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FOREWORD

Under Contract No. DE—ACOS—78MC05602 with the U. S. Department of
Energy, Oak Ridge Operations Office and Morgantown Enefgy Technol-
ogy Center, Gruy Federal, Inc. undertook a study with the follow-

- ing objectives:

. Prepare an overall assessment of West Virginia reser-—
voirs as candidates for one or more EOR processes.

. Compile, synthesize and analyze the geologic/engineering
data necessary to evaluate the EOR potential of those
reservoirs identified as possible EOR candidates.

° Evaluate and interpret the results of ongoing and pro-
posed CO9 injection field tests in West Virginia.

This volume is the final report on the contract study. It pre-
sents Gruy Federal's methodology, results, and conclusions organ-

ized under the three study objectives listed above.

viii



ACQUISITION, CLASSIFICATION, AND EVALUATION OF ENGINEERING
AND GEOLOGIC INFORMATION AND CHARACTERISTICS OF WEST VIRGINIA
PETROLEUM RESERVOIRS AMENABLE TO ENHANCED OIL RECOVERY TECHNOLOGY,
PARTICULARLY CARBON DIOXIDE INJECTION

The Need for Enhanced 0il Recovery in West Virginia

Historically, recovery from Appalachian Basin oil fields has been low, in
spite of the fact that many of these reservoirs have produced oil continu-
ously for more than 100 years. In West Virginia, the average total recov—
ery, including both primary and secondary, is 160 barrels per acre—foot.
" Low—pressure gas displacement has. been the most widely used technique to
maintain production from the major reservoirs. Waterflooding has been suc-
cessful in a few cases, but has unot been widely used. Consequently, signi-
ficant amounts of o0il, producible with existing technology and awaiting
favorable economics, still exist in West Virginia.

Enhanced oil recovery can be defined in the broadest sense as any oil pro-
duction achieved after primary production has become ineffective. In cur-
rent usage, the term is applied more narrowly to a group of techniques
which can be used to obtain some of the oil left in the rocks after conven-
tional primary and secondary production. In this report, enhanced oil
recovery techniques or processes will refer to techniques that have not
been widely applied in West Virginia. The techniques considered in this
study are: '

e nitrogen miscible, flue gas, and dry gas miscible displacement;
e enriched gas miscible displacement;
e €Oy miscible displacement;
. pblymer—augmented waterfloods and micellar—polymer techniques;
e in situ combustion;
s steam injection;

* caustic waterflooding.



I. AN OVERALL ASSESSMENT OF WEST VIRGINIA OLL RESERVOIRS AS CANDIDATES FOR
ONE OR MORE ENHANCED OIL RECOVERY PROCESSES

Methodology.

To prepare an assessment of an oil reservoir as a candidate for one or more
ennanced oil recovery (EOR) processes, complete reservoir information is,
ideally, desirable. However, most West Virginia fields were discovered be-
fore the beginning of the 20th ceantury, and many had been abandoned before
the advent of modern logging practices. As a result, little if any of the
desired reservoir information is directly available. Moreover, production
records from the fields in West Virginia are largely non-existent.

Because the available information is limited, it was necessary to develop
methods to use such data as was obtainable in performing this study within
the time and scope of the initial contract. TFortunately, West Virginia oil
fields are remarkably uniform in many important respects, which facilitates
the use of such methods.

Two—-Parameter Screening of West Virginia Reservoirs.

As they are currently understood, all EOR techniques except caustic water-
flooding are primarily limited by oil gravity (or, more properly, viscos—
ity) and all have either a maximum or winimum depth (or depth-related fea-
ture, such as pressure or temperature) constraint.l™D These two very
important features of a reservoir, namely depth and oil gravity, are nor-
mally considered unchangeable. Thus a preliminary screening for potential
amenability to EOR can be conducted using only these two parameters. A
field that passes this primary screening for a particular technique can
then be examined in greater detail to see whether it also meets the less-—
critical criteria (see Table 1).

The state—of-the-art limitations on oil gravity and reservoir depth for the
EOR techniques listed above are shown graphically in Figure 1.

West Virginia oil reservoirs have a rather narrow depth distribution. De-
tailed data are not given in this report, but are summarized in Figure 2.
This evaluation covered 157 fields for which separate depths could be
found, including all the major fields and some very small ones. Reserve
estimates have been published for only 104 of these. Over 300 field names
for oil reservoirs in West Virginia have been found; however, many of these
have been combined with other fields.

Complete oil analysis is available for only 27 fields in West Virginia (see
Appendix B), and other published values (an additional 14) are surprisingly
uniform. The average of 62 gravity determinations from these fields
is 44.6° API, with a standard deviation of 4.62° and a range of 30° to 65°
(Fig. 3a). Even fewer viscosity measurements (only 40) are available.



Ignoring one 60 centipoise value as obviously atypical, the average dead
oil viscosity is 3.99 cp, with a standard deviation of 1.79 (Fig. 3b).

Using these values for reservoir depth and oil gravity, it is clear from
Figure 1 that COp miscible displacement is the most promising EOR tech-
nique for the type of reservoir and the crude oil found in West Virginia.
Micellar-polymer and caustic waterfloods, not shown on Figure 1, are con-
sidered to have minimum permeability requirements, given in the National
Petroleum Council's Study4 as 20 and 50 millidarcies, respectively.
- These minimum requirements seem to be higher than the typical permeability
for West Virginia reservoirs, although few permeability values are avail-
able. This will be treated in greater detail in a subsequent section of
this report.

Since it seems that the COyp miscible displacement process is potentially
the most applicable to West Virginia reservoirs, this study concentrates

on this method.

Screening of Reservoirs for the CO, Process

One critical prerequisite for the COp process is that the reservoir will
competently hold miscible pressure.* This has been determined in similar
studies~»® by estimating the miscibility pressure and calculating the
depth at which the rocks are competent to support this pressure loading,
using established relationships to predict the breakdown pressure. Studies
made in conjunction with the three C0o displacement processes now under
way in West Virginia were scrutinized to determine the pressure at which
“highly efficient displacement occurred. For Griffithsville crude, this was
1100 psi at 85°F (reservoir temperature)6; for Rock Creek crude, 1000 psi
at 73°F but not 800 psi at 73°F7; Granny's Creek crude was miscibly dis-
placed at 1000 psi and 75°F.8 These three oils are typical West Virginia
Penn grade crudes.

Based on these tests and the uniformity of the crude oil, the pressure
necessary for miscible displacement of West Virginia crude oils was judged
to be approximately 900 to 1000 psi.

This pressure can be related to the minimum acceptable depth of a reservoir
if the strength of the rocks is known. For unconsolidated sediments, using
0.465 psi per foot as hydrostatic gradient and 1 psi per foot for overbur-—
den pressure, and assuming the least principal stress is horizontal,

*Miscible pressure, as used here, ‘is the pressure at which C0p will dis-
" place more than 90%Z of the oil in place before breakthrough in a linear
sand pack.




a breakdown gradient of 0.68 psi per foot can be calculated.’? How-
_ever, the oil reservoirs of West Virginia are normally in well indurated
and competent .rocks. Data on. breakdown pressures for Rock Creek. and Grif-
fithsville fields are presented in Table 2, showing that these rocks are
locally capable of bearing hydraulic gradlents in excess of 1 psi per foot.
Both the Berea and Big Injun sands should be at least locally capable of
~bearing miscible pressures at depths as shallow as 1500 feet. In an at-
tempt to confirm this estimate of the general strength of West Virginia re-
servoirs, field representatives of the Halliburton Company in the state
were consulted. Discussions with them led to the conclusion that miscible
. pressures could normally be borne by reservoirs as shallow as 1800 feet, 9

‘where the. pressure is not wuch more than the normal hydrostatic. Some re—
. servoirs, however, fracture rather easily.

Other screening criteria for the COy9 process include such factors as a
minimum residual oil saturatlon. of 20%4173 and a minimum net thickness
- of 10 feet (see.Table l). Since the average West Virginia reservoir has
never produced much water, and since few have been waterflooded, residual
0il saturations are almost certainly greater than 20%Z. The net thickness
requirement, found in only one set of screening criteria, was judged to be
largely an economic criterion and was ignored in this screening.

Of the 104 most important flelds in West Virginia, 56 have an average depth
"of 1800 feet or mores.

’The‘list bf'Caﬁdidates can be further refined by considering only fields
having an estimated 10 million barrels of oil remaining in place. Smaller
volumes are likely to .be uneconomic because of the initial costs of the EOR
procebs. Estimates of remaining oil in place were obtalned ‘largely from
prev1ous studles 10-

This reduces the number of candidates to 26 without dramatlcally reduc1ng
the amount of oil that might be recovered.

Another desirable feature for COy miscible displacement is that the bulk
- of the reserves be in a single reservoir. This criterion limits the prime
" tandidate list to 18 fields. One of these has been converted to gas stor—
age and is inaccessible to EOR. The locations of the remaining 17 are gi-
~ven in Figure 4; the fields are further identified in Table 3. There are
' three Berea sand reservoirs, six Big Injun reservoirs, five Gordon sand re-
servoirs, one Gordon Stray sand reservoir, one Fifth sand reservoir, and
one Squaw—Weir sand field. Also included in Figure 4 are four large reser-
voirs shallower than the 1800-foot minimum acceptable depth.

Figure 5 shows the potential applicability of COp; displacement to the ma-
jor oil fields of West Virginia. The process is theoretically applicable
to 22 of the 37 large (more than 10 million barrels of oil left in place)
. reservoirs of the state. Application of the C09 process to these reser-
voirs may be limited, however, by factors that cannot be properly assessed



with the existing data. These include permeability variations, the diffi-
culty of finding and abandoning or reabandoning old wells, and uncertain
reservoir descriptions.

Screening of Reservoirs for Other EOR Technology

Although the COp process is the most promising EOR technique for the
high-gravity Penn grade crudes of West Virginia, it is not the only appli-
cable one. Therefore other recovery processes, such as waterfloods, poly-
mer—augmented waterfloods, steam displacement, caustic waterfloods, and
low-pressure gas cycling, have been considered, both for the fields pre-
‘viously listed and for those where the CO; process does not seem well
suited. '

‘Waterflooding has been used very little in West Virginia. The Cabin Creek
field has been successfully waterflooded, and Granny's Creek is mnow being
waterflooded with economic success. Waterfloods attempted in several other
fields, however, gave poor results. Some have failed because of low injec-—
tivity, which can be caused by inherently low effective permeability to the
injected phase; some because of reactions of the injected fluid with the
‘formation; and some because of wellbore skin damage. Waterfloods may fail
for many other reasons, including the existence of thief zomes, failure to
bank oil, poor completion practices, inadequate engineering, drastic perme-
ability variations, and unfavorable economics. These factors are not inde—
‘pendent; the economic factor, for example, is strongly related to injectiv-
ity. Little is known about the previous waterflood attempts that failed
except that they were attempted and they did fail.

Two of the current CO9 projects in West Virginia are in reservoirs where
waterflooding attempts have met with some success in the past, the Grif-
fithsville and Granny's Creek fields; the third is in the Rock Creek field.
Rock Creek has been considered impossible to waterflood because three at—
tempts in the 1950's and 1960's were unsuccessful. Failure in these at-—
tempts was attributed to the high relative permeability to water and high
connate water saturation, so that the resulting oil bank was small. How-
~ever, in a water injection program to raise the reservoir pressure to that
required for miscible displacement with COp, it was found that a signifi-
cant oil bank had been formed.28 It was also found that there is at
least one thief zone in the bottom of the Big Lime formation, which direct-—
ly overlies the Big Injun reservoir rock. This portion of the reservoir
had been previously gas—cycled for many years and thus would seem to be a
poor place to operate a successful waterflood; however, this is apparently
not the case.

-Similarly, the Griffithsville COyp project is in an area of the field
which had not been intentionally waterflooded, though it was found to have
been dump-flooded accidentally, presumably through and around leaking cas—
ings of old, improperly abandoned wells. Nine wells in the pilot area are



currently producing approximately 70 barrels of oil per day47, indicat-
ing that a significant oil bank had been formed.

The results of repressuring tnese fields by water injection suggests that a
properly engineered waterflood chn be successful in West Virginia, even in
reservoirs with high connate water saturation.

If waterfloods can be successful, then polymer—augmented waterflooding
should also be applicable, and even more effective, since the flow charac-
teristics of polymer solutions can mitigate to some degree the adverse ef-
fects of unfavorable combinations of flow geometries and fluid mobilities.
However, this assumes that the injectivity of the wells will not be drasti-
cally changed by the polymer solution, which is commonly the case in field
applications of this technique. Intuitively it would seem that the injec-
tion of a more viscous phase would dramatically lower the injectivity; many
vears of actual field experience show that this is mnot normally the
case,15 but clay problems and low permeability (below 20 md) can pro-
duce disastrous results. The chief advantage of the technique, for West
- Virginia reservoirs where it will work, is that the chemicals are relative-
1y inexpensive and high pressures are not necessary.

. Polymer-augmnented waterflooding should be applicable if the reservoir perm-—
_eability is greater than 20 md. Unfortunately, permeability values for
West Virginia reservoirs either have not been recorded or have not been
published or even widely released.

.Steam injection has been demonstrated to be effective for some unusual
. high—gravity, high-viscosity oils in Pennsylvania,l6 and more recently
in a moderately high-gravity (34° APL) reservoir, Texaco's Shiells Canyon
project in California. Pratts has pointed out that the steam drive pro-
cess may be used in light oil reservoirs, though it may not be economi-
cal.l The conditions deemed favorable for a steam flood of a light
0il reservoir are those that would be favorable for a waterflood. Steam
injection sometimes causes formation injectivity problems; Texaco used a
system of co-injecting potassium chloride solution to comtrol clay prob—
lems and maintain injectivity in their Shiells Canyon projecte.

For steam flooding to be attractive in West Virginia reservoirs, it would
~have to be demonstrated that the following reservoir characteristics
existl

o o0il with low distillation residue;

e low reservoir pressures;

o high injection rates;



e thick layers;
s high porosity.

The first two criteria are commonly met for West Virginia reservoilrs, but
the last three are not.

An attempt to steam—flood the Rock Creek Field failed because of high heat
loss and low injectivity.

Low—pressure gas cycling has been conducted to some extent on most of the
large fields in West Virginia, and these projects have generally been suc-—
cessful. The drawback of this technique is that recoveries are normally
quite low.

Distribution of Fields with EOR Potential

Table 3 shows that there are 22 reservoirs which seem to have high poten—
tial as candidates for: enhanced oil recovery: one each in the Salt, Keener,
and Squaw-Weir sands, nine in the Big Injun, three in the Berea, and seven
in the Gordon series sands. Figure 6 shows the stratigraphic relationship
of these reservoirs, which occur in three periods.

If secondary recovery is not feasible, then the more difficult and often
financially less rewarding EOR techniques should be applied only with
great caution. Application of conventional secondary recovery techniques
to these fields has been varied, and is discussed under each system de-
scription below.

Devonian System

The Gordon series sands (Gantz, Fiftyfoot, Thirtyfoot, Gordon Stray,
Gordon Fourth, Fifth, Bayard) occur in the upper parts of the Devonian
shale as dirregularly distributed "casual sands".19 They are usu—
ally thin zones with highly permeable streaks, often with low porosity
and visibly conglomeratic. These characteristics would hinder the
successful application of EOR techniques.

Some reservoir properties of the Gordon series reservoirs covered in
this report are included in Table 4. As the table shows, the Gordon
series sands selected for their EOR potential by the rationale deve-
loped in this report could indeed be described as highly conglomeritic
and highly variable in thickness.

Because of their nature almost all of the old Gordon series reservoirs
have been abandoned for many years.



There have been four recorded waterflood attempts in the Gordon sands,
all unsuccessful. Low-pressure gas cycling, however, has been success-
ful; twelve reservoirs have been subjected to such cycling. 0f the
seven Gordon sand fields selected by our preliminary screening, three
have undergone low-pressure gas cycling (see Table 5). Results of the
low-pressure gas injection program for one of the fields selected have
been reported in detail. This particular project, affecting 250 acres,
showed a dramatic response in o0il production to the gas injection pro-
gram. Figure 3 shows the decline curve for this project from 1944 to
1950. The sharp peak in 1949 resulted from field operations changing
hands and the "pumping off" of all wells. Further details on this pro-
ject, the Mills Gordon Project, are given in Table 5; the information
was taken from a previous report. :

A pilot waterflood project was carried out in the Mannington field. De-
tails have not been made available, but some information has been dis-
closed. The following excerpt is from an unpublished report:

Gordon Sand Pilot Waterflood, Mannington 0ilfield,
Marion County, West Virgiunia

Pennzoil operated a pilot waterflood project in the

- ‘Mannington oilfield, Marion. County, West Virginia.
Detailed information on this project 1is not available
for publication. Development of the pilot began in 1964
with the drilling of four new wells which were completed
as water injection wells. The pattern used in the pilot
was one normal five-spot. . . . An old well in the
center of the pattern was used for the production well.
Approximate area enclosed by the four injection wells
was 38 to 40 acres.

‘The depth to the Gordon sand in the area of the pilot
ranged from 2,700 to 2,950 feet. Thickness of the
Gordon sand in the area usually ranges from 25 to 45
feet. Completion records of the new wells in the pilot
area showed a range of sand thickness of 29 to 42 feet.
The Gordon sand is not generally porous and permeable
throughout, but usually contains one or more =zones of
porous and permeable "pay” sands. Often these are thin,
highly permeable, pebbly or conglomeritic =zones with
~several hundred millidarcys permeability. Porosity of
the Gordon sand usually ranges between 9 and 15 percent
and averages 12 percent. . Porosity logs of the Gordon
sand in Mannington oilfield also show this range of
porosity. Fig. [7] shows some sand characteristics of
the oilfield with gamma ray and density logs. No core



analyses of the Gordon in the Mannington oilfield are
available for publication but a Gordon sand well in the
Smithfield Gordon oilfield [refs. 21-23] approximately 8
miles west of the pilot area show very similar sand
characteristics. In the Smithfield oilfield well, the
Gordon sand was 16 feet thick, core analysis indicated a
porosity range from 8 to 16 percent, and a permeability
range from less than 1 to over 100 millidarcys. The
"pay" zone in this well was 7 feet thick, typical of the
Gordon "pay” zones. This 7-foot =zone averaged 13 per-
cent in porosity and 42 millidarcys in permeability, al-
though only 3 feet of the zone contained high permeabil-
ity. The water saturation of the Gordon reservoir in
the Mannington area is wusually low and wells produce
very little water during primary production operations.

The success or failure of this pilot flood has not been
reported. Permits to abandon some of the pilot wells
were obtained for abandonment in 1970. One may there-
fore assume that the pilot test was a failure, inasmuch
as it was not expanded beyond the original five—spot.
Injection water was obtained from shallow water wells.
Due to its low interstitial clay content, little trouble
should have resulted from clay swelling or particle mi-
gration from contact by fresh water. Because this pro-
ject enclosed a very large area, approximately 39 acres,
for a pilot test, control could have been very diffi-
cult. A five-spot such as this may produce or sweep
much more oil outside the pattern than would be produced
in the pattern. The high permeability zones could also
contribute to lack of control. These zones have proba-
bly produced a much higher percent of their initial oil
in place during primary production than the low perme-
ability zones and would have a correspondingly higher
gas saturation. Channeling of flood water would proba-
bly occur because of the great range of permeability in
the "pay" section.

Conclusions.

(1) Gas injection has been shown to work quite effectively in several
‘ projects, 3 of which involved more than 20 wells.

(2) Waterflooding in the Gordon and Gordon series sands has never been
effectively demonstrated.
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(3) Even though gas injection has been counducted on 4 of 7 Gordon ser—
ies reservoirs selected as having significant EOR potential, these
projects have by no means included the entire field.

(4) As Table 5 shows, the injectivities of these projects has been in
the neighborhood of 50-200 MCFD per well at approximately 100-130

psi.

Mississippian System.

The bulk of the oil production from West Virginia comes from the sands
of Mississippian period, notably the Big Injun and Berea sands. They
have been called "blanket saunds,” chiefly on account of their wide—
spread occurrence, and the Biz Injun is highly variable. Watts and
Overbey have subdivided the Big Injun sandstone on the basis of wminer-
alogy into two types: The Northerm Big Injun, classified as a pro-
quartzite; and the Southern, a borderline sub—graywacke or gray-
wacke.24 The Berea sandstone is more uniform than the Big Injun.

Big Injun Sands.

Four of the six Big Injun sand reservoirs selected as having EOR poten—
tial have been subjected to low-pressure gas cycling (Table 6). Sever-—
al fields have had more than one injection project. The injectivity of
the Biz Injun sand reservoirs in these projects has ranged from 60
MCFD/well at 3 psi to 320 MCFD/well at 235 psi (Table 6).

There have also been 12 water injection projects and some pilot pro-
jects, injection tests, or waterflood attempts in the Big Injun sand.
Information in Table 8 was coumpiled from the work of watts20 and
from Interstate 0il Compact Commission (IOCC) reports.ll‘14

"~ The injectivity in these Big Injun sand reservoirs can be computed from
Table 8 as about 50-100 BWD/well at roughly 1000 psi. The highest in—
jectivity of these projects was in the Big Injun sand in the Walton
field. In one project in the Rock Creek field, the secondary recovery
was about 44% of the primary when the 1950's reports were filed.

Berea Sands.

Two of the three Berea reservoirs have had low-pressure gas injection
projects. Little information could be found on these projects, since
they were inactive in the early 1950's when the secondary recovery in—
formation was published (Table 6a). The injectivity in two Cabin Creek
projects seems to have been lower—--roughly 20 MCFD/well at 50-200 psi.
The Griffithsville project injected only 44 MCFD in 52 wells at 300
psi, if the information published in a previous report is correct. !l
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The Berea sand reservoirs selected as having significant EOR potential
have had several water injection reports, including one successful
fieldwide waterflood in the Cabin Creek field. Table 7 shows the in-
jectivity in the Cabin Creek project ranged from 85 BWD/well at 210 psi
to 115 BWD/well at 800 psi, and in the Griffithsville project, 28
BWD/well at 1400 psi. Little additiomal information is accessible at
this time.

Squaw and Weir Sands.

The Squaw and Weir sands have undergone several small low-pressure gas
injection and water injection tests, all in the Blue Creek field. Por-
tions of the Blue Creek field have been the sites of at least seven se-
condary recovery projects or tests. The earliest of these was a low-
pressure natural gas injection project started in 1926, involving about
190 acres; the last was a single-well water injection test, which ended
sometime in the early 1960's. Five of the projects have been covered
in IOCC reports on secondary recovery in West Virginia. The informa-
tion given on- these projects indicates that they have ranged from high-
ly successful to unsuccessful. However, as can be seen from the acre-—
age of the projects (see Table 9), the bulk of the Blue Creek field has
not been subjected to any large-scale secondary recovery efforts.

The projects that were tried included four low-pressure gas injection
projects, two water injection tests, and one low-pressure air injection
project. The injectivities of natural gas in three projects (informa-
tion is unavailable on the fourth) are 33, 19 and 33 MCFD at 147, 35,
and 115 psi, respectively. Injectivity of water in one test (1946) was
100 BWD at an average wellhead pressure of 605 psi. The air injection
project had a recorded injectivity of 103 MCFD at an average pressure
of 46 psi.

The highly successful gas injection project which affected 202 acres is
summarized in the following extract from the IOCC report.

This field produces from the Squaw Sand (Pocono) at a
depth of about 1,950 feet. The sand is lenticular with
‘a pay thickness of about 15 feet. The production in-
crease shown 1s rather unusual. Only three wells re-
mained on the lease in question at the time repressuring
was started in 1927. It is believed that the continued
high recovery has been due, in part at least, to water
encroachment because the amount of gained oil is far out
of proportion to the secondary recovery potential by gas
drive. A number of leases in this field have experi-
-enced water drives which have greatly augmented pro-—
duction from both primary and secondary recovery
sources.
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Figure 9 shows the decline curve for this project. By "water encroach-
ment” on this lease, the authors probably mean an uncontrolled cross—
flow of water from another formation, since the field definitely did
not have a natural water drive. This provides indirect evidence that a
water drive will work--at least in selected areas of this field.

Figure 9a shows the decline curve for a different project of comparable

"dimensions in the Weir sand. This project was suspected of having
great permeability variation. Nevertheless, some o0il was recovered by
this process at a cost which at the time was economic.ll '

Conclusions.
The significant conclusions for the Mississippian sand reservoirs are:

(1) Waterflooding has been demonstrated as an effective displacement
mechanism in one Berea reservoir and one Big Injun reservoir. In-
jectivity of water in both cases was more than 50 BWD per well at
pump pressures near 1000 psi.

(2) Waterflooding on a large scale has not been successfully demon-
strated in Squaw or Weilr sand reservoirs.

(3) Low-pressure gas injection has been found to be successful in the
Berea, Big Injun, Squaw, and Weir sand reservoirs throughout the
state. These projects have had injectivities ranging from 320
MCFD per well at 235 psi to 20 MCFD at 50-200 psi.

(4) 'Even with the successes of the low pressure gas injection, the
g J ’
projects have generally been limited in areal extent, usually in—

volving less than 10 injection wells.

Pennsylvanian System.

Pennsylvanian System sands include the Salt, the Cow Run, the Burning
Springs, and others. One Salt sand reservoir was selected as having
high EOR potential, the Cairo—-Ritchie field. The Salt sand has been
described as highly variable in grain, size, thickness, and occur-
rence. :

The Cairo-Ritchie field is carried by the West Virginia Geological Sur-
vey as the Cairo-Ritchie-Mine-Hartley field on the most recent oil and
gas field maps. The Hartley field has been the site of a low-pressure
gas injection project; the available information on this project is
compiled in Table 10, which shows that the injectivity of this project
was approximately 50 MCFD/well at about 250 psi.
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Waterflooding has been attempted in the Salt sand and other Pennsylvan-
ian age reservoirs. Although some encouraging results have been ob-
tained, there has been no large-scale and systematic use of this sec~-
ondary recovery technique in these sands.

Summary.

The following West Virginia oil fields were selected as candidates for EOR
by CO, injection:

1.
2.
© 3.
4.
5.
© 6.
7.
8.
9.

Four

18.
19.
20.
21.

Blue Creek -10.  Pine Grove

Cabin Creek -~ 11. Porto Rico
Cameron—Gardner 12. Salem—Wallace

Centerpoint , 13. Steel Run

Granny's Creek 14. Tariff

Greenwood 15. Walton + Clover—-Rush Run
Griffithsville 16. Wolf Summit ‘
Jacksonburg-Stringtown 17. Yellow Creek

Mannington

other fields are candidates for other EOR processes:

Cairo—Richie
Sistersville
Rouzer
Kidwell—-Elk Fork



II. EVALUATION OF THE EOR POTENTIAL OF CANDIDATE RESERVOIRS SELECTED IN
SECTION I.

Reservoir features that limit the use of a secondary recovery technology
often limit the utility of a more exotiec EOR technology. Therefore the
fields offering the lowest risk for EOR application are those in which se-
condary recovery techniques have been successfully applied. However, these
fields generally have lower saturations than the ones where secondary re-
covery techniques have not been used, and therefore present a smaller tar-
get in terms of potential production.

The potential of any EOR technique in a particular reservoir depends upon
the size of the reserve, the efficiency of the EOR technique, the relative
difficulty in applying the technique (risk factor), a myriad of reservoir
characteristics, and economic criteria (rate of return, tax incentives, and
other factors). The scope of -this study did not allow for any economic
analysis, and therefore this factor will not be considered.

The best reservoir data that can be compiled at this tlme on the candidate
reservoirs are contained in Appendix A.

Determination of Size of the Reserve.

The average total recovery for West Virginia reservoirs has been about 160
barrels per acre-foot. This estimate is based on the production figures
for 24 largely single-pay fields (see Table 11). Production figures, acre-
age, and thickness values used to calculate these recoveries were taken
largely from previous reports.loa2 - The field outlines were inde-
pendently checked and the agreement with reported acreages is good for each
of the 21 fields selected under Section I. Thickness was obtained from
driller's logs or modern logs (if any exist) for the field. Although the
acreage, thickness, and total production figures are merely estimates, they
may be the most accurate reservoir information existing on West Virginia
oilfields. :

The reserves originally in place in these 21 fields could be calculated
volumetrically if the porosity, acreage, thickness, and water saturation
were known. In fact, the first three quantities are known for most of the
reservoirs selected under Section I of this study; water saturation values,
however, are mnot. Because these fields do not normally produce water along
with oil, they must have water saturations near the irreducible value.
Irreducible water saturations may be estimated, if permeability 1is
known, 37 from empirical relationships such as

3
‘Sw, = ~2%§$——-, where ¢ is porosity and kX is permeability.
O

14
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- The relationship seems to work well on three pilot areas where the original
saturation values have been estimated, but this is scarcely a valid test.
It seems also to work with a large portion  of the reservoir information
filed in -a 1951 secondary recovery report.11 Unfortunately, permeabil-
ity is mot known for most of the fields of interest in the present study.

Further evidence of the utility of this well known empirical relationship
is found by comparing its predictions with saturations derived from air/
brine capillary pressure measurements. 39 As can be seen from Figure
11, the agreement between these values is good. A

Conventional volumetric calculations will yield necessary water saturation
from the original reserve estimates (see Table 13). Such calculations show
that in some instances the reserves have been grossly misestimated. O0il
. saturations in excess of 100 percent, which are indicated for some fields,
certainly cannot exist; and it is hard to understand water—-free oil produc~
tion from reservoirs having oil saturations as low as 16 percent.

The I0CC has published several reports in which saturations obtained by
core analysis of several fields and reservoirs were averaged.lz‘l4
These values are critical to estimating reserves, and a complete tabulation
is given as Table 1l4. These average values can be used in estimating more.
“realistic saturation values. :

Reserve figures have been calculated for 10 of the fields selected in Sec-
tion I, using data from two sources: original saturation and formation
volume factors were taken from the 1954 IOCC report on secondary recovery
in West Virginialz; -values for acreage and thickness came from U.S.
Bureau of Mines Bulletin No. 607.10 Results of the calculations are
shown in Table 15.

It should be stressed that neither the original saturation values nor the
original formation volume factors have been determined directly; conse-
quently these reserve figures are highly speculative estimates. In two
instances the 1963 Bureau of Mines estimates of original oil in place ap-
pear to be more reasonable; in eight other fields the calculated reserve
estimates seem satisfactory.

The total estimate of oil originally in place in these 10 fields is 741.6
million barrels. Total production is 112.6 million barrels, leading to an
estimated total recovery of 15% for these 10 fields. This is certainly a
respectable figure, considering the completion practices in use when these
fields were developed (mostly before 1920). Using reasonable numbers for
unknown values in the remaining 11 fields reveals that more than one bil-
lion barrels of oil may remain in fields where the COy displacement pro-
cess should work.
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Reservoir Data.

For some of the candidate fields, such as the 10 in Table 13, reservoir in-
formation. is available in the technical literature to estimate the poten— .
tial of EOR technology; for others, very little quantitative information )
exists. In an attempt to overcome this difficulty, all the known values
that could be found for certain key reservoir features have been gathered.
These were determined independently of the I0CC report and thus serve as

checks on the values reported there.

Poibsity. The averages of all published porosity measurements in the vari-
ous reservoirs are given in Table 16. This table includes the IOCC values
for comparison. These values can be used as guides in estimating unknown
porosity values.

Formation volume factors. Values for this parameter were established for
all fields for which an API gravity was available, using published correla-
tions and estimating the unknown values. The results appear in Table 17.
In 1954, the IOCC's West Virginia Committee published state averages for
the original formation volume factors of all the major producing sands in
the. state. This information is not available from any other source. The
formation volume factors taken from this report are compared with esti-
mates made for the present study by the correlation in Table 17.

Current formation volume factors have been estimated from recently measured
values for the reservoirs in the Griffithsville, Rock Creek, and Granny's
Creek fields; these values are 1.04, 1.15, and 1.11, respectively, at ap-
proximately 1000 psi. The first field has had no gas repressuring; the
other two have had large-scale low pressure gas injection projects. . Since
the crude oil is remarkably. uniform throughout the state, the current for- .
mation volume factor can be estimated at around 1.04 if the field has not, .
undergone extensive gas repressuring, or 1.13 if it has.

Permeability. One factor impeding the assessment of the potential of EOR

techniques in these fields is the lack of permeability data, either abso-—
lute or relative. An attempt was made to assess at least qualitatively the
permeability to oil of those reservoirs selected as having significant EOR
poten;ial.

Since the major reservoirs in the state have a narrow depth distribution,
the original. bottomhole pressures and temperatures should have been compar-
able.. The viscosity of West Virginia crude oils also has a narrow distri-
bution, as previously mentioned. Another feature of these reservoirs is
that they were all solution gas or gas expansion drive reservoirs. In view
of all these similarities, it is tempting to calculate a permeability for a
given reservoir by estimating the unknown factors in Darcy's law.

& o ¥
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Darcy's law for radial flow, ignoring gravitational effects, can be stated
as :

¢ - LY 2 ey

where BO = formation volume factor,

A = net sand thickness in feet,

k = permeability in millidarcies,

K = viscosity of oil at reservoir conditions in centipoises,

P, = pressure at edge of drainage in psi,

P, = pressure within the well in psi,

q = flow in barrels per day,

rg = effective drainage radius in feet, and

Ty = wellbore radius in féet.

Assuming (P, - P,) = 500 psi, 7y = 0.3 feet, r, = 600 feet, p = 1 cp, and
B, = 1.2, then k is given by

k= 3ge7 - (Eq. 2)

Admittedly, many approximations are used in deriving this relationship, but
the agreement with results from the field tests studied in detail under
Section I is quite good. Using the recorded maximum 24-hour potential and
‘net thickness from driller's logs, the permeabilities calculated from Equa-
tion 2 for Rock Creek, Granny's Creek, and Griffithsville are 12, 6, and 9
md, respectively; the corresponding core-derived values from the pilot
areas are 15, 2, and 4 md (geometric mean permeability using all measured
values greater than 0.1 md).
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The agreement is not perfect, suggesting that the above treatment and the
relationship given by Equation 2 are oversimplified. However, permeability
is inherently a property with a wide range of distributioms, so it is not
surprising that there is less than total agreement of the known permeabili-
ties of the pilot areas with the approximated values for the whole fields
derived above. Even though it is a roughly approximated value, such a num-
ber can at least be used to divide the candidate reservoirs into very high,
medium, or low permeability categories. This has been done; the results
are shown in Table 18 and graphically in Figure 9. Figure 9 shows that
there are no obvious candidate reservoirs for the steam process.

Lack of permeability data means also that permeability variation is un-
known, and high permeability variation is detrimental to all EOR processes.
In an effort to provide reasonable values of this critical feature, permea-
bility variations for selected formations have been determined from core
analyses obtained in an earlier program.22’23 These data are displayed
graphically in Figures 12 - 14. ’ ' ‘

The logical candidates for waterflood or polymer-augmented waterflood are
fields in the medium to high permeability brackets that have not been
waterflooded. The high permeability fields may be candidates for chemical
EOR processes; this would depend on the specific crude oil composition,
resident brine composition, and many other factors whose evaluation is be-
yond the scope of this diScussion. The low-pressure gas process should be
applicable to all the reservoirs; it has been applied to at least some por-
tion of most large fields.

A summary of many of the salient features of each reservoir selected in
Section I is given in Table 19.

The CO, process is potentially applicable to all of the listed fields.
This assessment is only preliminary, and the application of the process to
any of these reservoirs by industry will probably be deferred umtil certain
features of each reservoir needed to make an economic evaluation can be
determined.

fEconomic‘Considerations.

For an adequate économic assessment of any EOR project, an accurate deter-
mination of the residual oil saturation is necessary.' This could be done
by analysis of logs from a recently drilled well in the field. The method
is, however, hampered by difficulties in the determination of one key vari-
able, water resistivity. ~“Determination of the correct water resistivity
factor to use in log analysis of old reservoirs is always a problem, since
extraneous water may have been introduced into the formation by crossflow
behind pipe or by attempted waterfloods. Produced water, if in fact it is
from the formation, will normally come from the more permeable intervals of
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the sand, which are also the intervals most susceptible to flushing by ex-
traneous water. Such intervals may also exhibit the most highly developed
SP value. Thus both the SP-derived and the produced-water values for re-
sistivity may be correct for the more permeable intervals but incorrect for
the tighter portions of the sand. Salinity measurements on interstitial
water may provide the correct resistivity to use in the tighter unswept and
uncontaminated portions of the sand.

Other requirements for an adequate economic assessment include an evalua-
tion of the current condition of the field and an estimate of the costs of
rectifying any major problems.

One of the easily identifiable problems in applying the COp miscible pro-
cess (or any other process involving high pressure or expensive chemicals)
is locating and properly plugging old wells. The nature of this problem is
made clear in the discussion below, describing the casing practices used in
drilling Walton Field. These were probably typical of the time, and most
of the fields drilled before the late 1930's probably had similar programs.

