakness plane in rock specimens may be found by
inducing tensiie fractures in discs when a load is applied through the
disc's central axis (Komar, Overbey and Watts, 1976; McWilliams, 1966)

(Figure 2).

FIGURE 2

Schematiec Diagram of Point Load Test
(Komar, Overbey and Watts. 1976)

'Applled load
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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 bhetween 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 aniéotropic, 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 minimum 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
(Mellor, Hawkes, 1971)
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Spharicul seating
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Curved-jaw loading rig for the “Brazilian” indirect tensile test on rocl discs (Hawkes and Mellor).



In this diametric or line load test, tensile strength normal to the axes of
loading 1s determined from the magnitude of the applied load at failure by

the formula (Peng, Ortiz, 1972):

S = 2P(ndt)"l

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 Soeciety of

Testing Methods and International Society of Rock Mechanics suggested

methods as guildelines.

A, Pretest Fracture Measurements
Pretest fractures are recorded on all specimens 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 1s momentarily retained hy the

fractures; the cracks are traced by pencll while they are still
visible. ‘



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

4, The length of the crack is recorded in inches.

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

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

B, Directional Ultrasonic Velocity Measurements

Directional ultrasonic velocity measurements are performed as

summarized:

1.

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 ave 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 cushioned (by foam rubber), indexed,
rotating stage with the north orientation mark against the
transmitting head.

A generous amwount 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 jarting 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 secml, the powerstat is turned on
and increased to an indicated 62%.

A wait of three minutes is necessary for the decay and
stabllization of iIndlcated travel tilme.

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



10.

11.

12.

10

After three minutes, ten conscecutive travel time values
registered on the digital counter are recorded (to .001
microseconds). Lach 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 degrce
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.

Point Load Testing

The point load test is performed as sumarized:

l‘

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 dimenslons 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 tlhe 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): .

I.=Px a(Dz)“l

S
where: IS = point load strength index
P7= applied load at failure, 1bs.
D = distance between load appllcators at failure, in.
a =

piston area (5)

The induced fractures are sketched and their orientation recorded
on a composite sheet. '
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D. Directional Tensile Strength Testing

Directional tensile strength measurements are determined as

summarized:

1.

The

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 (0°,
30°, 60°, 90°, 120°, 150°).

The dimensions of the samples are recorded; diameter and
thickness in inches. ’

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

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

The magnitude of the applied load at failure is recorded.

The tensile strength normal to_}he axls of loading is determined
using the formula: ST = (mdt) ~ as defined in the Introduction.

The induced fractures are sketched.
RESULTS

results of the physical property measurements of pretest

fractures, directional ultrasonic velocity, point load induced fracturing,

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 stratigraphic formation.




TABLE 2

EGSP - Pennsylvania #5

Lawrence County

Frequency Distribution of Preferred Direction of Tracturing

Formation

WEST FALLS  -TFORMATION
Rhinestreet Shale Member
3,522'-3,846"' tested

SONYEA FORMATION
Cashaqua Shale Member
3,853"-3,909"' tested

Middlesex Shale Member
3,910'-3,925" tested

GENESEE FORMATION
Undifferentiated
3,937'-3,967" tested

HAMILTON GROUP
Mahantango Shale
3,988'-4,103" tested

Marcellus Shale .
4,113'-4,124" tested

WELL, COMPOSITE
3,522'-4,124" tested

Pretest Frac
Velocity
Point Load

DTS

Pretest Frac
Velocity
Point Load
DTS

Pretest Frac
Velocity
Point Load
DTS

Pretest Frac
Velocity
Point Load
DTS

Pretest TFrac
Velocity
Point Load
DTS

Pretest Frac
Velocity
Point Load

Pretest Frac
Velocity
Point Load
DTS

&~ = B~

N Ww O W

= o OO — W= O O~ OO

N OO

Degrees East of North

30° 60° 90° 120° 150°
10 7 5 1 2
24 7 0 0 0
58 36 7 8 5
0 5 3 2
1 0 0 0 0
4 2 0 0 0
16 14 3 0 2
0 0 1 0 3
0 3 0 5 0
2 0 0 0 0
6 4 1 1 0
1 0 1 0 0
3 11 0 0 0
1 2 0 0 0
8 10 6 2 3
0 0 2 0 1
4 0 0 0 0
11 2 0 0 0
15 11 10 3 6
0 1 0 0 2
1 0 0 0 0
0 0 1 0 0
2 0 0 1 0
19 21 5 6 2
42 13 1 0 0
105 75 27 15 16
1 1 9 3 8