The casing program used during the early development
period included wooden counductor pipe set through the
surface soil and gravel. Water from fresh water sands
was excluded from the hole by setting a string of 10-
inch surface casing to a depth of about 300 feet. An
intermediate string of 8-inch casing usually was set in
the top of the Big Dunkard sand to exclude red-rock cav-
ing. The production string, usually of 6-5/8 inch cas-—
ing, was set in the upper portion of the Big Lime to
prevent the invasion of salt water from the Salt sands.
The seal around the production casing was made by allow-
ing the drill cuttings to fall around the casing. Open-—
hole drilling then continued through the Big Injun and
Squaw sands, allowing a 25- to 30-foot pocket below the
bottom of the Big Injun sand. In completion, most of
the wells were shot with 30 to 50 quarts of nitrogly-
cerin. The size of the "nitro" charge was governed by
the thickness of the sand, designed as "oil pay" in
driller logs. In many instances the 8- and 10-inch
strings of casing were pulled from the hole after the
production casing was set.

Pulling the 8- and 10-inch casing leaves a 6-7/8 inch casing in a 10-inch
hole, held in place by cuttings dropped down the hole. Of course the natu-
ral caving action of the shales would tend to £fill this void, but without
cement it appears that if the reservoir were subjected to high pressure the
fluids could escape through and around the old well.
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1f the casing has been pulled and the hole plugged with cement, the danger
of leakage will be less. Similarly, if the old wells are open and not con-
cealed (cut off below ground level) it will be much easier to reenter and
properly cement them. Therefore, fields still. under production must be
- considered to have a higher potential for EOR by the C0jp displacement
method than those previously abandoned, simply because the location of the
wells is known with certainty.: '

The last major obstacle to performing an adequate economic assessment at

. this time is the inability to estimate with any accuracy the amount of oil

that might be gained by the application of the CO9 process. Current in-
dustry estimates are that for a successful CO, displacement project, 2-7
MCF of COy will be required for each barrel of additiomal oil. As will
be discussed in Section III of this report, in the single COp project for
West Virginia for which results are available, the COp required per bar-
rel of additional oil was substantially higher than this. T



ITI. EVALUATION AND INTERPRETATION OF THE RESULTS OF ONGOING AND PROPOSED
COp INJECTION FIELD TESTS IN WEST VIRGINIA

Three ongoing CO, projects in West Virginia, located in small portions of
the Rock Creek, Granny's Creek, and Griffithsville fields, present a unique
opportunity to thoroughly analyze the field performance of this EOR pro-
cess. There are many similarities among these three projects, which may
allow the evaluation of certain key variables if the reservoirs can be ade-—
quately characterized and which reduces the number of variables that must
be considered in comparing the results of high-pressure C0y displacement.

The well spacing and injection patterns of two of the projects are very
similar; the third is only slightly different. The total net sand thick=-
nesses in all three pilot areas are also, within acceptable limits, compar—
able——approximately 14-35 feet (see Table 22).

The propérties of the oil, and consequently of the COp-oil mixtures, are
very similar in all three projects (see Table 20).

The geometric mean permeabilities in the pay sands are of the same order of
magnitude (5-1.5, 8, 15 md).

Since in a miscible displacement the displacement efficiency is equal to 1,
and in a near-miscible displacement it is nearly 1, the recovery from a re-
servoir is strongly dependent upon the amount of oil in place and the vol-
ume of the reservoir contacted.

The amount of oil currently in place is a function of the original satura-
tions and subsequent field history. Two of the field reservoirs in the
~present study have similar current oil saturations, while that in the third
project is higher. One of the reservoirs has been waterflooded, one has
.been subjected to low pressure gas injection, and the third has had only
accidental crossflow since primary production.

The volume of o0il contacted is a function of several factors:

. gravitational effects, which can separate the injected fluid from
one or more of the resident fluids;

o stratification, permeability, and permeability distribution with in
the reservoir, which can cause the displacing fluid to come in con-

tact with only part of the reservoir;

) possible chemical reactions, which can dissipate the miscible fluid
or damage the reservoir;

21
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* - well. spacing -.and reservoir size;
. size of the slug of miscible fluid, rate of injectiom, and mobility
ratios.

For any miscible displacement, "viscous fingering"” effects ‘and "gravity
override” difficulties are unormally considered the major problems. Gravity
segregation has mnot been observed to be a problem in ARCO's well documented
and thoroughly studied test in the Willard Unit of Wasson Field in West
Texas. However, this 1s a highly stratified carbonate reservoir, and
the results may not warrant direct extrapolation to sandstone reservoirs.

Warner found that gravity segregation of COp and water in waterflooded
sandstones could be predicted by mathematical simulation of the displace-
ment process. L The recovery predicted by the model decreased dramati-
cally with increasing vertical/horizontal permeability ratios. 'Good agree-
ment between the predicted and observed results of the Willard Unit mini-
test were obtained when the K, /K;, ratio was about 0.1.40 - Warner's
study predicted that relatively severe override problems would occur at
this ratio, which is lower than the ratios in the three West Vlrglnla pro—
ject areas (043, 0.8, and 0.9) (see Table 22).

The tempevatures and pressures at which highly effective displacement is
predicted to occur in all three projects are near the critical point of
COp (see Figures 22 and 27). If pressures are above 1029 psi at reser-
voir temperatures found in these projects, the COp will be liquid, with-a
density of about 0.46 gm/cm3 and a viscosity of about' 0.07 cp at 68°F.
This density is about half that of the oil in the three projects, and the
viscosity is lower by a factor of about 50. As oils become saturated with
COy, the density increases; as water becomes saturated with €Oy, the
density decreases.”6 Thus the inherently large differences in density
between pure CO09, o0il, and water may not cause such serious gravity
override problems as might be predicted. Limited field experience gives
some evidence that this is the case.

Since the three COp displacement field tests are in reservoirs of varying
vertical permeability, it will be possible to determine whether the gravity
override problem predicted by Warner's model will be observed in the field,
and the Kv/Kh value at which gravitational effects becomeé dominant (see
Table 22). The plots of vertical vs. horizontal permeability for all the
projects are given in Figures 28 through 30. Although the figures show
some scatter in the data, there seems to be a fairly consistent relation—
ship between horizontal and vertical permeability in all of the projects.

Permeability. variation may be one of the most significant variables. The
variation of permeability in the project areas can be found by plotting the
permeability on log probability paper.45 If these wvalues are plotted
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using the same permeability cutoffs to refine the values as were used in
computing net pay thickness, then the variation calculated is the variation
of permeability within the pay zones. This was done for all of the field
project areas. For such calculations, and for comparison purposes, a uni-
form permeability cutoff of 1 md was used for all projects (see Figure 15).
It was found that the variations obtained for these groups of data were not
dramatically different (0.46 to 0.70). However, critical examination re-
vealed that filtering the permeability values had produced a comparison of
only the high permeability zones of the Griffithsville and Granny's Creek
fields with the entire Rock Creek reservoir (see Figure 15).

An apparently more useful approach to the permeability distribution is to
use every permeability measurement greater than 0.1 md in the probability
plots. Such a plot conveys more information than a simple net/gross ratio,
and should be a more useful guide to predicting reservoir performance.
This was done for all the COp field projects, yielding the plot shown in
Figure 16. Only cores taken through the total sand interval were used, to
avoid biasing the data. As can be seen from this figure, there is a large
difference between the Rock Creek and the Griffithsville and Granny's Creek
fields.

Viscous fingering is normally aggravated when there is a high wvariation,
but lateral continuity of the variation is also a key characteristic: even
a very large permeability variation would not be especially detrimental if
it were randomly distributed. If the porosity and permeability are con—
trolled by the original distribution of features in a reservoir, then they
will be stratified, since, in general, all sedimentary rocks are inherently
stratified. However, if the permeability is controlled by secondary re—
actions, such as differential cementing in reworked sediments, then this
should produce a rather unstratified distribution of permeability. The
Berea sand in the Griffithsville field seems to fit this latter category,
and even though there is a large permeability variation, the tight streaks
correlate poorly from well to well within the field. Viscous fingering or
early breakthrough may be a less serious problem in this reservoir than one
might expect.

A plot such as Figure 16 suggests intuitively that the ratio of the high
permeability zones (taken as those at probability 0.9) to the geometric
mean permeability (k = 50%) should be of some use in predicting reservoir
channeling problems, particularly if the permeability is stratified; how—
ever, mot enough data exist at this time to validate this concept. Well
spacing, slug size, injection rates, and mobility ratios would also have to
be taken into account to make this treatment universally applicable. A
plot of this type can be used to indicate the fraction of each reservoir
that is accessible to COp, provided a minimum permeability can be as-—
signed. For example, if a 5-md permeability cutoff is used for the Rock
Creek field, more than 80% of the gross reservoir is accessible to COo
displacement. If a l-md cutoff is used for Griffithsville, then 64% of the



24

gross reservoir is accessible. (Gross reservoir is defined as all parts of
the reservoir having a permeability greater than 0.1 md.)

A three—dimensional panel diagram is probably the best way to adequately
describe porosity (and therefore permeability distribution or stratifica-—
tion) in an oil reservoir. Panel diagrams of all three project areas are
shown in Figures 31 - 33.

Injecting COp into a reservoir raises the possibility of chemical solu-
tion. Calcite, dolomite, and ankerite are found in some of the project
areas as cementing agents (ankerite is similar to dolomite, with iron in
place of magnesium). Solubility product constants for some carbonate min-
erals are given in Table 21. The solublllty of CaCO3 is related to pH
and to the pressure of COp by the equation

2 pH + log Pco2 = 9.76 + IOgTEEt—_]f:FT

or log [C ] = 9.76 - 2 pH - log PCOZ

[Ca++] is the concentration of the Ca'™t ion, which is a measure of
the solubility of the mineral.

This equation shows that for a given pH of reservoir water, increasing the

pressure of COp will reduce the concentration of ‘ca*t ions. If the
pH of the reservoir water 1is decreased by the addition of COj, then the
[Ca++] should increase. Hence, increasing COy pressure and decreas-—

ing pH tend to offset each other. Pushed too far in either direction, the
effects are generally detrimental to EOR: permeability reduction could re-
sult from wholesale precipitation of CaCO3, while high permeability chan-
nels could be created by large-scale dissolution of calcite.

All three of the projects have been designed to inject water and COyp al-
ternately for mobility control.6,7,8 In the Rock Creek and Griffiths-
ville projects, the slug size was chosen to be about 20-30% of the hydro-
carbon pore volume. The Rock Creek project is calling for about 15,000
tons of COp and the Griffithsville project about 8000 tons (for the orig-
inal pilot project as planned). Later papers 7 have called for the
Griffithsville project to be expanded to use 30,000 tons and evaluate 90+
acres rather than about 35 acres in and around the 1l0-acre five-spot. The
Granny's Creek project injected 9878 tons of COy to evaluate a 6.5-acre
five-spot. COp was found far outside the pattern, however. This will be
discussed in greater detail below.



25

Summary of Granny's Creek Project.

Since the Granny's Creek project is the only one in which‘COZ has been
injected up to the present time, an understanding of the results obtained
there 'is critical to the wvalid extrapolation of the CO, displacement
technique in West Virginia.

The Granny's Creek project was designed to evaluate the effectiveness of
COp displacement in a watered-out portion of a waterflooded reservoir.
The nucleus of the project was an unconfined 6.5-acre five-spot. The re-
servoir was repressured with water to approximately 1500 psi in the immedi-
ate area; COp and water were alternately injected through the four corner
wells of the five-spot. A total of 9878 tons of C0y was injected, pro-
ducing 8500 barrels of additional oil from both inside and outside the pro-
ject area. This works out to about 1 barrel of ‘additionmal oil per 20 Mcf
of CO0y. Proprietary information indicates a much higher efficiency than
this, about 2.5 Mcf per barrel, based on the fact that only 6 percent of
the injected CO, entered the pattern. Recent publications have listed
the cost of COy at $0.25 to $1.15 per Mcf, not including costs of trans-
. portation to the well site and injection. It would seem that this project
was not an economic success, and it therefore becomes important to deter-
mine as accurately as possible why this was the case.

Geology.

The Big Injun sand in the project area, as described in Columbia Gas Trans-
mission Company's original proposal and in later company reports, consists
of at least three separate sand lenses, labeled A, B, and C. There is a
fourth less well-developed zone (D) in the immediate project area; however,
it is normally tight. The project is located on the northwest side of a
syncline which plunges to the northeast. The formation dips rather gently
in the immediate project area.

The Big Injun sand in this field is characterized as a tight friable sand-
stone. Core descriptions indicate the sand to be slightly limey, slightly
conglomeratic, and silty near the bottom. The sand is. also described in
core reports as coarse— to very coarse—grained quartz with minor amounts of
feldspar and glauconite, containing silica cement near the top. Other min-
erals specifically indicated on core descriptions are pyrite and mica.

The C zone of the lower Big Injun is described as an argillaceous fine-
grained or silty sandstone. The A and B zones consist of wvery coarse- to
fine~grained sand and are normally clearer than the C zone. The term "con-
glomeratic"” has been applied to portions of the A and B =zones.

Columbia interpreted the C zone as an offshore bar lying parallel to the
ancient shoreline and thickening toward the paleobasin. After the forma-
tion of the bar, a regression of the seas, with subsequent deposition of
strandline deposits, has been evoked to explain the A and B zones. This
interpretation adequately explains the major features of the sand.



26

Permeability. The A and B zones are of higher permeability than the C
Zonee. The plots of permeability against porosity for the three zones,
shown in Figures 17, 18, and 19, show dramatically that the sands are dif-
ferent. This difference in character suggests that the sands had either
~different environments of deposition or different post-depositional
histories.

The average permeabilities of net pay in the A, B, and C zones in the pro-
ject area are 5, 5, and 1.5 md, respectively. The average permeability of
each sand, however, does not fully characterize the permeability at each
well. A plot of the typical permeability distribution for well #20274,
which was cored in the center of the project area, is presented in Figure
21. The significance of the highly variable permeability distribution, es-
pecially in the A and B zones, can best be understood in light of other
well documented field tests.

In their Willard Unit mini-CO) test, ARCO used time-lapse logging to mon-
itor the formation of an oil bank and the changes in COp saturation.
They observed different responses with the passage of the COp front. In
zones thicker than 20 feet, the CO) displacement formed a COp-free oil
bank; this was not true for thinner zones (approximately 10 feet and 5
feet). In light of the existence of many thin permeable zones in the imme-=
diate Granny's Creek project area, especially in the A and B zones (see Fi-
gures 4 through 9), it is not surprising that no COp-free oil bank was
formed, even though COy was injected alternately with water for mobility
control.

Production Response. Injection rates of more than 10 tons per day per well
(about 106 bbl of liquid COp per day) were achieved. The amounts of
COyp and water injected, and the exact sequence of injection, are well
documented. 3,46 Deducing where these fluids went, however, is not an
easy matter. Figure 20 shows the areal distribution of wells found to have
concentrations of COp greater than 4% at any time during the project.
The fact that COp was found over an area of more than 200 acres, rather
than the 6.5 acres on which the project was based, will give new meaning to
the recovery figures. See the panel diagram for the thickness and areal
extent of the A, B, C, and D stratigraphic zones.

It is possible to calculate the number of pore volumes of COp injected
into each sand by apportioning the CO9 injected on the basis of permeabi-
lity and thickness, assuming the project area is representative of the en-
tire field. The geometric mean permeabilities for zomes A, B, and C are 5,
5, and 1.5 md, respectively. The D zone was tight in all wells. From the
cored wells in the project area, the average net pay in the A zome sand
with greater than 1 md permeability (mno saturation cutoff was used because
of lack of data) is 5 feet, in the B sand 3.2 feet, and in the C sand 17.5
feet. The product of permeability and thickness is 25 md-feet for zone A,.
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16 for zone B, and 26 for zonme C. Allocating the injected C0p in these
proportions gives 37%Z to zone A, 247 to zone B, and 39% to zone C.

Converting the' total tonnage of COp injected into cubic feet of pore
space requires some knowledge of reservoir conditions. The pressure in the
immediate project area was high enough that the COo9 would remain liquid
(see phase diagram, Flg. 15). At the crltlcal point, COp has a specific
volume of 0.342 ft /lb or 68.4 ft3/ton. The project area was at
slightly lower temperature (about 80°F) and higher pressure (1550 psi) than
critical; at these conditions the Z factor for C09, if it is a super-
compressed gas, should be 0.225 (from experimentally derived wvalues), giv-—
ing a specific volume of 39.2 ft3/ton (Figure 22). However, as the CO9
moved away from the prOJect area, it expanded with decreasing pressure, so
that the figure 68.4 ft /ton may be an adequate approximation for rough
calculations. Assuming that it is, the 9878 tons of C0y injected would
occupy 667,000 ft3 in the reservoir. Using the allocations calculated
above, approx1mately 9 to 13% of the hydrocarbon pore volume was injected
into zome A, approximately 8 to 11% into zomne B, and 2 to 3% into zone C.
The ranges in these values result from variations in hydrocarbon saturation
from 504 to 35%, i.e., between the original saturation and the present es—
timated post—-waterflood saturation. It is difficult to estimate or calcu-
late how much of the injected COy remained within the pattern.

Fluid Saturations.

Hydrocarbon saturations can be determined from a proper log suite provided
certain values are known or can be approximated. Information was obtained
from Columbia on several wells outside the immediate project area that
"could allow the calculation of hydrocarbon saturations. The nearest wells
‘are #20317, about 2000 feet northwest of the project area, and #20237,
about 1000 feet to the north-northwest.

Factors that must be estimated in order to conduct log analysis are a, m,
and n factors, plus (most importantly) the water resistivity. The a, m,
and n factors for zones A, B, and C have been estimated to be 1, 2, and 2,
respectively, by analogy with the Rock Creek Big Injun sand, where these
values have been measured. The water resistivity calculated from SP in the
20317 well is 0.075; but analysis of interstitial water from two wells
(Summer's Heirs V-2018 and #20274) drilled within the pattern at widely se-
parated dates (1963, before the waterflood, and 1975, after) indicates that
the resistivity should be much lower, at least in the C zone. When the
lower resistivity was used in the log analysis, however, with appropriate
corrections for shale, the hydrocarbon saturations turn out to be about
twice as high as the value used by Columbia in planning the project. Their
value was presumably determined from detailed studies, including two reser—
voir simulations; hence the values calculated may not be representative,
and they have not been included in this report.
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Rock Creek and Griffithsville Projects.

Since COp injection has mnot yet been initiated in Rock Creek or Grif-
fithsville, it is impossible at present to summarize or evaluate the pro-—
jects. It is possible to set the stage for the evaluations of these pro-
jects by characterizing the rock properties, reservoir conditions, reser-
voir repressuring, and planned procedures as fully as possible. ' This is
the subject of the following sections, where each project area is discussed
under the following headings:

* Rock properties

e Reservoir éonditions
. Saturati;ns

o Design features

Rock Properties in the Project Area of Griffithsville Field

Lithology.

The Berea sand has been described in the Guyan 0il Company technical pro-
gress reports as a gray quartz sand, uniform in thickness, cross bedded,
fine-grained, with subangular grains, fairly well sorted and closely
cemented.

Crossplots of the neutron vs density log values indicate that the cementing
material is probably calcite or dolomite. Petrographic work in ‘the files
of METC, done on cores from Well #I-7, shows that the cementing material
is, by and large, dolomite. Other accessory minerals identified in core
analysis are pyrite and calcite. Shale was not a major constituent of most
cores, although some shale streaks were noted. The grain size decreased
toward the base of the sand, according to the petrographic analysis. The
detrital-illitic or sericitic material increases towards the bottom. '

Porosity and Permeability.

Porosity and permeability measurements in the pilot area have been made on
cores taken from six of the new project wells. Horizontal permeability,
directional horizontal permeability 90° from maximum, and vertical permea-
bility have been measured on some whole cores and plugs.

Porosity values measured by sidewall neutron, compensated neutron, and com—
pensated formation density logs can be used to calculate an effective poro-
sity, and the results compare favorably with the core values. Figure 23



29

gives a porosity vs permeability plot for all recorded measurements in the
field.

Both the average porosity and permeability increase toward the top of the
Berea sand. The overall average porosity of the pilot area is 11.2%. Per—
meability values vary dramatically; however, the overall geometric average
of the gross sand is 5-6 md. A Dykstra-Parsons type permeability variation
plot is given in Figure 16. If a l-md permeability limit is used in calcu-
lating net pay, the reservoir contains approximately 14 feet of net sand
(mostly at the top), with an average porosity of 12.37Z and an average per—
meability of 8.2 md.

Vertical permeability from core analysis on Well #I-4 is estimated to be
about 0.3 of the horizontal permeability (see Figure 30).

A plot of permeability vs depth in one of the project wells is given in Fi-
gure 24.

An injectivity test for COp was performed in Well I-6 (which was com-—
pleted in open hole after fracturing). At an unspecified wellhead pres-—
sure, COy was injected into this formation at a rate of 3.8 tons per
hour. At reservoir conditions, this is about 829 barrels of liquid COo
per day.

Three-Dimensional Porosity Distribution.

A panel diagram for the pilot area has been made with intervals correlated
on as fine a scale as possible (Figure 33). GR-FDC porosity logs with core
porosity and permeability plotted on them were used as the basis for cor-
relations. The detail on this diagram shows that there are no apparent
deadend porosity intervals, and that the tighter intervals (porosity less
than 10%) are interdigitating and do not seem to effectively divide the
sand into separate zones. However, the highest porosity and permeability
intervals in each well are nearly always in the top portion of the sand.
This section will probably be the path of least resistance to the €09
slug. Even if the sand were divided into separate lenses or zones, the
abundance of old wells fractured with explosives in this portion of the
field would allow communication of all zones.

The above discussion of lithology and other properties, together with the
regional framework of the Berea sand, suggests that this deposit has been
reworked and that the hard (or low permeability) streaks that do not corre-—
late between wells result from differential cement development.

The Griffithsville field is a synclinal oil field53; the immediate pro-—
ject area dips gently (less than 0.5°) toward the northwest.ol
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Fractures.

To this point in the study, no evidence has been found for naturally occur-
ring fractures in the field. The orientation of induced fractures has been
~ carefully documented by impression packer work in Well #I-6. This direc-
tion is S. 55° E.

Reservoir Conditions.

The reservoir conditions in the pilot area are taken to be temperature,
depth, original pressure, present pressure, and salinity and hardness of
connate waters. The temperature of the reservoir corrected from the maxi-
mum reading taken at bottom hole (generally less than 100 feet below the
formation) is 75-85°F. The depth of the field is approximately 1450 feet
below sea level. Original pressure, as nearly as it can be established,
was in the neighborhood of 1000 psi. Present pressure, of course, is de-
pendent upon the amount and the rate of fluid injection. The properties of
the connate water in the reservoir cannot be determined. However, the zone
has been thoroughly flooded with water from the overlying Salt sand and
analysis of produced water shows total. dissolved solids of approximately
105,000 mg/1, with calcium and magnesium totaling 8800 mg/1.

-Water Saturation Calculations.

Water saturations (SW) were calculated for those wells in which an induc-
tion log and at least one porosity log have been run. (Table 5 lists the
logs available for each well in the pilot area.) Porosities from. cores
were compared to porosities derived from logs to verify the efficacy of us-—
ing log-derived data. ' Where two porosity logs were run (the FDC and CNL or
SNP), a density-neutron solution for shale volume and effective porosity
was performed. Since the volume of shale calculated by this method was
normally = very low or zero, shaly sand log analysis was considered
unnecessary. '

The water saturation value so obtained is about 54%, higher than the value
of S; = 40% calculated by using a lower water resistivity. = Because of
this difference, a short discussion is appropriate.

A Core Lab report dated March 2, 1978, shows a formation water resistivity
of 0.065 ohm—metersBB, and the resulting computations of the water sa-
turation yield values similar to those obtained in this study. On the
other hand, measurements made in 1965 on Berea cores from Joe Stephen No. 1
gave 1interstitial water chloride concentrations averaging. 216,000 ppm.
Such highly saline formation water should have a resistivity of approxi-
mately 0.037 ohm-meters l; according to the SP measurement on the
Griffithsville logs, the formation water resistivity in some wells was as
low as 0.035 ohm-meters. Therefore it is impossible to ascertain the cor—
rect saturation value. Within the realm of engineering judgment either
value could be taken as correct; for the purposes of this study, we have
decided to carry both values (see Table 22).
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Fluid Saturations in the Pilot Area.

In evaluating the efficiency of the COp EOR process, it is probably bet-
ter to use the highest reasonable in-place oil figure as a starting point,
since this tends to underestimate rather than overestimate the efficiency
of the displacement process.

In light of the reservoir's history, derived fluid saturations may vary
widely across the project area. The reservoir, discovered in 1908, appar-
ently produced by solution gas drive. Primary production probably left
high residual gas saturation, on the order of 30-40%.

Estimates of o0il recovery from the total field are around 20% of oil in
place. The field has been abandoned for many years except for a few isola-
ted producers.

The next significant event in the history of this portion of the field was
accidental repressuring by crossflow (dump flooding), presumably from the
Salt sand. This crossflow has repressured the reservoir in this area to
around 725-975 psi, depending upon the exact location.?3,57 When the
water entered the formation it may have traveled preferentially through the
zones of high gas saturation and moved little o0il, since a high oil satura-
tion still exists in the pilot area. Existing gas was either displaced or
forced back into solution by the rising pressures. Guyan 0il Company noted
that waterflooding, either from crossflow or from repressuring operations,
has now mobilized some of the oil remaining in the reservoir. The reser-
voir is currently producing at the rate of about 50 BOPD from 9 producing
wells. Imjection tests by Guyan have found that the wells Wlll take 80-150 -
BWPD at bottomhole pressures of 1600+ psi.

Design features.

The wells used in this project are conventional wells with various casing
sizes and completed by various techniques. One well, I-6, is an open-hole
completion with 7-inch casing.54,55 Other mnew wells in the project
have 4-1/2 or 5-1/2-inch casing with set-through type completion. Well lo=-
cations are plotted on the base maps of the panel diagrams included with
this report.

Planned €Oy 1injection rate is about 10 tons per day per well,d3
CO9 for this project will be purchased, shipped, and stored at the loca-
tion in liquid form. The planned facility calls for three storage tanks,
each of 38-ton capacity, to store COp at 250 psi and -15°F. Liquid will
be moved from storage to main injection sites by electric booster pumps.
Main injector pumps will have variable flow capacity.
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Corrosion mitigation plans have not been disclosed, possibly because they
have not been completed.

Major - problems in this project have resulted from the diffiéﬁlty in re-
entering many old wells. Legal action by environmentalists has also im~

posed considerable remedial work.

Rock Properties in the Project Area of Rock Creek Field.

Lithology.

Pennzoil has provided what appears to be an excellent description of the
lithology and mineralogy of the reservoir in their annual reports and two
published articles. The following significant points are extracted from
their work./»30

The Big Injun sandstone is described as "a light greenish—gray, very fine
to medium grained well sorted subangular sandstone that is slightly to mo-
derately calcareous,”

X-ray diffraction and petrographic analysis were performed by Halliburton
on one sample from L. W. Shaffer PI-2 at a depth of 2104.54 feet. Core
analysis on this sample gave a porosity of 23.2% and a permeability of 19
md. - . The sample exhibited slightly better petrophysical rock properties.
than the average of the total sand. It was described as "sandstone, poorly
sorted, very fine to medium grained quartz, feldspar, mica and rock frag-
ments forming the framework, small amounts of quartz overgrowth, - predomi-
nant clay is chlorite present as coating on pore walls, small amount of
calcite is observed as pore fill. Good visible porosity with chlorite
linings.” '

Pennzoil also reported occurrences of ankerite and siderite. These, how-
ever, are of minor importance, except that they probably cause some minor

pore filling.

Porosity and Permeability.

Porosity and permeability measurements have been made on cores taken from
the entire interval from several of the project wells. Most of the core
analyses in the field were performed on whole cores. Horizontal permeabil-
ity at 90° to first reading, vertical permeability, porosity, and residual
0il and total water saturations have been measured on all cores. Other
porosity measurements have. been made by FDC-GR logs run through the inter-
val. A porosity vs permeability plot is given in Figure 25.

The overall average porosity for the pilot area using 5 md cutoff was re-
ported by Pennzoil to be 21.7%Z. For a 1 md permeability cutoff, the over-
all average porosity is 21.2%. Using the method of determining geometric
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average permeability from .plots of permeability vs probability, the geo~
metric average for the project area would be 15 md or 12 md, respectively
(Figure 16).  As may be seen from Figure 16, the porosity cutoff of 19%
used in the calculation of water saturation corresponds very nicely with
the 5 md cutoff used by Pennzoil in their determination of net pay from

" core analysis.

As noted by Pennzoil, the vertical permeability measurements seem overly
high, but they are consistent (see Figure 28). The vertical permeability
appears to be 0.9 of the horizontal permeability, but this value is very
high and may result from a consistent error in the data treatment.

Figure 26 is a plot of permeability vs depth for a typical well in this
project.

Three-Dimensional Porosity Distribution.

A panel diagram has been made for the pilot area on which all porous inter-
vals have been correlated on as fine a scale as possible. FDC-GR porosity
logs and permeability from core analysis plotted on the logs were used as a
basis for correlations, where possible. Where these logs were not avail-
able, the best available log was used instead. A half-size copy of the
panel diagram for this project area is included with this report.

This diagram shows the sand to be remarkably uniform and consistent from
well to well. There appears to be very little deadend porosity (see =zone
near the bottom of Shaffer #2 PI-#1 and Lewis #17). Most of the tight in-
tervals of the sand are interdigitating and do not correlate from well to
well (see zones in PI-#6). One tight zone, very near the bottom of the
sand, does seem to be consistent and is present through most of the field
(see PI-#2); it follows the zome through I-#3 and southerly through the
field. Even if the sand were more extensively divided into lenses or
zones, the abundance of old wells fractured with explosives would allow
communication of all zonmes in the vicinity of the wellbores. Depositional
and post-depositional environments of this sand should be very similar to
those of the C zonme at Granny's Creek. The Big Injun formation at Rock
Creek correlates well with the C zone of the Big Injun sand of Granny's
Creek, but the A and B zones are missing. '

Pennzoil noted that depositional environment indicators other than textural
and mineralogical data are largely nonexistent. Infrequent crossbedding
has been noted with very low angle and of hummocky type. Also noted in the
core were some micro-cross. laminations, possibly from current ripples, as
well as one pebble lens. ' :

The occurrence of two chiefly syngenetic43 (formed during diagenesis)
minerals, siderite and ankerite, suggest that the deposit was subjected to
a weakly-reducing to neutral environment shortly after deposition. ,



All of the above facts are consistent with the 1nterpretat10n that the _sand

-.dn this field.was..deposited as “an offshore ‘of near-shore bar with very

v ¥ittle reworking of the sediment. This is also consistent w1th the overall
.geometry of the sand. - :

Structurally, the Walton field (which contains the Rock Creek field) is a
synclinal oil field. The immediate project area is on the eastern flank of
a northeast-plunging syncline. The formation dips toward the northwest at
- slightly more than:0.5°. ; :

Fractures.

To this point in the study no evidence has been found for any naturally oc-
curring fractures in this field. Some anomalies in injection water break-
through have been attributed to a permeable zone in the Big Lime above the
Big Injun sand.

Fluid Saturations in the Project Area of Rock Creek Field.

‘Special core analysis; an adequate suite of logs in some wells, and know-
- ledge of the resistivity of the connate water of the reservoir allow the
~calculation of widter saturation of the project area. The water saturation
«(Sw) ~of the project area is approximately 50-69% with an average of 54%.
This value was calculated using a, m, and n factors from special ¢ore ana-
lysis (1.0, 2.0, and 1.97 respectively) and a water resistivity of 0.045
‘ohm-meters. ' ‘The average water- saturation was determined using a 19% poro-
“sity cuﬁoff.' These values are higher than those ‘obtained by Pennzoil (SW =
46.2%) 4 This difference is probably the result of a shale correction
used by Pennzoil to correct for the chlorite content of the reserv01r tock
noted aboves The. value Wised in the present study was based on a cléan sand
‘approach, because the information necessary to make a quantitative shale
correction was not available to us. Therefore, the actual value of the pre-

“sent water saturatlon is probably about 46~50% and certalnly no hlgher than
ﬂ54/. ThelE

De51gn Features of the Rock Creek COzilnjectlon Progect.

The following summary of the design features of the Rock Creek prOJect 1s
taken from a Pennzoil report.

The project area is in:'an old portion of the field and uses both bldvand
new wells. The two center producers in each five-spot (see panel'diagram
‘included with this- report) are 'very old wells, drilled in 1908 and 1909.
They were réconditioned by replacing 5-1/2 inch casing with 4-1/2 inch,
with open—hole completion. The six water injection wells are all new with
4-1/2 inch casing and set—through completion.

Many existing wells were converted to backup water injection  wells, with'a
new well drilled ‘to complete the confinement. These wells are mostly open
hole completions, which was the standard practice when they were drilled.

34



33

average permeability from plots of permeability vs probability, the geo-~
metric average for the project area would be 15 md or 12: md, respectively
(Figure 16). As may be seen from Figure 16, the porosity cutoff of 19%
used in the calculation of water saturation corresponds very nicely with

the 5 md cutoff used by Pennzoil in their determination of net pay from
core analysis.

As noted by Pennzoil, the vertical permeability measurements seem overly
high, but they are consistent (see Figure 28). The vertical permeability
appears to be 0.9 of the horizontal permeability, but this value is very
- high and may result from a consistent error in the data treatment.

Figure 26 is a plot of permeability vs depth for a typical well in this
project.

Three-Dimensional Porosity Distribution.

A panel diagram has been made for the pilot area on which all porous inter-
vals have been correlated on as fine a scale as possible. FDC-GR porosity
logs and permeability from core analysis plotted on the logs were used as a
basis for correlations, where possible. Where these logs were not. avail-
able, the best available log was used instead. A half-size copy of the
panel diagram for this project area is included with this report.

This diagram shows the sand to be remarkably uniform and consistent from
well to well. There appears to be very little deadend porosity (see zone
near the bottom of Shaffer #2 PI-#1 and Lewis #17). Most of the tight in-
tervals of the sand are interdigitating and do not correlate from well to
well (see zones in PI-#6). One tight zone, very near the bottom of the
sand, does seem to be consistent and is present through most of the field
(see PI-#2); it follows the zone through I-#3 and southerly through the
field. Even if the sand were more extensively divided into lenses or
zones, the abundance -of old wells fractured with explosives would allow
communication of all zones in the vicinity of the wellbores. Depositional
and post—depositional environmments of this sand should be very similar to
those of the C zome at Granny's Creek. The Big Injun formation at Rock
Creek correlates well with the C zone of the Big Injun sand of Granny's
Creek, but the A and B zones are missing. C ‘

Pennzoil noted that depositional environment indicators other than textural
and mineralogical data are largely nonexistent. Infrequent crossbedding
has been noted with very low angle and of hummocky type. . Also noted in the
core were some micro-cross laminations, possibly from current ripples, as
well as one pebble lens. »

The occurrence of two chiefly syngenetic43 (formed during‘ diagenesis)
minerals, siderite and ankerite, suggest that the deposit was subjected to
a weakly-reducing to neutral environment shortly after deposition.



All of the above facts are consistent with the interpretation that the sand

-+ in this  field.:was. deposited as an' offshore or near=-shore’ bar with very

little reworklng of the sedlment. ThlS is also cons1stent with the overall
geometry of the sand. ‘

Structurally, the Walton”field (which contains the Rock Creek field) is a
synclinal oil field. The immediate project area is on the eastern flank of
a northeast—-plunging syncllne. The formation dips toward the northwest at
sllghtly more than O. 5° S -

‘Fractures.-

To this point in the study no evidence has been found for any naturally oc-

‘eurring fractures 'in this field. Some anomalies in injection water break—
through have been attributed to a permeable zone in the Big Lime above the
Big Injun sand.

Fluid Saturations in the Project Area of Rock Creek Field.

"Special core analysis, an adequate suite of logs in some wells, and khow—
~ledge of “the resistivity of the connate water of the reservoir allow the
“calculation of water saturation of the project area. The water saturation
“(Sw) of the project area is approximately 50-69% with an average of 54%.
This value was calculated using a, m, and n factors from special core ana-
lysis (1.0, 2.0, and 1.97 respectively) and a water resistivity of 0,045
‘”ohm—metersi The average water saturation was determined using a 19% poro-—

xSity'cutoff. These values are higher than those obtained by Pennzoil (Sw =
46.2%) 44 This difference is probably the ‘result of a shale correction
used by Pennzoil to correct for the chlorite content of the reservoir rock
noted above. The. value .used ‘in the present study was based on a clean sand
“approach, because the- information necessary to make a quantitative Shale
correction was not available to us. Therefore, the actual value of the pre-

‘sent water saturatlon 1s probably about 46-50% and certa1nly no hlgher than
“544. A

DeSiganeatures of the*Rock‘Creek'COz Injectibn Project.

fThe following summary of the de31gn features of the Rock Creek prOJect is
taken from a Pennzoil report.7 :

~The projeet area is 1n'an‘old portion of the field and uses both old "and
‘new wells. The two center producers in each five-spot (see panel dlagram
:includéd with this report) are very old wells, drilled in 1908 and 1909.
They were  reconditiened by replacing 5-1/2 inch casing with 4- 1/2 1nch

with open-hole completion. The six water injection wells are all new with
4 -1/2 1nch ca81ng and set through completion.

Many existing- Wells ‘Were converted to ‘backup water injection wells, with'a
new well drilled to complete the confinement. These wells are mostly open
hole completions, which was the standard practice when they were drilled.
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Details of the COp injection system are as follows, quoted directly from
the Pennzoil report:

Carbon dioxide will be maintained in the liquid state during
the project. Four insulated tanks, each capable of storing
44 tons of carbon dioxide, have been installed at the plant
site. Carbon dioxide will be hauled to the plant in tank
trucks during the carbon dioxide injection phase. The carbon
dioxide will be stored at approximately O°F and 250 psi. A
gear pump will take suction from the bottom of the tanks and
charge a triplex pump with a 300 psi liquid. The triplex
pump will then pressurize the carbon dioxide to the desired
injection pressure. This injection pressure will be main-
tained through a by-pass system consisting of a series of
back-pressure regulators.

After pressurization, the carbon dioxide will pass through an
in-line indirect heater capable of heating the fluid to 70°F.
The heated carbon dioxide then travels to an injection header
via an uncoated 2-inch line. From the injection header, in-
ternally coated 2-inch lines run to each of the six injection
wells. The injection header is constructed so that either
~water or carbon dioxide can be injected into any well at any
- time. This header was constructed in this manner to allow
alternate water and carbon dioxide injection into each well
individually instead of simultaneously during the WAG phase
of the project.

Planned injection -rate is about 15-20 tons of COy per day per well. The
injection sequence will be (1) a slug of CO, amounting to 6.5% of the hy-
drocarbon pore volume, (2) a slug of water amounting to 3% of the hydrocar-
bon pore volume, (3) nine alternating CO9 and water slugs, each 1.5% of
the hydrocarbon pore volume.



STUDY SUMMARY

Based on available reservoir informationm, COy dlsplacement seems to be
the enhanced o0il recovery technique most suitable for most West Virginia
oil reservoirs. _ Seventeen reservoirs have been identified as potential
candidates for the CO, displacement process: three Berea, six Big Injun,
five Gordon, one Gordon Stray, one Fifth, and one Squaw-Weir sand reser-—
voir. The total volume of oil remaining in these 17 reservoirs ‘is esti-
mated to be more than one billion barrels. The fields are all within a
relatively small geographic area and constitute a significant target for
enhanced oil recovery technology. There are, however, many difficulties in
working with expensive fluids in old fields containing many abandoned
wells.

Injectivity of liquid COs in West Virginia oil reservoirs has been ‘demon-
strated to be higher than that for water or natural gas.

In connection with raising pressures prior to- C0y injection, waterflood-
ing has been shown to be effective in two reservoirs prev1ously considered
impossible to flood.

In the single COy displacement .process completed in West Virginia, the
Granny's Creek project, efficiency of recovery was not high: less than one
barrel of additional oil per 20 MSCF-of COp injected. The injected li-
quid was found far outside the project area, however, indicating a need for
effective confinement. The CO, process has been demonstrated as effec~
tive in displacing oil from a previously waterflooded portion -of the
reservoir.

- The three ongoing or prOJected COy projects in the state have many common

features, which should simplify the complete analysis when they are
completed. , : i
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RECOMMENDATIONS FOR FUTURE CONSIDERATIONS

Several pertinent recommendations can be made for high-pressure CO, dis-—
placement projects contemplated in this part of the country.

First, considering the wide areal distribution of COj observed in the
Granny's Creek project, the confinement of injected COy by backup water
injection must be effective.

Second, based on experience at the Griffithsville project site, any oper-
ator planning an enhanced oil recovery project of any kind should allocate
a substantial sum of front—-end money to locating and repairing old, improp-
erly abandoned wells, and must provide for remedial environmental work.

Based on the effectiveness of waterflooding in two reservoirs where previ-
ous attempts had failed (Rock Creek and Griffithsville), waterflooding may
be a cost-effective alternative to CO9 miscible displacement. Since
waterflooding has never been demonstrated to be effective in a Gordon sand
reservoir, the potential exists for a limited waterflood project. If this
is successful, then a COp injection project could be run in another por-—
tion of the field, to compare results with a similar project in a watered-
out section of the reservoir. Such a project would provide a sound basis
for comparison of recovery by COp injection before and after waterflood,
and the comparative economics of the processes.

Naturally occurring COj would probably be most economical in increasing
0il production from the old reservoirs in the state. In fact, unless the
efficiency of the process is substantially higher than was found in the
Granny's Creek field, such naturally occurring supplies of COp are prob-
ably the only source cheap enough to be considered for an enhanced oil
recovery project.
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Lines signify the theoretical
limits to a particular technique.

Boxed areas signify the limits

for- a particular technique.

Enriched Gas

Depth : ;
l. g of successful EOR projects
20,000+ l' é 7 ; .
Polymer At:_gmomléi——?-———-
o
I :
7 A
10,000 / /é :: E
9,000 1 / Lo
] ‘ % : :
/8,000 C Successtul ? % / y
7,000 1 " Insitu % : : Drv Gas
s'ooo L EOR / E : mgeTsessravsnnsannsnnsna ;[yue aGas
5 000 1 .- /% //4 : or 2
' Successful // I
4 000 1 Steam /
, EOR ~ ,..,...,.//4.,% I
3,090 4 / ?:% I ...............................
-- =
2.000. %_/ IR vums wmmw own sede B oaes  sees COZ — —
. / /’/ Successful
g}/ Ponmoé Augment
_ i /A OR )
77 LB
| i
1,000 g’_—
900 4 % Y
800 -1 g—' A
700 7 2
- (2]
] Z g
600 g.— =
~ A
560+ i
400.‘ ..-'.ul./%é’; 7
300 4 X ALARRNY A Insitu AN ,l,
5
200 E
< g
5 8
3 &
>
Q
100 T l ' — Y T
10 20 30 40 60
APl Gravity
Fig. 1: 0il Gravity and Depth Limitations, Proven and Theoretlca]

of Most Enhanced 0il Recovery Techniques



B R AT |

i

5800
— 5400
—.5000

— 4600

k4200

3400

MINIMUM RECOMMENDED DEPTH
OF FIELDS CONSIDERED AS

3000

CANDIDATES FOR CO2 DISPLACEMENT

2600

2200

1800

MINIMUM DEPTH FOR FIELDS
CONSIDERED AS POSSIBLE
CANDIDATES FOR EOR DISPLACEMENT

_j__

1400

1000

— 600

1 | 1 1 | 1 1
) o wn) (@] [T} (@]
<t < ™ o o~ ~N 2

NUMBER OF FIELDS.

Figure 2

!
o

5

200

— 3800

PRODUCING DEPTH

AVERAGE

44

- DEPTH DISTRIBUTION OF WEST VIRGINIA OIL REéERVOIRS



20 —

15 -

410 ¥3IGWNN

10 =

SINTVA

25 30 35 40 45 50
API°

Fig. 3a: Gravity of West Virginia Crude 0ils

55

60

65

70

45



20

15

40 ¥3IGWNN

104

53N1VA

0 2 4 6 8 10
DEAD OIL VISCOSITY AT

Fig. 3b: Viscosity of.West Virginia Crude 0ils

12
100°F

46



47

/S
J \‘_——‘/ 1 r\‘ l ~ 7
A8 \i11 206 ¢ 4 \’/’"’ /]\‘\\ ) 3
778 17 TV ¢ [ S
TN ! Pt T o\ ¢
? < e \ J — /] L. ! ¢
/\q) b} /, Y N ¢ :_’, ~ae_/ (‘ o
| \j\\ N4 ~N /7 N /"
V) \ i \ AN ] { \\,/\
S \, ' "\ (\,/ L\) . \, J
Lo T3 by IV / Yime |
< AN \ / \ / /”
[ . ¢ T ~— 5 ‘\/\_/’ \’ ’/l ;
<l ) I w2 _/ '\ [ ~~7 roN /
M\ o I o 3 » \ ~
TS | N f( FIELD NAME
V -~ Vi ’v /\l
< {7 ,,,)V A S / CANDIDATES FOR €O PROCESS
\ P, _g. %2 / b \\/_ 1. Blue Creek
D, ,;w(” e ,;iil h ’ 2. Cabin Creek
(¥’ } 2 ) L_._7 \ ’ 3. Cameron - Gardner
“~ - — N, ,// L. Centerpoint
\\ SR 2 ! 5. Granny's Creek
N s \ "\\k >‘~\_~f i ) I y
- be \ e / 6. Greenwood
L ™ / 7. Griffithsville
N~ >N :
¢ S~ » e 8. Jacksonburg - Stringtown
s 5 TV
}\ _j( \;‘\/' 9. Mannington
.- N - 10. Pine Grove
Vet 11. Porto - Rico
12, Salem-Wallace
13. Steel Run
14, Tariff
SCALE 15. Walton + (Clover-Rush Run)
16. Wolf Summit
0 25 50 75 100 Miles . Yellow Creek

Fig. 4: Location of West Virginia Reservoirs
Having Significant EOR Potential

—
~I

18.
19.
20.
21.

CANDIDATES FOR OTHER EOR PROCESSE
Cario-Ritchie

Sistersville

Rouzer ,

Kidwell - E1k Fork




45— -
%/ PRIMARY
/A CAND | DATES
' SMALLER
40 ' § FIELDS
35~
30 - 1800" WAS USED AS' MINIMUM
DEPTH FOR CONSIDERATION AS .
A CANDIDATE FOR THE CO2
" | PROCESS :
)
™ . FIELDS HAVING LESS THAN
w , 10 MILLION BARRELS OF 0IL
O , LEFT IN PLACE WERE NOT
o o] , CONSIDERED AS GOOD
w NN PRIMARY CANDIDATES FOR
% , COy DISPLACEMENT
< A RM
15— .
% MANY OF THE SMALLER FIELDS
; « HAVE HAD NO RESERVE -
ESTIMATES PUBLISHED OR
THEY ARE INCLUDED WITH
10 -  LARGER FIELDS.
\//
5] : /

.

N

<% 1-10 10-25 25-50 >50

'AMOUNT OF OIL LEFT IN RESERVOIR
(MILLION OF BARRELS) (M)

Fig. 5: Estimated Sizes and Number of Fields Suitable for €02
’ Enhanced 0il1 Recovery

48



GENERALIZED STRATIGRAPHIC COLUMN
WITH OIL AND GAS RESERVOIRS

WEST

VIRGINIA

GEDLOGIC TERMINOLOGY USED FORMER TERMINOLOGY
SYSTEMS on 1968 (WVA GEOLOGICAL SURVEY OIL AND GAS “sanps®
AND ) COUNTY REPORTS) ({DRILLERS' TERMS)
SERIES STATE GEOLOGIC MAP IF DIFFERENT ‘ ’
= cARROLL
S INSmALL
= DUNKARD  GROUP b
. E cow Aun
LITTLE DUNsamD
a ?—--- BIG OuNARD
! /
2 MONONGAHELA  GROUP 7 BUANING  SPR:NGS
< UPPER / oas axo Lowtn cas
= / womSE wECK
Z /
<>I CONEMAUGH GROUP ! 8aLr 5an0s tim, 2na, ee
4
- s 1
> MIDDLE ALLEGHENY  FORMATION / ::m:c::'
%’ MAXON
4 LOWER  MAXON
l&.l LOWER POTTSVILLE  GROUP UTTLE Lig
Y Y YT VY I'au.u: MONDAY
= BG LIME
= | UPPER MAUCH CHUNK GROUP Joweewer
a- , s0uiw
[- ™
& | MIDDLE GREENBRIER  GROUP S veta
@ MACCRADY _ FORMATION e soor <
= LOWER POCONO  GROUP THMIATY #OOT -
—— GOROON  STRAY 4
HAMPSHIRE FORMATION Gamoow e
b CATSKILL fOURTH 2
-
FIFTH -4
UPPER CHEMUNG  GROUP ~_Barang 13
ELIZASETH = :’
BRALLIER FORMATION PORTAGE R, WARREN FINST s
WARREN SECOND
Z HARRELL _ SHALE S w GENESEE \  CLARENDOM (TiDGA} T
< MAHANTANGO FM. S& 2 HAMILTON \ SPEECHLEY H :
— = &5 A\ BALLTOWN (CWERRY GROVE) -
> MARCELLUS Fl\?a \ Auey -
» . NSOM
g MIDDLE ;L aNoNaAGA L . \ALEXANDEN - :
- e
w3 CHER ]
w 52 rstV”"'E NUNTERSVILLE L wone g
o B | WUNT e SHALE
Z D
ORISKANY SANDSTONE Pa D R THE R GA% N
OR!ISKANY SAND
LOWER HELDERBERG GAS IN MD,NY_OMIO. PA AND w VA.
MELDERBERG. YIELDS GAS FAOM
SEVERAL PA AND W VA wELLS
GRouP . T8G LmE* OF omo
TONOLOWAY  FM. g-—- 80SS3ROVILLE ]z:w
e - -4 .
E UPPER WILLS CREEK FM 2. RCNOOUT jg%w 1N JEPORTANT Cas
3= > AND th- W
= WILLIAMSPORT FM & 2 % BLCCMSBURG [S2B - Lockront socomre o ar,
- ~ GAS IN OMIO AND Wva
3 MC KENZIE FM NIAGARA i el __ 'u::::u: ot:;:zu::;‘zr :moo -
= AND. M ] "o,
= | miDLE ROCHESTEN SHA; SE[ v ino e wea
(7] KEEFER SANDSTGNE CLINTON dn (891G Six_sano)
ROSE. HILL FQRMATION 2 == " CLINTON GAS SAND OF OWQ ‘:’n&vu
LOWER TUSCARORA SANDSTONE WHITE  MEDINA Oe Shs Samo e Y
JUNIATA  FORMATION RED MEDINA
Z UPPER OSWEGO FORMATION GRAY MEDINA o~/ TRENTON-BLACK RIVER YIELOS Ot
[~ 4 REEDSVILLE #° 1N ONTARIO, MY, MICH, C XV,
- MARTINSBURG 4 NE TENN, AND Sw. VA S=Ows
L) TRENTON SHALE OF Ol AND GAS 1N OLEP
-— MARTINSBURG FM WELLS IN CENTRAL BAS:N
> MIDDLE GROUP | NEALMONT LS. |CHAMBERSSIRG] MOCCASIN “GLENWOOD® WORIZON AT 9asE
3 e s
e SE SGEL g—w’Mp;nKiﬁ S CHAZY oo ans REXTUCKY -
o MANTOWS|PINESBURG - STATEN  £OLT M KNOX DOLOMITE O, IN
= LE EnTUCKY
© | LOWER e e s L] x ROSE. moN s
H TREMPEALEAU OIL AND GAS
CONOCOCHE AGUE x omIo
UPPER FORMATION "
4 : ELBROOK |
MIDOLE
< FORMATION
x WAYNESBORO FORMATION NOME SANDSTOME OiL iN' € XY
e2] Tucny
TOMSTOWN DOLCMITE O 1N CASTEMN KENTU
E LOWER o ANTIETAM FM
o T HOWLEE HARPERS FM
TN~ 1
2 | croup [WEVE s@é‘gé‘f;%o”"
\_‘ CATOCTIN _FORMATION
PRECAMBRIAN CRYSTALLINE ROCXS

F

IGURE 6




50

GAMMA RAY FORMATION DENSITY
APl UNITS BULK DENSITY, grams/cc

200 24 25 262728

| 1l 5
%Gordon Stray Sand
( Gordon Sand i

2 3

Fourth Sand i |
— =

=

Vertical scale

0 20 40
0™ ain ™ s

Scale, feet

V\M :

Gamma Ray and Formation Density Logs From
Mannington Oil Field

FIGURE 7



51

T ) I o ) N ' WEIR SAND POOL )
JACKSONBURG FIELD, WETZEL COUNTY, W.VA, KANAWHA COUNTY, WEST VIRGINIA
0ea-130
AnD GroUr OF MEPRESSURED WELLS)
PRODUCTIVE AREA 2804 B
40 PRODUCHC WELLS " b PRODUCTIVE ARLA asa a
GAS INJECTION WELLS 2 MUMBER OF OIL WELLS i
REPAEISURING STARYED #9947 NUMBER OF GAS WTAKXLS s
200,000} REPMRESSUMNG BTARTED 1h2e -
ul - REPALSSURING STOPPED noe
PRODULLD UNDER  SICONDARY 0,88 s M
BOL3 /ACRE CAMED $Y BEC. REC. a5 sas | 20000 TAMKCATION OF REJULTS .
AVG. DALY GAIMED PER WELL Leao Bacs I 4 TOTAL MECOVERY TO ViAtS 645627 GELS|
PAODUCED UNDER MAMARY 534,838 BELS|
A PRODUCED UMDER SECONDARY  110.880 BOLS]
BBLIALRE RECOVERED TO MAe 2534
&« 30000+ BSBL3 ACAL GAWED Br BEC. REC. 284~
p E AVC BBLY. GAINED SER WELL 012
§'mgn J
?
]
-
4 oo b
spoor- .
st 4
Apoot- ® PRODUCYION LL(;C‘:D.“ .
™ s Ty Y T et %o [ 7]
FIGURE B wors o wE ww BN ew B
Decline Curve for a Gas Injection ~ FIGURE 9
_Project, Gordon Sand, Jacksonburg Field Decline Curve for a Gas Injection
Project, Weir Sand, Blue Creek
Field :
v [T T T T T T T 1 T o
L ]
L ]
sqo00) BLUE CREEK FIELD KANAWHA COUNTY, W.VA. ]
- LEASE A ol
PACOUCING SAND SQUAW
- PRODUCTION AREA . 202 4A E
NUMBER ORL WELLS MA.\‘)) |: TABULATION OF RESILTS
NUMBER OIL WELLS (3EC. REC,
TOTAL RECOVERY I/i/a? wz,402 BRLS.
e G iaRuyYTanTED e PRODUCED UNDER PRIMARY 058i5 BALE
10,0000 PRODUCED UNDER SECONDARY  $5,848 BELS. <
a
M
¥ s000f J
«
i
a
o
9 RECOVERY M2T——1fi/47 66,848 SBLS
] LESS EST. NOAMAL DECLIME 223 BBL
o SECONDARY OiL RECOVERY §3,723 BOLS
wool N
300 1 ] A 1 1 A1 1 //
»iz e W wae 077 w2 38 [T T

FIGURE 9a

Decline Curve for a Gas Injection Project, Squaw Sand,
Blue Creek Field



VK x¢

J FUNCTION

100
90

70
60

50
40

30

20

o~ N 00 N ®OVO

L o N ®OO

>

59

VERSUS J

BRINE SATURATION

MEASURED AND
EMPIRICALLY DERIVED

CORE SAMPLES
FROM WELL -6
GRIFFITHSVILLE

FUNCTION

\A

D SWC FROM
RELATIONSHIP

» CALCULATE
\\if\ A EMPIRICAL
N

MEASURED BRINE
SATURATION AT
350 PSI(USED AS

SWC)

WATER SATURATION AS A FUNCTION
OF POROSITY AND PERMEABILITY
DERIVED + EMPIRICALLY CALCULATED

10

20

30 40 50

%% BRINE SATURATION
Figure 10

60 70



(4) 1334 SSINMDIHL 13N

09 ¢S 0S Sy oy e 0f T4 oz Sl ol S 0
" mzup SIHL HL‘ . 8l hhwm”||||k
le .
379Y711VAY NOILYWHOANI ° o | 910l
NO11IN00Y¥d TYILNI ONs 04 SU_ | " .
¥¥04 %13 - 11IMAIY LT \\ vl
| w3zno¥ -0z — 2 ° 002
ITTIASYILSIS "6l \\QN
JIHILIY - 014Yd "8l 1 X
M3 MOTTIA L1 ,
CLIWWNS 4T0M “91 ) 4 oor
(NNY HSNY-IA0TI) + NOLTYM "SI \\\\\\\w €
4414VL “#L !
NNY 133LS €L el
IIVTTIVM - WATYS 2L P ) 009
0314 - 0140d “11 ¢~
IA0YD INId "OL -0
NOLONINNYW °6
NMOLONIYLS - DYNANOSHIVI ~8x
JTTIASHLIA41¥9 L et A 008
|a00MNIIF¥D °9
333D S, ANNYYD °G
INIOdY¥3INTD "%
YINCYYD - NOWIWYD "€ /
3334 NIgVD T 7 0001
%3347 Ing °1 )
O [
IWYN 1314 \\\\ 6l
“ : / / 00zl
YE=M
H009=%
1sd00G = "d -3
=9 . oovl
Quﬂnz A;h\@w C_ Om o b _.NNN—
- =
:30¥W SNOILdWNSSY (M4 -34) T802
9NIMOT104 THL FYIHM 1W0¥4 3LYINIVTD
| - 0091
INI13AINT HONOYW V SV ATNO 3A¥3S
OL ¥V 3ISIHL LNVLSNOD QT13IH SHOLIVA
WIHLO 41 ALITI8VIWYId TvNDI 40 S3NIT
0081
0002

AVA /188 MOT4 Q3Qd0D234 WNWIXVW

Empirically Derived Permeability

.
.

11

Fig.



PERCENT GREATER THAN >4

PERMEABILITY MILLIDARCIES

100 2 3 10 20 30 40 50 60 70 80 90 95 98
90 I —
80 B—pq o) !
70
60 hd
g -]
50 A N S
D .
40 Ap-A— - o o
30 SN .
: o0 N °
: o AN - o
; . AN ,
. g &) AA & .
20 DEI A——AQ
o _ - | T
o on A
(o] [ L
e | O,
D A
10 o °
Q 0o ®
8 o
7 [0
6 Ty
5 0 O
G : N
4
ae
3 | Et%b : A
, A
Rl e AA
o I Al
2 A —
O B AA
% .o CY&
o
_ O
1o e} DD
9 £
.8 .= ®
7 w}
.6 o |
.5 00D
. A
4 0—-0 1 o0 D]
A
3 o-0oloam °
FAN
.2 : i~ a— - O——®——O~m—4)——<)—————%n
A PERMEABILITY DATA FROM ROCK CREEK b ‘ '
O PERMEABILITY DATA FROM GRANNY’'S CREEK
® PERMEABILITY DATA FROM PORTO RICO BIG INJUN .
O PERMEABILITY DATA FROM GREENWOQCD BIG INJUN
R ! ! | | | | {

Fig. 12: Permeability Variation of Two Big Injun Sand Reservoirs
in West Virginia '



PERMEABILITY MILLIDARCYS

PERCENT GREATER THAN 23

2 5 10 15 20 30 40 50 60 70 80 90 95 98
100 " & ; — :
90 — : | ! ] ! | | I
80 . ‘

20 PERMEABILITY VARIATION :
60 OF SELECTED BEREA SAMDSTONE CORE
50
A\
40 AN—pn
30
°© A
o)
20 o A
u]
[m]
[m} OD - A
K n
8 o
a)
7 O—o o Ooon0 [a)
6 (8] . a
5
A o
O
4 5 A
A
3
O
° A
2 O -
o) |
A
o
A A
].017
.9 o} A
‘8
7 o] AN
Xe) o] AN AN
S o] 0—0 yAw
A4 0—0
3 o)
5 O PERMEABILITY DATA FROM GRIFFITHSVILLE, BEREA o
' A PERMEABILITY DATA FROM GRIFFITHSVILLE, BEREA
O PERMEABILITY DATA FROM PQlNT PLEASANT, BEREA
Y I Y B T

Figure 13



100

PERMEABILITY MILLIDARCYS

90
80
70

60
50

40

30

20

b 0 00 NOOOO

5 o N®moo

O ()

-—

PERCENT GREATER THAN

56

2,1000) 10 20 30. 40 50 60 70 80 95 98
L
| od
¢ ®
|
®
]
H100)
=10}
»
PERMEABILITY VARIATION
OF ONE GORDON SANDSTONE

Figure 14



PERMEABILITY MILLIDARCIES

PERCENT GREATER THAN >7

1002 5 10 15 20 30 40 50 60 70 80 85 90 95 98
90‘
80 |—= :
:(c))’ “lo ‘ PERMEABILITY VARIATION N
5 o, AT THREE CO, INJECTION PROJECTS ]
& 7 IN WEST VIRGINIA
40 O— &A_D —
0 BT
%o o u@A %
o A
20 0L o 7o)
o] 5 AA
o) o AA
fa OOOO b A
18 °°oo ﬁ&&\
8 eooo
: i
5 o OO AQA
4 qhqii}tq Do %&
- 3 EDD oo AA
do e |
2 D“.Ju : °9'AT
b ]
a
a
o D
10
9
8
7
6
5
. PERMEABILITY VARIATION
' OF THREE CO2 PROJECTS
3 USING-A 1ma PERMEABILITY CUT OFF
A = ROCK CREEK
2 o = GRANNY'S CREEK
o = GRIFFITHSVILLE
R

Figure 15



PERCENT GREATER THAN

20

30

40

50

60

70

80

90

95

98

o

LJ

D o
i

m}
]

PERMEABILITY DATA FROM GRIFFITHSVILLE

PERMEABILITY DATA FROM ROCK CREEK

PERMEA‘\BILITY [?ATA FIROM GRA‘NNY’S CREEK
| ! |

1G.

16:

100
80

60

40

20

w

o

PERMEABILITY VARIATION OF ALL THREE WEST VIRGINIA CO, INJECTION PROJECT
AREAS USING 0.1-md CUTOFF.

58

PERMEABILITY MILLIDARCIES



59

ALISOY¥Od
v €z [24 ¥4 o0z bl at Kl 9t sl 14 €L zL L ot L] 8 L 9 S 4 € 4

V34V 1D3r0¥d NOILDIrNI 20D O
a13d A3IAYD SSANNVIO ¥04 y ]
INOZ - V

a ‘ ]
ALISOY¥Od -} O

‘SA O 450 - 3
AL1T19VIWY3d 1 VINOZIYOH . 0ol 0o

)

\
]
C
oo = )

0z

Yy

ov

] 001

0t

ooy

005

09
[¢74

008
006
0001

ield

Permeability versus Porosity, A Zone, Granny's Creek Fi

Fig.17



60

oo N o

0z

oy

09
[e74
o8
06

ALISOCY0d
124 x4 tX4 ie [e74 61 13 Fat oL [33 140 £l [A3 i ot
V33V 123r0¥d NOILDITNI 20D
41314 %3340 S.ANNVYEO 304
INOZ - 8
ALISO¥Od
“SA o
ALITI8YIWYId 1V LNOZ IOH
e D
0
m o
/
/
o y
] \
\ -
\ i
s ¥ \ s O
\;\ B0z —
y di i

[¢]0] )

oe

os

ield

ty, B Zone, Granny's Creek Fj

ty versus Porosi

: Permeabi

18

Fig.



61

oo N O @9

Yy

Qo ® N O n

0z

0ot

ov

oS
09

074
og

ALISO¥0Od
:24 oz 61 a1 L1 ol Sl vl £t i i ol
] -0 ct
v3Idv 1D370¥d NOILDIrNI 20D
@134 ¥334D SLANNVYEO 304 o
INOZ - D ety e
ALISOY¥Od
SA
ALINEYIWYIJ TVINOZIYOH \ =
(m} o-
\
\ o
/
A
Ob—0O+—0O-f—0—00
(]
of o o
] ]
(I
o mu || m g 0
o
| mum_u __uD oo
[ 90/ Boglo
DD o Dﬁ_uu_nﬁ O
a O \l Eﬂ_ (]
o \\ o
a]
=Y 4 Th=5
O ml_u
o ol o
/
IRE
O
I/
y 4
y 4

06
00t

19: Permeabi]'ity versus ’Porosity", C FZone, Grannyis Creek Field

Fig.



62

V2038

2072

vI1307

20323

v 306

20328

\ar1hd

y2031

V1292

\ ‘v'.nllfl

Fioan
L ]

Fr22e

v2030

Q
[
v-2ae -1\
@ &
viae v129) :'2"
@® e
v2032
@ V2073
V2034
278 . 268 vi28T @
20329
vI2r 2T
@
2078
\.
"8
,// Fi3328
-
£13230
SCALE
e ———
400 [+] 400 800 FEET

F36663
*©

- [Ejtlz/"

PRODUCING OIL WELL
PRODUCING GAS WELL

PRODUCING OIL & GAS WELL
PLUGGED & ABANDONED O1L WELL
PLUGGED & ABANDONED GAS WELL
INJECTION WELL

WATER SUPPLY WELL

O EVALUATION WELL

€02 INJECTION WELL

WELL HAVING > 43 C02 IN
> PRODUCED GAS ANY TIME
DURING PROJECT

WELL HAVING < 43 €02 IN
PRODUCED GAS

SOJOR N & 38~}

GRUY FEDERAL INC.

HOUSTON, TEXAS

FIGURE 20

CO7 INJECTION PROJECT

GRANNY'S CREEK FIELD
CLAY COUNTY, WEST VIRGINIA




" szoz

H1d3a

63

Pw Alimigvawyad

S

lg @4nbi4

0l

0§ 001 00§ 000t

e
ovoz

SE0Z

0o£0Z

v£20Z "°N 113IM
ANVS NNINI 914
NOILNGIY1SIa ALITIIVIWYII

0zoz

|
W)
¥

sloz

u

oLoz

§00Z

0002

nom_llli

0661

S861—

086!(



AL gl
W7
i =
T
U/ts
/4l
/]

= 04



65

QO @ N O 0 <

PERMEABILITY MILLIDARCYS

ALISO¥0d
S¢ ye €2 [42 (¥4 [014 41 8l 4 9l St 4 €1

VAYY 1J3704d NOILI3ICNI 202
47314 ITTIASHLIAS14Y9 Y04

ALISOMOd SA  ALIT18YIWYId TYLNOZIHOH

Figure 23

OCoom N © VW =
o

0z oo

o€ -
o O\

oy o ‘

0s

09

o8

o ]
/
L

06

oot



66

H1ld3Q

v

S 9 LB él

v

Pw ALlTlgv3Iwyad
S 9 £ 8 601

oS ool

00§

¢
(01174

SLSY

0452

(-1 '°N 719M
ai3id IMIASHILII4I¥O
ANVS V334
HL1d3d 'sA ALITiIgV3IWAId

§9SC

09¢2

13374

0§s¢

Svse

orse

geSe

0€s?

§26¢

0ese

24

Fig.



67

PERMEABILITY MILLIDARCYS

O'O?V\_O'ﬂ -t

9c

X4 0Z

61 8l

ALISOY¥Od

Ll 9l Sl

14 £l 14

Ol

L2 sz v €l
vINY 133r0¥d NO1L33rNE 02 \
Q7314 M33¥I NI0Y Y04 v ,@\
ALISOHOd SA ALIT18Y3Wu3d TYLNOZIHOH \
Vv AV
v /
/
q\.«.
/A o
v g
\q
v y.
v v v v
v v
v v
14 V—v v v
v v v
v| v
£ v =
v
v 77/ a oV
s Vi v
< L)
? Q‘A«% o
/ g’m\ ]
8 A¢<¢ \Avs
6 v *|
0l v qm T QQIQ
VK % v
v \v/
v v i 94 v v v
viv v Y Y v
7
0z vuse LY Al Vav g v
V ¥ wWw, w
v VI W w |v
ot v waq 4_4‘ 7
' 4 K7
ov " V—ro
¥ lv
0s \
09 y o
oz /
/
08
06
001

Figure 25



68

Szél

0z6l

sl8l

olél

5061

H1d3a

006l

S681

0681

Pw
1)

ALITIEVIWYId
ot

0§

oot

00s

£ °N

T
Id

IRE)

Q1314 ¥33¥D HD0Y
CaNvs NAMNI 91
H1d3Q sA ALITISV IW¥3d

sgel

o8sl

GL8l

0481

Figure 26



PRESSURE, ATMOSPHERS

1000 T 69
800 I
|
600 l
] CARBON DIOXIDE
500 .. ..
400 {l PHASE DIAGRAM
300
200
100
CRITICAL POINT—] ND —
80 / L EGEND
O= GRANNY’S CREEK
60 A= ROCK CREEK
50 o= GRIFFITHSVlFLE
0 LIOUID
0 /
SOLID
20
VAPOR
10
9 /
B /
; /
6 /'/ REFERENCE FOR PHASE DIAGRAM:
V] Vukalovich, M.P. and Altunin, V.V, |
3 / TRIPLE POIN Thermophysical Properties of
4 Carbon Dioxide, Collet’s
Publishers, London [1968).
3
(v J
2
1
-100 4 -50 (¢} 50 100 150 200 250

TEMPERATURE, °C .

Fig. 27



HORIZONTAL PERMEABILITY

- - ) w & oo @ 00
. w - s b v e oo ~ o & v o NmwYwo o o =] o o S oa
N
B
A
2
N
A
4
ks
A4
Je A
(S
oY
A ﬁf& IED A 4
VLN

B
DD‘
AN
B

7
o 7 .
v..
H y. [0
¥
B
/l

7

FIG. 28
HORIZONTAL PERMEABILITY VS VERTICAL PERMEABILITY
CO= INJECTION PROJECT AREA

ROCK CREEK FIELD'WEST VIRGINIA

0o -

80
80
T0

80
50

40

+ 30

20

m o ~N®wo

v B Nw®bwvo

VERTICAL PERMEABILITY



Ky

100
90
80
70

60
50

40

30

20

—

H o O NOOO

HORIZONTAL PERMEABILITY

71

oo NNwo—

m

(X

3 4 5.6.78.9)1.

Kh

3 4 5 678910

FIGURE 29

20

HORIZONTAL PERMEABILITY VS VERTICAL PERMEABILITY

€0, INJECTION PROJECT AREA

GRANNY'S CREEK FIELD

30 40 50 6070809010C



FS

HORIZONTAL PERMEABILITY

m e Newd

[sF-4

100

90
80
T0

60
50

40

30

20

n o ~N@wad

o 4/
%
o
/
NS
[C
® .~
o V7 9
-
P
P
pe
o’ o
L
I/ ©
P
FIG. 30

HORIZONTAL PERMEABILITY VS VERTICAL PERMEABILITY
CO2 INJECTION PROJECT AREA

GRIFFITHSVILLE FIELD WEST VIRGINIA

" VERTICAL PERMEABILITY

o o N >wo




SHAPPER 42 &

SHAFFER W (0

LOCATHMIN MAP

T
Il HiEE HEE

T

T i

SO T

..j-i. i

: o -
I =
I 1 T
| == :FEEEL
L - - S ——
| __-‘.' 2 =_
> 1M L 2 3 EZ=
. B :
st || |LF :
LEWSE 4 pi-|
- & SHAFFER ot Bl-2 _ﬂ.
1 ==
O THE 1
I 2
= 3 1 IR
: ; i ) [ r..- I- :I "1 3 [
o r = = 1 F
; A (2 THF Jois
= - -
FENEIE ; il
I ol 4 | _I
LEWIS #n& SAFFER | O
E ' —m— 1=
- -1',!1 = =x i -
[ ] -i - == =
: :
: z
= bl | |
A RESSCTEIE
SHAFFER 4 Pl - 6 ‘ﬂ.
| =R ELMORE ¥ Pl-2 ﬁ
2522 .
=13 | ==
7 & 5 ek
= T
i 5

| LEWIS a4 2% ﬂ.

' |§:1- 1

___f1.|i

1=
i

Fhde 8T '&m ’
'&L Amakier @
B 8 &'.:- !
I'i'- E—-m ]
L1 :1:; o
Ili. Eimitar x "
'-E' ; -_I._ﬁ:‘-" ¥ i 2

BHAFFER - ﬂ

whra

———t,

R

i)

el
L

]

e

bEGENE

()} mwobuciNg WELL
A WATER INJECTIDN WELL
Ab COp MJEETION WELL

SCALE B OFEET

GRUY FEDERAL, INC,

HOUSTON, TEXAS

I

FIGURE 32
G0, INJECTION PROJECT

ROCK CREEK FIELD
ROANE COUMTY, WERT VIRGIMIA

FENCE DIAGRAM
g NN SAND




iy,

r C38. SET THEU + i) =

r ] Ta#E “C¥ IDHE

31.'L 1E

34

hE g

SCALE M FEET

=

- ——
[ 1] FEL]

(-]

— rlfl'.ﬂ'-ﬂr-

ODUCiMG WELL

WATEE THUELTIDN WELL

WATER ZoFFLY willi

O 0O

Eﬂl: TRUECTHDN el

GRUY FEDERAL INC.