12

Total

29
32
123
14

60
58
265
30

sets

sets

sets

sets

sets




13

WEST TALLS TFORMATION
Rhinestreet Shale Member of the West Falls Formation; 3,522'-3,846' tested:

Figure 4 is a grouped histogram comparing the frequency distribution
of all mechanical test results with the frequency distribution of pretest

fractures,
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FIGURE 4

Rhinestreet Shale Member of the West Falls Tormation
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Pretest fractures occur most frequently in the N3C°E + 15° direction
(10 out of 29 pretest fractures). Ultrasonic velocity measurements and
point load induced fractures indicate that N30°E + 15° is the preferred
direction of fracturing (24 out of 32 velocity samples and 58 out of 123
induced fractures). TFive sets of directional tensile strength measure-
ments indicate N90°E + 15° and four sets indicate due North + 15° as the
direction of the preferred plane of weakness (out of 14 DTS sets tested).
Figure 5 illustrates the frequency distribution rose diagrams of preferred
direction of fracturing in the Rhinestreet Shale Memher of the West
Falls Formation. Tabulated results are presented in Appendices A, B, C,

and D.

FIGURE 5

Rhinestreet Shale Member of the West Falls Formation
Frequency Distribution Rose Diagrams of Results

RHIRESTREET SHALE FHINESTREET SHALE
P 45 PRETEST Fh 88 UELOCITY
M
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FIGURE 5
(continued)
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SONYEA TORMATION
Cashaqua Shale Member of the Sonyea Formation: 3,853'~3,909' tested:

Three out of the four pretest fractures identified in this depth
interval occur in the due North + 15° direction., Ultrasonic velocity
measurements and point load induced fractures indicace the N30°E + 15°
direction as the preferred dirvection of fracturing (4 out of 6 velocity
samples and 16 out of 38 induced fractures), Directional tensile strength
measurements indicate N30°W + 15° and due North + 15° as the direction of
the preferred planes of weakness (a sum of 5 out of 6 DTS sample sets).
Figure 6 illustrates the frequency distribution rose diagrams of preferred
direction of fracturing in the Cashaqua Shale Member of the Sonyea

Tormation, Tabulated results are presented in Appendices A, B, C and D.
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TIGURE 6

Cashaqua Shale Member of the Formation
Frequency Distribution Rose Diagrams of Results
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Middlesex Shale Member of the Sonyea Tormation; 3,910'-3,925' tested:

The eight pretest fractures identified in this depth interval occur in
the N60°W + 15° direction (5 out of 8 pretest fractures) and in the
N6O°E + 15° direction (3 out of 8 pretest fractures).- The two ultrasonic
velocity samples indicate N30°E + 15° as the preferred directilon of frac-
turing. Point load induced fractures occur most frequently in the
N30°E + 15° direction (6 out of 13 induced fractures) and in the
N60°E + 15° direction (4 out of 13 induced fractures). The two sets of
directional tensile strength measurements indicate N30°L + 15° and
N90°E + 15° as the preferred planes of weakness. Figure 7 illustrates the
frequency distribution rose diagrams of preferred direction of fracturing
in the Middlesex Shale Member of the Sonyea Formation. Tabulated results

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

FIGURE 7

Middlesex Shale Member of the Sonyea Formation
Frequency Distribution Rose Diagrams of Results
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TIGURE 7

(continued)
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GENESEE FORMATION
Undifferentiated Members in the Genesee Formation; 3,937'--3,967' tested:

Pretest fractures occur most frequently in the N60°E + 15° divection
(11 out of 14 pretest fractures). Two of the four ultrasonic velocity
measurements indicate the N60°E + 15° direction as the preferred direction
of fracturing. Point load induced fractures occur most frequently in the
N60°E + 15° direction (10 out of 32 induced fractures) and in the
N30°E + 15° direction: (8 out of 32 induced fractures). Two of the four
sets of directional tensile strength measurements indicate N9O°E + 15°
as the direction of the preferred plane of weakness. Tigure 8 illustrates
the freduency distribution rose diagrams of preferredldirection of
fracturing in the Undifferentiated Members of the Genesee Formation.

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




FIGURE 8

Undifferentiated Members of the Genesee Formation
Frequency Distribution Rose Diagrams of Results
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Mahantango Shale in the Hamjlton Group; 3,988'-4,103" tested:

20

The four pretest ffactures identified in this depth interval occur in

the N30°E + 15° direction. Ultrasonlc veloclty measurements indicate the
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N30°E + 15° direction as the preferred direction of fracturing (11 out of
13 velcocity samples). Point load induced fractures occur most frequently
in the N30°E + 15° direction (15 out of 54 induced fractures). The four
sets of directional tensile strength measurements do not Indicate a
statistically significant preferred plane of weakness. Tigure 9
illustrates the.frequency distribution rose diagrams of preferred direction
of fracturing in the Mahantango Shale in the Hamilton Group. Tabulated

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

FIGURE 9

Mahantango Shale in the Hamilton Group
Frequency Distribution Rose Diagrams of Results
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FIGURE 9
(continued)
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Marcellus Shale in the BHamilton Group; 4,113'-4,124' tested:

A statistically small number of samples were received from this inter-
val. The one pretest fracture identified in this depth Interval occurs in
the N30°LE + 15° direction. The one ultrasonic velocity sample indicates
N90O°E + 15° as the preferred direction of fracturing. Tour of the five
point load inauced fractures occur in the due North + 15° and N30°E + 15°
directiong. Figure 10 1llustrates the frequency distribution rose diagrams
of preferred directioﬁ of fracturing in the Marcellus Shale in the Hamilton

Group. Tabulated results are presented in Appendices A, B and C.
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FIGURE 10

Marcellus Shale in the Hamilton Group
¥requency Distribution Rose Diagrams of Results
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WELL COMPOSITE ‘
Well Composite; 3,522'-4,124' tested:

Tigure 11 1s a grouped histogram comparing the frequency distribution
of all mechanical test results with the frequency distribution of pretest

fractures.
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FIGURE 11

Well Composite

Grouped Histogram Comparing Frequency Distribution of
Mechanical Test Results (n = 353) with Pretest
Fractures (n = 60)
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Pretest fractures occur most frequently in the N60°E + 15° direction
(21 out of 60 total pretestvfractures) and the N30°E + 15° direction (19
out of 60 total pretest fractures). Ultrasonic velocity measurements
indicate N30°E -+ 15° as the preferred direction of fracturing (42 out of 58
total velocity samples). Point load induced fractures occur most
frequently in the W30°E + 15° direction (105 out of 265 total induced frac-
tures). Directional tensile strength measurements do not indicate a
statistically significant preferred plane of weakness. TFigure 12 1illus-
trates the frequency distribution roée diagrams of preferred direction of
fracturing in the Pennsylvania #5 Well Composite. Tabulated results are

presented in Appendices A, B, C and D.

FIGURE 12

Pennsylvania #5, Lawrence County Well Composite
Frequency Distribution Rose Diagrams of Results
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CONCLUSTONS

The data presented in this report Indicate that core samples from
EGSP-Pennsylvania #5 well exhibit a directional variation in physical
properties. TPrediction of the preferred direction of induced fracturing at
the Lawrehce County well site was based on inherent weaknesses in the core
samples found by: 1) point load induced fractures; 2) directioﬂal tensile
strength measurements; 3) normality to measured ultrasonic velocity
minimum; and 4) the direcfional trend of pretest fractures. The overall

agreenent between these tests in each stratigraphic interval suggest that

"these physical property measurements do indicate a preferred direction of

fracturing in these core samples.
The following conclusions may be drawn from thils investigation:

1) The preferred direction of fracturing for the Rhinestreet Shale
Member of the West Falls Formation (3,522'-3,846' tested) is N30°E + 15° as
indicated by ultrasonic velocity measurements, point load induced ffactures
and the directional trend of pretest fractures. A secondary preferred

direction of fracturing of N60°E + 15° is also indicated.