HOUBTON, TEEAS

FIGURE 31
COgp IMJECT IO PROJECT
GRARNMY'S CREEK FIELD
ClLAY COUMTY, WEST WIRGIHA

FENCE DIAGRAM
“BIG INJUN SAND"




77

IN N
poob 005z> IN oN
1o0d 03
d]ey) a3euoqied poob
poob suoispues osuojspues IN
Jdouju Jouiw Jouiw
03 3uou 03 suou 03 suou
Jouw Jouw Jouju
0} auou 031 auou 03 auou
yeam yesm Jeam
0] suou 03 auou 0] auou
IN
poof 0005 poob 000§ 0051
-0§ -0¢ -9z 0z<
g< IN
IN
poob g/y  poob 00Z> §zZ< 00Z>
IN
IN
poob gz< LYAS 05
(o91<)
poob  ¢z-51 00Z< oBl<
poob poz> oozt
JdN 9/61 ghL# 9.6t
JdN Jyns uiman
4001443 LVM
211SAY2 ¥3WAT0d

IN
1seqg ybly
o>
IN
“aM Ag
%< 000°1>
‘Im Aq
EAAS 000°05>
UCOumﬂ.:m.m wccumUCMm
Joujw
auou 0] 3uou
Joujw
w:O: 03} Quou
neom
auou 01 suou
N
0Z< 0§< 0§-0Z< ¥0Z<
0L< N N
N
ozq  Sly 007> 00Z>
IN N
IN
IN
§Z< T4
(092<)
Q0l<  oS2< IN 082<
01> 0z>
9/61 L4 £L61 9.61
JdN JyNn9 usjysy uima

Y3IWATOd LNVLIVIUNS

*SALAp towAjod yiimy

IN Buioeds |(apm
31599 Mo| He
102 E]
=% x\n_ .mx
00L1L< 1sd ‘aunssoud Bujpjeaadg
IN By + B9 wdd “ssasupiey
IN Sp1]|OS paAjossip
{elo01 wdd ‘Ajjujjeg
s1euoqJed g
suojlspues IN ABojoyl
Joutu Jouju
03 auou 01 auou satnijoedy
4oujur Joujw
03 auou 031 auou deos sep
yesm syeam
01 suou 01 auou BALAp JB91EM [eaniep
A11502S 1A
N ammmmMMme x A11|1qesuwiad)
Al1)1G1ssusues)
IN IN IN pw “A31}|geswtay
01< IN N *33 “Aed 39y
00591« |euibilo ‘4Hg
N IN IN , dp ‘®dniedaaduaj
000€  000Z< 000€< ‘14 ‘yadag
IN IN N uoiileinies {}o X Ajl|souog
4¥/9 ‘uoijesjusduod {1
Se< 9z< st Y03 240j3q papoo|y
aq 01 ®Bate UY |]O 4O %
{092<) (sepnJo elulojlie))
00€< o0€< o0€< Aygneay 1av
oL> €< FARS sasiodijuad ‘A3|sods|p
9/61 ghl# £L61 9461
JdN Jung usiiey uimen
3781951K 203

SINDINHIZL AY3A0I3Y 710 QIINVHNI J0 NOJLI3T3S 3HL 04 YIWILIYI ONINIIYIS Q3NS|1and

(Q3NNTLNOD) | 378VL



TABLE 2

FRAC BREAKDOWN PRESSURES VS. DEPTH

BREAKDOWN DEPTH, APPROXIMATE BREAKDOWN
WELL NO. PRESSURE, PSI FEET GRADIENT, PSI/FT

Griffithsville Field - Berea Sandstone

1-6 1900 2208 1.19
P-20 1400 2222 1.06
P-17 1600 ‘ 2385 1.10
-5 1600 2310 _1.13

Average 1.15

Rock Creek Field - Big Injun Sandstone

Pl-1 2200 2059 1.50
Pl-2 1650 2098 1.22
Pl1-3 1550 1889 1.25
Pl-k 1650 1937 1.28
Pl1-5 1450 1918 1.19
Pi1-6 1150 1973 1.02

Average 1.24
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TABLE 3

WEST VIRGINIA OtL FIELDS
HAVING SIGNIFICANT POTENTIAL FOR ENHANCED OlL RECOVERY
BY COo INJECTION

ESTIMATED REMAINING
FIELD NAME OIL IN PLACE, MM BBL. RESERVOIR

Primary Candidates

Blue Creek 85 Squaw - Weir
Cabin Creek 65 Berea
Cameron - Gardner , 16.5 Gordon
Centerpoint : ' 67 Big Injun
Granny's Creek 27.5 8ig Injun
Greenwood 11 Big Injun

- Griffithsville 60 Berea
Jacksonburg - Stringtown 68 Gordon
Mannington 97-115% (97)+ Big Injun and Gordon
Pine Grove ‘ 15-31% (31)+ Gordon
Porto Rico 30-37% (30)+ Gordon
Salem-Wallace 201-218*% (201)+ Gordon
Steel Run 12-23*% (23)+ Gordon Stray
Tariff 19 Big Injun
Walton + Clover-Rush Run 158 Big Injun
Wolf Summit L7-56% (56)+ Fifth Sand
Yellow Creek 16-20% (16)+ Berea
TO#AL, PRIMARY CANDIDATES 1.0-1.1 Billion bbl.

‘Secondary Candidates

Cairo - Ritchie 90+ Salt Sand
“Sistersville L5+ Big Injun
Rouzer 11+ Big Injun
Kidwell - Elk Fork ' 19 : Keener
TOTAL, SECONDARY CANDIDATES 165 Million bbl.

*Range of estimates because of lack of sufficient qualitative data to make
a volumetric estimate. Reasonable data were used.

+1963 estimate.
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TABLE 6a

SUMMARY OF SELECTED LOW-PRESSURE
GAS INJECTION PROJECTS IN BEREA SAND

85

DATE OF NO. WELLS INJECTION MCF/
FIRST PRODUCTION/ WELLHEAD
INJECTION INJECTION PRESSURE
Cabin Creek 1930 19/4 96/190
Cabin Creek 1932 : 244/27 732/50-200
Griffithsville 1926 /52 44/300
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TABLE 11

AVERAGE RECOVERY FROM WEST VIRGINIA RESERVOIRS

PRODUC ING
FORMAT I ON
Berea

Big Injun
Gordon
Fourth
Fifth

Keener

*Average recovery

AVERAGE RECQVERY, B/AF

PRIMARY, EST.

100
100
180
300
150
150

TOTAL

138
114
195
361
197
198
164+

NO. OF

RESERVOIRS

9
7
4
2

1
1

90
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AVERAGE POROSITY OF WEST VIRGINIA RESERVOIRS

TABLE 16

THIS REPORT

10CC REPORTS =%

95

AVERAGE NO. OF FIELDS WHERE AVERAGE NO. OF FIELDS WHERE
FORMAT | ON $x AVERAGE ¢ IS KNOWN b AVERAGE ¢ IS KNOWN
Big Injun 0.16 14 0.176 ih
Berea 0.14 5 0.15 16
Fifth 0.18 2 0.17* 6
Gordon 0.12 2 0.101 16
Keener 0.115 2 0.105 4
Fifty Foot  0.13 ] 0.09 1

*Average value for fields where there is some production from the reservoir.

**Used some confidential core data from S. Penn 0il Co, files.



TABLE 17

AVERAGE FORMATION VOLUME FACTORS FOR

WEST VIRGINIA OIL RESERVOIRS

VOLUME FACTOR

FIELD ' FORMATION ~ fvf(correl.)  fvf (10CC)
Blue Creek Weir? . 1.2 , 1.14
Cabin Creek Berea 1.2 1.17
Cario Salt 1.05
Griffithsville Berea 1.2 1.17
Jacksonburg | Gordon 1.2 1.20

Mannington Big Injun 1.2 1.14



TABLE 18

97

PERMEABILITY RANKING OF SELECTED CANDIDATE RESERVOIRS

High Permeability

Medium Permeability

Low Permeability

FIELD

Cameron-Gardner

Porto Rico

Steel Run
Sistersville

Kidwell Elk Fork

Cabin Creek
Centerpoint
Pine Grove
Tariff

Wq]f Summit

Yellow Creek

Blue Creek
Granny's Creek
Greenwood
Grfffithsville
Mannington
Walton

Cario Ritchie

Rouzer -

RESERVOIR

Gordon
Gordon
Gordon Stray
Big Injun

Keener

Berea

Big Injun
Gordon

Big Injun
Fifth sand

Berea

Wier
Big Injun
Big Injun
Berea
Big Injun
Big Injun
Salt

Big Injun
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TABLE 20

CRUDE OIL PROPERTIES

OF THREE CURRENT CO, DISPLACEMENT PROJECT AREAS

AND ONE PROPOSED PROJECT AREA, FROM PREVIOUS REPORTS

API INTERFACIAL

FIELD NAME GRAVITY viscpsiTY, CP SURFACE TENSION TENSION
Griffithsville Lo.0 2.81 24.3 30.7
Granny's Creek 45,4 2.46 24.6 37.0
Rock Creek 46.5 3.11 25.1 30.8
Walton 43.5 3.97 25.1 30.8
Blue Creek 42.0 4,20 25.8 37.7
Blue Creek 45.8 2.15 240 4i.7
Blue Creek 47.5 1.87

99



MINERAL

Calcite
Aragonite
Dolomite
Nesquehoni te
Magnesite
Hydromagnesite
Lansfordite
Nahcolite

Seda

Trona

TABLE 21

SOLUBILITY PRODUCT CONSTANTS
OF SELECTED CARBONATE MINERALS

CHEMICAL FORMULA

CaCO3

CaC03

CaMg(C03)p
MgCO3-3Hy0

MgCO3

Mg5 (CO3) 4 (OH) 2. 4Hp0
MgC03-5H20

NaHCO3

Na2C03-1OH20
Na2C03-NaHCO3-2H20

100

Kp
3.98 x 1079
5.62 x 10~9
10-17

1075

7.9 x 109
6.3 x 10731
3.47 x 1076
1.2 x 10™3

0.752 mole/liter at 0°C
0.58 mole/liter at 0OC
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APPENDIX A

FIELD DATA
COMMENTS ON FIELD DATA

The following field data have been compiled in assessing the potential of
the CO9 displacement process in West Virginia reservoirs. Detailed quan-—
titative information on these reservoirs is both scarce and of uncertain
quality. The pgoal was to obtain as much reservoir information as possible

for each field and to include a log, if one could be found, and at least
one map.

The maps that we found are highly variable in quality. We have normally
included an old county report map and, where it would be useful, a newer
location plat map. The location plat maps have accurate locations for all
wells on which permits have been filed to drill, abandon, fracture, recom-
plete, or log since 1929, As can be seen by glancing at a few of these,
for most fields very few wells are recorded.

The older county maps show the locations of many wells. In cases of over-
lap, where a county or section of a county is included on two maps, the
maps are not the same; however, the general orientation, general number,
and spacing are about the same., It is possible from these older maps (the
best that exist, in most cases) to see how well the limits of the field are
defined by dry holes. They are included here as indications of the number
of old wells that exist in each field area.

The logs included in this report are also highly variable in quality. In
many cases the log included with the field data sheet is the only moderm
log that could be located; in others there were more than 50 logs to choose
from,



GRUY FEDERAL,

INC.

FIELD NAME -

PRINCIPAL OPERATOR -

FORMATION NAME(s)

Blue Creek

co.(s) - Kanawha

DIST.

Big Sandy and Elk

Pennzoil, F. D. Smith
Weir and Squaw Sands largely abandoned.

Big Injun .

Squaw Weir

AVE DEPTH(s) 1870 1885 2000
AVE THICKNESS (es) L 12/16-180 10/64

Net/Gross 5 \

e o .8%/36 sec.?
ap1 GRAVITY/ViscosiTY | 33 357801885 b (420 - (45%)w3 C.Stokes
AVE k 20 md 7 md - 12 nd
So~CURRENT 52 approximately]
AVE ¢ 213" hpproximately 10% | 15%

SALINITY OF CONN.
H20 ’ '

GAS CAP
DRIVE TYPE

SUCCESSFULL SECONDARY
“RECOVERY?

S1ZE (NUMETR NF ACRES)
TYPE OF TRAP?
TYPE OF DEPOSIT :

ADDITIONAL INFORMATION:

REFERENCES:

"

Yes

Gravity-water Gas Cap Exp?
level 125-275'
) ’ Gas inject. 19257
Waterflood unsucc

*
pssful

7,000 ac. 7,200 ac.

Stratigraphic shale content increase from 10% to 25% (Big Injun)
Stratigraphic - Weir down dip from gas. -
Weir - .

SVerail £eta.

i d
el el arse grained and pebbly sands

ayers in southern’ portion o

8-10 Big Injun wells drilled in the 1920's.

’ some still producing in 1967 -~ (3 or 4)
78 wells drilled since spring of 1967 to 1969- Big Injun
1959 Production 75,000 barrels year

1959 cummulative 17,000,000 barrels

Weir IP maximum 40 BOPO - Squag 100 BOPO

Reservoir temperature about 75°F

*Many Secondary Recdvery projects attempted, some successfully but
no large scale Secondary Recovery Program,

0il productipn to 1963 - 18,853,000 includes Poter's Branch Field

Bureau of Mines #607 (1963)

0il and Gas Journal, October 20, 1969, Page 124-126

Frank D. Smith proposal

Driller's and Mechanical Logs

0il and Gas Report - Southern West Virginia Bulletin #17 (1959)
*I0CC Reports 1951~1960 - See Table 9 for details, also Figures
B and 9
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Figure 2
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GRUY FEDERAL, INC.

FIELD NAME - Cabin Creek €o. (s) ~ Boone, Kanawha

LOCATION =~ DIST. = . Sherman, Cabin Creek

PRINCIPAL OPERATOR -

Abandoned
FORMAT 10N NAME (s) 1 Berea
AVE DEPTH(s) 2800
AVE THICKNESS (es) 20/35-44
45.8 2.36

API GRAVITY/VIScosITY | 47° 89/3.3 cp @100

-AVE k 70
SATURATIONS Sw-40 orig

AVE ¢ (7-20) = 16%

SALINITY OF CONN.
H20

GAS CAP

DRIVE TYPE

Gas 1930 Successful*
SUCCESSFULL SECONDARY Gas 1932 SuccesEqu
RECOVERY? Water 1937 Succegsfulx

SIZE (NUMBER OF ACRES)| 4,480

TYPE OF TRAP?

Perm barrier on monocline

TYPE OF DEPOSIT = The Berea Sand ranges from a clear, white, hard quartzite to a fine
grain pebbly quartz sandstone.

ADDITIONAL IWFORMATION: Reservoir temp g5°

Disc 1914

So orig est 365 B/AF

Ave well spacing 650°'

1963 Estimates~ orig Bo - 32,704,000 b
Prod ~ 11,077,000 b
Left - 21,677,000 b

REFERENCES:
Bureau of Mines #607

Wasson and Wasson-Bulletin AAPG Volume I #7, page 2, 1927
Pages 705-719, also Chap in Structure of Type American
0il Fields, AAPG 1929, Volume I, pages 462-475

IOCC Reports Secondary Recovery 1951, 1954, 1957, 1960
**See Table 7 for details
*See Table 6a for details
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GRUY FEDERAL," INC..
S

“+ .. FIELD NAME -

Cameron - Gardner co.(s) - Marshall, Wetzel
LOCATION - DIST. =~ Liberty, Meade, Cameron,
Proctor
PRINCIPAL OPERATOR -
FORMAT 1ON NAME (s) Gordon
AVE ‘DEPTH(s) 2808
AVE‘THJCKNESS(ES) 5/10-50
PRy 45°
API GRAVITY/VISCQSITY
AVE k
. .50~CURRENT.
CAVE ¢ T 11%
= SALINITY OF CONN.
° H20
"GAS CAP-.
DRIVE TYPE
SUCCESSFULL SECONDARY Currenflgas
RECOVERY? inj. program’
SI1ZE (NUMBER OF ACRES)|{ -
: 6,989 (8340)
TYPE OF TRAP?T (Stratgraphic) Perm barrier
TYPE 'OF DEPOSIT : The Gordon Sand is a tightly cemented S.S. containing small pebbles.

ADDITIONAL INFORMATION: pigc. 1899

Ave well spacing 700 feet
Maximum IP = 400 BOPO
‘. 80 orig est 720 B/AF
_Res temp 85° ‘
" ISP ~ 1,300 psi
Initial gas o0il ratio 530
1963 Est., - Orig BO - 25,160,000 b
Prod - 5,975,000 b 4,900,000 b (1955)
Left - 19,185,000 b
Prod (1955) 12,000 BO/yr from 150 wells

REFERENCES: Bureau of Mines #607 (1963)

West Virginia 0il and Gas Map Booklet (1977)
0il and Gas Report (1955)



CAMERON GARDNER FIELD

Graphic Scale _
0 1 2 miles LOCATION OF ALL WELLS
e e —— DRILLED OR PLUGGED SINCE1929

MAP FROM WEST VIRGINIA
MINES DEPARTMENT OIL & GAS
DIVISION (1978)
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e )

LOCATIONS OF WELLS
KNOWN IN 1955 - FROM WEST
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GRUY FEDERAL, INC.

FIELD NAME -  cairo €0.(s) - Ritchie
LOCATION =~  Ritchie DIST. =

PRINCIPAL OPERATOR -

FORMATION NAME (s) salt Big Injun Squaw Keener?

AVE DEPTH(s) 1650 2150 2300

AVE THICKNESS (es)

APl GRAVITY/VISCOSITY 45.2

AVE k
~ So-CURRENT
AVE ¢

SALINITY OF CONN.
Hz0 :

GAS CAP
DRIVE TYPE

SUCCESSFULL SECONDARY
RECOVERY?

SIZE (NUMBER OF ACRES)

TYPE OF TRAP?
TYPE OF DEPOSIT :

ADDITIONAL INFORMATION: 1963 estimate orig BO - 119,112,000 b
prod ~ 28,273,000 b
left - 89,762,000 b

REFERENCES:

Bureau of Mines #607 . _
0il & Gas Map of West Virginia 1976
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GRUY FEDERAL, INC.

FIELD NAME - Centerpoint co.(s) - Wetzel, Tyler, Doddridge

LOCATION - DIST. - Green, McElroy, McClellan,
Grant, West

PRINCIPAL OPERATOR -

FORMAT 10N NAME (s) | Big Injun
AVE DEPTH(s) 1965
AVE THICKNESS (es) 10/70-178

0
APl GRAVITY/VISCOSITY | 45

AVE k
So~CURRENT
AVE ¢ 17%

SALINITY OF CONN.
H20

GAS CAP
DRIVE TYPE

SUCCESSFULL SECONDARY | Gas Inj-1929
RECOVERY? Successful

SIZE (NUMBER OF ACRES) 12,980 (includes Bhirley and Swiger

TYPE OF ‘TRAP? Combination; Syncline and perm barrier

TYPE OF DEPOSIT : Big Injun - Friable S.8.

ADDITIORAL INFGRMATION:

Disc 1892

So orig est 400 B/AF

Well spacing 700 geet

Reservoir temp 76

300 BOPO largest IP

Initial shut in reservoir (IWHSIP) pressure 950 psi

Initial GOR ratio 420

Orig BO - 51,920,000

Prod ~ 11,646,000~(1973)

Left - 40,274,000 b

Approximately 325 productive wells in 1963

Continuous with Jacksonburg-Stringtown to the north,
REFERENCES:

Bureau of Mines #607 (1963)

West Virginia 0il and Gas Map(1976)

0il and Gas Report Bulletin 12 (1955)
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GRUY FEDERAL, INC.

FIELD NAME -  Granny's Creek (Stockley) co.(s) - Clay, Roane

LOCATION -

PRINCIPAL OPERATOR -

FORMATION NAME (s)

AVE DEPTH(s)

AVE THICKNESS (es)

APl GRAVITY/VISCOSITY
AVE k

So-CURRENT

AVE ¢

SALINITY OF CONN.
H20

GAS CAP
DRIVE TYPE

SUCCESSFULL SECONDARY
RECOVERY?

SIZE (NUMBER OF ACRES)
TYPE OF TRAP?

TYPE OF DEPCSIT ¢

DIST. = Henry, Geary

Columbia Gas Transmission Corp.

Big Injun

2100

20/40

450-460 45,40

2.1 to 20Q md.
30-35% in waterdd out portion

17-20%

Gas Inj. 1943 successful %
Water flood sucqessful #=%
350 Acre (1963}

2,803

Combination (Syncline and perm barrier)

Big Injun - tight friable sandstone,

ADDITIONAL INFURMATION: Dpisc, 1925

1963 Estimate

From Conner -

REFERENCES:

So orig est 300 B/AF
Avg. well spacing - 500 feet
Max initial oil prod - 50 bpd
Res temp 77°
Orig BO - 16,818,000 b
Prod - 6,466,000 b
Left - 10,352,000 b
0il banks in front of waterflood water, however, water does not
bank in front of CO;. Have had some parrifin build up problems.

Bureau of Mines #607
Conner W.D. ERDA Publication and BERC 76/3
Unpublished Report - Royal Watts
I0CC Report 1951, 1957
*See Table 6
**See Table 8
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GRUY FEDERAL, INC.

FIELD NAME - Greenwood co.(s) - Doddridge Ricthie

LOCATION - DIST.

Central, Southwest, Union

PRINCIPAL OPERATOR =
0ld part of field now abandoned

FORMATION NAME (s) Big Injun-2000 |Salt Sand
AVE DEPTH(s) 1862
AVE THICKNESS (es) 8/15-120

APl GRAVITY/VISCOSITY | 44.5°

AVE k
So~CURRENT
AVE ’ 6%

SALINITY OF CONN.
H20

GAS CAP
DRIVE TYPE

SUCCESSFULL SECONDARY

RECOVERY? | Nome
SIZEV(NUMBER OF ACRES) | 2500 2253
TYPE OF TRAP? Stratigraphic permeability barrier
TYPE OF DEPOSIT : Sandstone

ADDITIONAL INFCRMATION: Water produced from Big Injun

So orig at 750 B/AF
Maximum IP 10 BOPO
Majority of field abandoned in 1963
Disc 1920
1963 Estimates~- Orig,BO - 13,518,000 b
Prod -~ 2,682,000 b
Left - 10,836,000 b
Field extended to morth and east by drilling in
1963-67-additional drilling in 1970's

NCES:
REFERE Bureau of Mines #607

West Virginia 0il and Gas Map 1976
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GRUY FEDERAL,

INC.

FIELD NAME - Griffith

LOCATION

sville co. (s) - Lincoln

DIST. - Duval, Washington, and Union

PRINCIPAL OPERATOR -  Pennzoil
FORMATION NAME (s) Berea
AVE DEPTH(s) 2354
AVE THICKNESS (es) 10/18-26
14/18

API GRAVITY/VISCOSITY | 43°/3.1
AVE k
SATURAT I ONS So = 80%
AVE ¢ u1
SALINITY OF CONN.

H20
GAS CAP
DRIVE TYPE

SUCCESSFULL SECONDARY
RECOVERY?

S1ZE (NUMBER OF ACRES)
TYPE OF TRAP?
TYPE OF DEPOSIT :

ADDITIONAL INFORMATION:

REFERENCES:

*

Solution gas

Gas inj 1926~Sudcessful *
Water inj 1945-1§953 Successful¥*

.12,877-15,500

Syncline and perm barrier

The Berea sand is a white, fine grained, closely cemented sandstone.
Dolomitic

1963 Estimate
Orig BO - 74,043,000 b
Prod - 14,790,000 b
Left - 59,253,000 b

Salt Sand source of Brine.
Disc. 1907

Big Creek Development Co.

So orig est 575 B/AF

Ave well spacing 550°'

78 F Reservoir temperature
Rec. in 1927 est 1,400 B/A
Practically no water production with oil.
Orig press 997 initial GOR 490
Max initial oil prod. 75 bpd
Recoveries 1000-3000 BO/Acre

P. F. Beeler 1977
Bureau of Mines #607
Davis and Stephenson, Structure Typical American 0ilFields,
1929 , Volume IT
Howard Johnston
IOCC Report Secondary 1951
*See Table 6a for details
*See Table 7 for detail
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GRUY FEDERAL, INC.

APl GRAVITY/VISCOSITY

41.7°9/ 4.5 @ 10Q°

FIELD NAME -  Jacksonburg - Stringtown co.(s) - Wetzel, Tyler, Doddridge
LOCATION - DIsT. =~ Grant, Greer, McElroy,
McClellan
PRINCIPAL OPERATOR -
FORMATION NAME(s) Gordon Big Injun
2825 2
AVE DEPTH(s) 100
AVE THICKNESS (es) 4-5/10-35 8/40

AVE k

SATURATION
AVE ¢

‘SALINlTY OF CONN.
H20 | ‘

GAS CAP
DRIVE TYPE

SUCCESSFULL SECONDARY
RECOVERY?

~ SIZE. (NUMBER OF ACRES)
TYPE OF TRAP?
TYPE OF DEPOSIT ¢

ADDITIONAL INFORMATION:

REFERENCES:

300

Sw = 20%Z orig

12.5/10

Gas Inj. 1936 - |Gas inj 1950 **
Gas Injection(19%0)
Successful **

15,386
(7,852)

(Syncline and perm barrier)

Conglom. sandstone

So orig est 1277 B/AF
Disc 1895

Av well SP 750 feet
WHISIP = 1,200#
Reservoir temp 820 840
Orig edt 1437 B/AF

Orig BO - 88,469,000
Prod - 20,458,000

Left - 68,011,000

Continuous to south with Shirley Field

No recent drilling

Bureau of Mines #607 (1963)

West Virginia 0il and Gas Map (1976)

637 Max number of wells
1950 (217 wells)
Recovery 1,370-1546 BOP Acre

2 Prod 21,000 BO/year from
250 wells (1955)

West Virginia 0il and Gas Map Booklet (1977

0il and Gas Report Bulletin 12 (1955)

IOCC Secondary Recovery 1951, 1954, 1955, 1960

*See Table 5 for detail

*See Figure x and discussion in Section 1 for detail.
**Table 6 for details
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GRUY FEDERAL, INC.

FIELD NAME - Kidwell-Elk Fork . co.(s) - Lincoln, Ellsworth
LOCATION - Tyler DIST. =

PRINCIPAL OPERATOR -

FORMATION NAME (s) | keener
AVE DEPTH(s) 1615-1938
AVE THICKNESS (es) 8/15-31

APl GRAVITY/VISCOSITY

AVE k 260
SATURAT | ONS Sw = Uk orig
AVE ¢ ; 18.6

SALINITY OF CONN.
H20

GAS CAP
'DRIVE TYPE

SUCCESSFULL SECONDARY | gas-1934,
RECOVERY? successful *

SI1ZE (NUMBER OF ACRES) | 4282
TYPE OF TRAP?

TYPE OF DEPOSIT @ Keener-fine grain tightly cemented

i

ADDITIONAL INFORMATION: Max - initial oil prod 2,000 bpd
Avg spacing - 500 ft.
Disc - 1897
Orig est. = 750 b/af
73.5 reservoir temperature
1963 Estimates - orig B0 25,692,000 b

prod 6,775,000 b
left 18,937,000 b
REFERENCES: Bureau of Mines Bulletin 607,1973

10CC Report Secondary Recovery 195

*See Table 6 for details

FIGURE 3
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GRUY FEDERAL, INC.

FIELD NAME - Mannington (Mt. Morris) C0.(s) - Monongalia, Marion

LOCATION =~ DIST. = Clay, Cass, Paw Paw,
Mannington, Lincoln

PRINCIPAL OPERATOR -
Largely abandoned

FORMAT!ON NAME (s) | Big Injun Gordon Fifth
AVE DEPTH(s) 2002 2880 2960
AVE THICKNESS (es) 18/112-181 5/15-43 7/10-40
AP) GRAVITY/VISCOSITY 39.9/9.02 42.3/4.9 cp @ 100[F

AVE k 62

SATURAT | ONS 58.4% originalSo

AVE ¢ 10

SALINITY OF CONN.
H20

GAS CAP
DRIVE TYPE

SUCCESSFULL SECONDARY |(Gas Inj. started
RECOVERY? 1925-Successful)
Still being don

SIZE (NUMBER OF ACRES) |z, o9

*
Underway

12,000

TYPE OF TRAP? Stratgraphic (perm barrier)

TYPE OF DEPOSIT : Big Injun—-fine-med grain S.S.; Gordon-Cong, S.5.;

Fifth-med-crs. grain 8.8,
ADDITIONAL INFCORMATION:
Disc. 1896
So orig 504 B/AF
Max IP 50 BOPO
Ave well Sp 700 feet
1963 Estimates~ Orig BO - 127,617,000
Prod - 32,017,000
Left - 95,600,000,
Reservoir Temp 74
168 wells 1950 producing approximately 751 wells in total field
*Significant water production

REFERENCES : Bureau of Mines #607
West Virginia 0il and Gas Map 1976
West Virginia 0il and Gas Map Bulletin
IOCC Report Secondary Recovery 1951
*See Table 6 for details




MANNINGTON FIELD

LOCATION OF WELLS
KNOWN IN 1958 - FROM WEST
VIRGINIA OiL AND GAS REPORT MAP
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2 miles




MANNININGTON FIELD

. LOCATION OF ALL WELLS
0 ! 2 miles DRILLED OR PLUGGED SINCE 1929
MAP FROM WEST VIRGINIA
MINES DEPARTMENT OIL & GAS
DIDISION (1978)
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GRUY FEDERAL, INC.

FIELD NAME -  Pine Grove, Camp Run "o co.(s) - Wetzel
LOCATION - DIST. = Grant, Center, Green

PB{NCiPAL OPERATOR =

FORMAT 10N NAME(s) Gordon Stray Gordon
AVE DEPTH(s) I 3012
AVE THICKNESS (es) /20-40 5/10-70

APl GRAVITY/VISCOSITY

AVE k
So-CURRENT
CAVE ¢

SALINITY OF CONN.

H20
GAS CAP
. DRIVE TYPE
" SUCCESSFULL SECONDARY - Gas Inj. started pefore
* RECOVERY? 1942. Reported as|successful.
Gas 1951%
SIZE (NUMBER OF ACRES) | 5,485
TYPE OF TRAP? Stratigraphic (perm barrier)
TYPE OF DZP2SIT ¢ Gordon-Conglom S.S,

FORMATION:
ADDITIONAL IKFORMATION: | o

1200 B/AF orig So est
150 producing wells in 1963
Ave well spacing 700 feet
Maximum initial oil prod - 50 bpd
1963 Estimate- Orig BO - 32,910,000
Prod - 1,575,000
Left ~ 31,335,000
Inactive
Production (1955) 13,000 BO/yr from 150 wells

REFERENCES:
Bureau of Mines #607
West Virginia 0il and Gas Map 1976
0il & Gas Report Bulletin 12 (1955)
I0CC Secondary Recovery 1951-1960
*See Table-5 for details
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GRUY FEDERAL, INC.

FIELD NAME - Porto Rico, Stout co. (s) - Doddridge

LOCATION - DIST. Southwest, Cove, New Milton, .

West Union
PRINCIPAL OPERATOR -
Largely Abandoned

FORMATION NAME (s)

Gordon First Cow Run
AVE DEPTH(s) 2512
AVE THICKNESS (es) 4/5-20

APl GRAVITY/VISCOSITY

AVE k
So-CURRENT
AVE ¢

SALINITY OF CONN.
H20

GAS CAP
DRIVE TYPE

SUCCESSFULL SECONDARY
RECOVERY?

S1ZE (NUMBER OF ACRES) | 5,587

TYPE OF TRAP? Combination (Syncline - perm barrier)

TYPE OF DEPOSIT : Sandstone, West - thin;.East -~ thicker

ADDITIONAL INFORMATION: apandoned about 1950 (largely)
Renewed activity in 1971
Ave well .spacing 750 feet
Disc 1899
Maximum IP 200 BOPO
So orig est 1625 B/AF

1963 Estimate~ Orig BO - 36,315,000

Prod - 6,791,000
Left - 29,524,000
Merges with New Milton (north) to northeast

REFERENCES: Bureau of Mines #607

West Virginia 0il and Gas Map 1977
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GRUY FEDERAL, INC.

FIELD NAME = - Salam Wallace (Zinnia) €o.(s) - Doddridge, Harrison, Marion
‘ Vetzel
" LOCATION - DiIST. = Greenbriar, Grant, McClellan,

PRINCIPAL DPERATOR -

FORMATION NAME(s)

AVE DEPTH(s)

Eagle, Sardis; Ten Mile,
Mannington, Marion, Grant

Gordon

2825

AVE THICKNESS (es)

APl GRAVITY/VISCOSITY

8/5-50

AVE k
So-CURRENT
AVE ¢

SALINITY OF CONN. -
Hz20

GAS CAP
DRIVE TYPE

;SUCCESSFULL SECONDARY
* RECOVERY?

SIZE (NUMBER OF ACRES)
-TYPE OF TRAP?
" TYPE OF DEPOSIT :

ADDJTIONAL INFOAHATION:

REFERENCES: .

Gas Inj 1936
Successful

41,800

Combination (Syncline -~ perm barrier)

Gordon -~ hard conglomeratic sandstone

Disc 1899

Ave vell spacing B0O feet

So orig 725 est

Max IP 1400 BOPO

Orig BO ~ 242,440,000 b

Prod. - 41,162,000 b

Left ~ 201,278,000 b

Little drilling activity since 1966

Bureau of Mines £#607
West Virginia 0il and Gas Map 1976
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SOUTH PORTION
e i | miles SALEM-WALLACE FI1ELD
0 1 2 LOCATION OF WELLS
KNOWN IN 1955 - FROM WEST
VIRGINIA OIL AND GAS REPORT MAP

DODDRIDGE AND HARRISON COUNTIES




FIELD NAME - s5teel Run co.(s) - Wetzel

LOCATION - DIST. - Center, Proctor, Green

PRINCIPAL OPERATOR -

FORMATION NAME(s) Gordon Stray Gordon

AVE DEPTH(s) 3012 2988

AVE THICKNESS (es) 5/10-40 5/15-28

APl GRAVITY/VISCOSITY

AVE k

So~CURRENT
AVE ¢

SALINITY OF CONN.
- Ha0

GAS CAP
DRIVE TYPE

SUCCESSFULL SECONDARY
RECOVERY?

SIZE (NUMBER OF ACRES) | 4,050

TYPE OF TRAP? Combination (Syncline and perm barrier)

TYPE OF DEPOSIT @ Gordon Stray - loosely cemented comgl, §,5.
Gordon Sd - tightly cemented cong, §,S.

100 wells in field in 1963

Max IP 500 BOPO

So orig est 1315

Disc 1902

Ave wells spacing 850 feet

Extend to Pine Grove and Camp Run Field

1963 Estimates-Orig BO - 26,629,000 b

Prod -~ 3,970,000 b 3,900,000 (1955)

Left - 22,659,000 b

Continuous with Silver Hill to North and Pine Grove, Camp Run
to South.

Prod (1955) 5,500 BO/year from 100 wells

ADDITIONAL INFCRMATION:

REFERENCES:
Bureau of Mines #607 (1963)
West Virginia 0il and Gas Map (976)
0il and Gas Report Bulletin 12 (1955)
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STEEL RUN FIELD

LOCATION OF ALL WELLS
DRILLED OR PLUGGED SINCE 1829
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GRUY FEDERAL, INC.

FIELD NAME - Rouzer
" LOCATION ~ - Clay

PRINCIPAL OPERATOR =

FORMAT 10N NAME (s)

AVE DEPTH(s)

AVE THICKNESS (es)

API GRAVITY/VISCOSITY
AVE k

So~CURRENT

AVE ¢

SALINITY OF CONN.
H20

GAS CAP
DRIVE TYPE

SUCCESSFULL SECONDARY
- RECOVERY?

SIZE (NUMBER OF ACRES)
TYPE OF TRAP?

TYPE OF DEPOSIT :

ADDITIONAL IKFCAMATION:

REFERENCES:

.Big Injun

€0.(s) = Union

DIST. -

1868

30/20-63

*3200

Combination (Syncline & Perm Barrier)
Big Injun - white to grey, friahle; sandstone

Disc 1912

Ave well spacing 600°%

So orig 200 B/AF

100 BDPD Max P

1963 Estimates/ orig BO 14,898,000 b
prod 3,951,000 b
left 10,947,000 b

Bureau of Mines #607
*West Virginia 0il & Gas Map 1976
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ROUZER FIELD

LOCATION OF WELLS

e M ] €5 ‘ KNOWN IN 1964 - FROM WEST
0 1 2 VIRGINIA OIL AND GAS REPORT MAP

CLAY COUNTY



- GRUY FEDERAL, INC.

FIELD NAME - Sistersville co.(s) - Lincoln, Union
LOCATION = gy7er DIST. =
PRINCIPAL OPERATOR -
Prob;bly Abandoned
" FORMATION NAME(s) ) Big Injun
AVE DEPTH(s) 1554
AVE THICKNESS (es) 10/75-118
AP} GRAVITY/VISCOSITY | %46-3
AVE k
- 50~CURRENT
AVE ¢ ' 16
SALINITY OF CONN.
H20
GAS CAP
DRIVE TYPE
SUCCESSFULL SECONDARY | Gas - 1933 - Subcessful
RECOVERY?
SI1ZE (NUMBER OF ACRES)| 6554
TYPE OF TRAP? Permeability Barrier and Anticlin

TYPE OF DEPOSIT : Very coarse

ADDITIONAL INFORMATION:
Disc 1890
Well spacing -~ 400 feet
Max initial oil prod. 1,100 bpd
Res temp 73
Init est. 900 b/af
Water produced with oil
Orig BO - 58,986,000 b
Prod - 14,633,000 b
Left - 45,353,000 b
Prod - 2,000 BO/year 1955 from 250 wells

REFERENCES:

Bureau of Mines Bulletin 607, 1963
0il and Gas Fields of West Virginia 1977
0il and Gas Report BUlletin #12 (1955)
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SISTERVILLE FIELD

LOCATION OF WELLS
s m e | KNOWN IN 1955 ~ FROM WEST

0 ' 1 2 miles VIRGINIA OIL AND GAS REPORT MAP
TYLER COUNTY




GRUY FEDERAL, INC.

FIELD NAME - Tariff - (Tallman) co.(s) - Roane

LOCATION  ~ : DIST. Geary, Smithfield

PRINCIPAL OPERATOR -

FORMATION NAME (s) | Big Injun

AVE DEPTH(s) 2012

AVE THICKNESS (es) 12/26-67

APl GRAVITY/VISCOSITY | 47°

AVE k
So-CURRENT
AVE ¢ 17%

SALINITY OF CONN.
H20

GAS CAP
DRIVE TYPE

SUCCESSFULL SECONDARY |} Gas Inj before

RECOVERY? 1940*- Gas Inj 1951 **
S1ZE (NUMBER DF ACRES) 2,938
TYPE OF TRAP? Combination - (syncline and perm barrier)

TYPE OF DEPOSIT : Big Injun - friable and well cemented

ADDITIONAL INFORMATION; Max IP 150 BOPO
Disc 1909
So orig est 392 B/AF
Reservoir temperature 73°
IGOR 390
WHISIP S870#

1963 estimates-Qrig BO - 13,809,000 b

Prod - 3,170,000 b
Left - 10,639,000 b
Field extended in early 60's and again in early 70's.

REFERENCES: Bureau of Mines #607
West Virginia 0il and Gas Map 1976 and 1977
I0CC Secondary Recovery 1951
~**See Table 6 for details
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GKUY FEDEKAL, INL.

FIELD NAME - Walton, (Rock Creek-Johnsons CO'(S) - Roane

Creek)
LOCATION - DIST. Smithfield, Walton, Harper

PRINCIPAL OPERATOR -

FORMATION NAME (s)

Big Injun
AVE DEPTH(s) 2050
AVE THICKNESS (es) 21!

AP GRAVITY/VISCOSITY | 43.5/3.2 cp @ 73pF

AVE k 14 15-20
.SATURATIONS Sw=52% orig
oo So=35-46

AVE ¢ N 5

SALINITY OF CONN. .
©Hg0 High

GAS CAP

DRIVE TYPE Solution Gas

SUCCESSFULL SECONDARY

1 &
RECOVERY? Gas 1937 Successful

Wtr. 1954-Unsuccpssful
Steam 1970-Unsuckessful

11,200

. SIZE. (NUMBER OF ACRES)

TYPE OF TRAP?

Combination (Anticline - perm barrier)

TYPE OF DEPOSIT : Big Injun - hard friable S.S.

ADDITIOKAL INFORMATION:
9,000 acres to 1966 between 1966-69 300 wells drilled on
5,500 acres @ 18 acre spacing.
Steamflood attemped in 1970.

217 Wells in 1950

Reservoir temp 73° 75°
1963 Estimates-Orig BO - 54,165,000 b
Prod ~ 18,097,000 b
Left - 36,068,000 b
Very active drilling - 1970's

REFERENCES: Bureau of Mines #607
i ) ERDA Publications
0il and Gas Journal October 20, 1969
West Virginia 0il and Gas Map
IOCC Reports Secondary Recovery 1951
*Table 6 for details
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_ LOCATION OF ALL WELLS
DRILLED OR PLUGGED SINCE 1929
MAP FROM WEST VIRGINIA
MINES DEPARTMENT-0IL AND GAS
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WALTON - (ROCK CREEK) FIELD

LOCATION OF WELLS
KNOWN IN 1958 - FROM WEST
VIRGINIA OIL AND GAS REPORT MAP
WIRT, ROANE, AND CALHOUN COUNTIES




FIELD NAME - Wolf—Summit—BigAIsaacs €o. (s) - ;ﬁﬁ&&fi&éé; Hé;rison,:tewis
LOCATION =~ DIsT. 'f; Greenbriar, Sardls, Unlon,
. ‘ L Ten Mlle ) Freemap s‘CrgeL
PRINCIPAL OPERATOR - 5
FORMATION NAME (s) Gordon Stray = | Gordon Fifth
: 2900
AVE DEPTH(s) 1900-2850 1986-3165 ~ 2100-3205
AVE THICKNESS (es) 6/7 -
APl GRAVITY/VISCOSITY 41.7/4.64
AVE k 130
SATURAT 1 ONS S0=43.9% orig?
Sw=127 orig
AVE ¢ 207
SALINITY OF CONN.
H20
GAS CAP
DRIVE TYPE
SUCCESSFULL SECONDARY Gas <1926 *

RECOVERY?
_51ZE (NUMBER OF ACRES)
TYPE OF TRAP?

TYPE OF DEPDSIT 3,

No records

17,229

Combination (Syncline ana perm barrier)

ADDITIONAL IKFCRHMATION: Disc 1896

s

- ‘REFERENCES:

Res temp 85.5

. No recent activity

. Fifth - coarse grained, well-cemented S.S.

Prod with Big Isaags, and Rockcamp Run, 12 629,000

1218 Well 1950

Bureau of Mines #607

.West Virginia 0il and Gas Map 1976

I0CC Secondary Recovery 1951

*See Tahle 5 for details
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GRUY FEDERAL, INC.

FIELD NAME - Yellow Creek (Big Springs) co.(s) - Calhoun, Ritchie, Gilmer
LOCATION - DIST. - Sheridan, Center, Murphy
and Dekalb ’

PRINCIPAL OPERATOR -

FORMATION NAME(s) | Berea Big Injun Maxton

2268
AVE DEPTH(s)

AVE THICKNESS (es) 8/27-34

APl GRAVITY/VISCOSITY"

AVE k
So-CURF.."T
AVE ¢

" SALINITY OF CONN.
"~ 'H20

GAS CAP

DRIVE TYPE

SUCCESSFULL SECONDARY
RECOVERY?

S1ZE (NUMBER OF ACRES) 4812

TYPE OF TRAP? Stratigraphic (perm barrier)

TYPE OF DEPOSIT Sandstone

ADDITIONAL INFORMATION; Maximum IP ~ 200 BOPO
‘ Disc 1904
Well spacing est. 650
So orig 563 B/AF
Orig - BO 21,654,000 b
Prod - 6,165,000 b -~ includes Bellsford Lyncamp and Thursday Fields
.Left - 15 489,000 b
Prod to 1963

REFERENCES: Bureau of Mines #607
. " West Virginia 0il and Gas Map 1976
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MURPHY DISTRICT

WHITE PINE
HERMAN DISTRICT

YELLOW CREEK FIELD

LOCATION OF WELLS

KNOWN IN 1958 - FROM WEST
VIRGINIA OIL AND GAS REPORT MAP
CALHOUN COUNTY




CENTER

YELLOW CREEK FIELD

0 1 5 miles LOCATION OF ALL WELLS
. ‘ DRILLED OR PLUGGED SINCE 1929
MAP FROM WEST VIRGINIA
MINES DEPARTMENT OIL & GAS
DIVISION (1978)




APPENDIX B
RECORD 0000% ‘ : o
© OTL ANALYSES FOR 27 WEST VIRGINIA FIELDS

CONTINENT —~ NORTH AHERICR
COUNTRY - U.3S.H.

STATE — WEST VIRGINIR
COUNTY -- TYLER

FIELD NAME - BENS RUN v L
PRODUCING FORMATION NAME - HH“TDH» MRUCH CHUNK

ERR -- PALEOZOIC
SYSTEM - PRLEOZOIC
SERIES — CHESTER

GEOLOGICAL BASIN NAME -
GEOLOGICAL BRASIN CODE -

DEPTH 7O TOP <FT.>

SANDSTONE
AGENCY SAMPLE MO - B33i54
SPECIFIC GRAVI

LI

hd¥)
'3

- 0.791

APPRLACHIAM BAS

i60

- 01903

SULFUR <UEIGHT PERCENT> — LESS THAMN 0.10

CARBON RESIDUE {PERCENT OF CRUDE> - 0.2

VISCOSITY SUS AT 100 DEGREES F. - 036

PERCENT OF CRUDE - 1i8.2

YOLUME PERCENY FRACTION 2 - 6.0

VOLUME PERCENT FRRCTION 3 — 5.1

YOLUME PERCENT FRACTION 4 — Veb

YOLUME PERCENY FRACTION 5 — 5.3

YOLUME PERCENT FRACTION 6 — H.2

YOLUME PERCENT FRACTION 7 - 5.1

YOLUME PERCENT FRRCTION 8 - 3.3

YOLUME PERCENY FRACTION 9 - 5.5

YOLUME PERCENT FRRLCTI 10 — 6.4

YOLUME PERCENT FRACTIOM 212 - 4.4

YOLUME PERCENT FRRCTIDN ie - 3.8

YOLUME PERCENY FRRCTIOM 13 - 3.0

YOLUME PERCENT FRRCTI 14 — 4.8

YOLUME PERCENT FRHC 0N 15 - J.1

SPECIFIC GRAYITY FRACTION 2 — 0.645

SPECIFIC GRAVITY FRACTI 3 - 0.687

SPECIFIC GRAVITY FRACTION 4 — 0.722

SPECIFIC GRAVMITY FRACTIOMN 5 - . P41

SPECIFIC GRAVITY FRACTION 6 — 0.756

SPECIFIC GRAVITY FRACTIOMN v - =169

SPECIFIC GRAVITY FRRCTION 8 - e

SPECIFIC GRAVITY FRACTION 9 — 0.79%

SPECIFIC GRAVITY FRACTION 10 - 0.806

SPECIFIC GRRV;T? FRACTION 13 - 0.827

SPECIFIC GRAYITY FRACTIOM 12 — 0.83%

SPECIFIC GRAVITY FRACTION 13 — 0.840

SPECIFIC GRAVITY FRACTION 14 — 0.846

SPECIFIC GRAVITY FRACTION 15 - 0.853 3

VISCOSITY SUS AT 100 DEGREES F. FOR FRACTION 1: - 3

YISCOSITY SUS AT 100 DEGREES F. FOR FRACTION (2 - 45

YISCOSITY SUS RY 100 DEGREES F. FOR FRRCTI i3 - 055

V SCOSITY SUS AT 100 DEGREES F. FOR FRACTION 14 ~ 07
SCOSITY SUS AT 100 DEGREES F. FOR FRHCTIDN i3 - 105

FLDUD POINT DEGREES F. FOR FRACTION 1% - 20 .

CLOUD POIMNT DEGREES F. FOR FRACTION 12 - 40

CLOUD POINT DEGREES F. FOR FRRC N 13 - 055

CLOUD POINT DEGREES F. FOR FRA .; i4 - 070

-CLOUD POINT DEGREES F. FOR FRACTI i5 - 090



RECORD 00002

CONTINENT — NORTH AMERICR
COUNTRY —- U.S.A.
STRATE — WEST VIRGINIR

COUNTY — TYLER

FIELD NRAME - BENI RUM

PRODUCING FORMRYION HRHE — COW RUNs> CONEHRUGH

ERAR - PRLEDZOIC

SYSTER — PENNSYLYANI RH '

GEOLOGICRL BARAISIN NAME — APPALRCHIAN BASI

GEOLOGICRAL BRSIN CODE — 160

DEPTH 7O TOP {F7.> - 00624

SANDSTONE

AGENCY SAMPLE NO — B33155

SPECIFIC GRAVITY - 0.736

SULFUR <WEIGHT PERCEWMT> — LESS THAM 0.10
CHRBUH RESIDUE {PERCENT OF CRUDE> - 0.0

‘ gsIvTvy SUS AT 100 DEGREE» F. — LESS THAN 32

PERCEN* OF CRUDE - i.7

VOLUME
YOLUME
YOLUME
YOLUME
YOLUME
YOLUME
YOLUME
YOLUME
YOLUME
YOLURME
YOLUME
VOLUME
YOLUME
VOLUME

PERCENT
PERCENT
PERCENY
PERCENT
PERCENT
PERCENT
PERCENT
PERCENT
PERCENT
PERCENT
PERCENT
PERCEMY
PERCENT
PERCENT

FRACT 10N
FRRCTION
FRACT ION
FRHDTIDN
FR i0N
FRACT i 0N
FRRCTIOM
FR TIDH
FRACT I0OM
FRACTI

FRRACT I

FRRCTION
FRRCTIOM
FRRCT ION

-Jmu+wmw
- [ ] ] [ ]

ke b pt be po be \J (D
WRo-JWW=JOUNr+ oML

0
2
3
4
3

VOLUME PERCENT FRACTION
SPECIFIC GRRVYITY FRACTIONM
SPECIFIC GRAVITY FRACTIOM
SPECIFIC GRAVITY FRACTION
SPECIFIC GRAYITY FRACTION
SPECIFIC GRAYITY FRACTIONM
SPECIFIC GRAVYITY FRACTIOM
SPECIFIC GRAYITY FRACTION
SPECIFIC GRAVITY FRACTION
SPECIFIC GRAVYITY FRACTION 10 —

SPECIFIC GRAYITY FRACTIOM 1 — 0.821
SPECIFIC GRAYITY FRRACTIOM 12 — 0.827

oMWW -JOOOICUNC

gc\
ad

0.Vi4
0.v32
0.748
0.764
0.7V7
0.788
0.802

I RAT 30 P YA

SPECIFIC GRAVITY. FRACTION 13 0.837V
-SPECIFIC GRAYITY FRACTION 2 0.845
QPEC;F C GRAVITY FRARCTIOM 15 — 0.859
SCOSITY SUS AT 100 DEGREES F. FOR FRHC iON 23 40

IS SITY SUS RT 100 DEGREES F. FOR FR ; i2
VISCOSITY SUS AT 100 DEGREES F. FOR FR ioM 2
VISCOSITY SUS RT 100 DEGREES F. FOR FRACTI :
VYISCOSITY SUS AT 100 DEGREES F. FOR FRHC igm 2 135
CLOUD POINT DEGREES F. FOR FRACTION 11 — 23

056

->=r
L I ]

CLOUD POINTY DEGREES F. FOR FRACTIOM 12 - 40
CLOUD POINT DEGREES F. FOR FRRCTION 13 - 055
CLOUD POINT DEGREES F. FOR FRACTION 14 — 070

CLOUD POINT DEGREES F. FOR FRACTION i3 0835



RECORD 00003

CONTINENT — NORTH AMERICA
COUNTRY - U.S.A.

STRATE - WEST VIRGINIA
COUNTY — KANAWHA

FIELD NAME - BLUE CREEK

GEOLOGICAL BRASIN NAME -

RPPRALRCHIRMN BASI

GEOLOGICAL BRASIN CODE - 160

RGENCY SAMPLE NO — BOO0430

SPECIFIC GRAYITY — 0.3:0

SULFUR {WEIGHT PERCENT> - »11

CARBON RESIDUE {PERCENT OF CRUDE> -— 0.2
PERCENT OF CRUDE - 15.9

YOLUME PERCENT FRACTION 1 - 3.3

YOLUME PERCENT FRRCTION 2 — 3.7

YOLUME PERCENT FRRCTIOMN 3 - 3.9

YOLUME PERCEMT FRACTION 4 — 3.2

YOLUME PERCENT FRACTION 5 - 5.3

YOLUME PERCENY FRACTION 6 - 5.5

VOLUME PERCENT FRACTI Vo 5.8

YOLUME PERCENYT FRACTION 8 - 5.6

YOLURE PERCEMT FRRCTION 9 — 5.0

YOLUME PERCEMT FRACTION 10 - 6.4

- ¥YOLUME PERCENT FRACTION 1i:i - 4.6

YOLUME PERCENT FRACTION 12 - 4.6

YOLUME PERCENY FRACTION 13 - 4.5

YOLUME PERCENT FRACTION 14 - 4.6

YOLUME PERCENT FRACTION 15 - 4.6

SPECIFIC GRAYITY FRACTION 2 ~— 0.655
SPECIFIC GRAVITY FRACTION 3 - 0.7V07

SPECIFIC GRAYITY FRACTION 4 — 0.729

SPECIFIC GRRAYITY FRACTI 5 - 0.747

SPECIFIC GRRYITY FRRCTION 6 — 0.760

SPECIFIC GRAYITY FRRACTION 7 — 0.772

SPECIFIC GRAYITY FRACTION 8 — 0.783

SPECIFIC GRAYITY FRACTION 9 - 0.795

SPECIFIC GRRYITY FRACTION 10 - 0.810

SPECIFIC GRRYITY FRACTIOM ii - 0.828

SPECIFIC GRAYITY FRACTION 12 - 0.830

SPECIFIC GRAYITY FRACTION 13 - 0.844

SPECIFIC GRAYITY FRACTION i4 - 0.854

SPECIFIC GRRYITY FRACTION 15 — 0.862

VISCOSITY SUS AT 100 DEGREES F. FOR FRRCTION
iSCOSITY SUS AT 100 DEGREES F. FOR FRACTION
ISCOSITY SUS AT 100 DEGREES F. FOR FRACTION
iSCOSITY SUS AT 100 DEGREES F. FOR FRACTIONM

CLOUD POINT DEGREES F. FOR FRRACTION 1: - 23

CLOUD POINT DEGREES F. FOR FRACTIOMN :2 - 46

CLOUD POINT DEGREES F. FOR FRACTION 13 — 064

CLOUD POINT DEGREES F. FOR FRRCTIOMN i4 — 079

CLOUD POINT DEGREES F. FOR FRRARCTION i35 - 095

L]
i2
+
&
L]
&

<
&

33
065
075
111



RECORD 00004

CONTINENT — NORTH RMERICA
COUNTRY - U.3.H.

STATE —-  WEST VYIRGIMNIR
COUNTY - RITCHIE

FIELD NAHME — BOMDS CREEK

PRODUCING FORMRTION NAME — GORDOM» CATSKILL
ERR - PRLEOZOIC

SYSTEM - PALEOZOIC

GEOLOGICAL BASIMN NAME - APPRALACHIAN BARSI
GEOLOGICAL BRASIN CODE - 160

DEPTH TO TOP <{F7.> - 02582

SANDSTONE

AGENCY SAMPLE MO — B6327

SPECIFIC GRAVITY - D.7V1

SULFUR {MEIGHT PERCENT> -~ 0. 07

NITROGEN {WEIGHT PERCENT> - 0.002

POUR POINT <{DEGREE F.> - LEISS THRN 5
CARBON RESIDUE {PERCENT OF CRUDE> - 0.0
YISCOSITY SUS AT 100 DEGREES F. — 032
PERCENT OF CRUDE - 11.6 '

YOLUME
YOLUME
YOLUME
YOLUME
YOLUME
YOLUME
YOLUME
YOLUME
YOLUME
vYOLUME

SPECIFI
SPECIFI
SPECIFI
SPECIFI
SPECIFI
SPECIFI
SPECIFI
SPECIFI
SPECIFI

PERCENT
PERCENT
PERCENT
PERCENT
PERCENT
PERCENTY
PERCENT
PERCENT
PERCENT
PERCENT

C GRAYITY
C GRA¥ITY FR
C GRAYITY
C GRAYITY FR
C GRAYITY FRACTIONM
C GRAVITY
C GRAYITY FR
C GRAVYITY
C GRAYITY

FRRCTIOMN
FRACT I0OM
FRACTION
FRACTIOM
FRRCT IOMN
FRRCT IOM
FRARCT IO
FRRETI
FRACT IOMN
FRACTIOM

P ps s b

o ER-JILONS

N T A T T A

e JOOJOUH IR

=
!

FRACT ION
TION
FRACTION
TiOMN

FRACTION
Ti0M
FRACT ION
FRACTIONM
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GEJWHEOROW

o Oy
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|

=P A

D.739
0.752
D.766

0.7V

- v 90

- 0.802



CONTINENT —
 COUNTRY -

SIRTE -
COUNTY -

RECORD 00005

NORTH RMERICR
U.S.R

WEST VYIRGINIR

WETZEL

FIELD NAME - BURTOM
PRODUCING FORMATION NAME — MAXTON MRUCH CHUNK

ERR -

PRLEOZOIC

SVSTER — PRLEDZOIC

RS ™

SERIES — CHESTER

GEOLOGICAL BRSIMN NAME — RAPPALACHIAN BRSI

GEOLOGICAL BRASIN CODE -~

TOP FT.>

DEPTH TO
SANDSTONE

160

- 02027

AGENCY SRHPLE MO — B33:15%

SPECIFIC

GRAVITY

¥ PR

- D0.81i2

SULFUR
CARBON

IWEIGHT
RESIDUE

isCOSITY sus

PERCENT OF CRUDE -

YOLUME
YOLUME
YOLUME
YOLUME
YOLUNE
YOLUME
YOLUME
YOLUME
YOLUME
YOLUME
YOLUME
YOLUME
YOLUME

SPECIFI
SPECIFI
SPECIFI
SPECIFI
SPECIFI
-PECIFI
SPECIFI
SPECIFI
SPECIFIC
SPECIFI
SPECIFI
SPECIFIC
SPECIFI
VISCOSITY
YIZCOSITY SuUs

isCcOsIvy

iSCOsSIivy
MISCOSITY
CLOUD POINT DEGREES
CLOUD POINT
CLOUD POINT
CLOUD POINT
CLOUD POINT DEGREES

PERCEMNT
PERCENT
PERCEMNT
PERCENT
PERCENT
PERCENT
PERCENT
PERCENT
PERCENT
PERCENT
PERCENT
PERCENT
PERCENT

C GRAVITY
C GRRAYITY
C GRAYITY
C GRAYITY

T Vv
AR B

b d %)
a4 02

g ¥ ]
A0

¥ v,
400

GRRAVITY
C GRAVITY
C GRRAVYITY
GRAVITY
C GRAYITY
RY
Ry
iH
o
AT

C GRA
C GRA
C GRA
C GRA

SUS
SUS
SuUsS
SUS

DEGREES
DEGREES F.
DEGREES

PERCENT>

{PERCENT OF CRUDE:
00 DEGREES F.

g
' &

21.

FRACTIONM
FRACTION
FRACTION
FRACTION
FRACTION
FRACT 10N
FRACTION
FRRCTION
FRACY ION
FRACTIOM
FRACTION
FRRCTI

FRACTION
FR
FR
FR

FR

Fﬁ
Fe.

F.
F.

FRACT ION
TiON
Ti0M
T i0n
FRACT IOMN
Ti0N
FRACT IOM
FRACT IOMN
FRRCTION
FRACT ION
FRARCT IO
FRACTION @
FRACTION 1
100 DEGREES
100 DEGREES
i00 DEGREESR
100 DEGREES
100 DEGREES
FOR FR
FOR FRACTIOM
FOR FRARCTION
FOR FRACTI
FOR FRACTIOM

— LES3 THRM 0.10

o rspspspers JHJOA LW
SR ‘

PU
M
| ]

m

mn
]

F.

L ] L ]
LN AT P-YAY TAT:

COoOOOOOOoOOIJO~JOURUNLEER

C=d=d=d=d=d=JO O N e

SO~JOHWreD
=Ry

FOR
TiOM

042

0.1

FRACTIOM
FRACTION
FRACTIOM
FRRACTI
FRACTION
23
435
065
030
095

11 -
12 -
13
14
15

P b pd ps pe
P LI ve

40
45
035
07’0
100



CONT INE
COUNTRY
STRTE -
COUNTY

PRODUCING FORPMAT

NT

RECORD 00006

WEST YIRGINIR
- WETZEL
FIELD NAME - BURTOM

NORTH RHERICR
U.S.R.

ION NRME — CATSKILL

ERA ~ PARLEDOZOIC

SYSTEM — PALEOZOIC :

GEOLOGICAL BRASIN NAME — APPALACHIAN BASI

GEOLOGICAL BRASIN CODE - 160 :

DEPTH 7O TOP <FT.> - 0327

SHANDSTONE

AGENCY SRMPLE MO — B33152

SPECIFIC GRAYITY - 0.813

SULFUR <WEIGHT PERCENT> -~ LESS THAN 0.:0

CHARBON RESIDUE {PERCEMT OF CRUDE: - 0.3
iSCOSITY SUS AT 100 DEGREES F. — 042

FPERCENT OF CRUDE — 1i7.

YOLUME PERCENT FRACTION 3 - 4.1

YOLUME PERCEMY FRACTIOMN 4 - 5.4

YOLUME PERCENT FRACTION 5 - 6.9

YOLUME PERCENT FRACTIOMN 6 - 6.0

- YOLURME PERCENT FRACTION 7 - Dav

YOLUME PERCENT FRARCTION 8 - 5.9

YOLUME PERCENMY FRARCTION 9 - 6.1

YOLUME PERCENY FRACTION 10 - Vel

YOLUME PERCENY FRACTIOM 1: - 9.3

YOLUME PERCENT FRACTION 12 - 5.4

YOLUME PERCENYT FRACTIOMN i3 - 6.7

YOLUME PERCENT FRACTION 14 - 6.8

YOLUME PERCEMT FRACTIOM 15 - V.0

SPECIFIC GRAYITY FRACTIOM 3 — 0.680

SPECIFIC GRAYITY FRACTIOM 4 — 0.72

SPECIFIC GRAYITY FRACTION S5 —- 0.742

SPECIFIC GRAVYITY FRACTIOMN 6 - 0.758

- SPECIFIC GRAYITY FRACTION 7 — 0.77

SPECIFIC GRRYITY FRACTION 8 - 0.780

SPECIFIC GRAYITY FRACTION 9 - 0.79

SPECIFIC GRAYITY FRACTION i0 — 0.804

SPECIFIC GRAVITY FRACTIOMN 11 - 0.828

SPECIFIC GRAVITY FRACTION :2 — 0.83

SPECIFIC GRAYITY FRACTION 13 — 0.344

SPECIFIC GRAVITY FRACTION 14 - 0.854

SPECIFIC GRAYITY FRACTION 15 — 0.864
iSCOSITY SUS AT 100 DEGREES F. FOR FRACTION
iSCOSITY SUS AT 100 DEGREES F. FOR FRACT!

VISCOSITY SUS AT 100 DEGREES F. FOR FRACTION
iSCOSITY SUS AT 100 DEGREES F. FOR FRACTION

VIZCOSITY SUS AT 100 DEGREES F. FOR FRACTIONMN

CLOUD POINT DEGREES F. FOR FRACTIOM ii - 25

CLOUD POINT DEGREES F. FOR FRACTIOM 12 - 45

CLOUD POINY DEGREES F. FOR FRACTIOM 13 - 065

CLOUD POINT DEGREES F. FOR FRACTIOMN i4 — 085

CLOUD POINT DEGREES F. FOR FRACTION 15 - 095

e LM

PO bO bbbs pe

42
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A D



CONTINENT
COUNTRY
STRATE —

RECORD 00007

iRGINIR

COUNTY -- KANAWHR

FIELD MRAME - CRBIN CREEK

GEOLOGICAL BRASIN NRME -
GEOLOGICAL BRASIN CODE -
HGENCY SAMPLE NO - B00428

NORTH AMERICAH

HAPPRLACHIRN BASI

i60

SPECIFIC GRAYITY — 0.797

SULFUR {WEIGHT PERCENT> - 0.19

POUR POINT <{DEGREE F.> - LESS THAN 5

CARBON RESIDUE <{PERCEWNT OF CRUDE> - 0.2

PERCENT OF CRUDE - 14.4

YOLUME PERCENT FRACTIOMN 1 - 3.2

YOLUME PERCENY FRACTION 2 - 3.2

YOLUME PERCENY FRACTION 3 - 9.8

YOLUME PERCENT FRRCTIOM 4 - 6.7

YOLUME PERCENT FRACTION S5 - Vel

YOLUME PERCENT FRARCTION & - Tab

YOLUME PERCENYT FRACTION 7 - 5.9

YOLUME PERCENT FRACTION 8 - 6.3

YOLUME PERCENT FRACTION 9 - V.0

YOLUME PERCENY FRACTION 10 - Ver

YOLUME PERCEMY FRACTIOMN 11 - 3.3

YOLUME PERCENY FRACTION 12 - 4.7

YOLUME PERCENT FRACTIOM 13 - 4.7

YOLUME PERCENYT FRACTION 14 - 4.2

YOLUME PERCEMT FRRACTION iS5 - 4.2

SPECIFIC GRAYITY FRACTION 2 - 0.662

SPECIFIC GRRVITY FRACTION 3 - 0.703

SPECIFIC GRAVITY FRACTION 4 — 0.727

SPECIFIC GRAVITY FRACTION 5 — - 34

SPECIFIC GRRAVYITY FRACTION 6 - - V61

SPECIFIC GRAVITY FRACTION 7 — 0.773

SPECIFIC GRAYITY FRACTIOMN 9 - 0.783

SPECIFIC GRAVYITY FRRCTION 9 — - 98

SPECIFIC GRAVITY FRACTIOM :10 — 0.809

SPECIFIC GRAVITY FRACTION 1: - 0.825

SPECIFIC GRAVYITY FRACTION :2 — 0.829

SPECIFIC GRAYITY FRACTION :3 — 0.840

SPECIFIC GRAYITY FRACTION 14 — 0.849

SPECIFIC GRAYITY FRACTION 15 -~ 0.856
i5CO5ITY SUS AT 100 DEGREES F. FOR FRACTION :2
iSCOSITY SUS AT 100 DEGREES F. FOR FRACTION 13
iSCOSITY SUS AT 100 DEGREES F. FOR FRACTION 2
iSCOSITY SUS AT 100 DEGREES F. FOR FRACTION &

CLOUD POINT DEGREES F. FOR FRRCTI il - 25

CLOUD POINY DEGREES F. FOR FRACTION 12 - 43

CLOUD POINY DEGREES F. FOR FRACTION 13 - 054

CLOUD POINT DEGREES F. FOR FRACTIOM i4 - 079

CLOUD

POINT DEGREES

F.

FOR FRRCTION

i3

093



CONTINE
COUNTRY
STRTE -
COUNTY

NT

WEST
- BOONE

RECORD 0O

FIELD NAME - CRABIN CREEK
TIiOMN NAME - BERER

PRODUCI
ERRA -

NG FORAH

PRLEOZOI

C

SYSTEM - PALEOZOIC
GEOLDGICAL BRSIN NRAME -
GEOLOGICRL BRSIN CODE -

0008

NORTH RRERICR
U.5.R.
VIRGINIA

APPRALACHIRN BRASI

i60

DEPTH 7O 7OP {F7.> - 0&2via

SANDSTONE

AGENCY SAMPLE NO - B23374

SPECIFIC GRAVYITY — 0.7V638

SULFUR <{WEIGHY PERCENT} - LE“’ THRAN 0.10

CHRBDH RESIBUE {PERCENT OF CRUDE> - 0.2

SITY SUS AT 100 DEGREES F. — 037V

PERCEHT OF CRUDE - 14.9 :

YOLUME PERCEMT FRACTION 1 - 1.7

YOLUME PERCENT FRRACTI 2 - 3.9

YOLUME PERCEMT FRARCTION 3 - 2.9

YOLUME PERCENT FRRCTION 4 - 9.2

VOLUME PERCENY FRACTIOM 5 - Va3

YOLUME PERCENT FRRCTIOM & - 6.1

YOLUME PERCENTY FRACTION vV - 5.5

YOLUME PERCENT FRRCTVION 8 - 6.2

YOLUME PERCENT FRRCTION 9 - D6

YOLUME PERCENT FRACYIOMN 10 - 5.5

YOLUME PERCEMNT FRACTION i - 5.1

YOLUME PERCENT FRACTION i2 - 4.6

YOLUME PERCENT FRACTIOMN 13 - 5.2

YOLUME PERCENT FRRCTION 14 — 4. 0

YOLUME PERCEMYT FRACTION 15 - 5.0

SPECIFIC GRHV'T“ FRACTION 2 — 0.667

SPECIFIC GRAVYITY FRACTIOM 3 — 0.699

SPECIFIC GRAYITY FRACTION 4 - 0.726

SPECIFIC GRAYITY FRACTION 5 - 0.7435

SPECIFIC GRAYITY FRACTION 6 — 0.V359

SPECIFIC GRAVITY FRACTIOMN V¥ - 0.7/72

SPECIFIC GRAVYITY FRACTION 8 - 0.782

SPECIFIC GRAYITY FRACTION 9 — 0.7V94

SPECIFIC GRAYITY FRACTION 10 - 0.£08

SPECIFIC GRAYITY FRACTIOM 11 - 0.830

SPECIFIC GRAVITY FRACTION i2 - 0.835

SPECIFIC GRAYITY FRACTIOM i3 - 0.844

SPECIFIC GRAYITY FRACTIOM 14 — 0.856

“PEC.F'C GRAYITY FRACTION 135 - 0.866

SCOSITY SUS AT100 DEGREES ' F. FOR FRACTI

VI COSITY SUS AT 100 DEGREES F. FOR FRACTION

VISCU“'TV SUS AT 100 DEGREES F. FOR FRACTION
ISCOSITY SUS AT 100 DEGREES F. FOR FRACTION

VISCOSITY SUS AT 100 DEGREES F. FOR FRACTIOM

CLOUD POINT DEGREES F. FOR FRACTIOM 12 — 20

CLOUD POINT DEGREES F. FOR FRACTIOM i2 - 35

CLOUD POINT DEGREES F. FOR FRRCTIOM i3 — 0350

CLOUD POINT DEGREES F. FOR FRACTION i4 — 070

CLOUD POINT DEGREES F. FOR FRRCTIOM 13 — 085

AN

TR TR L A TN 14



CONT INE
COUNTRY
STRATE -
COUNTY

NT

RECORD 00009

NORTH AMERICH

WEST YIRGINIA

-~ BOONE

FIELD NAME - CABIN CREEK

GEDLOGICAL BASIN NAME —

F. FOR FRACTI

APPALACHIAN BRASI

GEOLOGICAL BRASIN CODE —- 160
AGENCY SAMPLE NO - B26569
SPECIFIC GRAVITY - 0.792
SULFUR {WEIGHT PERCENT> - 0.10
POUR POINT <{DEGREE F.> — LESS THRMN 5
CARBON RESIDUE {PERCENT OF CRUDE> - 0.3
VISCOSITY SUS RT 100 DEGREES F. — 039
PERCENT OF CRUDE - 15.9
YOLUME PERCENY FRACTION 2 -~ 4.9
YOLUME PERCENT FRRCTION 3 - 5.9
YOLUME PERCENT FRACTION 4 - Va3
YOLUME PERCEMT FRACTION 5 - V.6
YOLUME PERCENT FRARCTION 6 - 5.9
YOLUME PERCENT FRRCTION vV - 6.2
YOLUME PERCENT FRRARCTION 8 - 6.2
YOLUME PERCENT FRRCTION 9 - 9.9
YOLUME PERCENT FRACTIOMN 10 - 6.3
YOLUME PERCENT FRACTIONM i1: -~ 4.6
YOLUME PERCENY FRACTIOM i2 - 9.8
YOLUME PERCENT FRRCTION i3 - J.1
YOLUME PERCENT FRACTION i4 - 3.5
YOLUME PERCENT FRACTION 15 - 3.1
SPECIFIC GRAYITY FRACTION 2 - 0.655
SPECIFIC GRAYITY FRACTIOMN 3 - 0.695
SPECIFIC GRAYITY FRACTION 4 - 0.724
SPECIFIC GRAYITY FRACTION 5 - - V47
SPECIFIC GRAYITY FRACTIOMN 6 — 0.759
SPECIFIC GRAVITY FRACTIOMN 7 — 0.772
SPECIFIC GRRYITY FRRCTION 8 — 0.784
SPECIFIC GRAYITY FRACTION 9 — 0.799
SPECIFIC GRAVITY FRACTION 10 — 0.809
SPECIFIC GRAVITY FRACTION iif - 0.833
SPECIFIC GRRAYITY FRACTION i2 - 0.836
SPECIFIC GRAVITY FRACTION 13 - 0.849
SPECIFIC GRAVITY FRACTIOM i4 - 0.866
SPECIFIC GRAYITY FRACTION 15 - 0.87
iS5COSITY SUS AT 100 DEGREES F. FOR FRACTION
YISCOSITY SUS AT 100 DEGREES F. FOR FRACTIOMN
VISCO3ITY SUS AT 100 DEGREES F. FOR FRRACTI
iSCOSITY SUS AT 100 DEGREES F. FOR FRACTIOM
YISCOSITY SUS AT 100 DEGREES F. FOR FRACTI
CLOUD POINT DEGREES F. FOR FRRCTIOM 11 - 30
CLOUD POINT DEGREES F. FOR FRRCTIOM 12 - 55
CLOUD POINT DEGREES F. FOR FRACTIOM 13 - 070
CLOUD POINT DEGREES F. FOR FRACTIOMN 14 — 085
CLOUD POINT DEGREES

i3 - 090

RPN

re po pb po pe

40
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183



RECORD 00010

CONTINENT — NIORTH RMERICAR
CDUHTR‘I’ - U-ﬂ-ﬂ.