2) Tﬁe preferréd direction of fracturing for the Cashaquﬁ Shale
Member of the Sonyea Formation (3,853'-3,909' tested) is N30°E + 15° as
indicated by ultrasonic Velocity measurements.and point load induced frac-
tures. Three of the four pretest fractures in the Cashaqua Shale occur in
the due North + 15° direction. A secondary preferred direction of frac-

turing of N60°L + 15° is also indicated.
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3) The preferred direction of fracturing in the Middlesex Shale
Member of the Sonyea Formation (3,910'-3,925' tested) is N30°E + 15° as
indicated by ultrasonic velocity measurements and point load induced frac-
tures, Pretest fractures in the Middlesex Shale occur most frequently in
the N60°W .+ 15° direction. A possible secondary preferred direction of

fracturing of N60°E + 15° is indicated by point load induced fractures.

4) The preferred direction of fracturing in thé Undifferentiated
Members of the Genesee Formation (3,937'-3,967' tested) is N60°E + 15° as
indicated by ultrasonic velocity measurements, point load induced fractures
and the directional trend of pretest fractures., A possible secondary

preferred direction of fracturing of N30°E + 15° is also indicated.

5) The preferred dirvection of fracturing for the Mahantango Shale in
the Hamilton Group (3,988'-4,]03" tested) is N30°E'i_15° as indicated by
ultrasonic velocity measurements, point load induced fractures and the
directlonal trend of pretesf fractures. A secondary preferred direction of
fracturing of N60°E + 15° is also indicated. \

6) The preferred direction of fracturing for the Marcellus Shale in
the Hamilton (4,113'-4,124' tested) canmnot be determined because of the
statistically small number of samples received from this interval. The one
velocity sample indicates NY0O°E + 15° as the preferred direction of frac-
turing while four of the five point load induced fractures indicate due
North + 15° and N30°E + 15° as the preferred direction of fracturing. The
one pretest fracture identified in the Marcellus Shale Core occurs in the

N30°E + 15° direction.



30

7) The overall preferred gli.rection of fracturing for the Pemnsylvania
#5 well core (3,522'-4,124' tested) is N30°E + 15° as indicated by
ultrasonic velocity measurements and point load induced fractures, A
secondary preferred direction of fracturing of N60°E + 15° is also indi-
éated. Pretest fractures in the well core occur most frequently in the

N60°E + 15° and N30°E + 15° directions.
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TABLE A-1
EGSP-Pennsylvania #5 Core

Orientation of Scribe Cuts in Velocity Samples*

Depth Groove Orientation Depth Groove Orientation
ft. Degrees Fast of North ft. Degrees East of North
3,525 70 205 355 3,822 65 220 300
3,533 65 185 335 3,833 55 210 290
3,546 - 30 165 315 3,842 25 105 235
3,553 15 95 230 3,856 40 195 270
3,573 60 190 345 3,864 60 190 340
3,589 100 180 345 3,877 70 200 285
3,593 90 245 325 3,888 105 255 340
3,604 70 220 300 3,891 90 100 250 300 335
3,613 50 135 265 3,905 90 170 300
3,628 30 110 240 3,914 ' 90 170 300
3,633 20 105 135 3,920 "85 165 295
3,646 30 110 240 3,937 70 150 280
3,653 10 90 220 3,947 65 150 280
3,665 60 190 340 3,952 70 150 280
3,671 50 180 330 3,963 10 170 250
3,688 100 180 310 3,988 75 230 305
3,690 100 180 305 3,997 100 250 330
3,704 0 80 210 4,008 95 245 330
3,714 35 165 315 4,012 95 250 330
3,721 20 150 300 4,026 70 225 305
3,736 120 270 345 4,033 60 230 310
3,746 20 150 300 4,046 15 140 300
3,752 15 145 290 4,056 0 75 105
3,765 40 175 320 4,061 0 . 80 210
3,773 110~ 190 320 4,070 5 90 215
3,785 105 185 345 4,080 65 145 275
3,794 100 180 310 4,090 15 140 295
3,801 95 180 305 4,103 25 155 305
3,816 70. 220 . 300 4,121 10 80 220