S>TATE - WEST VIRGIHIH
COUNTY - BODONE

FIELD NRME — CRBIM CREEK
GEOLOGICAL BASIN NRAME -
GEOLOGICAL BASIN CODE -
RGENCY SAMPLE NO - Be7i9:
SPECIFIC GRAVITY — 0.840
CARBON REZIDUE <{PERCEMT OF CRUDE:> -
YISCOSITY SUS AT 100 DEGREES F. -
PERCENT OF CRUDE - 29.8

HPPRLRCH;HH BHSIN
160

YOLUME
YOLUME
YOLUME
YOLUME
YOLUME
YOLUME
YOLUME
VOLUME
YOLUME

PERCENTY
PERCENTY
PERCENT
PERCENT
PERCENT
PERCENY
PERCENT
PERCENT
PERCENT

FRACTION 7 -
FRACTION 8 -
FRACTION 9 -

FRRCT IOM

FRACT IOMN

FRRACT ION
FRRCTION
FRACT ION

Wk

b

(2]
L]

PO PS bbb P s

U
!

FRRETION
iTV FRACTION

SPECIFIC GRA
1TV FRACTION
FRRACTION

SPECIFIC GRA
SPECIFIC GRRAVITY
SPECIFIC GRAVITY FRACTIONMN
SPECIFIC v FRACTION
SPECIFIC Y FRACTIOM
SPECIFIC GRAYITY FRRCTIOM
Y FRHC 10N
FRRCTIOM

SPECIFIC

-PECIFIC

VISCOSITY Sus T 100 DEGREES F.

VISCUSIT? S i00 DEGREES F.
15C0SITY 100 DEGREES F.
ISCDSIT?; i 100 DEGREES F.
ISCOSITY SUS AT 100 DEGREES F.

CLOUD POINT DEGREES F. -

CLOUD POINT DEGREES F. -

CLOUD POINT DEGREES F.

CLOUD POINT DEGREES F.

CLOUD POINT DEGREES F.

cooo~JAY-IOoW-Jdn
D=
o

I U T
o
»
g QJ=J=ICvOQUND LI

$LNr

P pabs b pe pa 00"y

FRACT IO
FRACTION
FOR FRACTION
FOR FRACTION
FOR FRACTIOM
FOR FRACTION 21 - 10

FOR FRACTIOM i2 - 25

FOR FRACTION 13 — 045
FOR FRACTIOM i4 — 060
FOR FRACTION 15 — 075

LG R

-d=J

NP M re
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RECORD 00031i

CONTINENT — NORTH AMERICR
CUUHTRY - U—S’ -

STRTE — WEST YIRGINIR
COUNTY - BOONE

FIELD NAME - CABIN CREEK

GEOLOGICAL BHSIH MARE ' —

APPRLACHIAN BARSI

GEOLOGICHL BRSIN CODE - 160

AGENCY “HHPLE NO - B27ig2

SPECI F C GRR TV — 0.831

CHRBDH RESIDUE {PERCENY OF CRUDE> - 0.2

SCOSITY 3SUS RY 100 DEGREEa F. — 050

PERCEH* UF CRUDE - 1V.

YOLUME PERCEMNT FRACTION 3 - i.9

YOLUME PERCENT FRRCTION 4 — 0.0

YOLUME PERCEMNT FRACTION S5 - 0.0

YOLUME PERCENT FRACTION 6 - 0.0

YOLUME PERCENY FRACTION vV - 3.4

YOLURE PERCEMNT FRACTION 8 - Va9

YOLUME PERCENMT FRARCTION 9 - i0.9

YOLUME PERCENT FRACTION (0 — 11.6

YOLUME PERCEMY FRRCTION i:f - 12.3

YOLUME PERCEMYT FRRCTIOMN 12 - 13.4

YOLUME PERCENT FRACTION 13 - 6.3

VOLUME PERCEMYT FRACTION 14 - Ve

VYOLUME PERCENT FRACTIOM 15 -- S.4

SPECIFIC GRAVITY FRACTIOMN 8 - 0.781

SPECIFIC GRAYITY FRACTION 9 — 0.792

SPECIFIC GRAYITY FRACTIOM 10 - 0.806

SPECIFIC GRRAVITY FRACTIOMN iif - 0.830

SPECIFIC GRAYITY FRACTIOM 12 - 0.838

SPECIFIC GRAVITY FRACTIOM 13 - 0.857

SPECIFIC GRAYITY FRARCTION i4 — 0.864

SPECIFIC GRAVITY FRACTION 15 - 0.872 :
iSCOSITY SUS AT 100 DEGREES F. FOR FRACTION
iSCOSITY SUS AT 100 DEGREES F. FOR FRACTION

YISCOSITY SUS AT 100 DEGREES F. FOR FRACTION
i5CO05ITY SUS AT 100 DEGREES F. FOR FRACTION

VISCOSITY SUS AT 100 DEGREES F. FOR FRH TiON

CLOUD POIMY DEGREES F. FOR FRRCTIOM i - 10

CLOUD POINT DEGREES F. FOR FRACTION 12 - 30

CLOUD POINT DEGREES F. FOR FRACTIOM 13 — 050

CLOUD POINY DEGREES F. FOR FRACTIOM 14 — 050

CLOUD POINT DEGREES F. FOR FRRCTIOM 15 — 050
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RECORD 00012

CONTINENT ~ NORTH RHERICR

COUNTRY - U.S.A.

STRATE —  WEST VIRGINIR

COUNTY — DBOONE

FIELD NAME - CABIN CREEK

GEOLOGICRL BRSIMN NAME -~ APPRALACHIAN BASI
GEOLOGICRL BASIN CODE - 160

AGENCY ZAMPLE NO - B27193

SPECIFIC GRAYITY - 0.795

VISCOSITY SUS AT 100 DEGREES F. - 034
PERCENT OF CRUDE - 8.0
YOLUME PERCENY FRACTIOM
YOLUME PERCENT FRACTION
YOLUME PERCENT FRACTION
YOLUME PERCEMYT FRACTION
YOLUME PERCENT FRACTIOMN
YOLUME PERCENT FRACTIONM
VOLUME PERCENT FRACTION
YOLUME PERCEMT FRACTIONMN 10
SPECIFIC GRAYITY FRACTI
SPECIFIC GRAYITY FRACTION 8 0.784
SPECIFIC GRAYITY FRACTION 9 - 796
SPECIFIC GRAYITY FRACTION 10 - 0.808
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RECORD 00013

CONMT INENT
COUNTRY
STATE —  WESY
COUNTY — BOONE
FIELD NAME - CABI
GEOLOGICAL BRSIN

U.S-R’

YIRGINIR

N CREEK
NRHE -

NORTH AMERICR

RPPRALACHIAN BASI

GEOLOGICRAL BASIN CODE — 160

AGENCY SAMPLE NO - B27194

SPECIFIC GRAYITY - 0.825

VISCOSITY SUS AT 100 DEGREES F. - 045
PERCENT OF CRUDE - 2.0

YOLUME PERCENT FRACTIOMN 9 - 3.5

YOLUME PERCENT FRACTION i0 - 20.2
YOLUME PERCENT FRARCTIOMN i - 22.5

YOLUME PERCENT FRRCTION 12 - £8.8

YOLUME PERCENT FRACTIOMN 13 - 14.1

YOLUNE PERCENT FRRCTIOMN 14 - 6.7

SPECIFIC GRAYITY FRACTION 9 - 0.80%

SPECIFIC GRAYITY FRACTION 10 - 0.811

SPECIFIC GRAYITY FRACTION :: - 0.831

SPECIFIC GRAVYITY FRACTION i2 - 0.832

SPECIFIC GRAYITY FRACTION 13 - 0.844

SPECIFIC GRAVITY FRACTION 14 - 0.859
iSCOSITY SUS AT 100 DEGREES F. FOR FRACT
iSCOSITY SUS AT 100 DEGREES F. FOR FRACT

YISCOSITY SUS AT 100 DEGREES F. FOR FRACT
ISCOSITY SUS AT 100 DEGREES F. FOR FRRACT

CLOUD POINT DEGREES F. FOR FRACTION 1 -

CLOUD POINT DEGREES F. FOR FRACTION 12

CLOUD POINT DEGREES F. FOR FRRACTIOMN 13 -

CLOUD POINT DEGREES F. FOR FRRCTION

14 -

10N
i0M
i0M
i0n
i0

- 30

045
050

(S Sr AEPaery

S WM

40
435
057V
0vS



RECORD 00014

CONTINENT - NORTH HHER;CH
COUNTRY - U.g.ﬂ

STATE -~  WEST VIRGINIR
COUNTY - BUUHE

FIELD NAME - CHB N CREEK

GEOLOGICAL BASIN NRAME — ﬁPPﬂLﬂCH'HN BRS

GEOLOGICAL BRASIN CODE —~ 160
HGENCY SAMPLE NO - B27:195
SPECIFIC GRAVITY - 0.875
CARBON RESIDUE {PERCEMT OF CRUDE} -
YISCOSITY SUS AT 100 DEGREEg F. - 3
PERCENT OF CRUDE - 55
YOLUME PERCENT FR DN i3 -
YOLUME PERCENT FRRC i0N 14 - 2
YOLUME PERCENT FR DN i3 - 1
SPECIFIC GRRYITY FRH iON 13 - 0.853
SPECIFIC GRAYITY FRACTION i4 ~ 0.860
SPECIFIC GRRAVITY FRHC i0N 15 - 0.868
VISCOSITY SUS AT 100 DEGREES F. FOR
VIS SITY SUS AT 100 DEGREES F. FOR
SITY S 3 AT 100 DEGREES F. FOR
CLUUD POINT DEGREES F. FOR FRACTION
CLOUD POINT DEGREES F. FDR'FRRCTIUH~
CLOUD POINT DEGREES F. FOR FRACTION

0.7V
40

FRACTION.

FRACT ION
FRACTION
53," 040
i4 — 045

i35 — 045

[(TETEYS

e

L

061
081
125



CONTINENT
COUNTRY
STATE -

COUNTY

u.s
WEST
-~ BOONE

RECORD 00015

'H-
YIRGINIA

NORTH AMERICR

FIELD NRME - CRABIN CREEK
GEOLOGICAL BRSIH NRME -
GEOLOGICARL BRASIN CODE -

i60

AGENCY SRAMPLE NO — B27684

APPALACHIAN BASI

SPECIFIC GRAVITY — 0.826
SULFUR WEIGHT PERCENT> — LESS THEN .10 .
CARBON RESIDUE <PERCENT OF CRUDE . - 0.2
1SCOSITY SUS AT 100 DEGREES F. — 048 .
PERCENT OF CRUDE —~ 24.4 e
YOLUME PERCENT FRACTION 5 — 1.7 . .
vOLUME PERCEMT FRACTION 6 — + 7.7 .
YOLUME PERCENY FRACTION 7 - ° -8.7 ~ .
YOLUME PERCEMT FRACTION 8 — . 8.5 .
YOLUME PERCENT FRACTION 9 - ¢ 7.9 ©
VOLUME PERCENY FRACTION 10 = -9.0 '
YOLUME PERCENY FRACTIOM 11 - 5.2
YOLUME PERCEMT FRACTIOM 12 2 - 7.9
YOLUME PERCENY FRACTION $13'~- 6.8
YOLUME PERCENY FRACTION 14 - - 5.8°
YOLUME PERCENT FRACTIOM 15 < 6.3
SPECIFIC GRAYITY FRac 0N 5 - 0.755"
SPECIFIC GRAYITY FRACTION 6 - 0,760
SPECIFIC GRAYITY FRACTION 7 - 0770
SPECIFIC GRAYITY FRACTION €-— . 0.781
SPECIFIC GRAYITY FRACTION 9 - '0.793
SPECIFIC GRAYITY FRACTIOMN 10 — 0.807
SPECIFIC GRAYITY FRACTIOM 11 - 0.830
SPECIFIC GRAVITY FRACTIOM 12 - 0.83%
SPECIFIC GRAYITY FRACTIOM i3 — 0.845
SPECIFIC GRAVITY FRACTION 14 - 0.855
SPECIFIC GRAYITY FRACTIOMN 15 — 0.568
ISCOSITY SUS AT :00 DEGREES F. FOR FRACTION
v SCOSITY SUS AT 100 DEGREES F. FOR FRACTION
SCOSITY SUS AT 100 DEGREES F. FOR FRACTI
SCOSITY SUS AT :00 DEGREES F. FOR FRACTION
v:scnsxrv SUS AT 100 DEGREES F. FOR FRACTIOM
CLOUD POINT DEGREES F. FOR FRACTION 11 - &5
CLOUD POINT DEGREES F. FOR FRACTIOM 12 - 30
CLOUD POINT DEGREES F. FOR FR 13 - 050
CLOUD POINT DEGREES F. FOR FRACTION i4 — 065
CLOUD POINT DEGREES F. FOR FRACTION 15 — 080

AH W "

P Es ps s

40
45
056
0vS
ic0



CONTINENT -
COUNTRY -
STRTE -

COUNTY

WEST
— BOOME

RECORD 00016

NORTH RMERICR
YIRGIMIRA

FIELD NAME — CRABIN CREEK
PRODUC ING FDRHHTXDH~HﬁHE - BERER

ERR -

PRLEOZOI

C

SYSTERM - PALEOZOIC

GEOLOGICAL BHSIN NRME -
iMN CODE -

\.Fl -)

GEOLOGI

DEPTH
SHANDST
HGEN

SPECIFI

SULFUR
CARBON

70
DHE

CAL B
T0OP

i60

- 03280

SRNPLE NO — B44:i28

C GRA
RESIDUE

iSCOSITY Sus

PERCENT UF CRUDE -

VOLUME
YOLUME
YOLUME
YOLUME
YOLUME
YOLUME
YOLUME
YOLUME
YOLUME
YOLUME
YOLUME
VOLUME
YOLUME
YOLUME

SPECIFIC
SPECIFIC
SPECIFIC
<PECIFI
SPECIFI
SPECIFI
SPECIFI
SPECIFI
SPECIFI
SPECIFIC
SPECIFI
SPECIFI

QPEC FI

Cnf‘ k 4 T\J
YISCOSITY
ISCOSITY.
<« T ""\J'

VISC

CLOUD
CLOUD
CLOUD
CLOUD
CLOUD

-~ &, I.'
ISCUSLTV;

PERCENT
PERCENT
PERCENT
PERCENT
PERCEMNT
PERCENT
PERCENT
PERCENT
PERCENT
PERCENT
PERCENT
PERCENT
PERCENT
PERCEMNT
GRR

C GRA
C GRA
SUS
SuUs
SUS
SUS
SUsS

Y ree
A F ¥

S ]

GRAVITY
ORAYITY
C GRAVITY
C GRAVITY
C GRRYITY
C GRAYITY
C GRRVYITY
C GRRAVITY
GRRAYITY
Cc GRRUEIE

F 2 A ]

T T
& BB

L H
HT
RY
RTY
HT

- D.808
{MEIGHT PERCENT) -

{PERCENYT OF CRUDE:
7 100 DEGREE“ F. —

FRRCT

FRRCT
FRRCT
FRRCT

FRA

FR
FR#H
FR

FR

FR

Ti0N
FRACT
TI0ON
Ti0M
TI0M
FRRCT
FRACT
FRRCT
Ti0N
FRRCT
iTV FRACTION
FRACT IOM
FRACT IO
FRACTION
FRRCT
FRRCTIOM
FRRCT ION
FRACT IOM
FRACT I10OM
FRACT IOM

FRACT IOM
FRA
100 DEGREES
400 DEGREES
;100 DEGREES
100 DEGREES
100 DEGREES

-ll.

i0N
i0N
10N
iOMN

10M

10N
0N
i0M

rersps bt bebs JO-JOVNP W

NP LRre S

ion

i0M

WRere
COoOooooooNHNCNE~JOOD-JI~I~JWD
[ ] ]

ﬂﬂﬂ?ﬂllll!l

3

TIiOoM

popipoyoﬁbwm

TiOn 15

—

040

OOV RRIOM YO0 UNOCY

QO H MY
NRWWreN~J

"
n
8
X

..
nalni)
jm R
axn

POINT
POINT
POINT
POINT
POINT

DEGREES

DEGREEo
DEGREES

DEGREES
DEGREES

F.
F.
F-
F.
F-

FOR FRACT
FOR FRACTIOM
FOR FRACTI

FOR FR
FOR FR

A

TI0N
Tion

FR

RPPRLACHIAN BRASI

LESS THAMN 0.:0

O-E

710N

FRACT ION
FRRACT ION
FRACT ION
FRACTIOM

0N 13

i
i3
id
i3

15
30
0435
065
080

- 40

035
030
ies



- CONTINENT
COUNTRY
STRTE -
,—-DU”T\J

-—

WEST VIRGINIR

RITCHIE

RECORD 00017V

NORTH RRERICR
UU\J-H-

FIELD NRME - CRIRO
PRODUCING FORMATION NAME - CDHDQUEH
PRLEDZOIC

SVYSTER — PENNSYLYANIAN

GEOLOGICAL BRSIN NRAME -
GEOLOGICARL BRSIN CODE -

ERR -

Yoy

i60

Lad a4
> &

NG

'hPPﬂanu HH BRS

AdWRr

o bb pops bb

OTHER SALT

RAGENCY SAMPLE NO - B33156

SPECIFIC GRAVITY - 0.301

SULFUR <MEIGHT PERCENT> - LESS THAN 0.10

CARBON RESIDUE <PERCENT OF CRUDE} — . 0.3
ISCOSITY SUS AT 100 DEGREES F. — - 037

PERCENT OF CRUDE — 20.2 :

VOLUME PERCENT FRACTION 2 — 4.2

YOLUME PERCENT FRACTION 3 — 5.3

YOLUME PERCENT FRRACTION 4 - 7.9

YOLUME PERCENT FRACTION 5 —. 6.9

YOLUME PERCENT FRACTION 6 — . 6.3 -

YOLUME PERCENT FRACTION 7 — = 5.6

YOLUME PERCENT FRACTION 8 — 5.1

YOLUME PERCENT FRACTION 9 -~ . 5.5

YOLUME PERCENT FRACTIOMN 10 .- 6.5

YOLUME PERCEMNT FRACTION i — 4.7

wOLUME PERCENT FRACTIOM 2 -. 5.8

YOLUME PERCENT FRACTION i3 -~ 5.3

YOLUME PERCENT FRACTION 14 — 4.5 .

YOLUME PERCENT FRACTION 15 — ° S.4

SPECIFIC GRAYITY FRACTION 2 - 0.658

SPECIFIC GRAYITY FRACTION 3 - 0.69%

SPECIFIC GRAYITY FRACTION 4 — 0.724

SPECIFIC GRAYITY FRACTION 5 —~ 0.744 -

SPECIFIC GRAYITY FRACTION 6 - 0.760

SPECIFIC GRAYITY FRA TIDH'?‘— 0.772

SPECIFIC GRAVITY FRACTION.-8 - 0.782

SPECIFIC GRAYITY FRACTION 9 - 0.794

SPECIFIC GRAVITY FRACTIOM $0-- 0.808

SPECIFIC GRAVITY FRACTIOM 1f — 0.830

SPECIFIC GRAYITY FRACTIOM 12 - 0.834

SPECIFIC GRAYITY FRACTIOM :3 -~ 0.843

SPECIFIC GRAYITY FRACTION 14 — 0.850 .

SPECIFIC GRAYITY FRACTION 15 - 0.858
ISCOSITY SUS AT 100 DEGREES F. FOR FRACTION

VISCOSITY SUS AT 100 DEGREES F. ‘FOR FRACTION

YISCOSITY SUS AT 100 DEGREES F. FﬂR‘FRﬂCTIDﬂ

SCOSITY SUS AT 100 DEGREES F. FOR FRACTION

xscns:rv SUS AT 100 DEGREES F. FOR FRACTIOM

CLOUD POINT DEGREES F. FOR FRACTIOM if — 20 -

CLOUD POINT DEGREES F. FOR FRACTIOM 12 — 40

CLOUD POINT DEGREES F. FOR FRACTIOM i3 — 055

CLOUD POINT DEGREES F. FOR FRACTIOMN i4 — 070

CLOUD POINT DEGREES F. FOR FRACTION 15 — 090

40
435
0535
ove

205



RECORD 00018

CONTINENT — NORTH AMERICR
COUNTRY — U.S.R.
STRATE ~  WEST YIRGINIA

COUNTY -- MONONGRLIR
FIELD NAME -- CLAY
PRODUCING FORRMATION NAME - BIG IMNJUN, POCONO

ERA -

sToTEM

FRALEOZO
- MISSI

iC
SSIPPIAN

GEOLOGICRL BRASIN NRME -
GEOLOGICAL BRSIN CODE -
DEPTH 7O 7TOP <«
SHNDSTONE

AGENCY SAMPLE NO — B26346

FV.3

APPRLACHIAN BRSI

+
F N

60

- 02209

SPECIFIC GRRAYITY - 0.796

SULFUR {WEIGHT PERCENT> - LESS THRAN 0.:0

CARBON RESIDUE {PERCENYT OF CRUDE> - 0.2
i5COSITY SUS AT 100 DEGREES F. - 037

PERCENT OF CRUDE - 4.3

YOLUME PERCEMT FRACTION 2 - 3.7

YOLUME PERCENT FRACTION 3 - 4.7

YOLUME PERCENT FRACTION 4 - 8.5

YOLUME PERCEMT FRACTION 5 - 8.1

YOLUME PERCENT FRACTION 6 - 6.0

YOLUME PERCENT FRACTION ¥ - B.2

YOLUME PERCENT FRACTION 8 - 8.7V

YOLUME PERCENY FRRCTIOMN 9 - 6.3

YOLUME PERCENT FRRCTIDMN 10 - veld

VOLUME PERCENT FRACTIOM 1i - 4.2

YOLUME PERCENY FRACTIOM 12 - 5.4

YOLUME PERCENT FRACTIOMN 13 - 3.4

YOLUME PERCEMT FRACTION 14 - 4.7

YOLUME PERCENT FRACTIOM 15 - 5.2

SPECIFIC GRRAVYITY FRACTION 2 - 0.666

SPECIFIC GRRAYITY FRACTION 3 - 0.694

PECIFIC GRAYITY FRRCTION 4 - 0.723

SPECIFIC GRAYITY FRACTION 5 - 0.743

SPECIFIC GRAVYITY FRACTION &6 - -« 736

SPECIFIC GRAYITY FRACTION 7 - 0.76

SPECIFIC GRAYITY FRACTION 8 - T

SPECIFIC GRAVITY FRACTION 9 — 0.791

SPECIFIC GRRYITY FRACTIOM 10 - 0.805

SPECIFIC GRAVITY FRACTIOM 1i: - 0.827

SPECIFIC GRAYITY FRACTION i2 - 0.83

SPECIFIC GRAVITY FRACTIOM 13 — 0.846

SPECIFIC GRAVITY FRACTIOMN 14 - 0.85%5

SPECIFIC GRAYITY FRACTIOM 15 - 0.864
i5CO5ITY SUS AT 100 DEGREES F. FOR FRACTION

YISCOSITY SUS RY 100 DEGREES F. FOR FRACTION

VISCOSITY SUS AT 100 DEGREES F. FOR FRACTIOMN

VISCOSITY SUS AT 100 DEGREES F. FOR FRACT!I
ISCOSITY SUS AT 100 DEGREES F. FOR FRACTION

CLOUD POINY DEGREES F. FOR FRRCTIOMN i1if - 30

CLOUD POINT DEGREES F. FOR FRRCTIOM 12 - S0

LLUUD POINT DEGREES F. FOR FRACTIOM 13 - 065

CLOUD POINT DEGREES F. FOR FRRACTIOM 14 — 080

CLOUD POINT DEGREES F. FOR FRACTIOM iS5 — 095

AP LR
P

PApe ph P e

40
054

e
vt a

i05



RECORD 00019

CONTINENT — NORTH AMERICR
COUNTRY - U.S.AR.

STRTE — WEST YIRGINIA
COUNTY - LEMWIS

FIELD NAME - FINK

PRODUCING FORMATION MRAME - GHHTZ'

ERR - PALEDZOIC

SYSTEM - PALEOZOIC .
GEOLOGICRL BRSIN NRME -
GEOLOGICAL BRASIN CODE --

FT.2

DEPTH TO TOP
SHNDSTONE

i60
- 02030

AGENCY SRAMPLE NO - B64i4:

SPECIFIC GRAYITY
SULFUR
NITROGEM
POUR POINT
CARBON RESIDUE
iSCOSITY SusS

PERCENT

- 0.822
IMEIGHT PERCENT> -
{MEIGHT PERCENT> -
{DEGREE F.>

0. 07
D.008

36.2

vOLUME
YOLUME
YOLUME
YOLUME
YOLUME
YOLUME
YOLUNE
YOLUME
YOLUME
YOLUME
YOLUME
YOLUME
YOLUME
YOLUME
SPECIFI
SPECIFI
SPECIFI
SPECIFI
SPECIFI
SPECIFI
SPECIFI
SPECIFI
SPECIFI
SPECIFI
SPECIFI
SPECIFI
SPECIFI
YISCOSI
YISCO3I
YISCOSI

YISCOSITY
CLOUD POINT
CLOUD POINT
CLOUD POINT
CLOUD POINT

PERCENT
PERCENT
PERCENT
PERCENT
PERCENT
PERCENT
PERCENT
PERCENT
PERCENY
PERCENT
PERCENT
PERCENT
PERCENT
PERCENT

C GRAYITY
C GRAVITY
C GRAVITY
C GRRAVYITY
C GRAYITY
C GRRVYITY
C GRRAVITY
C GRRAVITY
C GRAVITY

2 d¥l
F

b i g%
A b
T v
E S

b gl
& F B

AT
RY
AT
Ry
DEGREES
DEGREES
DEGREES
DEGREES

C GR
C GRA
C GR

€ GRA
I¥ SUS
TV SUS
SUS

[ ]

Al
L od B Ed
QUO

(]
s

FRRCTION
FRACTIOMN
FRACT 10N
FRACTION
FRACTION
FRRCTIOM
FRACT IOM
FRRCTION
FRACT 10N
FRRACT ION
FRACTION
FRACTION
FRACT 10N
FRACT ION
FRACT I0OM
FRRCTIOM
FRACT IOM
FRACT IOM
FRACT ION
FRACTION
FRARCTIOM
FRRCT IOM
FRACTION
FRRCTIOM
FRARCT IOM
FRACT ION
FRRCTION 14 —
100 DEGREES
100 DEGREES
100 DEGREES.
100 DEGREES
F. FOR FRRC
F.
FI.
F.

Y PRI

L T A O I I I

pepa b pe ps \J OO
SOV reo
rera ke pa JOJOUNH WO |
R T T T O A

WRre s

FOR FRAC
FOR FRAC

ococooo@dﬁuf&&&m&&uu»

L]
WN~looUNosNH LW

v
O RS M RS Al a
-

FOR

Tiom
FOR FRACTION
TION
TIi0M

W
(8]

—~ LESS THRAN 5
{PERCENT OF CRUDE> -
7 100 DEGREES F. -

043
0OF CRUDE - :

s
'y

O
gy

APPALARCHIAN BRSI

0.6

FRRACTI

FRACTIOM

FRACTI

FRACTION

FoPh pope
$ OO

2o
40
070
080

Pepo b pe
$OMre

-
&

060
082



CONT INE
COUNTRY
STRTE -
COUNTY

NT

U.s
WEST
- LEMWIS

RECORD 00020

» -

VIRGINIR

FIELD NRAME - FINK

FRODUCI
ERR -

LRI

NG FORHK
PRALEOZO

-

ic

CSVSTEM - PRALEOZOIC
GEOLOGICAL BASIN NAME -
GEOLOGICAL BRSIN CODE - -

DEPTH T
SRANDSTO

8}
NE

TOP <

FT.3

AGENCY TSRAMPLE NO - B64142

SPECIFI
SULFUR
i TROGE
CRARBON
YISCOSI
PERCENT
YOLUME
YOLUME
YOLUME
YOLUME
YOLUME
YOLUNE
YOLUME
YOLUME
YOLUME
YOLUME
YOLUME
YOLUME
YOLUME
YOLUME
SPECIFI
SPECIFI
SPECIFI
SPECIFI
SPECIFI
SPECIFI
SPECIFI
SPECIFI
SPECIF
SPECIF
SPECIFI
SPECIFI
SPECIFI
SPECIFI
VISCOSI
YISCOSI
YISCOSI
i5C0sI

&
r
A
r
&

iSCOSITY

CLOUD
CLOUD
CLOUD
CLOUD
CcLOuUD

P
P

POINT
FOINT
POINT

C GRRAYI
INEIGHT
N WEIG
RESIDUE

TR S
e L2 0% T4

OF CRU
PERCENT
PERCENT
PERCENT
PERCENT
PERCENT
PERCENT
PERCENMNT
PERCENT
PERCENT
PERCENT
PERCEMNT
PERCENT
PERCENT
PERCENT
C GRARVI
C GRAVYI
C GRRAVYI
C GRRAVYI
C GRAVYI
C GRAVYI
C GRRVYI

GRRAYI
C GRAVYI
C GRAVYI
C GRAYI
C GRRVYI
C GRAYI
C GRAVYI
TV SUS
TV SUS
7% SUS
T% SUS
Ly SUS
OINT DE
OINT

DEGREES F.
DEGREES F.
DEGREES F.
DEGREES F.

YA

[ 0.829
PERCENT>
HT PERCENT2

{PERCENT OF CRUDE:
00 DEGREES

T 4
1) FY

DE - 28.4
FRACT ION
FRACTION
FRACTION
FRRCTION
FRRCTION
FRRCT ION
FRRCTION
FRRCTIOM
FRRETIOM
FRACTION
FRACT ION
FRACTI
FRARCTION
FRACTION

TV FRACTIOM

FRACT ION

FRRCT IOM

FRRCT ION

FRRCT IOMN

FRRC7T ION

FRRCTION

FRRCT ION

FRACTION

FRACT ION

FRRCTIOMN

FRRCT ION

IR W

N T N A I O

pepapspsbeps \ O

NPpWRr D

h ¥
[ ]
hd ¥
L
o
[
v
[}
o
[}
h ¥}
[ 3

h et
L3 ]

ha ¥
[ ]

ha')
[ 3 ]

ha Y
L ]

ra)
[}

RY
AT
BT
RT
il
GREES F.

FRACTION

FRARCTION

NORTH AMERICAH

TI0N NRME — GANTZ

0.0V

LRre o <
o I T N I

rorsrsre b IO JVUN W
ot Bn i Do o N O T O O
" e 9 @

i3

100 DEGREES
100 DEGREES
100 DEGREES
100 DEGREES
100 DEGREES

D.

F.

F.

009

ocoocoosUICTUNUNANOE H & Rae
*J - JOOJWUYOOONRNIO0S~JCr W

FOR

FOR FRACTIOM
FOR FRACTION
FOR FRACTION
FOR FRRCTI
FOR FRACTI

049

FR

FR

0

RPPRULRCHIAN BRSI
i60
- 02235

.8

Ti0M
TIi0M

FRRACT IOM
FRRCTIOM
FRACTIOM

11
12
13
14
15

T I A

23
40
065
080
i0o

N LIRIre
R

[ Ty

40
48
060
08e
135



RECORD o0D022

CONTINENT - NORTH RMERICR
COUNTRY - U.S.AH.

STATE — WEST VIRGIMNIA
COUNTY - DODDRIDGE

FIELD NAME - FLINT

PRODUCING FORMATION MNAME — GORDON» CATSKILL

ERA - PRLEDOZOIC

SYoTEM — PALEDOZOIC

GEOLOGICAL BASIN NAME — APPALRCHIAN BRSIN
GEOLOGICAL BRSIN CODE - 160 '
DEPTH 7O TOP <{F7.> — 02581

SHNDSTONE

AGENCY SAMPLE NO — B33158

SPECIFIC GRRAYITY — 0.817

SULFUR WEIGHT PERCENT? - LESS THRMN 0.:0
CHRBON RESIDUE <{PERCENT OF CRUDE:> - 0.3
YISCOSITY SUS AT 100 DEGREES F. — 044
PERCENT OF CRUDE - 23.8

YOLUME PERCEMT FRACTION 3 - 5.2

YOLUME PERCENT FRRCTION 4 - 2.9

VOLUME PERCENY FRACTION S5 - 3.9

YOLUME PERCENY FRACTIOMN 6 - - 4.9

YOLUME PERCEMNT FRRCTION 7 - 6.4

YOLUME PERCENY FRACTION 8 - 6.3

YOLUME PERCENT FRARCTION 9 - = 6.6

YOLUME PERCENT FRACTION 10 - 8.4

YOLUME PERCENT FRACTION 11 - 4.9

YOLUME PERCENY FRACTION 12 -~ 6.9

YOLUME PERCENT FRRCTION 13 - Vel

YOLUME PERCEMNT FRACTIOMN 14 - 5.0

YOLUME PERCENT FRRCTI i35 - 5.9
SPECIFIC GRAYITY FRACTION 3 — 0.662
SPECIFIC GRAYITY FRACTION 4 - - v 06

SPECIFIC GRAYITY FRACTIOM 5 - . 3%
SPECIFIC GRAVITY FRACTION 6 — 0,755 -

SPECIFIC GRAYITY FRACTION 7 — 0.77

SPECIFIC GRAYITY FRACTION 8 — 0.7V82

SPECIFIC GRAVITY FRACTIOM 9 — 0.793

SPECIFIC GRAVYITY FRACTION 10 — 0.805

SPECIFIC GRAVITY FRACTIOM 11 - 0.829

S-PECIFIC GRAYITY FRACTION 12 - 0.834

SPECIFIC GRAYITY FRACTION 13 — 0.844

SPECIFIC GRAYITY FRACTIOM 14 — 0.853

ZPECIFIC GRAVITY FRACTION 15 — 0.860
iSCOSITY SUS RT 100 DEGREES F. FOR FRRACTI
iSCOSITY SUS RY 100 DEGREES F. FOR FRACTIOM
iSCOSITY SUS AT 100 DEGREES F. FOR FRACTION

VISCOSITY SUS AT 100 DEGREES. F. FOR FRRCTION

VISCOIITY SUS AT 100 DEGREES F. FOR FRRCTI

CLOUD POINT DEGREES F. FOR FRACTIOMN i1 - 20

CLOUD POINT DEGREES F. FOR FRRCTI ie - 40

CLOUD POINT DEGREES F. FOR FRACTIOM 13 - 055

CLOUD POINT DEGREES F. FOR FRRCTI i4 — 073

CLOUD POINT DEGREES F. - 090

FOR FRACTI 13

PO be pa psp
e

+
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CONT INE
COUNTRY
STRTE -
COUNTY

ERA -

GEOLOGI
DEPTH 7
SANDSTO

10

NT -

-

RECORD 00022

NORTH AMERICA
U-Q-H-

WEST VIRGINIR
=~ LINCOLM
FIELD NRME - FREEMAN
PRODUCING FORMATION NAME — BERER

PRLEDOZOI
oVSTER - PRLEDZOIC
GEOLOGICHL BHSIN NRHE -

CAL B
T0P

NE

\Fl.)

C

iN CODE - 160

- 02237

HGENCY SARPLE NO — B2337Vé

SPECIFI
SULFUR
CRRBON

PERCENT
YOLUME
YOLUME
YOLUME
YOLUME
YOLUME
YOLUME
YOLUME
YOLUME
YOLUME
YOLUME
YOLURE
YOLUME
YOLUME
SPECIF
SPECIF
SPECIFI
SPECIFI
SPECIFI
SPECIFI
- SPECIFI
SPECIFI
SPECIFI
SPECIFI
SPECIFI
JPEC F

ic
ic

Pﬂ NT
POINT
POINT
POINT
POINY

C GRRA
UNEIGHT
RESIDUE

e b T I o -r~
L3 ] -~

OF CRUDE -

PERCENT
PERCENT
PERCENT
PERCENT
PERCENT
PERCENT
PERCENT
PERCENT
PERCENT
PERCENT
PERCENT
PERCENT
PERCENT
GRA

GRRY
GRR

GRR

GRRA

GRA

GRA

c
c
C
c
C
c
C
C
c
C

GRRY
GRRY
GRRY

SUS
’ 'SusS
ng“
Sus

TN
F S

¥ YN
AP

T
E 3 2 ]

bt 4 ¥
F S A

T T
4 0¥

b i d %
F A ]

b d %]
F S ]

T Vo
S ]

GRAYITY

vy
AN E

b d ¥4
AT}

T NS
A4S

GRAYITY
AT
AT
AT
AT
AT
' DEGREES .
DEGREES
DEGREES
DEGREES
DEGREES

- 0.836
PERCENT
{PERCENY OF CRUDE:
T 00 DEGREEo F.
Ll -9
FRACT ION
FRACT I0ON
FRRCT IOM
FRACT ION
FRRCT I0OM
FRACT ION
FRACTIOM
FRACTIOMN
FRACT ION
FRRCTION
FRACT ION
FRARCT IOM
FRACTION
FRACTION
FRRACTI
FRACT ION
FRACT I
FRACT IOM
FRACTIOM
FR T
FRACTI
FRHCTIUN
FRACTIONMN
FRACT ION
FRACTION 15
‘100 DEGREES
100 DEGREES
;00 DEGREES
“100 DEGREES
100 DEGREES
F. FOR FR
F. FOR FR
F. FOR FRHC
'F. FOR FR .;
F. FOR FRACT

W Irald B AN
(R T A I
. . [

ropspo e re b OO0
]

ReLRPro

'S
I A

"*”H'-'H'OQ'JG\LH
+ur~ano
oo oOOCUUAGCOOOOOHrs
.
O-d=-d~d~Jood~Jjooooo~JLUoY

Bur i ot T T O B
T 9 v 0

“‘
v

TIiON
TIDH

i0n

APPRLACHIAN BASI

LESS THRN 0.10
050

0-6

FRACY IOM
FRACT IOM
FRRCT ION
FRRCT ION
FRACT IONM

LR 4
a4 M

iec - 30
i3 —~ 045
i4 - 0635
i3 - 085

- LESS

i2 - 46

i3 - D60
i4 - 087V
i5 - 135
THRAN 5



CONT INE
COUNTRY
STATE -
COUNTY

SPECIFI
SULFUR
CHRBOM
PERCENT
YOLUME
YOLUNE
YOLUME
YOLUME
YOLUME
YOLUME
YOLUNE
YOLUME
YOLUME
VOLUME
YOLUME
YOLUME
YOLUME
YOLUME
YOLUME
SPECIFI

NT

WEST

RECORD 00023

- HANCOCK
FIELD NRME -- HANCOCK COUNTY
GEOLOGICHL BRSIN NAME -
GEOLUOGICAL BASIN CODE -
AGENCY SAMPLE NO - BO0422

C GRAVITY

MEIGHT
RESIDUE

PERCENT
PERCENT
PERCENT
PERCENT
PERCENT
PERCENT
PERCENT
PERCENT
PERCENT
PERCENT
PERCENT
PERCENT
PERCENT
PERCENT
EERCENY

GRAYITY

- 0.783
PERCENT>

{PERCENT OF CRUDE>
OF CRUDE -

i6.6
FRRCT ION
FRACTIOM
FRACT IOMN
FRACT ION
FRRCTION
FRACT ION
FRARCTION
FRRCT IOM
FRARCT IONM
FRARCT ION
FRACT IOM
FRRCT IOM
FRACTION
FRACTIOM
FRRCT IOMN

NORTH AMERICR
U.3.RH.