*Scribe. cuts are made at the well site during drilling to orlent the cores,
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TADLE A-2
EGSP-Pennsylvania #5
Orientation and Length of Pretest Tractures in Velocity Samples

measured in inches

Depth Degrees East of North s
ft. . _(_):_ 30° 60° 9Q° 120° 150?— Total

WEST TALLS FORMATION
Rhinestreet Shale Member

3,525 1.0% 1
3,533 1.0% 1
! 3.5,.7, .
3,589 .5,1.3* b
3,604 1.0% 1
3,613 5% Wi D
3,628 5% 1
3,633 JO% LOF 2
3,646 6% L, 3% 2
3,653 1.0% 1
3,665 1.2% 1.1% 2
3,704 » JOR, L T% 2
3,714 A% Jo% 2
3,721 LOF 1.0% 2
GENESEE FORMATION
Undifferentiated
1.3,1.3,
3,937 1.0 1. 3%, . 4% 5
HAMILTON GROUP
Marcellus Shale
4, 121 * 06* . ' - l
WELL COMPOSITE
Total Frequency
3 10 11 2 . 1 2 29

*Fracture originated at orientation groove; note only 6 out of 29 fractures
did not originate at an orlentation groove.



Orientation and Length of Pretest Fractures in Point Load Samples

Depth
(fr.) 0° 30°

WEST FALLS FORMATION
Rhinestreet Shale Member

3,805
SONYEA FORMATION
Cashaqua Shale Member
3,875 .6 .6
GENESEE FORMATION
Undiffergntiated
3,935
3,945
WELL COMPOSITE
Total Frequency

1 1

TABLE A-3

EGSP-Tennsylvania #5

measured in inches

Degrees East of North

60° 90° 120° 150°
5,.7,.5

1.4

.7

37

Total



TABLE A-4
EGSP~Yennsylvania #5

Orientation and Length of Pretest Tractures in
Directional Tensile Strength Samples
measured in inches

Depth Degrees Last of North
(ft.) 0° . 30° 60° 90° 120° 150°

WEST FALLS FORMATION
Rhinestreet Shale Member

3,665 .2 2,.3
SONYEA FORMATION
Cashaqua Shale Member

3,875 .6,.5

Middlesex Shale Member
4
3,915 5,46 hsi55.3,

GENESEE FORMATION
Undifferentiated

3,935 1.6
3,945 2.0

HAMILTON GROUP
Mahantango Shale

4,055

WELL COMPOSITE
Total Trequency

3 8 8 0 5 0

38

Total

24




TABLE A-5

EGSP-Pennsylvania #5

Frequency Distribution of Pretest Tractures

Formation

WEST FALLS FORMATION
Rhinestreet Shale Member

SONYEA FORMATION
Cashaqua Shale Member

Middlesex Shale Member

GENESELL TORMATION
Undifferentiated

HAMILTON GRQUP
Mahantango Shale

Marcellus Shale

WELL COMPOSITE

Test

Velocity
Point Load
DTS

Total

Point Load
DTS
Total

DTS
Veloclty
Point Load
DTS

Total

DTS
Velocity
Velocecity

Point Load
DTS

~Total

OO

&~ O w

[

O OO0

~ W W

Degrees East of Worth

30°  60° 90° 120° 150°
8 7 2 1 2
0 0 3 0 0
2 0 0 0 0
10 7 5 1 2
1 0 0 0 0
0 0 0 0 0
1 0 0 0 0
0 3 0 5 0
1 4 0 0 0
0 2 0 0 0
2 5 0 0 0
3011 0 0 0
4 0 0 ] 0
1 0 0 0
10 11 2 1 2
1 2 3 0 0
8 8 0 5 0
19 21 5 6 2

39

Total

29

24
60
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TAPLE B-1

Tcontinued)
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" APPENDIX D

RESULTS OF DIRECTIONAL TENSILE STRENGTH TESTS
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