VIRGINIR

- APPARLACHIAN BRASI

—

$ WM

e papapspe s JCO~JOVUN

NSWURre

FRRCT ION

SPECIFIC
SPECIFIC
SPECIFIC
SPECIFIC
SPECIFIC
SPECIFIC
SPECIFIC
SPECIFIC
SPECIFIC
SPECIFIC
SPECIFIC
SPECIFIC
SPECIFIC

v'l'-f\ <7 TR
A D> > A b}

VISCOSITY

iSCOSITY

ISCOSITY
CLOUD pPOI
CLOUD
CLOUD
CLOUD
cLOUD

GRRYITY

GRA
GRAVITY
GRAYITY
GRAVYITY
SUS AT
SUS AT
SUS AT
SUS AT

NT

FRACTIOM
FRACT ION
FRACT IOM
FRRACT IOM
FRACT IOM
FRACTIOM
FRACT ION
FRACTIOM
FRACTION
FRACT ION
FRACT IONMN
FRACTI

FRRCTION

i00 DEGREES
100 DEGREES
100 DEGREES
100 DEGREES
DEGREES

F. FOR

POINT
POINY
POINT
POINT

DEGREES
DEGREES
DEGREES
DEGREES

F.
F.
F-
F.

FOR
FOR
FOR
FOR

i60

0.84

Pt
RN
s 0 0 L ] .« 9 8 [ [ ] s
SLUHOURINCOOHD

ISR
(R T R Y A O
| ]

CO=d=d=d=d=d=d=ITv QY

dcaccccaoco#@#&#mmmmmwwumm
|
(s Rvs)
%U
i ]

p#pop&uop‘\am
S
'ﬂ'ﬂ?‘ll I I I

15
FOR
FOR
FOR
FOR
FRACT IOM
FRACTIO

FRACTION
FRACT ION
FRACTIOM

M
L]

'om-ngmom

o
rpLORNS

0.846
0.850
0.858

.
A A

0.2

FRRACT I
FRACTION

‘FRRCTION

FRHCTEgH

12 - 37

i3 ~ 063
i4 - 073

15 - 090

L ad ad Sl s

AP

43
060
ov

10V



RECORD 00024

CONTINENT - NORTH RHERICA
COUNTRY - e
STATE - WEST VIRGINIR

COUNTY - HARRISON

FIELD NAME -- HARRISON COUNTY
GEOLOGICAL BASIN NAME — FRPPALACHIAMN BASI
GEOLOGICRL BRSIN CODE —- 160

AGENCY SAMPLE NO — B004:S

SPECIFIC GRAYITY - 0.808

SULFUR {WEIGHT PERCENT> - D.20
CARBON RESIDUE <{PERCENT OF CRUDE} -

0.5
PERCENT OF CRUDE —  23.9

YOLUME
YOLUME
YOLUME
YOLUME
YOLUME
YOLUME
YOLUME
YOLUME
VOLUME
YOLURE
YOLUME
YOLUME
YOLUME
YOLUME

PERCENT
PERCENT
PERCENT
PERCENT
PERCENT
PERCENT
PERCENT
PERCENT
PERCENT
PERCENT
PERCEMT
PERCENT
PERCENT
PERCENT

FRACT IOMN
FRACT IOM
FRACT ION
FRACT ION
FRACT ION
FRACT ION
FRACT IOM
FRACT ION
FRACT 10N
FRACTIOM
FRACT I0M
FRACT ION
FRACT I0OM
FRACTION

popgpayopobo\am'da”u#un”"

NP LR
POUORS LRSS JWr

P

YOLUME PERCENT FRACTION
SPECIFIC GRAVITY FRACTION
SPECIFIC GRAVITY FRACTION
SPECIFIC GRAYITY FRACTION
SPECIFIC GRAYITY FRACTIONM .
SPECIFIC GRAYITY FRACTION
SPECIFIC GRRAVITY FRACTION.
SPECIFIC GRAYITY FRACTION
SPECIFIC GRAYITY FRRCTIOM
SPECIFIC GRAVITY FRRCTION
SPECIFIC GRRAYITY FRACTION
SPECIFIC GRRYITY FRACTIOM
SPECIFIC GRAYITY FRACTIOM
SPECIFIC GRAVITY FRRACTI

SPECIFIC GRAYITY FRACTIOMN 15

. [ ] [ I ]
Wra ot
RPRo

]
(=]

R T U O T O O O
L B B

CoOo0O0ooOoOIJMUALLEIUIOUNUNWRIre

R I I A
o
v
o
8]
o

Q=d=d=d=d=d=J=J O
o)
r

Fersrepe e JEITIONAA LI
WRre ’ *

ISCOSITY SUS RY 100 DEGREES F. FOR FRACTIOM i - 056
MISCOSITY SUS AT 100 DEGREES F. FOR FRACTION 14 — 076
YISCOSITY SUS AT 100 DEGREES F. FOR FRACTION 15 -~ 108
CLOUD POINY DEGREES F. FOR FRACTION 1: - 25
CLOUD POINT DEGREES F. FOR FRACTI i2 —- 43
CLOUD POINT DEGREES F. FOR FRACTION 13 - 061
CLOUD POIMY DEGREES F. FOR FRACTIOM 14 — 075
CLOUD POINT DEGREES F. FOR FRACTION 15 — 090



CONTIN
COUNTR
STHTE

COUNTY

ENT -

RECORD 00025

NORTH AMERICH
WEST YIRGINIA
- HARRIS

om

FIELD NRRE - HARRISON COUNTY

GEOLOGICAL BRSIN NAME -
GEOLOGICAL BASIN CODE -

AGEMNCY
SPECIF
SULFUR
CARBON

YOLUME
YOLUME
YOLUME
YOLUME
YOLUME
YOLUME
YOLUME
YOLUME
YOLUNE
VOLUNE
YOLUNE

- VOLUME

YOLUME
YOLURME
YOLUME
<PECIF
SPECIF
SPECIF
SPECIF
SPECIF
SPECIF
SPECIF
SPECIF
SPECIF
SPECIF
SPECIF
SPECIF
SPECIF
iscOs
viscos
i5C0Os
cLOouD
CLOUD
CLOUD
CLOUD
CLOUD

i6d

SANPLE MO — BOO041i9

iC GRAYITY

IWEIGHT
RESIDUE

PERCENT
PERCENT
PERCENT
PERCENT
PERCENT
PERCENT
PERCENT
PERCENT
PERCENT
PERCENT
PERCENT
PERCENT
PERCENT
PERCENT
PERCENY
iC GRA
iC
iC
iC
iC
iC
ic
ic
ic
iC
ic
ic
ic

P S AN )

T 'ras
L L

GRA

GRA
GRA
SUsS

SUS
IV SuUs

POINT
POINT
POINT
POINT

¥ A
P

GRAVITY

GRAYITY
GRRYITY
GRAVITY
GRAVYITY
GRAYITY
GRAYITY
GRAYITY
GRAVITY

F S ]

¥ T
& 1P

RY
RY
AT
DEGREES
POINT DEGREES
DEGREES
DEGREES
DEGREES

- 0.800
PERCENT> -
20.3
FRACT IOM
FRARCTION
FRRCTIOM
FRRACTION
FRACTION
FRACT IOM
FRRCT IOM
FRACT ION
FRRCT ION
FRACT IOM
FRACT IOM
FRRCTION
FRACT IOM
FRRACT IOMN
FRRCTION 15
FRRCTION
FRRCT 10N
FRACTION
FRRCTION
FRRCT IOM
FRRCTI

FRRCTI

FRACT IOM
FRRCT IOM
FRRCT IOM
FRRCT IOM
FRACTI

FRACTION 15
100 DEGREES
i00 DEGREES
100 DEGREES
F. FOR
F. FOR
F. FOR
F. FOR
F. FOR

WRro

L T T A I T O
*wllllll'

reperepere JRAJONASH LRI P

LWRro

repepepepe JOJONON

F.
F-
F'

FRAC

0.2V
{PERCENT OF CRUDE:
PERCENT 0OF CRUDE -

$HRU-IHOCOIN]

. .
bt B B A R Reak~ -1 42

oocooooH OO OUNGNEINOD

FOR

FRACT IOM
FRACT ION
FRACT ION
FRACTION

—

FR

il
i2
i3
ig
i35

APPRLACHIAN BRSI

0.5

Ti0M
FRRCT IOM
FRACTION

23
41
059
0v5
090

(TR YT

U P e

058
079

4 4
A A



CONT INENT
COUNTRY -
STRTE -

COUNTY

RECORD 00026
NORTH RAMERICHR

WEST
- KRANRWHA

IRGINIR

FIELD NRAME - KELLY CREEK

GEOLOGICAL BRSIN NRME -
GEOLOGICAL BRASIN CODE' -

T

AGENCY SAMPLE NO — B00429

SPECIFIC GRA

SULFUR

T T
A0 B

{PERCENT OF CRUDE:

= 0.7V99
IWEIGHT PERCENTY
CARBON RESIDUE

+ e
o 5 A

RPPRLACHIAN BASI

0.2

PERCENT OF CRUDE - 14.8

YOLUME PERCENT FRACTIOM : - 2.V

VOLUME PERCENT FRACTION 2 - 3.1

YOLUME PERCENT FRACTION 3 - -

YOLUME PERCEMT FRRCTION 4 - 8.4

YOLUME PERCENT FRRACTION 5 - 6.3

YOLUME PERCENT FRACTION 6 — 6.7

YOLUME PERCENT FRACTION 7 - eV

YOLUME PERCEMT FRACTION 8 - 5.7

YOLUME PERCENT FRACTION 9 - 6.3

YOLUME PERCENT FRACTIOMN 10 - 5.4

YOLUME PERCENT FRACTION 11 - 9.0

YOLUME PERCENT FRACTION 12 - 4.9

YOLUME PERCENT FRACTION i3 - 4.9

YOLUME PERCENT FRRCTION 14 - 4.9

VOLUME PERCENT FRACTIOM 15 - 4.5

SPECIFIC GRRAYITY FRACTION 2 — 0.670

SPECIFIC GRAYITY FRACTION 3 - 0.700

SPECIFIC GRAYITY FRACTION 4 - 0.730

SPECIFIC GRAYITY FRARCTION S — 0.748

SPECIFIC GRAVITY FRACTI 6 - 0.762

SPECIFIC GRAVITY FRACTION 7 — 0.775

SPECIFIC GRAYITY FRACTION 8 - 0.785

SPECIFIC GRAYITY FRACTION 9 — 0.796

SPECIFIC GRAYITY FRACTION 10 - 0.81%

SPECIFIC GRRVITY FRRACTI ii —- D0.826

SPECIFIC GRAYITY FRACTIOM :2 - 0.833

SPECIFIC GRAVITY FRRACTI i3 - 0.84%

SPECIFIC GRAYITY FRACTION 14 - 0.852

SPECIFIC GRAYITY FRACTI 13 — 0.859
iSCOSITY SUS AT 100 DEGREES F. FOR FRRCTION
iSCOSITY SUS AT 100 DEGREES F. FOR FRACTIOMN

YISCOSITY SUS AT 100 DEGREES F. FOR FRACT!

VISCOSITY SUS RY 100 DEGREES F. FOR FRACTION
iSCOSITY SUS AT 100 DEGREES F. FOR FRRACT!

CLOUD POINT DEGREES F. FOR FRACT! il - 22

CLOUD POINT DEGREES F. FOR FRRCTIDON 12 - 46

CLOUD POINT DEGREES F. FOR FRACTIOM :3 - 059

CLOUD POINT DEGREES F. FOR FRACTION i4 — 077

CLOUD POINT DEGREES F. 13 - 092

FOR FRACTION

FEPe b s e
4. B SRR TS

LI I I I

35
40
057
0v35

iee



RECORD 00027

CONTINENT — NORTH AMERICR

COUNTRY - U.S.A.

- ATE — WEST YIRGINIA

COUNTY - KRANAWHA ~ N

FIELD NAME — KELLY CREEK

PRODUCING FORMATION NAME — WEIRs CUYRHOGR
ERA -~ PARLEDZOIC '

SYSTEM — MISSISSIPPIAN

GEOLOGICAL BRSIMN NAME — HAPPALACHIAN BRSIN
GEOLOGICAL BRSIN CODE - 160
DEPTH TO 7TOP <FT.> - 01755
SANDSTONE

AGENCY SRMPLE NO - B23375
SPECIFIC GRAVITY - 0.772

SULFUR WEIGHT PERCENT> — LESS THAN 0.10
CHRBON RESIDUE {PERCENT OF CRUDE> -  0.%
YISCOSITY SUS AT 100 DEGREES F. — 036
PERCENT OF CRUDE —- 16.4

YOLUME PERCENT FRACTIOM i - i.4
YOLUME PERCENT FRACTIDON 2 - 3.6
YOLUME PERCENT FRACTION 3 - 6.3
YOLUME PERCENY FRACTION 4 - 9.4
YOLUME PERCENT FRRACTIOM 5 — Veb
YOLUME PERCENT FRACTION 6 — 5.2
YOLUME PERCENT FRACTION 7V - D1
YOLUME PERCENT FRARCTION 8 -~ D.3
YOLUME PERCENT FRACTION 9 - 9.9
YOLUME PERCENT FRACTIOM 10 - 6.4
YOLUME PERCENT FRACTION i1i - 3.6
YOLUME PERCENT FRACTION 2 - 5.3
YOLUME PERCENY FRACTION i3 - 4.3
YOLUME PERCENT FRACTION 14 — 3.9
VOLUME PERCENT FRRCTI i35 - S.4
SPECIFIC GRAVITY FRACTION 2 - 0.675
SPECIFIC GRAYITY FRACTION 3 — 0.698
SPECIFIC GRAYITY FRACTION 4 — 0.727
SPECIFIC GRAVITY FRACTION 5 -~ - 744
SPECIFIC GRAVITY FRACTION 6 — 0.759
SPECIFIC GRAYITY FRACTION v - 0.772
SPECIFIC GRAVITY FRACTION 8 - - v 83
SPECIFIC GRAVITY FRACTION 9 - ]
SPECIFIC GRAVYITY FRACTION 10 — 0.809
SPECIFIC GRAYITY FRACTION ii — 0.83%
SPECIFIC GRAVYITY FRACTI ie — 0.835
SPECIFIC GRAYITY FRACTION 13 — 0.845
SPECIFIC GRRAYITY FRACTION 14 - 0.3854

SPECIFIC GRRAVYITY FRACTIOM 15 - 0.863
VISCOSITY SUS AT 100 DEGREES F. FOR FRRCTION
VISCOSITY SUS AT 100 DEGREES F. FOR FRRCTION
YISCO3ITY SUS RT 100 DEGREES F. FOR FRACTION
iSCOSITY 3SUS AT 100 DEGREES F. FOR FRACTI
VISCOSITY SUS AT 100 DEGREES F. FOR FRACTI
CLOUD POINT DEGREES F. FOR FRRCTI - 20

+
&

46
059

-y
L ]
+ 4
Y

e B be b pe
PLURIFe

S I I

LLOUD POINT DEGREES F. FOR FRRCTION ;é - 35

CLOUD POINT DEGREES F. FOR FRRCTIOMN 13 — 060

CLOUD POINT DEGREES F. FOR FRACTI i —- 070
13 -

CLOUD POINT DEGREES F. FOR FRACTION 090



CONT INE
COUNTRY
STRATE -
COUNTY

ERR -
SYSTER

NT

Uu.s

LWEST YIRGINIR
- RITCHI
FIELD NRME - LOST
PRODUCING FORMATION NAME — BIG INJUNs POCOND

PRLEOZO
- MI33I

RECORD 00028

E

ic

SSIPPIAN
GEOLOGICAL BRSIN MNAME -

RUN.

NORTH RHERICA

i3

HPPHLRCH;HN BRS

GEOLOGICARL BASIN CODE - 160

DEPTH 7O 7OP <FT.2 - 01945

SANDSTONE

AGENCY SAMPLE NO — B33157

SPECIFIC GRAYITY - 0.781

SULFUR {WEIGHT PERCEMT> - LESS THAN 0.10

POUR POINT {DEGREE F.> - LESS THAN S

CARBON RESIDUE <{PERCENYT OF CRUDE> - 0.2

YISCOSITY SUS AT 100 DEGREES F. - 034

PERCEH’ oF CRUDE -  i14.7

YOLUME PERCEMT FRACTION 1 - 4.6

YOLUME PERCENT FRACTION 2 - 4.5

YOLUME PERCENT FRACTION 3 - V.0

YOLUME PERCENT FRACTIOMN 4 - 9.1

VOLUME PERCENT FRACTION 5 - Va3

YOLUME PERCENY FRACTION 6 - v.l

YOLUME PERCENT FRACTION Vv - b

YOLUME PERCENT FRHCTIDH 8 —- 5.3

YOLUME PERCENT FR oM 9 - D.6

YOLUME PERCENT FRACTIOM 10 - 6.8

YOLUME PERCENT FR ioN 12 - 3.6

YOLUME PERCENT FRACTION 12 - J.1

YOLURE PERCEMYT FRACTIOMN 13 - 4.5

YOLUME PERCENT FR oM 14 - 3.9

YOLUME PERCENT FRHCTIUN i5 - 4.9

SPECIFIC GRAYITY FRACTION 2 — 0.656

SPECIFIC GRAVITY FRACTION 3 - 0.692

SPECIFIC GRAYITY FRRCTION 4 — 0.724

SPECIFIC GRAYITY FRACTI e - 343

SPECIFIC GRAVITY FRACTIOMN 6 — 0.758

SPECIFIC GRAVYITY FRACTION v - 0.770

SPECIFIC GRAYITY FRACTION 8 - .80

SPECIFIC GRAYITY FRACTI 9 - . 791

SPECIFIC GRAYITY FRHC i0N 20 - 0.803

SPECIFIC GRAYITY FR .. ii - 0.826

SPECIFIC GRAYITY FRACTIOM 12 - 0.832

SPECIFIC GRAYITY FR iR 13 - 0.839

SPECIFIC GRAVITY FRACT DH~1 = 0.845

SPECIFIC GRAYITY FRACT 13 - 0.853

YISCOSITY SUS AT 100 DEGREES F. FOR FRACTIOM
ISCO3I7TY SUS AT 100 DEGREES F. FOR FRACTI

WISCOSITY SUS AY 100 DEGREES F. FOR FRRC-;UH
ISCOSITY SUS AT 100 DEGREES F. FOR FRHC A

YISCOSITY SUS AT 100 DEGREES F. FUR FRRCTI

CLOUD POINT DEGREES F. FOR FR a il - 20

CLOUD POINT DEGREES F. FOR FR UN‘iE.- 40

CLOUD POINT DEGREES F. FOR FRHCTIDH 13 -~ 055

CLOUD POINYT DEGREES F. FOR FRACTI i4 - 070

CLOUD POINT DEGREES F. FOR FRACTI - 090

‘e
& &

.

&

+
A

+
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4
A
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4 4
i A



CONT INE

COUNTRY
TATE -

COUNTY

ERAR -
-r\uh'rEn

GEDLOG
DEPTH
SHNDSTO

-

0

NY -

WEST

RECORD 00029

- MARIOM
FIELD NAME - MANNINGTON

PRODUCING FORMATION NAME — BIG INJUN> POCOND

PALEOCOX

C

- MISSISSIPPIAN

GEOLOGICAL BRASIN NRME -

iCAL BRSI

TopP [
NE

CODE -

h Y
L

NORTH RMERICRHR
U.S5.AR.
VIRGINIR

APPALACHIAN BASI
i60

-~ 01850

HGENCY SAMPLE MO — B33:149

“FOR FRRCTI

- SPECIFIC GRRAYITY - 0.806

SULFUR {WEIGHT PERCEMT? - LESS THAMN 0.3:0

CARBON RESIDUE <{PERCENT OF CRUDE> - 0.3

VISCOSITY SUS AT 100 DEGREES F. — 040

PERCENT DF CRUDE - 16.6

YOLUME PERCENYT FRACTION 2 - 2.1

YOLUME PERCENYT FRACTION 3 -~ 3.2

VOLUME PERCENT FRRCTIOM 4 - 6.1

YOLUME PERCEMT FRACTIOMN 5 -~ Vel

YOLUME PERCENYT FRACTION 6 -~ 6.9

YOLUME PERCENT FRARCTION 7 - 5.7

YOLUME PERCENT FRRACTION 8 - 6.3

VOLUME PERCENT FRACTION 9 - 6.3

YOLUME PERCENT FRACTION 10 ~ 7.9

YOLUME PERCEMNY FRACTION 1: - Dl

YOLUME PERCEMT FRACTION 12 - Vel

YOLUME PERCEMT FRACTIOM 13 - 6.9

YOLUME PERCENT FRRCTION 14 - 5.9

YOLUME PERCENT FRACTIOM 15 - 6.3

SPECIFIC GRAVYITY FRACTIOM 2 — 0.683

SPECIFIC GRAVYITY FRACTIOM 3 - 0.683

SPECIFIC GRRYITY FRRCTIOMN 4 — -7l

SPECIFIC GRAYITY FRACTION 5 - 0.739

SPECIFIC GRA ;.. FRACTION 6 — 0.755

SPECIFIC GRAYITY FRACTION 7V — 0.768

SPECIFIC GRRYITY FRACTION 8 - -y

SPECIFIC GRRV;.. FRACTIOMN 9 - 0.7V90

SPECIFIC GRAVITY FRACTIOM 10 — 0.804

SPECIFIC GRAVITY FRACTION 1i — 0.824

SPECIFIC GRAYITYV FRACTION i2 - 0.829

SPECIFIC GRRYITY FRACTIOM 13 - 0.839

SPECIFIC GRAVYITY FRACTION 14 — 0.849

ZPECIFIC GRAVITY FRACTION 15 - 0.859

YISCOSITY SUS AT 100 DEGREES F. FOR FRACTI

VISCOSITY SUS AT 100 DEGREES F. FOR FRARCTIOM
I5COSITY SUS AT 100 DEGREES F. FOR FRACTI

YISCOSITY SUS AT 100 DEGREES F. FOR FRACTION
iSCOSITY SUS AT 100 DEGREE’ F. FOR FRRCTION

CLDUD POINT DEGREES F. FOR FRACTION i1: - 25

CLOUD POINTY DEGREES F. FOR FRACTIOM 12 - 45

CLOUD POINT DEGREES F. FOR FRHCTIUH i3 - 065

CLOUD POINT DEGREES F. FOR FRACTI i4 - 080

CLOUD POINMT DEGREES F. i3 - 0935

s pspe
rore

U A

&

A

+
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08y
140



RECORD 00030

CONTINENT ~ NORTH RMERICR
COUNTRY — U.S.A.
STRATE — WEST YIRGINIR

COUNTY - MARION

FIELD NAME — MANNINGTON

PRODUCING FORMATION MAME — GORDON> CRATSKILL
ERR — PRLEOZOIC :

SYSTEM — PRLEDOZOIC

GEOLOGICAL BRASIN NAME — APPALACHIAN BASI
GEOLOGICAL BASIN CODE - 160

DEPTH 7O TOP <FT.> — 02590

SANDSTONE

AGENCY SAMPLE NO - B33150

SPECIFIC GRAYITY — 0.814

SULFUR MEIGHT PERCEMT> — LESS THAN 0.10

CARBON RESIDUE {PERCENT OF CRUDE> - 0.5
iSCOZITY SUS AT 100 DEGREES F. — 046

PERCENT OF CRUDE - 26.2 :

YOLUME PERCENT FRACTION 2 - 1.7

YOLUME PERCENT FRRCTION 3 - 2.8

YOLUME PERCENT FRACTION 4 - 4.8

YOLUME PERCENY FRACTION 5 - 4.9

YOLUME PERCENT FRACTION 6 — DD

YOLURE PERCENY FRARCTION Vv - 4.9

YOLUME PERCENT FRACTION 8 - 3.3

YOLUME PERCENT FRRCTION 9 - 5.6

YOLUME PERCENT FRARCTIOM 10 - 6.7

YOLUME PERCENT FRRACTION 11 - 4.7

YOLUME PERCENT FRRCTION 12 - 5.6

YOLUME PERCENT FRACTION 13 - 8.1

NMOLURME PERCEMNT FRACTION 14 - 4.3

YOLUME PERCEMY FRACTION 15 - 6.7

SPECIFIC GRAVYITY FRACTION 2 - 0.67

SPECIFIC GRAVITY FRACTIOMN 3 — 0.674

SPECIFIC GRAYITY FRACTIOM 4 — 0.7

SPECIFIC GRAVYITY FRACTIOMN 5 - -39

SPECIFIC GRAYITY FRRACTI 65 — «roe

SPECIFIC GRRYITY FRACTIOM vV — 0.766

SPECIFIC GRAVYITY FRACTI 8 - s

SPECIFIC GRAYITY FRRCTION 9 - - 90

SPECIFIC GRAYITY FRACTION 10 - 0.802

SPECIFIC GRAYITY FRACTIOM ii - 0.823

SPECIFIC GRRYITY FRACTION 12 — 0.830

SPECIFIC GRAVYITY FRACTION 13 — 0.839

SPECIFIC GRAVYITY FRACTION (4 - 0.848

SPECIFIC GRAYITY FRACTION 15 — 0.835
ISCOSITY SUS AT 100 DEGREES F. FOR FRACTION 1: — 40
iSCOSITY SUS AT 100 DEGREES F. FOR FRACTIOMN 12 — 45

VISCOSITY . SUS AT 100 DEGREES F. FOR FRACTION 13 - 056

VISCOSITY "SUS AT 100 DEGREES F. FOR FRACTIOM 14 — 080
iSCOSITY SUS AT 100 DEGREES F. FOR FRACTIOMN 15 — 1t

CLOUD POINT DEGREES F. FOR FRACTION 1 - 25
CLOUD POINT DEGREES F. FOR FRACTI ig - 45
CLOUD POINT DEGREES F. FOR FRRCTIOM 13 060
CLOUD POINY DEGREES F. FOR FRACTION 4 — 075
CLOUD POINT DEGREES F. FOR FRACTIOM :5 050



RECORD 000332

CONT INENTY -
COUNTRY — U.S.A.
STRATE —-  WEST
COUNTY - WOOD

FIELD NRAME - NOT

YIRGINIR

KNOUN

NORTH AMERICA

PRODUCING FORMATION NAME ~’CUU RUN>

ERAR - PRALEOZOIC

SYSTER - PEHH“”LURHIHHﬁ
GEOLOGICAL BRASIM NRAME -

GEOLOGICAL BASIM CODE — 160
DEPTH TO TOP {F7.> - 00910
SANDSTONE

RAGENCY SAMPLE NO - B23325

CONEMRUGH

APPALACHIAN Bn

SPECIFIC GRAYITY — 0.7V95 - : -
SULFUR {WEIGHT PERCENT? - LESS THAN 0.10

CARBON REGIDUE {PERCEMT OF CRUDE> - : 0.4
VISCOIITY SUS AT 100 DEGREES F. — 037

PERCENY UF CRUDE - 18.1 :

YOLUME PERCENY FRACTIOMN 3 - 4.0

YOLUME PERCENT FRACTION 2 - 3.4

YOLUME PERCENY FRARCTION 3 - S.1

YOLUME PERCENT FRACTI 4 - VeD

YOLUME PERCENT FRACTION S5 - Vel

YOLUME PERCENT FRRCTIOM 6 - ‘J.6

YOLUME PERCEMNT FRARCTIOMN vV - 9.3

YOLUME PERCENT FRACTION 8 - 6.0

YOLUNME PERCENT FRACTION 9 - ved

YOLUME PERCENYT FRRCTION 10 - 4.3

YOLUME PERCENT FRRCTIOMN 1i - 6.1

YOLUME PERCENT FRACTIOM 12 — 4.3

YOLUME PERCENT FRACTION 13 — 4.9

YOLUME PERCERT FRRCTIOM 14 - - 5.0

YOLUME PERCENT FRACTIOM 15 - 3.6

SPECIFIC GRAVITY FRACTION 2 —~  0.657

SPECIFIC GRAYITY FRACTIOMN 3 - 0.692

SPECIFIC GRAYITY FRACTION 4 - O0.7V22

SPECIFIC GRAYITY FRACTIOMN 5 — - D.7V42

SPECIFIC GRAYITY FRACTION 6 - 0.758

SPECIFIC GRAYITY FRRACTION Vv — 0.769

SPECIFIC GRAYITY FR TIUN 8 - 0.7V80

SPECIFIC GRAYITY FR oM 9 — 0.V93

SPECIFIC GRAYITY FR .; i0 - 0.808

SPECIFIC GRRYITY FRRACY .; ii - 0.833

SPECIFIC GRAVYITY FRACT i2 —- D.836

SPECIFIC GRHVITY FRHCT!UN i3 ~- 0.846

SPECIFIC GRAVITY FRACTI i4 - 0.839

SPECIFIC GRRVYITY FRARCTION 15 - 0.866

VISCOSITY SUS AT 100 DEGREES F. FOR FRACTI
1SCOSITY SUS AT 100 DEGREES F. FOR FRACTIONM

VISCOSITY SUS AT 100 DEGREES F. FOR FRRETIOM

VISCOSITY SUS AT 100 DEGREES F. FOR FRRCTIOM
ISCOSITY SUS AT 100 DEGREES F. FOR FRACTION

CLOUD POINT DEGREES F. FOR FR TIUH ii - 20

CLOUD POINT DEGREES F. FOR FR DN i —- 40

CLOUD POIMT DEGREES F. FOR FR . 13 — 060

CLOUD POINT DEGREES F. FOR FR i0M 14 - 080

CLOUD POINT DEGREES F. FOR FR i35 - 090

N LR re
U I

(YT )

42
45
058
080
i20



RECORD 00032

CONTINENT - NORTH RMERICRA

COUNTRY - U.S.H.

STRTE =  WEST VIRGINIA

COUNTY - WOOD

FIELD NRME - HU* KNOWN

PRODUCING FORMATION HRHE — COM RUNs> CONEMRUGM
ERR - PRLEDOZOI C SO

SYSTEM — PEMNSYLYRNIARN

GEOLOGICAL BASIN NANME — APPALACHIAN BAS
GEOLOGICAL BASIN CODE - 160

DEPTH TO TOP <F7.2 — 01040

SANDSTONE

AGENCY SHMPLE NO — B23326

SPECIFIC GRRAVITY - 0.799

SULFUR <WEIGHT PERCENT> - LESS THAMN 0.:0
CARBON RESIDUE <{PERCENT OF CRUDE> - 0.6
iSCOSITY SUS RYT 100 DEGREES F. — 039

PERCENT DF CRUDE - 1V.1

YOLUME PERCENT FRRCTION 2 - J.2

YOLUME PERCENT FRACTION 3 - 4.0

YOLUME PERCENT FRACTION 4 - Ve

VYOLUME PERCENT FRACTION 5 - 6.2

" VOLUME PERCENT FRACTION 6 - 9.3

YOLUME PERCEMT FRRCTION 7 - 6.0

YOLUME PERCEMT FRACTION 8 - bol

YOLUME PERCENT FRACTION 9 - 6.2

YOLUME PERCENY FRACTION 10 - 6.v

YOLUME PERCENT FRRCTIOMN 11 - 6.3

YOLUME PERCENT FRRCTI ie - 6.7

YOLUME PERCENYT FRARCTIOMN 13 - 5.7

YOLUME PERCENMT FRRCTIOM 14 - 3.5

YOLUME PERCENT FRACTIOM 15 — - 5.5

SPECIFIC GRAVITY FRACTION 2 — 0.667

SPECIFIC GRRAYITY FRRACTION 3 — 0.684

SPECIFIC GRAYITY FRACTIOM 4 - 0.71

SPECIFIC GRAYITY FRACTION 5 — - v 3%

SPECIFIC GRAYITY FRACTION 6 - .71

SPECIFIC GRAYITY FRRACTIOM vV - - 769

SPECIFIC GRRYITY FRRCTIOMN 8 - Y

SPECIFIC GRAYITY FRRCTI 9 ~- 0.V92

SPECIFIC GRAYITY FRACTI i0 - 0.806

SPECIFIC GRRYITY FRRACTI ii - 0.836

SPECIFIC GRRYITY FRACTIOM 12 - 0.839

SPECIFIC GRRVYITY FRACTIOM 13 - 0.857

SPECIFIC GRRAYITY FRHC iOM 14 - 0.8612

SPECIFIC CRAVITY FRRACTI 15 - 0.8V

SCOSITY SUS RY 100 DEGREES F. FOR FRHCTI il - 42

'“ O3ITY SUS AT 100 DEGREES F. FOR FR ioN 12 - 48
IS SITV SUS AT 100 DEGREES F. FOR FR .; i3 - 064
ISCOSITY SUS AT 100 DEGREED F. FOR FR iON 14 - 093
ISCOSITY SUS AT 100 DEGREES F. FUR FR TIDH 15 - 135

CLDUD POINT DEGREES F. FOR FR ioM 12 - 25

CLOUD POINT DEGREES F. FOR FRﬂC 0N 12 - 40
CLOUD POINY DEGREES F. FOR FRACTION 13 =~ 065
CLOUD POINT DEGREES F. FOR FRACTIOM 14 — 030

CLOUD POINT DEGREES F. FOR FRACTIONM i35 090



CONT INENT
COUNTRY
STRTE -
COUNTY

FIELD NAR

WEST
E — NOT

RECORD 00033

NORTH AMERICA
U.S.A.
VIRGINIAR
= MARSHALL
KNOWN

PRODUCING FORMAYION NRME -~ BIG

ERR -

SYSTER -

DEPTH 7O
SANDSTONE

PRLEDZOIC

n"-ﬂf"{"ﬂ'
A A A

GEOLOGICHL BRASIN NAME -
GEOLOGICRL BRIIN CODE -
'\Fl-l

TOP

PP IRN

-0

i60

e
O

AGENCY SAMPLE NO - B23388

INJUNs

APPALACHIAN BASI

SPECIFIC GRAVITY — 0.768

SULFUR {(WEIGHT PERCENT> — LESS THAN 0.10

CARBON RESIDUE {PERCENT OF CRUDE: - 0.0

YISCOSITY SUS AT 100 DEGREES F. - 033

PERCENT OF CRUDE — 1i.2

VOLUME PERCENT FRACTION : — . 4.4

YOLUME PERCENT FRACTION 2 - 5.1

YOLUME PERCENY FRRCTION 3 -~ 5.4

YOLUME PERCENT FRACTION 4 — 9.9

YOLUME PERCENT FRACTION 5 — 8.1

YOLUME PERCENY FRACTION 6 — 8.6

YOLUME PERCENT FRACTION 7 - 4.9

YOLUME PERCENT FRACTION 8 -~ 4.8

YOLUME PERCENT FRACTION 9 — 5.8

VOLUME PERCENT FRACTION 30 - 5.5

YOLUME PERCENT FRACTION i1 — 4.8

VOLUME PERCENT FRACTIOMN 12 - 4.3

YOLUME PERCENT FRACTION i3 - 4.3

YOLUME PERCENT FRACTION 14 - 4.0

YOLUME PERCENT FRACTION 15 — 4.5

SPECIFIC GRAVITY FRACTION 2 — 0.667

SPECIFIC GRAVITY FRACTION 3 — 0.690

SPECIFIC GRAYITY FRACTION 4 — 0.vi

SPECIFIC GRAVITY FRACTION 5 — 0.738

SPECIFIC GRAYITY FRACTION 6 - 0.754

SPECIFIC GRAVITY FRACTION 7 ~ 0.769

SPECIFIC GRAVITY FRACTION 8 — 0.779

SPECIFIC GRAYITY FRACTION 9 — 0.788

SPECIFIC GRAYITY FRACTION 10 — 0.800

SPECIFIC GRAVITY FRACTION ii - 0.827

SPECIFIC GRAYITY FRACTION 12 ~ 0.83

SPECIFIC GRAYITY FRACTION $3 — 0.842

SPECIFIC GRRAYITY FRACTION i4 — 0.850

SPECIFIC GRAYITY FRACTION iS5 — 0.859

YISCOSITY SUS AT 100 DEGREES F. FOR FRACTI

YISCOSITY SUS AT 100 DEGREES .F. FOR FRACTIOM
15COSITY SUS AT 100 DEGREES F. FOR FRACTION
1SCOSITY SUS AT 100 DEGREES F. FOR FRACTION

YISCOSITY SUS AT 100 DEGREES F. FOR FRACTION

CLOUD POINT DEGREES F. FOR FRACTION ii — iS5

CLOUD POINT DEGREES F. FOR FRACTION 12 — 35

CLOUD POINT DEGREES F. FOR FRACTION 13 — 050

CLOUD POINT DEGREES F. FOR FRACTION i4 — 075

CLOUD POINT DEGREES F. FOR FRACTION 15 - 090

POCONDO

b pebs paps

TS

40
46
060
0vS

44
A A



RECORD 00034

CONTINENT ~ NORTH RAMERICR
COUNTRY —- U.S.A.
STATE — WEST YIRGINIR

COUNTY - MARSHALL
FIELD NAME — NO7T KNOWN

PRODUCING FORMATION HHHE - COW RUN»>
PRLEDZOI :

ERA --

C

SYSTER - PENHSYLVHHIHH
GEOLOGICRL BHSIH NAME -

GEOLOGICAL BRS CODE -
DEPTH 7O 7TOP «F.., - 00953
SANDSTONE

AGENCY SAMPLE NO - B23389
SPECIFIC GRAVITY — 0.780
SULFUR MEIGHT PERCENT> -
CARBON RESIDUE

{PERCENT OF CRUDE>

CONERRUGH

APPRLACHIAN BASI
i60

LESS THAN D0.10

0

-

- Ko

YISCOSITY SUS AT 100 DEGREES F. — 033
PERCENT OF CRUDE - 3.3
YOLUHE PERCENY FRACTION 2 — 2.1
YOLUME PERCENY FRACTION 3 - 4.0
YOLUME PERCEMNT FRACTIOMN 4 - V.0
VOLUME PERCEMT FRACTION 5 - 9.8
YOLUME PERCENT FRRCTION 6 - 9.2
YOLUME PERCENY FRACTIOMN 7 - 8.7
YOLUME PERCEMT FRACTION 8 - 9.3
VOLUME PERCENT FRACTION 9 - 10.0
VYOLUME PERCENT FRACTIOMN 10 - .2
YOLUME PERCENT FRRCTION :: - Yed
VOLUME PERCENT FRACTIOMN 12 - V.3
YOLUME PERCENT FRACTION 13 - 5.3
YOLUME PERCENY FRACTION 14 — 4.9
VOLUME PERCENT FRACTION 15 - 2.4
SPECIFIC GRAVITY FRACTION 2 - 0.677
SPECIFIC GRAVITY FRACTION 3 - 0.690
SPECIFIC GRAVITY FRACTION 4 — 0.V1i4
SPECIFIC GRAVITY FRACTION S5 - 0.732
SPECIFIC GRAVITY FRACTION 6 —- 0.748
SPECIFIC GRAYITY FRACTION 7 - 0.762
SPECIFIC GRAYITY FRACTION 8 - 0.774
SPECIFIC GRAVITY FRACTION 9 - 0.785
SPECIFIC GRAVYITY FRACTION t0 - 0.797
SPECIFIC GRAYITY FRACTION i1 - 0. 8;3
SPECIFIC GRAVITY FRHCTIUH i2 - 0.826
SPECIFIC GRAVITY FRACTIONM :3 — 0.839
SPECIFIC GRAVITY FRACTI i4 - 0.852
QPEC FiC GRAYITY FRACTIOMN 15 — 0.865
SCOSITY SUS AT 100 DEGREES F. FOR FRRACT!
V SCOSITY SUS AT 100 DEGREES F. FOR FRACTION
YISCOSITY SUS AT 100 DEGREES F. FOR FRACTIOMN
ISCOSITY SUS AT 100 DEGREES F. FOR FRACTION
ISCOSITY SUS RT 100 DEGREES F. FOR FRACTION
CLOUD POIMY DEGREES F. FOR FRACTIOMN ii — 30
CLOUD POINT DEGREES F. FOR FRACT!I id - 40
CLOUD POIMNT DEGREES F. FOR FRACTION 13 — 060
CLOUD POINT DEGREES F. FOR FRACTION 14 — 080
CLOUD POINT DEGREES F. FOR FRRCTION 15 — 090

rove

I I T

s pd e

F Y

&

40

38
08y
145



CONTIN

COUNTRY

STRTE
COUNTY

ENT -

WEST
- HARRI

RECORD 00035

YIRGINIR

SON

FIELD NAME — SHINNSTON
GEOLOGICAL BRSIN NRAME -

NORTH AMERICA
U-\).

APPRLACHIAN BRASI

GEOLOGICAL BASIN CODE - 160
DEPTH 7O 7TOP <F7.> - D2640
- SANDSTONE

AGENCY SAMPLE NO - B33159

SPECIFIC GRAVYITY - 0.826

SULFUR {WEIGHT PERCENT> —~ LESS THRAN 0.10
CARBON RESIDUE {PERCENT OF CRUDE> - 0.3

VISCOSITY SUS AT 100 DEGREES F. — 049

PERCENT OF CRUDE - 27vV.9

YOLURE PERCENT FRACTION 3 - 0.9

YOLUNE PERCENT FRACTION 4 - 3.9

YOLUME PERCENT FRACTION S5 - 4.7

YOLUME PERCENT FRACTION 6 - 4.7

YOLUME PERCENYT FRACTION 7 - 4.8

VOLUME PERCENT FRACTION 8 - 5.3

YOLUME PERCENT FRACTION 9 - 6.0

YOLUME PERCEMT FRACTION 210 - ve0

YOLUNME PERCENT FRACTION 1: - S.0

YOLUME PERCEMT FRACTION 12 - VeV

YOLUME PERCENY FRACTION 13 - 6.9

VOLUME PERCENT FRACTION 14 — Vel

VYOLUME PERCENT FRACTIOM 15 - Vel

SPECIFIC GRAYITY FRACTION 3 - 0.71i

SPECIFIC GRAYITY FRACTION 4 - 0.723

SPECIFIC GRAVITY FRACTION 5 - - rde

SPECIFIC GRAYITY FRACTION 6 — - V98

SPECIFIC GRAYITY FRACTION Vv - 0.77

SPECIFIC GRAYITY FRACTION 8 - 0.780

SPECIFIC GRAVITY FRACTION 9 - - 933

SPECIFIC GRAYITY FRACTI i0 - 0.806

SPECIFIC GRAVYITY FRACTION 1:i - 0.826

SPECIFIC GRAYITY FRACTION 12 - 0.831

SPECIFIC GRAYITY FRACTI i3 - 0.839

SPECIFIC GRAVITY FRACTION 14 — 0.846

SPECIFIC GRAVITY FRACTION 15 - 0.9353
ISCOSITY SUS AT 100 DEGREES F. FOR FRACTIOM
ISCOSITY SUS AT 100 DEGREES F. FOR FRACTION

VISCOSITY SUS AT 100 DEGREES F. FOR FRACTION
1SCOSITY SUS AT 100 DEGREES F. FOR FRACTIONM

YISCOSITY SUS RYT 100 DEGREES F. FUR FRRCTI

CLOUD POINT DEGREES F. FOR FRRCT ii - 25

CLOUD POINT DEGREES F. FOR FRACT DH ig - 45

CLOUD POINY DEGREES F. FOR FRRCTIOMN 13 — 060

CLOUD POINT DEGREES F. FOR FRACTI id — 0V5

CLOUD POINT DEGREES F. FOR FRRCTIOM 15 — 090

Rparors
L I T A

[ 2N TR TN TN 1Y

47

05v
074
105



CONTINE
COUNTRY
STRTE -
COUNTY

NT

WEST
- RORNE

RECORD 00036

NORTH RMERICA
U.S.AR.
VIRGINIR

FIELD NRME — SPENCER '
PRODUCING FORMATION NRAME — BERER

ERA -

GEOLOGICAL BRSIN NAME -

PRLEOZOIC
SYSTEM - PALEDOZOIC

APPRLACHIAN BASI

CEOLOGICAL BRSIN CODE - 160

DEPTH TO TOP F7.> - 02539

SANDSTONE

AGENCY SAMPLE NO — B26344

SPECIFIC GRAVITY — 0.8:4

SULFUR {WEIGHY PERCEMT> - 0.12

CHRBON RESIDUE {PERCENT OF CRUDE> - 0.3
ISCOSITY SUS AT 100 DEGREES F. — 043

PERCENT OF CRUDE - 24.7

YOLUME PERCENT FRACTION 3 - 0.9

YOLUME PERCEMNT FRACTION 2 - 2ev

YOLUME PERCEMT FRACTION 3 - 3.7

VOLUME PERCENTY FRACTION 4 - 6.1

YOLUME PERCENT FRACTION 5 - FeD

YOLUME PERCENT FRACTION 6 - Se3

YOLUME PERCENT FRACTIOMN Vv - 3.9

YOLUME PERCEMNT FRACTION 8 - 5.7

YOLUME PERCENY FRACTION 9 - D.6

YOLUME PERCENT FRACTION 10 - 6.5

YOLUME PERCEMT FRACTIOMN i - 3.3

YOLUME PERCENT FRACTION 12 - 6.3

YOLUME PERCENY FRACTION i3 - 6.1

YOLUME PERCENT FRACTION 14 - 5.1

YOLUME PERCENT FRACTIOMN 15 - 5.0

SPECIFIC GRAVYITY FRACTION 2 — 0.667

SPECIFIC GRAYITY FRACTION 3 - 0.697

SPECIFIC GRAVITY FRACTIOMN 4 — 0.725

SPECIFIC GRAYITY FRACTION 5 - 0.745

SPECIFIC GRRAVITY FRACTIOM 6 — 0.760

SPECIFIC GRRAYITY FRRACTI Y o— 0.7vV2

SPECIFIC GRRAYITY FRACTION 8 - 0.784

SPECIFIC GRAVITY FRACTION 9 -~ 0.794

SPECIFIC GRAYITY FRACTION 10 - 0.808

SPECIFIC GRAYITY FRACTION i: - 0.835

SPECIFIC GRAVYITY FRACTION 12 - 0.836

SPECIFIC GRAVYITY FRACTI i3 - 0.848

SPECIFIC GRAYITY FRACTION 14 - 0.860

SPECIFIC GRAVYITY FRACTION !5 - 0.868
ISCOSITY SUS AT 100 DEGREES F. FOR FRACTIOM

YISCOSITY SUS AT 100 DEGREES F. FOR FRACT!
iSCOSITY SUS AT 100 DEGREES F. FOR FRACTIOM
iSCOSITY SUS AT 100 DEGREES F. FOR FRRACTI

YISCOSITY SUS AT 100 DEGREES F. FOR FRACTI

CLOUD POINT DEGREES F. FOR FRRCTI 12 - 30

CLOUD POINT DEGREES F. FOR FRACTIOM :2 — 40

CLOUD POINT DEGREES F. FOR FRACTIOM i3 - 060

CLOUD POINT DEGREES F. FOR FRACTIOM :4 — 075

CLOUD POINY DEGREES F. FOR FRRACTI i35 - 090

[ S W'

AP LI P

40
45
055
0830
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A A



CONT INENT

COUNTRY -

STRATE -
COUNTY

Us35e

WEST VIRGIMIR

RUOARNE

FIELD NRARE — SPERCER

PRODUC ING
ERR -

FORRAT

PRLEOZOZC

SYSTEM — PRLEDZOIC

LS RS 28 )

GEOLOGICRL BRISIM MNAME -

RECORD 00037
NORTH RHRERICR

I0M MAME — BERER

APPALACHIAN BRASI

GEOLOGICAL BASIN CODE - 160

DEPTH 7O TOP F7.> — 02784

SANDSTONE

AGENCY SARMPLE NO - B43:i27

SPECIFIC GRAVITY — 0.V93 : ‘
SULFUR <WEIGHT PERCEMT> - LESS THRN 0.30
CARBON RESIDUE {PERCEWMY OF CRUDE> - 0.4
MISCOSITY SUS AT 100 DEGREES F. - 039

PERCENT OF CRUDE - 22.0 ;

YOLUME PERCENMT FRRCTION 1 - 3.8

YOLUME PERCENTY FRACTION 2 - 3.5

YOLURE PERCERT FRACTIOM 3 - 5.3

YOLUME PERCENY FRRCTION 4 - 6.7

YOLUME PERCERY FRRCTION S5 - 6.1

VOLUME PERCERY FRRCTION & - 5.5

YOLUME PERCENY FRRCTION vV - 4.8

YOLUME PERCENT FRRCTION 8 - 4.9

VOLUME PERCENT FRARCTION 9 - 4.8

VOLUME PERCEMY FRACTION 10 - 6.3

YOLUME PERCERT FRBCVION 12 - - 2.7

YOLUME PERCEWT FRRCTION 12 - b P

VOLURE PERCENT FRECTION 13 - 5.3

YOLUME PERCENY FRACTION 14 - 4

VOLUME PERCENT FRACTION 135 - 2.2

SPECIFIC GRRAYITY FRRCTION 2 — 0.662

SPECIFIC GRRYITY FRACTION 3 - 0.687

SPECIFIC GRRYITY FRACTION 4 - - 730

SPECIFIC GRAVYITY FRACTI 3 - 0.749

SPECIFIC GRRAYITY FRRCTIOMN 6 — 0.764

SPECIFIC GRAYITY FRACTION 7V - -

SPECIFIC GRAYITY FRRCYION 8 — 0.787

SPECIFIC GRRYITY FRACTION 9 — 0.798

SPECIFIC GRAYITY FRACTION 10 - 0.810

SPECIFIC GRAYITY FRRCTION 12 - 0.828

SPECIFIC GRRAMITY FRACTION 12 — 0.834

SPECIFIC GRAYITY FRRCTIONM 13 — 0.842

SPECIFIC GRAYITY FRBCTION 14 — 0.850

SPECIFIC GRRARYITY FRACTION 135 - 0.859
1SCOSITY SUS RY 100 DEGREES F. FOR FRACTIOM

VMISCOSITY SUS ATV 100 DEGREES F. FOR FRACTIOM
1SCO3ITY SUS AT 200 DEGREES F. FOR FRACTIONM

VISCOSITY SUS AT 100 DEGREES F. FOR FRACTIOM

VISCOSITY SUS AT 200 DEGREES F. FOR FRACTI

CLOUD POINMT DEGREES F. FOR FRACTIOW X - 15

CLOUD POIMY DEGREES F. FOR FRACTION (2 - 30

CLOUD POINMT DEGREES F. FOR FRACTIOMN 13 — 050

CLOUD POINT DEGREES F. FOR FRACTION 14 - 065

CLOUD POINYT DEGREES F. FOR FRACTION 15 - 080

A&
Y

> ps s
b LITIre

U I

40
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RECORD 00038

CONTINENT — NORTH RMERICRA
COUNTRY - « e R
STATE — WEST VIRGINIR
COUNTY — RITCHIE
FIELD NAME - WEST YIRGINIRyNW COMP.
GEOLOGICAL BASIN NRAME — RAPPALRCHIAN BRSI
GEOLOGICAL BASIMN CODE ~ 160
AGENCY DSAMPLE NO - BO04:i6
SPECIFIC GRAYITY - 0.805
SULFUR <WEIGHT PERCENT} - 0.28
CARBON RESIDUE {PERCENT OF CRUDE> - 0.4
PERCENT OF CRUDE - 19.9
VOLUME PERCENT FRACTION
YOLUME PERCEMNY FRACTIOM
YOLUME PERCENT FRACTION
YOLUME PERCENT FRRCTIOM
YOLUME PERCENT FRRCTION
YOLUME PERCENT FRRCTION
YOLUME PERCENY FRACTION
VOLUME PERCENT FRRCTION
YOLUME PERCENT FRACTION
YOLUME PERCEMNT FRACTION
YOLUME PERCENT FRACTION
YOLUME PERCENT FRACTION
YOLUME PERCENT FRACTION
YOLUME PERCENT FRACTION
YOLUME PERCENT FRRCTION
SPECIFIC GRAYITY FRACTIOM
SPECIFIC GRAYITY FRACTION
SPECIFIC GRAYITY FRACTION
SPECIFIC GRAVYITY FRACTION
SPECIFIC GRAYITY FRACTIOM
SPECIFIC GRAVITY FRACTION
SPECIFIC GRAYITY FRACTION
SPECIFIC GRAVITY FRRACTI
SPECIFIC GRAYITY FRACTION
SPECIFIC GRAVYITY FRRACTI H
SPECIFIC GRAVITY FRACTIOMN 1S5 - 0.
ISCOSITY SUS AT 100 DEGREES F. FOR FRACTIONM :2
YISCOSITY SUS AT 100 DEGREES F. FOR FRRCTION i3
YISCOSITY SUS AT 100 DEGREES F. FOR FRRCTION 4
VISCOSITY SUS AT 100 DEGREES F. FOR FRRACTI H
CLOUD POINT DEGREES F. FOR FRACTION i: — 10
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*
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CLOUD POINT DEGREES F. FOR FRACTIOMN 2 - 46
CLOUD POINT DEGREES F. FOR FRACTIOM 13 - 063
CLOUD POINT DEGREES F. FOR FRACTIOM 14 — 07S

i3 - 090

CLOUD POINT DEGREES F. FOR FRACTION



RECORD 00039

CONTINENT — NORTH AMERICAH

COUNTRY - U.S.H.

STATE —  WEST VIRGINIA

COUNTY - RITCHIE . e T e

FIELD NAME -~ WEST YIRGINIARsMNW COMP.
GEOLOGICHL BRASIN HAME — APPALACHIAN BRSI
GEOLOGICAL EBRSIN CODE - 160

AGENCY SAMPLE MO — BO04i17

SPECIFIC GRAYITY —. 0.806 C s

SULFUR <MEIGHT PERCEMT> - 0.24

CARBON RESIDUE <{PERCENY OF CRUDE> - 0.5
PERCENT OF CRUDE — 19.8 : ~

YOLUME PERCENY FRACTIOMN 1 - 2.6

YOLUME PERCENT FRACTION 2 - 2.9

YOLUME PERCENT FRACTION 3 - 9.0

YOLUME PERCENTY FRACTION 4 - V.9

VOLUME PERCEMT FRRCTIOMN 5 — 6.9

YOLUME PERCENT FRACTION 6 - Ya.0

YOLUME PERCENT FRACTIOMN 77 — Sed

VOLUME PERCENT FRARCTIOMN 8 - J.6

YOLUME PERCENT FRACTION 9 - 3.6

YOLUME PERCENY FRACTION 10 — 6.3

YOLUME PERCENT FRRCTIOM 11 -~ 3.6

YOLUME PERCENT FRRCTVIOM 12 - D.6-

YOLUME PERCENT FRACTIOM 13 - 4.3

VYOLUME PERCENT FRRCTIOMN 14 — 4.8

YOLUME PERCENY FRRETVION 15 - 6.0 -

SPECIFIC GRAYITY FRACTION 2 - 0.6V3

SPECIFIC GRAYITY FRRCTION 3 - 0.7V09.

SPECIFIC GRAYITY FRACTION 4 - « 31

SPECIFIC GRAYITY FRACTIOM -5 - -748

SPECIFIC GRAVITY FRACTION 6 - .763

SPECIFIC GRAYITY FRRLCTI ¥y o= D0.VV6

SPECIFIC GRRAYITY FRRCTVION 8 — 0.787.

SPECIFIC GRRVITY FRACTI 9 —- 0.801

SPECIFIC GRAVYITY FRACTION 10 - 0.81i2

SPECIFIC GRAVITY FRACTIOMN 11 - 0.825

SPECIFIC GRAVYITY FRACTION 12 - 0.831

SPECIFIC GRAVITY FRACTION 13 -~ 0.841

SPECIFIC GRAYITY FRACTION 14 — 0.849

SPECIFIC GRAVITY FRRCTIOM 15 — 0.848

MISCOSITY SUS AT 100 DEGREES F. FOR FRRACTION il - i
WISCOSITY SUS AT 100 DEGREES F. FOR FRRACTION 12 - 46
YISCOSITY SUS RY 100 DEGREES F. FOR FRACTION i3 - 056
YISCOSITY SUS AT 100 DEGREEL F. FOR FRRACTIOM 14 - 0375
VISCOSITY 3SUS AT 100 DEGREES F. FOR FRACTION 15 — 076

CLOUD POINV DEGREES F. FOR FRACTI il -~ 16

CLOUD POINT DEGREES F. FOR FRACTI ie - 34
CLOUD POINT DEGREES F. FOR FRRCTIOM 13 — 055
CLOUD POINY DEGREES F. FOR FRARCTIOM 14 - 070
CLOUD POINY DEGREES F. FOR FRACTION 15 - 082



CONT INENT
COUNTRY
STRTE -~
COUNTY

WEST

RECORD 00040

NORTH AMERICA
U'S.H-
YIRGINIR
— RITCHIE

FIELD NAME - WEST YIRGINIR:NW COMP.

GEOLOGICRL B

SIN MAME -~

GEOLOGICAL. BRSIN CODE .-
RAGENCY SRMPLE NO — BO00420

SPECIFIC GRRAYITY - 0.805

SULFUR <WEIGHT PERCENT> - D.10

CARBON RESIDUE ({PERCENT OF CRUDE> - 0.4

PERCENT OF CRUDE - 21.5 '

VYOLUME PERCENT FRACTIDOM 2 - v

VOLUME PERCENT FRACTIOM 2 - 2.1

VOLUME PERCENT FRACTION 3 - 4.0

YOLUME PERCENT FRACTION 4 - 6.2

VOLUME PERCENT FRACTION 5 - 6.4

YOLUME PERCEMT FRRCTVION 6 - 6.0

VOLUME PERCENY FRACTION 7 - 5.9

YOLUME PERCENT FRACTION 8 - 9.9

YOLUME PERCENT FRACTION 9 - 5.9

YOLUME PERCENT FRRCTIOM 10 - 6.7

YOLUME PERCENT FRACTIOM 13X - 6.3

YOLUME PERCENY FRACTION 12 - 5.8

YOLUME PERCENMT FRACTION 13 - 6.2

YOLURE PERCENY FRACTION 14 - 4.8

YOLURE PERCENY FRACTION 15 - 3.6

SPECIFIC GRAYITY FRACTION 2 — 0.660

SPECIFIC GRAVITY FRACTVION 3 — 0.7V03

SPECIFIC GRRAYITY FRRCTION 4 -~ 0.730

SPECIFIC GRAVITY FRACTI 5 - 0.74V

SPECIFIC GRRVYITY FRRACVION 6 - 0D.Ve2

SPECIFIC GRAVITY FRACTION vV - e

SPECIFIC GRRVYITY FRRCTIOM 8 — 0.788

SPECIFIC GRAYITY FRACTION 9 - . V99

SPECIFIC GRAYITY FRACTIOM 10 — 0.810

SPECIFIC GRAVITY FRACTION 11 — 0.820

SPECIFIC GRRAYITY FRACTION 12 - 0.830 -

SPECIFIC GRRYITY FRRCTION 13 - 0.838

SPECIFIC GRRAVITY FRACTION 14 - 0.852

SPECIFIC GRAVITY FRACTI i3 - 0.856

VISCOSITY SUS AT 100 DEGREES F. FOR FRACTIOM

YISCOSITY SUS AT 100 DEGREES F. FOR FRACTION

VISCOSITY SUS AT 100 DEGREES F. FOR FRACTION
iSCOSITY SUS RY 100 DEGREES F. FOR FRRCTIOM

YISCOSITY SUS AT 100 DEGREES F. FOR FRACTION

CLOUD POINT DEGREES F. FOR FRACTI il - 25

CLOUD POINT DEGREES F. FOR FRRCTIOM 12 - S50

CLOUD POINT DEGREES F. FOR FRACTION 13 - 063

CLOUD POINT DEGREES F. FOR FRACTION 14 — 0VV

CLOUD POINT DEGREES F. 15 - 093

FOR FRRACTIOM

APPALACHIAN BASI
i60
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CONT INE
COUNTRY
STATE -
COUNTY

2

RECORD 000431

- UBSGHD

WEST
- TYLER

VIRGINIA

NORTH ARERICHA

FIELD NAME — WEST YIRGINIAsNU COMP.
GEOLOGICAL BAIIN NAME -
GEOLOGICAL BASIN CODE -

APPALACHIAN BRASI
i60

HGENCY SAMPLE NO - B0D423

SPECIFIC GRAYITY - 0.308

SULFUR <WEIGHT PERCENT> - 0.10

CARBON RESIDUE {PERCEMT OF CRUDE> - 0.6

PERCENT OF CRUDE - 2i.1%

YOLURME PERCENT FRACTION I - i.8

" VOLURME PERCENT FRACTION 2 - cal

YOLUME PERCENT FRACTION 3 - 4.8

YOLURE PERCENT FRACTIOM 4 — 6.6

VYOLUME PERCENT FRACTION 5 - 6.0

YOLURE PERCENT FRACTION 6 - 5.4

YOLUME PERCENT FRRCTION 7 - 6.3

YOLUME PERCENT FRACTION 8 — b T

YOLUME PERCENT FRRCTION 9 - 6.6

YOLUME PERCENY FRACTION 20 - Vel

YOLUME PERCENT FRRCTIOM 12 - 3.6

VOLUME PERCENT FRACTIOM 12 - 6.3

YOLUME PERCENY FRACTION 13 - 5.7V

YOLUME PERCENMT FRRCTIOMN 14 - 4.6

YOLURE PERCERNT FRACTIOM 135 - 5.3

SPECIFIC GRRYITY FRARCTION 2 — 0.677

SPECIFIC GRAYITY FRARCTIOM 3 - 0.71

SPECIFIC GRRYITY FRRCTION 4 —- 0.740

SPECIFIC GRAVITY FRARACTION 5 - 0.759

SPECIFIC GRAYITY FRACTI 6 — -y

SPECIFIC GRAYITY FRRCTVIOM V¥ — - 87

SPECIFIC GRAVITY FRACTION 8 - - 798

SPECIFIC GRRAVITY FRACTION 9 — 0.809

SPECIFIC GRRYITY FRACTION 10 —~ 0.820

SPECIFIC GRRYITY FRACTION 11 — 0.825

SPECIFIC GRRAYITY FRRCTI ig - 0.830

SPECIFIC GRAYITY FRACTION 13 — 0.840

SPECIFIC GRAYITY FRACTIOM 14 — 0.848

SPECIFIC GRAYITY FRACTION 15 - 0.857

VISCOSITY SUS AT 100 DEGREES F. FOR FRACTIOM
1SCOSITY SUS RY 100 DEGREES F. FOR FRACTION

VISCOSITY SUS AY 100 DEGREES F. FOR FRACTION

VISCOSITY SUS AV 100 DEGREES F. FOR FRRACTI

VISCOSITY SUS AT 100 DEGREES F. FOR FRRCTI

CLOUD POINT DEGREES F. FOR FRRACTVIOWN 12 — 37

CLOUD POINMYT DEGREES F. FOR FRACTI i3 - 053

CLOUD POINT DEGREES F. FOR FRRCTIONM 14 - 072

CLOUD POINT DEGREES F. FOR FRACTION 15 — 086

b s b b p

NP WP

40
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RECORD 00042

CONTINENT ~ NORTH RMERICR
COUNTRY - SR - )
STRATE - UWEST VIRGINIA
COUNTY — TYLER

FIELD NAME - WEST YIRGINIAsNW COMP.
GEOLOGICRL BASIN NAME - APPALACHIAN BRASI
GEOLOGICAL BRSIM CODE - 160

AGENCY SAHPLE NO - BO0O0D424

SPECIFIC GRAYITY - 0.803

SULFUR {WEIGHT PERCENT> - 0.09

CHARBON RESIDUE {PERCEMNT OF CRUDE> - 0.2
PERCENT OF CRUDE - 19.5

YOLUME
YOLUME
YOLUME
YOLUME
YOLUME
YOLUME
YOLUME
YOLUME
YOLUME
YOLUNE
YOLUME
YOLUME
YOLUME
YOLUME
YOLUNE

SPECIFI
SPECIFI
SPECIFI
SPECIFIC GRRAVITY
SPECIFI
SPECIFI
SPECIFI
SPECIFI

PERCENT
PERCENY
PERCENT
PERCENT
PERCENT
PERCENT
PERCENT
PERCENT
PERCENT
PERCENT
PERCENT
PERCENT
PERCENT
PERCENT
PERCENT

C GRAYITY
C GRAVYITY

FRACT ION
FRACT ION
FRRCT ION
FRACT ION
FRACT ION
FRRACT IOM
FRACT ION
FRRCT ION
FRACT IOM
FRACT ION
FRACT ION
FRACT 10N
FRACT IOM
FRRCT I

FRRCT ION

C GRAYITY FRACTI

C GRAYITY FRACTI

C GRAYITY

C GRAYITY FRACT!
C GRAYITY FRACTI

SOV P WITI e

(R A T O O I A

e

Fopere e b ke SO0

FRRCT ION
FRRCTIOM

FRACT ION

1YL P YL

FRACTIOMN

-PECIFIC

GRAVYITY

FRACT IOMN

4 |
!

O I O A

L

AR Sl EL RV R RN T 2 (VRN R AR i)

SPECIFIC GRAYITY FRACTION
SPECIFIC GRAVITY FRACTI
SPECIFIC GRAVITY FRRACTIONM
SPECIFIC GRAVYITY FRRACTI ;
SPECIFIC GRAVITY FRRCTIOM - 0.852
iSCOSITY SUS AT 100 DEGREES F. FOR FRRCTION
YISCOSITY SUS AT 100 DEGREES F. FOR FRACTION
VISCOSITY SUS AT 100 DEGREES F. FOR FRACTION
iSCOSITY SUS:AT 100 DEGREES F. FOR FRACTION
CLOUD POINT DEGREES F. FOR FRRCTI il - 18
CLOUD POINT DEGREES F. FOR FRACTI

o paps e OO

R T I A
o
[}
€0 )
(A)
=

Ty T

39
055
075

io2

Fe po pars
AP LR

i - 50
CLOUD POINT DEGREES F. FOR FRACTIOMN :3 - 066
CLOUD POINT DEGREES F. FOR FRACTION 14 — 07S
CLOUD POIMT DEGREES F. FOR FRRACTI i3 - 083



RECORD 00043

CONTINENT — DNORTH RMERICR
(CUUN*R” - U.g. -

STRTE — WEST VIRGINIR
COUNTY - TVLER

FIELD NAFE - WEST MIRGINIRsHNW. CDHP.
GEOLOGICAL BASIM NAME - APPRLACHIAN BRS
GEOLOGICARL BRSIN CODE - 160

AGENCY SRAAPLE NO — B00425
SPECIFIC GRRAVYITY -~ 0. 804
SULFUR {WEIGHT PERCE -
POUR POINT {DEGREE F.,
CRARBON RESIDUE
PERCENY OF CRUDE -

009 .
~ LESS THAN S

16.8

YOLURME
YOLURE
YOLUME
YOLURE
YOLUME
YOLUME
YOLURE
YOLUME
YOLUME
YOLUME
YOLUME
YOLUME
YOLURE
YOLUME

SPECIFI
SPECIFI
SPECIFI

SPECIF
SPECIF

SPECIFI
SPECIFI
SPECIFI
SPECIFI

1SCOSITY SUsS ﬁT-;OD DEGREE» | FOR FRACTION i2 -
YISCOSITY SUS AT viOM 13 -

ISCOSITY SUS AT 100 DEGREES FOR FRACTI id -~
V;»CD“'*” SUS AT 100 DEGREES FOR FRACTI i~
CLOUD POINY DEGREES F. FOR FRRCTION ii — i8
CLOUD POINT DEGREES F. FOR FRACTIOM 12 - 43
CLOUD POINT DEGREES F. FOR FRRCTION 13 - 059
CLOUD POINY DEGREES F. FOR FRACTION 14 — 075
CLOUD POINY DEGREES F. FOR . FRACTION 15 — 090

PERCENT
PERCENT
PERCENT
PERCENT
PERCEMNT
PERCENT
PERCENT
PERCENT
PERCENT
PERCENT
PERCENT
PERCENT
PERCEMNT
PERCENT

{PERCENT OF CRUDE> - 0.2

FRACT ION
FRACT IOM
FRRCTION
FRRCTION
FRACTION
FRRCTION
FRRCTION
FRABCT ION
FRACT IOM
FRACT IOM
FRHCTIUH
FRHC 10N
FRRCTI

FRACTIOM 135
C GRAYITY FRACTION.
C GRRAVYITY FRACTION

C GRAVITY FRACTIOM
SPECIFIC GRAYITY FRRCTI
SPECIFIC GRAVITY FRACTION

iC GRAVITY FRHCTI,
iC GRRVITY FRRACTION
C GRAVITY FRACTION.

C GRAYITY FRACTIONM
SPECIFIC GRAVITY FRACTION
C GRAVITY FR TIDH
C GRAYITY FR i0M
SPECIFIC GRAVITY FRACTION

SN

N N R A

vapebebe ks QIO UT WO
Whr+o ’ T

*.Y-. RL. YT F AR

Spd b pd pb

F-

100 DEGREES F. FOR
F.
F-

$ONVOVIH-JOOBOR

5 ¢ 8w 8 0 " ®
Jod=d=d=d=J=JC0

9
o

cooooodUNUNUE-JU=I0 ~d=d 0w v
[ ]

TNrs O

R N AT



RECORD 00044

CONTINENY - NORTH RMERICA

COUNTRY - U.3J:H.

STRATE — WEST YIRGIMIR

COUNTY - WETZEL

FIELD NRHE - WETZEL COUNTY .
GEOLOGICAL BASIN NAME — APPRALARCHIAN BASI
GEOLOGICAL BRSIN CODE - 160

AGENCY SRAMPLE NO - BO0D42%

SPECIFIC GRHAVITY — 0.804

SULFUR <{UEIGHT PERCENT2 - « 31

CRARBON RESIDUE <PERCENT OF CRUDE> - 0.4
PERCENT OF CRUDE - @20.5

YOLUME
YOLUME
YOLUME
YOLUME
YOLUME
YOLUME
YOLURE
vYOLUME
YOLURE
YOLURE
YOLUNME
YOLUME

PERCENT
PERCENT
PERCENT
PERCENT
PERCENT
PERCERNT
PERCENT
PERCENT
PERCENT
PERCENT
PERCENT
PERCENT

FRARCTION
FRACT ION
FRACTION
FRACT ION
FRACT ION
FRACT IO
FRACT I0ON
FRACTION
FRACT ION
FRACT ION
FRACT 10N
FRACTION

U P LRI

YOLUME PERCENMT FRARCTION
YOLUME PERCENT FRRCTIOM
YOLUME PERCENT FRRACT ION

SNUNDCOTOCT &Ik

ybvopopopoyo@m
REDRIrO
s JWURICOR» RO UN-JC0ONe-

(]
[

SPECIFIC GRAVYITY FRACTION 2 - 0.655
SPECIFIC GRAVYITY FRRCTIOM 3 - .7 04
SPECIFIC GRAVITY FRACTION 4 - 0.723
SPECIFIC GRAVYITY FRACTION 5 - 0.739
SPECIFIC GRAVITY FRACTION 6 — 0.733
SPECIFIC GRAVITY FRACTION vV - i
SPECIFIC GRAYITY FRRCTVION 8 — 0.787
SPECIFIC GRAYITY FRACTION 9 - - V96
SPECIFIC GRRAVYITY FRRARCTION 10 - 0.809
SPECIFIC GRAVITY FRACTION 11 - 0.823
SPECIFIC GRRAVYITY FRARCTION 12 - 0.830
SPECIFIC GRAVITY FRACTION 13 - 0.840
SPECIFIC GRAVITY FRACTION 14 - 0.852
SPECIFIC GRAVITY FRACTION 12 0.862

ISCOSITY SUS AT 100 DEGREES F. FOR FRACTIOM

12 - 44
YISCOSITY SUS AT 100 DEGREES F. FOR FRACTION 13 — 058
VISCOSITY SUS AT 100 DEGREES F. FOR FRACTION 14 - 083
YISCOSITY SUS AT 100 DEGREES F. FOR FRACTIOMN iS5 - 109

CLOUD POINT DEGREES F. FOR FRRCTIOM 11 - 21
CLOUD POINT DEGREES F. FOR FRARCTI ig - 43
CLOUD POINY DEGREES F. FOR FRACTIOM 13 - 061

CLOUD POINY DEGREES F. FOR FRACTI i4 - 075
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